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PREFACE

This book is a continuation-of our earlier two works: "A Textbook of
Veterinary G eneral Pathology by J. L. Vegad" and "A Textbook of
Veterinary Systemic Pathology by J. L. Vegad and A. K. Katiyar". Greatly
encouraged by the response of these two p ublications, from students and
teachers alike, we embarked on the daunting task of writing this third book
with a triple objective. Firstly, to complete the unfinished portion of infectious
diseases, thereby covering the entire subject of veterinary pathology. Secondly,
to put diseases of d omestic animals and poultry together at one place. We
believe that this combined information would be most helpful to the students,
and would also save them from the burden of buying books on poultry diseases.
Thirdly, to offer a book that caters for the requirements of our students - one
that is easy to follow, also deals with diseases under Indian conditions, and is
of an affordable price. Foreign books being too expensive are beyond the
reach of most students.

In recent years there has been a tremendous upsurge in our understanding
of the p athogenesis of infectious diseases. An emphasis has therefore been
given on the molecular mechanisms involved. The diseases have been discussed
ina pattern that includes introduction, cause, spread, pathogenesis, c linical
signs, gross and microscopic ¢ hanges, zoonotic i mportance, and d iagnosis.
Infections caused by all c lasses of p athogen have been covered, including
those of prion. For an easy comprehension, all chapters include a brief review
of general considerations, elements in the production of an infectious disease,
evasion of the immune response by the pathogen, and the host reaction. A
special feature of the book is that important p ortions in e ach chapter have
been put in bold letters for a better grasp of the subject. Emphasis has been
given on clarity of writing, as lucidity enhances understanding and facilitates
learning. S incere e fforts have been made to achieve as much brevity asis
compatible with the thoroughness and sufficient d iscussion to permit e asy
understanding. The abbreviations used are 'L’ for Latin and 'G' for Greek.

We hope the information provided proves very useful to both
undergraduate and postgraduate students, the teaching c ommunity, and also
the field veterinarians, p articularly those working in the field of disease
diagnosis. Discussion on poultry diseases would be especially helpful to the
poultry diagnosticians and even to the enlightened poultry farmers. The book
also refers to the diseases of wildlife. Besides, wherever considered appropriate,
comparative aspects of human diseases have been narrated side by side,
highlighting the zoonotic implications. As such the book may also serve as a
good reference for the medical personnel.
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1

Viral Diseases

Viruses are submicroscopic infectious agents. That is, they are too small to be
seen in an ordinary light microscope. They are among the smallest and simplest of
all life forms. Other micro-organisms, such as bacteria, Mycoplasma, Chlamydia
and Rickettsia species, and protozoa contain DNA, ribosomes and cytoplasmic
organelles. They all multiply by binary fission. Viruses, in contrast, are not cells.
They are little more than bundles of genes - strands of DNA or RNA - the molecules
that carry the blueprints (detailed schemes) for all life. In other words, they contain
only one type of nucleic acid, DNA or RNA, double-stranded or single-stranded.
They have no ribosomes, or cytoplasmic organelles, and do not multiply by binary
fission.

Until a virus enters a cell, it is more dead than alive. Alone, a virus cannot
reproduce. It is as lifeless as a speck of dust. Viruses are obligate intracellular
parasites. That is, they depend on host-cell machinery for protein synthesis and
replication (multiplication). They are essentially nucleoprotein entities, or ge-
netic elements surrounded by a protective coat. They are capable of passing
these genetic elements from one cell to another. In other words, at its core (cen-
tre), a virus is pure information, encoded in the molecules of DNA or RNA.

The interaction between virus and host cell determines whether the relation-
ship is going to be harmful (pathogenic) or not. Most viral infections are
subclinical. That is, infection does not lead to overt (open) disease. Viruses,
however, are responsible for most important and often fatal infections of
domestic animals and poultry, such as rinderpest, swine fever, canine
distemper, Ranikhet disease, and infectious bursal disease, as well as certain
neoplastic conditions. The result of infection depends on many factors. These
include the nature of the specific virus and its cell tropism, genetic resistance
of the species or breed affected, and immune response, age, nutritional status,
and hormone levels of the individual animal/bird affected.

Classification and Nomenclature of Viruses

The biochemical, ultrastructural, and molecular characteristics of viruses form
the basis of their classification. Many classification systems for viruses have been
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employed; and schemes for their classification are still evolving.

The tropism (affinity) of viruses for specific tissues is one of the charac-
teristics that has been used in grouping similar viruses. This led to their classi-
fication as neurotropic, epitheliotropic, pneumotropic, and other designa-
tions. This feature, however, is variable, because many viruses infect numer-
ous types of tissue. Tropism may also vary depending on the species affected,
age of the animal, and other circumstances.

The two principal characteristics used in the current classification are
virion morphology and nucleic acid type. These are supplemented with other
characteristics, such as mode of replication, cell tropism, means of transmission,
antigenicity, susceptibility to physical and c hemical agents, and clinical and
pathological e ffects. Using these parameters, viruses are grouped into fami-
lies, sub-families, genera, and species. Families are designated by adding suffix
"-viridae", sub-families by "-virinae", and genera by "-virus". Virus families,
grouped on the basis of main characteristics, are presented in Table 1.

Table 1. Classification of viruses according to genetic characteristics

Characteristics Family Example
Single-stranded RNA (ss RNA)
Enveloped
No DNA in replication Coronaviridae Transmissible gastroenteritis
Positive-sense genome virus
Togaviridae Swine fever virus
Negative-sense genome Bunyaviridae Rift Valley fever virus

Orthomyxoviridae Influenza virus
Paramyxoviridae  Canine distemper v irus

Rhabdoviridae Rabies virus
DNA step in replication Retroviridae Feline leukaemia virus
Non-enveloped Caliciviridae Vesicular exanthema virus
Picornaviridae Foot-and-mouth disease virus
Double-stranded RNA (ds RNA)
Enveloped Nil
Non-enveloped Birnaviridae Gumboro disease virus
Reoviridae Bluetongue disease virus
Single-stranded DNA (ss DNA)
Enveloped Nil
Non-enveloped Circoviridae Chicken anaemia virus
Parvoviridae Feline panleukopaenia virus
Double-stranded DNA (ds DNA)
Enveloped Herpesviridae Pseudorabies, infectious
bovine rhinotracheitis virus
Poxviridae Cowpox, sw inepox v iruses
Non-enveloped Adenoviridae Bovine adenovirus
Iridoviridae African swine fever virus

Papovaviridae Shope papilloma virus
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Structure

Each 'virus-particle' (virion) has a central core of DNA (deoxyribonucleic
acid) or RNA (ribonucleic acid), surrounded by a protein coat called the capsid
(Fig. 1). The capsid is composed of a large number of units, called capsomeres.
The nucleic acid core and its capsid, together, are referred to as nucleocapsid.
The nucleocapsid may be surrounded by a lipoprotein envelope (peplos), or
may lack this envelope ('naked'’). T he envelope is derived from nuclear or
cytoplasmic membranes of the cell in which the virion is produced. Basically,
the envelope is a phospholipid bilayer in which are embedded specific proteins.
The phospholipids are similar to those of the host cell. Radially arranged (i.e.,
arranged like rays) structures (peplomers) may project from the outer surface
of the envelope (Fig. 1). The envelope is, therefore, made up of an inner lipid
layer, a i)rotein coat, and peplomers as the outermost layer. Some virions
may have more than one envelope.

Peplomer
Capsomere

Nucleic acid
core

Nucleocapsid
Capsid

Envelope

Fig. 1. Schematic diagram showing the structure of a complete
virus particle (the virion).

The nucleocapsid of the virion contains the genome (genetic material) of
the virus. The envelope c ontains the specific material which determines the
viral antigenicity, and interacts with receptor sites on the cell membrane of
the host cell to initiate infection.

Virions (virus-particles) range in size from the large poxvirus, measuring
300 nm by 250 nm by 100 nm, to the parvoviruses, which are only 20 nm
in diameter (Table 2). The shape of the virion is determined by the organi-
zation of the capsid and its relationship to the central core of nucleic acid.
Two basic groups of structures or symmetries are recognized: (1) icosahedral
or cubic symmetry in which condensed nucleic acid is surrounded by a
capsid in the form of a 20-faceted (faced) icosahedron [G. icosa =t wenty
+ hedron]. Thus, icosahedronis a polyhedron having 20 faces. [A hedron
is a geometrical figure having a s pecified number of surfaces/faces]. Each
facet (face) is composed of a specific number of capsomeres, depending on
the virus group. (2) helical, s piral, or screw s ymmetry in which the
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nucleic acid and capsomeres are bound together forming filamentous or rod-
like particles.

Table 2. Various classes of pathogens and their size

Taxonomic class Size

Viruses 18 - 450 nm*
Mycoplasmas 300 - 800 nm
Chlamydiae 200 - 1500 nm
Rickettsiae 490 - 2700 nm
Bacteria, s pirochaetes, mycobacteria 0.8 - 30 um**
Fungi 5 - 300 pm
Protozoa 1-50pum
Helminths 3mm-10m

* One nanometre = One billionth of a metre

**One micrometre = One millionth of a metre
Multiplication

Viruses multiply only in living cells. The host cell must provide the energy
and synthetic machinery, and the precursors for the synthesis of viral proteins
and nucleic acids. Many of the pathological effects of viral infections result
from the process of viral multiplication. Multiplication involves a series of events
beginning with entry of the virus into the host and ultimate release of new virions.
The in-between molecular events vary among viral families.

Entry into the host may be by direct inoculation into the bloodstream, as
occurs with arthropod-borne viruses (e.g., Togaviridae). However, most viruses
enter by penetrating the skin, or mucosal barrier of the respiratory or
gastrointestinal tract. If the portal (route) of entry is the target organ, further
transport is not necessary. However, many viruses must be transported to their
final site of replication and disease production. This may involve primary repli-
cation in cells at the portal of entry, and then spread through the lymphatics or
the bloodstream (e.g., with certain herpesviruses), direct spread through
lymphatics or bloodstream (e.g., with reoviruses), spread through infected
lymphocytes (e.g., with cytomegaloviruses), or spread through neuronal axons
(e.g., with rhabdoviruses, which cause rabies). Vertical transmission provides
another mechanism of entry. Viruses may cross the placenta to the foetus (e.g.,
with cytomegalovirus), or be carried as part of the germplasm (e.g., with certain
retroviruses).

General steps in a virus replication cycle include:
Attachment

The first step in virus infection is interaction of a virus particle (virion) with
a specific receptor site on the surface of a cell. That is, attachment to cells involves
specific binding of virus to the cell surface. The presence or absence of specific
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receptors accounts for the susceptibility of a given cell type or types, or the
tissue tropism of the virus. Entry of a virus does not mean infection. This is
because certain species (i.e., animals/birds) lack appropriate receptors for specific
viruses.

Penetration

After binding, the virus particle is taken up inside the cell. This stepis
referred to as penetration, engulfment, or viropexis. Penetration occurs im-
mediately following attachment. With enveloped viruses, the virion envelope
fuses with the plasma membrane allowing e ntry of the nucleocapsid. N on-
enveloped viruses enter by receptor-mediated endocytosis (pinocytosis) of
the virion, or by translocation (change of location) of the virion across the
plasma membrane.

Uncoating

After penetration, the virion is uncoated. That is, the RNA or DNA of the
virus particle is exposed by removal of the capsid (protein coat). The infectiv-
ity of the virus is lost at this point. The process is mostly dependent on cellular
enzymes. Uncoating is followed by the "eclipse phase", when no virions are
seen. Infection of a cell (attachment and penetration), d oes not necessarily
lead to viral multiplication and cell damage. For a productive infection, the
cell must be permissive. That is, it should have appropriate receptors and
be capable of supporting replication. Entry does not necessarily mean
permissiveness. Non-productive infection may also occur from infection by
defective viruses. A defective virus is one that is functionally defective in
some aspect of replication. That is, viruses may enter a cell and their RNA or
DNA may persist in the cell without a productive infection. The RNA or DNA
may or may not get incorporated into the cell genome, but it continues to
persist. Such persistent infections may, under appropriate circumstances, get
activated to productive infection, or lead to cell transformation.

Multiplication

The most essential step in virus replication is that specific messenger RNAs
(mRNAs) must be transcribed from the viral nucleic acid for successful e x-
pression and duplication of genetic information. Transcription is the
mechanism by which specific information encoded in a nucleic acid chain is
transferred to the mRNA. (The enzyme w hich brings a bout transcription is
known as transcriptase). In other words, viral multiplication involves expres-
sion of viral genes, leading to replication of the viral genome and production
of new virions. Once transcription is achieved, viruses use cell c omponents
to translate the mRNA. Translation is the mechanism by which a particular
base sequence in mRNA results in production of a specific amino acid sequence
in a protein.

The process of transcription varies with the type of viral nucleic acid, enzymes
carried within the virion, and the intracellular location of the virus. That is, various



6 A Textbook of Veterinary Special Pathology

classes of viruses use different pathways to synthesize the mRNA, depending upon
the structure of the viral nucleic acid. With the exception of single-stranded positive-
sense RNA viruses, in which viral RNA can serve directly as messenger RNA,
all viral nucleic acid must be transcribed to mRNA. DNA viruses that replicate in
the nucleus use host RNA polymerase (i.e., transcriptase) for transcription to mRNA,
whereas all other viruses depend on transcriptases carried within the virion. Some
viruses, such as orthomyxo-, paramyxo- and rhabdoviruses, which are single-
stranded RN A viruses, carry RNA polymerases (transcriptases) to synthesize mRNAs.
RNA viruses of this type are called negative-sense (negative-strand) viruses, since
their single-strand RNA genome is complementary to mRNA, which is designated
positive-sense (positive-strand). With this background, multiplication of various
classes of viruses will be discussed, briefly.

Multiplication of Single-Stranded RNA (ss RNA) Viruses

Multiplication of single-stranded RNA viruses may occur in one of the
following three ways:

1. Positive (+) strand viruses: Togaviruses and picornaviruses are posi-
tive (+) strand viruses. Positive (+) strand viruses are those viruses in which
viral RNA can serve directly as mRNA. In other words, nucleotide sequences
of RNA are directly translated. After infecting a cell, viral RNA links to ribosomes
and is directly translated to proteins. The viral RNA gives rise to a polymerase
which allows direct synthesis of a complementary negative (-) strand RNA from
the parental (+) strand. The (-) strand then serves as a template for synthesis of
additional (+) strands, which in turn can repeat the process and ultimately form
viral progeny. Since replication does not depend on any enzyme carried by the
virion, RNA extracted from (+) strand RNA viruses is infectious.

2. Negative (-) strand viruses: Arenaviruses, bunyaviruses,
orthomyxoviruses, paramyxoviruses and r habdoviruses are negative (-)
strand viruses. The first step in their multiplication requires that viral RNA be
transcribed into a (+) mRNA. This step depends on a transcriptase carried
within the virion. Translation products of the mRNA then serve to allow tran-
scription of (-) strand virion RNA into a complementary (+) strand, which serves
as a template for synthesis of (-) strand virion RNA for assembly into progeny.
In contrast to (+) strand RNA viruses, RNA extracted from (-) strand RNA vi-
ruses is not infectious, since replication depends on virion transcriptase.

3. Retroviruses: These viruses have a DNA step in replication.Their viral
RNA serves as a template for the synthesis of viral DNA. This step depends on
the enzyme reverse transcriptase (RNA-dependent DNA-polymerase) carried
within the virion. Viral RNA is then digested by a RNA nuclease, also carried by
the virion, and a complementary copy of viral DNA is made. This results in
the formation of double-stranded DNA, which is integrated into cellular
DNA. Viral multiplication results from transcription (by host cell transcriptase)
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of integrated viral DNA into complementary viral RNA. Positive (+) mRNA,
which codes for the necessary protein to be packaged along with the viral
RNA into viral progeny, is also produced.

Multiplication of Double-Stranded RNA (ds RNA) Viruses

This is represented by reoviruses which are double-stranded RNA viruses.
Their RNA is transcribed by virion polymerase. The (-) strand of the genome is
transcribed into (+) strand mRNA, which is translated into viral proteins and
enzymes. The same (+) strands serve as templates for transcription into comple-
mentary negative (-) strands, yielding double-stranded RNA for assembly into virions.

DNA viruses also have several methods of multiplication. These are:
Multiplication of Single-Stranded DNA (ss DNA) Viruses

Single-stranded (DNA) parvoviruses replicate in the nucleus. They depend
on host cell enzymes for synthesis of complementary DNA to form double-stranded
DNA. This, in turn, is transcribed into mRNA and genomic DNA.

Multiplication of Double-Stranded DNA (ds DNA) Viruses

The double-stranded DNA of papovavirus, adenovirus, and herpesvirus is
transported in the virion to the nucleus, in which cellular enzymes are used for
production of mRNA. Replication of DNA uses host-cell polymerase in the case
of papovaviruses, whereas herpesviruses and adenoviruses use virally coded
polymerase. A large number of virally coded proteins, vhich are made in the
cytoplasm, are involved in the multiplication and assembly process. Poxvirus
multiplication occurs in the cytoplasm. The virion is uncoated by both cellu-
lar enzymes and enzyme products of an early transcribed mRNA. Cytoplasmic
DNA replication is under the control of enzymes carried within the virion and
translation products of early and late mRNA.

Release of New Virions

Non-enveloped viruses mature within the host cell, either in nucleus or
cytoplasm, and depend on cell lysis for their release. Enveloped viruses obtain
their surrounding membranes by budding. Budding may result in the release of
virus without causing cell lysis. All negative-strand RNA viruses, togaviruses and
retroviruses are released through budding. That is, the virion is extruded through
the cell membrane, which along with some viral proteins becomes the virion envelope.
Retroviruses and arenaviruses bud without causing cell damage. That is, they are
non-cytolytic. Other budding viruses, such as togaviruses, paramyxoviruses, and
rhabdoviruses, however, are cytolytic.

Poxviruses are released by both mechanisms. Intracellular virions develop a
membrane and acquire an envelope from Golgi apparatus, which fuses with the
plasma membrane releasing virions with a double-layered envelope. Most poxvirus
virions, however, are released without an envelope on disruption of the cell. Both
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types of particles are infectious. However, those released by budding more
readily attach to host cells. Herpesviruses, in contrast to all other enveloped
viruses, acquire their envelope from the inner lamella of the nuclear membrane.
These enveloped virions pass within cisternae, without contact with the
cytoplasm, to the cell surface and are released. This allows viral release without
cell disruption. However, productive herpesvirus infection is always cytolytic.

Cellular Injury

Once a virus has entered a susceptible and permissive cell (i.c., a cell with
appropriate receptors and one which can support replication), the effect on the
cell varies with the nature of the interaction between virus and cell. Basi-
cally, there are three types of interaction: 1) cytocidal, 2) infection without
apparent pathological effect, and 3) cell transformation.

1) Cytocidal viruses cause cell lysis or necrosis, a feature of many
herpesviruses, picornaviruses, parvoviruses, adenoviruses and flaviviruses.
All the mechanisms that lead to cell death are not fully understood, but
they are related to alterations in host-cell metabolism. Viruses do not
generate toxins like bacteria. However, protein products coded for and
produced by the virus, such as capsid proteins, are often toxic. Moreover,
the coding of viral proteins results in a shutdown (stoppage) of host
protein synthesis, and ultimately of host DNA and RNA synthesis,
which is incompatible with cell survival.

2) Non-cytocidal viruses cause infection without apparent cytopathic ef-
fect (CPE). This may take two forms : 1) Persistent infection, and 2)
latent infection. In persistent infection, viral replication and release take
place without killing the cell. This occurs in infection with arenaviruses
and retroviruses. Virions are released by budding without cellular damage.
Another form of persistent infection is called chronic infection. After
recovery from acute disease, in which cell lysis may be an important outcome
of the host cell-virion interaction, virus is not eliminated from the host, but
remains within selected populations of cells and continues to be reproduced
atlow levels. These chronic infections may result in: 1) infectious carriers
as is the case with foot-and-mouth disease, 2) chronic disease, as seen in
African swine fever, or 3) in disease appearing several years after the
initial infection, as seen in canine d istemper encephalitis (old dog
encephalitis).

Latent viral infection differs from persistent infegtion in that the virion
genome resides in the cell but there is no replication of the virus. A 1]
herpesviruses (alpha, beta, gamma) establish latent infections following initial
exposure. The alpha or neurotropic herpesviruses, such as infectious bovine
rhinotracheitis virus and herpesvirus simplex, enter neurons in cranial or spinal
ganglia through axons, in which they reside as episomal DNA, probably for
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the life of the host. Under appropriate circumstances, the latent virus can be
reactivated, in which case virions move down to axons and enter a productive
cycle in epithelial cells. This results in shedding of virus, and in some cases,
overt (visible) lesions and disease. Beta herpesviruses (cytomegaloviruses)
establish latent i nfection in e pithelial cells of secretory glands, the kidneys
and lymphoreticular cells. Gamma herpesviruses (lymphotropic herpesviruses)
usually establish latent infections in lymphoid cells.

Slow virus infection represents a special form of persistent infection. It is
restricted to viral infections with very long incubation periods that result in slowly
progressive fatal disease. Examples include lentiviruses (e.g., maedi/visna virus,
human immunodeficiency virus - HIV) and the "viruses" causing scrapie, mink
encephalopathy, and chronic wasting disease of mule deer and elk. Lentiviruses
are retroviruses.

Cell lysis also occurs following an immune response to virus-infected cells.
Most viruses, both cytocidal and non-cytocidal, impart new antigens to the surface
of infected cells, that are recognized by host as foreign. A cell-mediated immune
response brought about by specifically sensitive cytotoxic T lymphocytes leads to
destruction of virus infected cells. This is one of the most important defence
mechanisms in viral disease. The destruction of infected cells limits the release
and spread of new virions. Natural Kkiller (NK) cells may also play a role in lysis
of virus-infected cells, as may antibody and complement. The importance of these
mechanisms in resistance to and recovery from viral infections is exemplified by
the seriousness of viral disease in immunodeficiencies, particularly those affecting
T cell functions.

A cytopathic effect (CPE) of great diagnostic importance is the formation of
inclusion bodies. Although not a feature of all viral infections, they are charac-
teristic of many. Inclusion bodies consist of aggregates of virions and viral
proteins. In most replicating cycles, surplus of viral proteins do not assemble
into virions. Inclusion b odies may b e intranuclear, i ntracytoplasmic,
basophilic, or eosionphilic. They are intranuclear in herpesvirus, adenovirus,
and parvovirus infections; and intracytoplasmic in poxvirus, paramyxovirus,
reovirus, and rhabdovirus infections. Certain viruses induce both intranuclear
and cytoplasmic inclusion bodies, such as the viruses causing canine distem-
per and measles, and often, cytomegaloviruses. The relative proportions of virions
and proteins vary between viral infections. Adenovirus inclusion bodies are ag-
gregates of virions (basophilic), or of viral proteins (eosinophilic). Herpesvirus
inclusion bodies contain a mixture of virions and viral protein.

Syncytial cell formation, such as multinucleated cells, polykaryocytes, is
another cytopathic effect of certain viral infections. Syncytial cells are a regular
and often diagnostically important feature of herpesvirus and paramyxovirus
lesions.
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3) Cell transformation: Certain viruses have the ability to transform in
vitro normal cells to cells with c haracteristics of cancer cells, or to
induce tumours in animals either naturally or experimentally. T hey
are referred to as oncogenic viruses and include both DNA and RNA
viruses. DNA viruses capable of inducing tumours include
polyomaviruses, papillomaviruses, adenoviruses, herpesviruses, and
hepatitis B-like viruses. Cell transformation by DNA viruses is n on-
productive, as viral progeny are not produced. Under appropriate
settings, however, oncogenic herpesviruses, polyomaviruses, and
adenoviruses may induce productive infection, causing cell death. In
transformed cells, the DNA of polyomaviruses, adenoviruses, and
hepatitis virus is integrated into cellular DNA. The RNA tumour viruses
are members of the retrovirus family and are collectively known as
oncornaviruses. In contrast to DNA tumour viruses, o ncornaviruses
simultaneously transform cells during a productive, but non-cytocidal,
infection. The viral genome becomes integrated into host-cell DNA as
a DNA copy of viral RNA.

After this general consideration, a discussion of various viral diseases will
now follow. The diseases will be taken up in the same order as listed in
Table 1. T hat is, first, diseases caused by the families of single-stranded
RNA viruses will be presented, followed by double-stranded RNA virus
families, single-stranded DNA virus families, and double-stranded DNA
virus families.

Diseases caused by Single-Stranded RNA (ss RNA)
Families

Coronaviridae

The viruses of this family consist of one molecule of single-stranded,
enveloped, positive-sense RNA. The family is so named because unique club-
shaped peplomers, which project from the outer surface of the envelope, give
the appearance of a crown in negatively stained electron micrographs (L.
corona = crown). The virions (virus particles) are pleomorphic, a veraging
about 100 nm in diameter.

Virion (viral) RNA acts as mRNA, first producing a RNA p olymerase,
which forms a minus strand template that serves to make new positive-sense
virion RNA. Replication occurs in the cytoplasm. The envelope is acquired
by budding through internal cytoplasmic membranes of endoplasmic reticulum
and the Golgi apparatus. The virions are then transported in vesicles to the
cell membrane for release.

Coronavirus

Important diseases caused by c oronaviruses include :

Transmissible gastroenteritis of swine
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Porcine coronaviral encephalomyelitis
Feline infectious peritonitis

Calf neonatal diarrhoea

Canine coronavirus infection

Avian infectious bronchitis

Turkey bluecomb disease

Transmissible Gastroenteritis of Swine

First described in 1946, transmissible gastroenteritis of pigs (TGE) is a highly
contagious viral disease, e specially in young pigs. Clinically, the diseaseis
characterized by vomiting, diarrhoea, dehydrationand a high mortality rate,
often 100% in piglets under 2 weeks of age.

Cause

The causative agent is a coronavirus. This virus is different from another
porcine coronavirus, the haemagglutinating encephalomyelitis virus of piglets,
which agglutinates in vitro the red blood cells of chicks and rats. The TGE
virus lacks this property. The virus of TGE is antigenically related to feline
infectious peritonitis virus and canine coronavirus.

Spread

The exact mode of transmission of TGE is uncertain. The carrier pig is
probably the major source of infection and transmission of the disease. Once
infection has gained access to the herd, tran$mission probably occurs by both
oral and respiratory routes. Virus can be spread by aerosol. Respiratory trans-
mission appears significant in adults. Replication in the respiratory tract is fol-
lowed by excretion of the virus in nasal secretions and milk within one day of
infection and also in faeces. Excretion in milk results in rapid transmission to
suckling piglets, which, in turn, may excrete large quantities of virus within 2
days of infection. Immunity to clinical disease in newborn piglets is dependent
on the level of secretory IgA antibody in the colostrum of the sow.

Pathogenesis

The virus infects the upper respiratory tract and the intestine, but the
major clinical $igns are associated with the intestinal infection. The virus in-
fects mature differentiated columnar epithelial cells of the intestinal villi, but
not the undifferentiated cells of the crypts. Replication occurs within 4-5 hours
with sloughing of the infected cells and release of virus. After several replica-
tion cycles, there is a marked reduction in villous size with villous atrophy. The
loss of epithelial cells results in increased migration of undifferentiated cells from
the crypts to line the shortened villi. With virulent virus, epithelial cells at all
levels of the small intestine are infected with major lesions occurring at the
proximal jejunum, and to a lesser extent the ileum.
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Signs

In piglets less than 10 days of age, the disease is characterized by acute
diarrhoea, vomiting, excessive thirst, weight loss, and dehydration. These lead
to death in 2-5 days. Morbidity and mortality rates may approach 100%. In older
piglets and adults, clinical signs may not be seen, or there may be profuse diarrhoea,
vomiting, depression, and failure to gain or maintain weight. The morbidity rate in
older pigs may also approach 100%, but the mortality rate is low.

Lesions

In pigs dying of TGE, few gross lesions are seen. The carcass is dehydrated,
and curdled milk is usually present in the stomach. The mucosa of the stomach and
small intestine is congested and often shows petechiae. Microscopically, there is
marked shortening and fusion of villi in the small intestine. Villous length is
reduced several times, and villi are lined with flattened to cuboidal epithelial cells
rather than with the normal columnar cells. The brush border of the epithelium
is absent, the cytoplasm vacuolated, and the nuclei small and pyknotic.
Ultrastructurally, microvilli are shortened and irregular. There is swelling and
disruption of mitochondria and vacuolation of the endoplasmic reticulum. The
lamina propria is infiltrated with mononuclear cells and neutrophils, but inflamma-
tory exudation is not a striking feature. Villous atrophy results from the combined
effect of virus induced villous cell destruction and improper maturation of cells as
they advance from the crypts to the villi.

Diagnosis

Presumptive diagnosis can be made from the clinical signs, and supported by
finding the histopathological lesions in the small intestine. The virus can be detected
in fresh tissue and faeces by an ELISA test, specific immunofluorescence or
immunoperoxidase test, or by neutralization in tissue culture systems. It can be
differentiated from the haemagglutinating encephalomyelitis virus by its lack of
haemagglutination of erythrocytes in vitro.

Porcine Coronaviral Encephalomyelitis

Two clinical entities in newborn piglets, both caused by coronaviruses, have
been described. The first, manifested by encephalomyelitis, was reported in 1959
from Canada. The causal agent was called "haemagglutinating encephalomyelitis
virus", and the disease as a "haemagglutinating encephalomyelitis virus disease
of pigs". The second, reported from England in 1969, was named after its clinjcal
features as "vomiting and wasting disease of piglets". The causative agent of this
disease proved to be a virus identical to the haemagglutinating encephalomyelitis
virus. Thus, it appears that similar viruses may produce different clinical pictures
under differing c onditions. The virus can also be recovered from clinically
normal pigs.
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Spread

The virus gains entry through the respiratory tract, and spreads to the
brain by way of peripheral nerves. The pathogenesis is uncertain.

Signs

Baby pigs usually show the signs of the disease 4-7 days after birth, which
include anorexia, lethargy, vomiting, and constipation. These are soon
followed by signs of central nervous s ystem involvement, w hich include
hyperaesthesia (unusual sensitivity to stimuli, such as making a shrill cry and
paddling movements in response to a sudden noise), stiff gait, and progres-
sive posterior paralysis. In advanced stages, the pigs lie prostrate (i.e., lying
with body extended), show dyspnoea (difficult breathing), become blind, and
are in coma (i.e., in a state of deep unconsciousness). The vomiting and wasting
disease also starts within a few days after birth. Signs include vomiting and
retching (trying to vomit), inappetence (loss of appetite, anorexia), excessive
thirst (polydipsia) but impaired ability to drink. They fail to gain weight, be-
come emaciated, and usually die within a week or two.

Lesions

Lesions first appear in sensory nuclei of brain. Non-suppurative
encephalomyelitis follows, with neuronal necrosis, glial nodules, diffuse gliosis,
and perivascular aggregations of lymphocytes.

In vomiting and w asting d isease, v omiting is thought to be due to the
natural tendency of the coronaviruses to infect the gastrointestinal tract, and
wasting due to the involvement of nerves and peripheral ganglia.

Diagnosis

Presumptive diagnosis can be made by clinical signs and lesions, but must
be confirmed by identification of the virus. Also, the virus must be differenti-
ated from other coronaviruses, and also from the Teschen disease group of
enteroviruses.

Feline Infectious Peritonitis (FIP)

A disease of cats, FIP is caused by a coronavirus. Cats of all ages are
susceptible. The disease is of worldwide distribution. Although the disease
occurs only sporadically, serological surveys suggest an infection rate up to
90% in many populations. This may be because many infections are subclinical.
Their progression to clinical disease may be facilitated by immunosuppression
from concurrent infections with feline leukaemia virus, or feline
immunodeficiency virus (FIV).



14 A Textbook of Veterinary Special Pathology
Signs

FIV is a slowly progessive fatal disease with a course of one to several
months. Signs vary with the distribution of lesions and the extent of peritoneal
or pleural effusion (accumulation of fluid). If e ffusion is e xtensive, the dis-
ease is called as the "effusive” or "wet" form. When effusion is not extensive,
the disease is called "non-effusive" or "dry". Affected cats are febrile, and
there is chronic weight 1oss, anorexia, and depression. T here may also be
gradual abdominal enlargement, dyspnoea, vomiting and diarrhoea. In some
cats neurological signs develop. These include ataxia (muscular incoordina-
tion), paresis (partial paralysis), seizures (convulsions), and blindness.

Lesions

The abdominal cavity contains excessive fluid, often as much as one
litre. The fluid is yellow, viscid (thick and sticky), and transparent, though it
contains flakes of fibrin. A grey-white granular e xudate is present over all
serosal surfaces, and is especially thick over the liver and spleen (fibrinous
peritonitis). A similar i nflammatory lesion and exudate a ffects the pleural
cavity and pericardium. M ultiple granulomatous n odules are present in the
liver, pancreas, kidney, lungs and other organs. In prolonged cases, organiza-
tion of fibrinous exudate can result in severe distortion of abdominal viscera.
Microscopically, the peritonitis or pleuritis is a classical fibrinous inflamma-
tion consisting of a layer of fibrin of varied thickness. The fibrin layer con-
tains neutrophils, lymphocytes, and macrophages. Fibroplasia (fibrosis) and
proliferation of capillaries may occur in prolonged cases.

In other organs, such as the liver, pancreas, kidney, lymph nodes, mus-
cular layers of the gastrointestinal tract, meninges, and eye, the microscopic
lesions consist of multiple foci of necrosis, or granulomatous inflammation,
usually in a blood vessel. The cellular infiltrate includes macrophages,
lymphocytes, plasma cells and neutrophils. T he lesion appears tobe apri-
mary vasculitis, mediated through immune mechanisms. Circulating immune
complexes have been demonstrated in affected cats, and also in renal glomeruli
and the granulomatous lesions.

Diagnosis

The clinical signs are usually sufficient for diagnosis. The characteristic
gross and microscopic changes are not seen in other forms of peritonitis. Spe-

cific immunofluorescence can be demonstrated in tissues of cats infected with
the virus.

Coronaviral Calf Diarrhoea

Many organisms, namely, bacteria, fungi, mycoplasma, chlamydia, or viruses,
are involved in diseases of young calves characterized by diarrhoea. Rotaviruses
are the most important cause of calf diarrhoea. However, coronaviruses are
also recognized as a cause of acute diarrhoea in calves. Usually coronavirus
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diarrhoea affects calves less than three weeks of age. The onset is acute and
diarrhoea lasts 4 -5 days. A lthough less severe than rotavirus diarrhoea,
dehydration and electrolyte imbalance can lead to death. Coronavirus has also
been associated with diarrhoea in adult cattle.

Lesions

The virus has an affinity for the epithelial cells of the villi of the small
intestine. Replication of the virus in these cells results in loss of epithelium and
blunting and fusion of villi. In the colon, surface and crypt epithelial cells are
attacked, with loss of surface cells and cystic dilation and accumulation of cel-
lular debris in underlying crypts.

Diagnosis

The virus can be demonstrated by immunofluorescent techniques in affected
cells in the small and large intestine, and in the affected mesenteric lymph nodes.
Virus can also be demonstrated in intestinal epithelial cells shed into the intes-
tinal lumen. Diagnosis depends on confirmed identification of the aetiological
agent

Canine Coronavirus Infection

A coronavirus, first reported in 1971, is now recognized as a cause of diar-
rhoea in dogs. It is related to those of transmissible gastroenteritis of pigs and
feline infectious peritonitis. Infection is most severe in young dogs. Signs in-
clude diarrhoea, vomiting and dehydration lasting about a week. Most animals
recover. The intestinal lesions resemble other enteric coronavirus infections,
with marked shortening and fusion of intestinal villi.

Infectious Bronchitis (Avian Infectious Bronchitis)

Infectious bronchitis (IB) was first reported in 1931, from USA. It is a highly
infectious and contagious respiratory disease of chickens. Infection of chick-
ens with the virus is widespread. Besides causing disease of the respiratory tract,
the virus may also affect the oviduct, and some strains have a tendency for the
kidneys and other tissues. The infection is of great economic importance due to
its adverse effect on egg production and egg quality in layers, and on pro-
duction in broilers. Infection of IB virus along with other pathogens, such as
mycoplasma or certain strains of Escherichia coli is common, and increases the
severity and duration of the resulting disease.

Causal Agent

The causal organism, IB virus, is a coronavirus. Many antigenically dif-
ferent serotypes are recognized by virus neutralization and haemagglutination
inhibition tests, but all possess a common group antigen that can be demon-
strated by ELISA and agar gel precipitation, or immunofluorescence tests. Some
serotypes show an affinity for the respiratory tract (Massachusetts and Connecti-
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cut serotypes), while others are mainly nephrotoxic (T, Gray and Holte
serotypes). It is now thought that new serotypes appear from time to time.
Concurrent infection of chickens with more than one serotype occurs.
Variation in virulence occurs among isolates of the virus. The virus is rapidly
killed by common disinfectants.

Host

Only the chicken is naturally infected. The respiratory form is more
severe in young chicks, whereas the nephritic form is mainly seen in birds
under 10 weeks of age. Intercurrent infections with other pathogens predis-
pose to more severe and prolonged respiratory disease. These include viruses
of Ranikhet disease and infectious laryngotracheitis, and bacteria such as
Escherichia coli, Haemophilus paragallinarum, M ycoplasma gallisepticum
and M. synoviae. Immunosuppressive agents such as infection with Gumboro
disease virus may reduce the protective immune response.

Spread

Direct airborne transmission of virus from the respiratory tract of one
bird to another, and one flock to another, is the most common method of
spread. However, transmission through infected faeces may also be i mpor-
tant. Spread by fomites can occur, but transmission through the egg is ex-
ceptional. Infection can persist in individual birds in a flock for many months
and also may cycle from bird to bird. The greatest source of infection are
those birds in which virus is rapidly replicating and is being excreted. These
include susceptible chickens which have recently been infected and also those
in which virus replication is stimulated by such factors as the onset of laying.

Pathogenicity

Infectious bronchitis virus (IBV) readily infects the respiratory tract and
produces characteristic lesions in the trachea. The virus can replicate in tis-
sues of the respiratory tract, intestinal tract, kidneys and the oviduct. The virus
replicates in the cytoplasm. New virus starts to appear 3-4 hours after infec-
tion, with maximum output per cell being reached within 12 hours. However,
one nephropathogenic IBV strain (Australian T strain) elicits little inflamma-
tory response in the respiratory tract.

In many cases, recovery occurs unless the chickens are very young, or
airsacculitis (inflammation of airsac) develops from secondary bacterial infec-
tion, or kidney disease follows the respiratory phase. Virulent strains of IBV,
however, induce severe respiratory disease with mortality. Virulence for the re-
productive tract differs among IBV strains. Different IBV strains can produce a
range of effects in susceptible layers varying from changes in shell pigment with
no production drop to production drops of 10-50%.
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Signs

Infection may be asymptomatic, or may result in signs of the respira-
tory or reproductive system disease. Besides, there may be general malaise
and retarded growth. The respiratory syndrome is the most common in birds
of all ages. Signs include rales, gasping and sneezing, watery nasal discharge,
lachrymation, and facial swelling. Signs may be seen within a few daysin
almost all birds, since the infection spreads rapidly, and the period of incuba-
tion is 1-3 days. Mortality is negligible in uncomplicated cases. Mortality, up
to 30%, may occur in the renal form in broilers.

Two syndromes reflect disease of the reproductive tract. The most com-
mon is due to damage to the functional oviduct. This results in reduced egg
production and quality. Reduced egg production may sometimes be in e x-
cess of 50%. Return to full 1aying may take 4-6 weeks, but the expected
potential production is never attained. R espiratory signs may or may not
accompany the fall in egg production.

Resumption of production may be accompanied by deterioration in egg
quality. Eggs may be smaller than normal, misshapen, lacking symmetry, or
show corrugations in outline. The shells may be depigmented, have calcare-
ous deposits, are thinner than normal, or the s hell may be absent e ntirely.
Internally, the albumen loses its viscosity (thickness and stickiness) ("watery
whites"), and the chalazae are often broken so that the yolk floats free.

The less common form of the reproductive tract disease is associated with
abnormal development of the oviduct following infection of very young suscep-
tible chicks with certain strains of virus. There may be partial or complete fail-
ure of the oviduct to develop, or at maturity the ova are taken up by the mal-
formed oviduct, and are shed into the body cavity. Such birds fail to lay ("blind
layers").

In the n ephr'itic form, usually affecting y oung growing birds, there is
marked depression, often with respiratory signs, and mortality as high as 30%
in the severe form. In the milder form, there may be little or no mortality.

In yet another form of disease reported recently, there are either very
mild respiratory signs or none at all. There is a fall in egg production of 5-
10%, and reduction in pigment of shells, some becoming completely white.
Production may return to normal in 2-3 weeks.

Lesions

Grossly, there may be serous, catarrhal, or caseous exudate in the trachea,
nasal passages, and sinuses. Airsacs may appear cloudy, or contain a yellow caseous
exudate. A caseous plug may be formed in the lower trachea or bronchi of chicks
that die. Small areas of pneumonia may be seen around the large bronchi.
Nephropathic infections produce swollen and pale kidneys with the tubules
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and ureters distended with urates. In the intestinal infection, there are no
gross lesions of the intestinal tract.

Microscopically, the mucosa of the trachea is oedematous. Trachea and
bronchi show loss of cilia, rounding and s loughing of e pithelial cells, and
slight infiltration of heterophils and lymphocytes within 18 hours of infection.
Regeneration of the epithelium starts within 48 hours. Hyperplasia is followed
by massive infiltration of the lamina propria by lymphoid cells and a large
number of germinal centres, which may be present after 7 days. If airsac
involvement occurs, there is oedema, epithelial cell desquamation, and some
fibrinous exudate within 24 hours. The kidney lesions are mainly those of an
interstitial nephritis. The virus causes granular degeneration, vacuolation and
desquamation of the tubular epithelium, and massive infiltration of heterophils
in the interstitium in acute stages of the disease. The lesions in tubules are
most prominent in medulla. Focal areas of necrosis may be seen. During
recovery, the inflammatory cell population changes to lymphocytes and plasma
cells. In urolithiasis, the ureters are distended with urates and often contain
large calculi c omposed mainly of urates. Disease of the functional o viduct
results in decreased height and loss of cilia from epithelial cells, dilation of the
tubular glands, infiltration of s ubepithelial tissues w ith m ononuclear cells
(monocytes, lymphocytes, plasma cells) and proliferation of lymphoid follicles,
and later oedema and fibroplasia.

Diagnosis

The clinical features, gross and microscopic lesions, may be su ggestive
but are not diagnostic of IB. The respiratory form may resemble other acute
respiratory diseases such as Ranikhet disease (RD), infectious laryngotracheitis
(ILT), and infzctious coryza (IC). RD is generally more severe than IB. Nervous
signs may be observed with virulent strains of RD, and in laying flocks drop
in production may be greater than with IB. ILT tends to spread more slowly
in a flock, but respiratory signs may be more severe than with IB. Infectious
coryza can be differentiated on the basis of facial swelling which occurs only
rarely in IB. Production decreases and shell quality problems in flocks
infected with the egg drop syndrome (EDS) adenovirus are similar to those

seen with IB, except that internal egg quality is not affected in the case of
EDS.

Diagnosis of IB can be confirmed by isolation and identification of the
causative agent. The trachea being a primary target for IBV, is the best sampling
site. It is easiest to demonstrate the IB virus in the trachea in the early stages of
infection when it is replicating most rapidly. About 7-10 days after infection the
virus is difficult to find. In the later stages, caecal tonsils may be used because
the virus here is cleared later than in the trachea. Samples from the lungs, kidneys,
and oviduct should be considered depending on the clinical history of the disease.
Samples for virus isolation are inoculated into embryonated chicken eggs, or
tracheal organ culture (TOC). Another method for the demonstration of the virus
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istoexamine sections or scrapings of the tracheal mucosa by immunofluorescence,
or immunoperoxidase assays. This is a simple and satisfactory method when
virus is plentiful, i.e., the first 7 days after infection. For the detection of antibodies
to IB virus, the method that can be used include virus neutralization ( VN),
immunodiffusion (ID), haemagglutination inhibition (HI), immunofluorescence
(IF) and ELISA. The ELISA is more sensitive than other tests, but greater cross-
reactivity is observed between strains. More recently, confirmation of IBV is
done by nucleic acid-based method. IBV RNA has been detected in infected
tissues using the reverse-transcriptase/polymerase c hain reaction (RT/PCR)
method.

Turkey Bluecomb Disease

Also known as " coronaviral enteritis of turkeys”, bluecomb disease is
an acute, highly infectious disease caused by a coronavirus. It affects tur-
keys of all ages. T he disease is c haracterized by loss of appetite, c onstant
chirping (i.e., making a short, high-pitched sound), weight loss, d epression
and watery d roppings. The sick birds show darkening of the head and skin.
Infection occurs through the oral route, and the disease spreads rapidly through
a flock and from flock to flock on the same farm. The disease is spread from
farm to farm by personnel, equipment, and vehicles. T here is no evidence
that the disease is egg transmitted.

Gross lesions are seen mainly in the intestinal tract. Contents of the duo-
denum, jejunum, and caeca are watery and gaseous. The duodenum may be
swollen, pale and flaccid. Caeca are distended and filled with watery, yellow-
brown contents having a foetid odour. Microscopically, intraluminal
mononuclear cell exudate is present in the duodeno-jejunal area.

Diagnosis

In turkey of any age, typical signs with characteristic gross and micro-
scopic lesions are suggestive of bluecomb disease, but not diagnostic. ELISA
test has been found useful in detecting coronaviruses in intestinal c ontents
from turkey poults with diarrhoea.

Togaviridae

The Family T ogaviridae is made up of a large number of viruses. T he
family is so named because of the presence of a cloak (toga = cloak, gown),
kind of an outer garment surrounding the virus. This refers to the envelope
possessed by all members of the family. The family incorporates those vi-
ruses previously classified as arboviruses (ar = arthropod, bo = borne) as well
as a number of related viruses which d o not involve arthropod transmission
cycle (Table 3). There is still some confusion about these classifications, but
each member of this family is a spherical single-stranded, enveloped, positive-
sense RNA virus, 40-70 nm in diameter.
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The family has four genera which contain animal pathogens. These are:
alphavirus, arterivirus, flavivirus, and pestivirus.

Table 3. Diseases caused by Togaviridae*

Genus: Alphavirus
(Group A arboviruses)
Equine encephalomyelitis
Western
Eastern
Venezuelan
Genus: Arterivirus
Equine viral arteritis
Porcine reproductive and respiratory syndrome
Genus: Flavivirus
(Group B arboviruses)
Japanese B encephalitis
Louping-ill
Genus: Pestivirus
Swine fever
Bovine viral diarrhoea-mucosal disease
Border disease

*The genera 'flavivirus' and 'pestivirus' are also classified as a separate
family, the Flaviviridae.

The genus 'alphavirus' is made up of those viruses previously known as
'group A arboviruses'. It includes some 26 serologically related viruses, all
of which are arthropod-borne. Three of these are pathogens for horses, as
well as humans, namely, W estern equine encephalomyelitis, Eastern equine
encephalomyelitis, and Venezuelan e quine encephalomyelitis. The genus
flavivirus' (L. flavi = yellow) is made up of some 60 antigenically related
viruses. It includes those v iruses previously called 'group B arboviruses'.
Some s chemes identify this group as a separate family, Flaviviridae. All
flaviviruses of medical importance are arthropod-borne.

With rare exception, alphaviruses and flaviviruses are transmitted by the
bites of arthropods, usually mosquitoes and ticks. For each virus, there are
specific arthropods (insects) for perpetuation of the transmission cycle. This
factor restricts the geographical distribution of the disease. Arthropods be-
come infected on biting a viraemic vertebrate host. The virus multiplies first
in the insect's gut, and ultimately passes through the haemolymph to other
tissues, including the salivary gland, from where it can be passed to another
vertebrate host through bites. The insect remains infected throughout life,
and although there is continuous virus multiplication no harm is done to the
insect. In some virus insect relationships, the virus can be transmitted from
generation to generation. Certain diseases seen in domestic animals represent
spillover from an arthropod-wild animal cycle. Such is the case with Eastern
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and Western equine encephalomyelitis and yellow fever (an acute destructive
viral disease of humans). In these situations, the wild vertebrate hosts (often
birds) do not develop disease, but do develop an adequate viraemia to allow
perpetuation of the cycle. In contrast, horses develop disease, but typically
there is not significant viraemia. Thus, usually they are dead-end hosts. The
virus probably gains access to the nervous system through centripetal spread
by way of peripheral and cranial nerves. M ost alphavirus and flavivirus
infections are inapparent.

The remaining two genera, arterivirus and pestivirus, are not depend-
ent on an arthropod transmission cycle. The genus 'arterivirus' is made up
of only two members, equine arteritis virus, and the recently recognized virus
of the porcine reproductive and respiratory syndrome. The 'pestivirus' genus
includes swine fever virus, bovine viral diarrhoea virus (mucosal disease) and
Border disease of sheep. Some classifications place the genus pestivirus along
with the flavivirus in the family Flaviviridae.

Diseases caused by Alphaviruses (Group A Arboviruses)
Equine Encephalomyelitis

A disease of the central nervous system of horses was recognized in the
United States, as early as 1912. The disease was the cause of serious losses,
particularly in the central part of the country. In 1930, equine encephalomyelitis
virus was isolated. This discovery proved very important in the understanding
and control of viral encephalitis in many species, including humans. The virus
isolated is now known as the "Western" strain of equine encephalomyelitis
virus, to distinguish it from an antigenically different virus isolated from horses
in the eastern part of the United States, the "Eastern" strain. A third strain of
virus which produces similar signs and lesions was isolated in Venezuela, and is
known as the "Venezuelan" strain.

The demonstration, in 1933, that mosquitoes may serve as vectors of the
virus of equine encephalomyelitis, provided an explanation for many of its epi-
demiological features. Soon it was discovered that the equine encephalomyelitis
viruses are infective to a large number of animals, including humans. How-
ever, in other species (dogs, pigs, goats, calves, domestic fowl) the infection is
usually inapparent.

Spread

The enzootic (peculiar to a locality) cycles of these three encephalomyelitis
viruses involve mosquitoes, birds, reptiles, and rodents, with occasional epizootic
spillover into horses and humans. The cycles are still not completely under-
stood. The Western strain infects a variety of birds, and is transmitted by Culex
mosquitoes, which also feed on mammals. The Eastern strain also infects a
variety of birds, but uses a different mosquito that rarely feeds on mammals. With
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amplification of the mosquito-bird cycle, other species of mosquitoes, such as
Aedes, become infected and transmit the virus to horses. Reptiles and amphibians
may also be infected and may play a role in perpetuation of the Western and
Eastern strains. The infection in most avian species is asymptomatic. The Ven-
ezuelan strain involves an enzootic cycle between rodents, birds, and Culex
mosquitoes. Other species of mosquitoes, including Aedes, can transmit the virus
among horses, and due to high levels of viraemia, even mechanical insect
transmission is believed possible. As a result of mosquito transmission, the
diseases are seasonal.

Even though equine encephalomyelitis is an important disease in horses
and humans, infection of these species is incidental because generally viraemia
is not adequate to infect mosquitoes, e xcept in Venezuelan strain, where
viraemia levels can be high.

Since the signs and lesions caused by the three strains of virus are basi-
cally the same, they are considered together.

Signs

The signs of derangement of the central nervous system usually a ppear
suddenly after an incubation period of 1-3 weeks. Affected horses lose aware-
ness of their surroundings and wander aimlessly, walk continuously in circles,
are unresponsive to commands, and may strike violently a gainst objects or
crash through fences. High fever often occurs at the outset, but may return to
normal by the time nervous symptoms appear. As the disease advances, stupor
(unconsciousness) appears, and p aralysis of various groups of muscles sets
in. This flaccid paralysis (i.e., having defective or no muscular tone) increases
rapidly. The animal lies down, is unable to stand, and soon succumbs. About
50% of horses i nfected with the Western strain of virus die. In the Eastern
strain, this figure reaches 90%, and in V enezuelan strain, between 50% to
80%.

Lesions

No gross lesions are characteristic of this disease. The viruses of equine
encephalomyelitis attack neurons. Hence, the damage is to these cells (micro-
scopic lesions). Affected neurons undergo various degenerative changes, end-
ing in necrosis. The changes are characterized by dissolution and loss of tigroid
substance (tigrolysis) and chromatin ( chromatelysis), fragmentation of the
neuron, and its removal by phagocytes (neuronophagia). The process attracts
leukocytes and glial cells, which form small nodules around the injured neurons.
Such nodules persist even after the neuron has completely disappeared. The grey
matter around the neurons may become oedematous and diffusely infiltrated
with lymphocytes, neutrophils, and a few erythrocytes. Lymphocytes w hich
escape from nearby arterioles are often trapped in the Virchow-Robin space, to
form a wide collar of densely packed cells around the blood vessels. T his
"perivascular cuffing" may extend into the white matter, where it is the only
significant change. A Ithough perivascular c uffing is a striking microscopic
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finding, it is not specific for equine encephalomyelitis. It occurs in numerous
inflammatory lesions of the central nervous system.

The distribution of the lesions varies, depending somewhat on the strain
of virus. With Eastern strain, the grey matter is diffusely involved, the le-
sions are numerous, and neutrophils are often a prominent component of the
exudate. Neutrophils appear to result from severity of the infection and the
short fatal course of the disease. Thus they are not absolutely diagnostic of the
Eastern type. Infection with any strain of the virus results in lesions in the
grey matter of the cerebral or cerebellar cortex, but they are most numerous in
the olfactory bulbs, thalamus, hypothalamus, brain stem, and in both dorsal
and ventral grey columns of the spinal cord.

Zoonotic Implications

The susceptibility of humans to the causative virus gives the disease great
public health importance. Humans can become infected with all three types.
The first human cases were reported in 1933, in the United States, when an
outbreak in children foliowed an epidemic in horses. Human infections gen-
erally follow equine infections in about 2 weeks. The infection in humans is a
mild, influenza-like illness in which recovery occurs spontaneously. When clini-
cal encephalitis does occur, it is usually in very young or older people. There is
a strong relationship between the mosquito population and the incidence of the
disease in horses and humans. There are usually widespread mortalities in horses
before the disease occurs in humans. Western equine encephalomyelitis infec-
tions have occurred among laboratory workers as a result of aerosol infections
from laboratory accidents and from handling of infected laboratory animals.

Diagnosis

A presumptive diagnosis can be made on finding the microscopic lesions
diffusely distributed through the grey matter of the central nervous system. A
confirmed diagnosis can be made only on the basis of isolation and identifica-.
tion of the virus.

Diseases caused by Arteriviruses
Equine Viral Arteritis

Equine viral arteritis (EVA) is manifested clinically as an acute systemic
disease, and by abortion in mares. There are specific lesions in the walls of the
small arteries. The causative virus is generally classified as a togavirus, but re-
cently it has been shown to be related to the coronavirus group. First reported
from the United States in 1957, the disease is now present in most countries,
including India. Serological surveys conducted in the United States indicate that
infection with EVA virus is widespread, but clinical disease is not common,
suggesting that most infections are subclinical. The infection is rarely fatal, but
up to 80% of pregnant mares may abort during or shortly after clinical disease.
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This is the main cause of its economic importance. In India, the disease was
first reported in 1990. Following this, a serological survey has been carried
out by the National Research Centre on Equines, Hisar, employing Escherichia
coli expressed antigen in an enzyme-linked immunosorbent assay (ELISA) to
detect EVA specific antibody in horses. Out of a total of 264 samples tested
from 9 states, 15 samples, 5 from Uttar Pradesh and 10 from Haryana, were
found positive. All the seropositive samples were from aborted mares belonging
to army establishments.

Spread

Horses of all age groups are susceptible. Infection occurs primarily
through the respiratory route by inhalation of droplets d erived from the
nasal exudate of infected horses which remain infective for 8-10 days. Infec-
tion also occurs by ingestion of c ontaminated material and from v enereal
transmission by carrier stallions. The virus is also shed in urine and in semen.
Infected stallions can be long-term carriers and continue to shed virus for up
to 2 years. This may be the major method of spread on stud farms. The tissues
and fluids of infected aborted foetuses contain large quantities of the virus.

Pathogenesis

Following infection, there is viraemia causing severe vascular damage,
especially in the small arteries, intestinal tract, visceral lymph nodes, and the
adrenals. A haemorrhagic enteritis results and causes diarrhoea and abdomi-
nal pain. Pulmonary oedema and pleural effusion are manifested by severe
dyspnoea. Petechiation of the mucosae and the conjunctiva, and oedema of
the limbs, also occur. Death, when it occurs, is due to a c ombination of
dehydration and anoxia. T he abortion is caused by a severe necrotizing
myometritis. The foetus is unaffected but contains virus.

Signs

An incubation period of 1-6 days is followed by the appearance of fever
(102°-106° F), a purulent nasal discharge, conjunctivitis, and excessive
lachrymation. R espiratory signs are secondary in importance. Cough and
dyspnoea develop. The appetite is reduced or absent, and in severe cases there
may be abdominal pain, diarrhoea, and jaundice. Oedema of the limbs is com-
mon. In stallions, oedema of the belly wall may extend to involve the prepuce
and scrotum. The disease is acute and severe, and deaths may occur without
secondary bacterial invasion. The course in non-fatal cases is usually between
3-8 days. Secondary bacterial invasion is manifested by catarrhal rhinitis and
infection of the respiratory tract. Abortion occurs within a few days of the
onset of clinical illness, in contrast to the much later abortions which occur in
equine viral r hinopneumonitis. There is a pronounced leukopaenia d ue to
reduction of the lymphocytes, usually 1-3 days after the onset of fever. The
virus is present in the blood during the febrile period.
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Lesions

The gross lesions consist of congestion, oedema, and petechiae in the
conjunctiva, nasal mucosa, pharynx, larynx, and guttural pouches; oedema of
the subcutis of the legs; hydrothorax and petechiae in the pleura; oedema in
the mediastinum, base of the heart, and the interlobular pulmonary s epta;
oedema and enlargement of the mediastinal 1 ymph nodes; p etechiae on the
endocardium and epicardium; and distension of the pericardial sac with fluid.
In addition, the peritoneal cavity often contains an excessive amount of fluid,
sometimes as much as 8-10 litres. Petechiae are commonly found on the
visceral and parietal peritoneum; the mesenteric l ymph nodes are large and
oedematous, and wall of the small intestine, caecum and colon is often
oedematous. Haemorrhages into the adrenal cortex are frequently found.

The microscopic lesions confirm the presence of widespread o edema,
vascular dilation, and to a smaller extent, haemorrhages. Generally, the veins
are distended with blood and the lymphatics with lymph. Otherwise they are
not affected. On the other hand, small arteries throughout the body show severe
changes, e specially in those tissues w hich exhibit gross lesions. T he most
severe arterial changes are seen in the submucosa of the caecum and colon.
The earliest change is replacement of small parts of the arterial media by a
homogeneous eosinophilic material. This displaces the nuclei and cytoplasm
of the muscular coat of the artery, and is accompanied by oedema and some
cellular infiltration in the adventitia. In more advanced lesions, areas of necrosis
appear in the media, either as small foci, or as more extensive zones of necrosis.
This is accompanied by leukocytic infiltration. Scattered bits of nuclear chro-
matin are also seen in these areas.

Ultrastructurally, v ascular lesions are mainly e ndothelial cell d amage
characterized by dilation of endoplasmic reticulum, and the presence of viral
particles 58 nm in diameter within cytoplasmic vacuoles. Swelling of endothelial
ceils and platelet thrombi obliterate capillary lumina. Oedema appears to be the
direct result of injury to capillaries. Degeneration of smooth muscle cells ap-
pears to be secondary lesion not associated with direct viral injury.

No specific lesions are present in aborted foetuses. The abortion results
from generalized vascular disease in the mare, or from necrotizing myometritis
which may occur i ndependently of generalized vascular disease.

Diagnosis

EVA is much more severe than equine viral rhinopneumonitis and equine
influenza. The microscopic lesions of EVA are characteristic enough to differ-
entiate from equine viral rhinopneumonitis, in which the characteristic lesions
include foci of necrosis in lungs, liver, and lymph nodes with intranuclear
inclusion bodies. The microscopic lesions of arteries also serve to differentiate
it from equine infectious anaemia, which is also accompanied by petechiation
of the mucosa and jaundice in acute cases. Leptospirosis may present a rather
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similar clinical picture to EVA, but can be distinguished serologically. Com-
plement fixation, s erum neutralization, and ELISA tests are available for
serological d iagnosis.

Porcine Reproductive and Respiratory Syndrome (PRRS)

PRRS is a newly recognized disease of pigs characterized by reproductive
failure in sows, pneumonia in young pigs, and pre-weaning mortality. It was
recognized first in the United States in 1987. The agent is classified as an
arterivirus.

Air-borne spread is suspected. T he syndrome is still not well-defined.
The clinical signs and severity of the infection vary. The main manifestation
is late-term abortion, stillbirths, premature farrowings, and the births of weak
piglets. Other signs in sows and boars include fever, inappetence, lethargy
and laboured breathing. Mortality in adults is low. Clinical signs, particularly
respiratory distress, are much more severe in young piglets. Mortality in piglets
may approach 100%.

The exact basis for abortion is not clear. No specific lesions have been
noted in the placenta, or in foetuses. The consistent microscopic feature is an
interstitial pneumonia characterized by extensive thickening of the alveolar
septa with presence of mononuclear cells and interlobular oedema. Infiltration
of lymphocytes, histiocytes, and plasma cells into alveoli has been described.
There may be necrosis and squamous metaplasia of airway epithelium with
mononuclear infiltration from the nasal passages through the lung. Secondary
infections are common in young piglets and may contribute to mortality.

Diseases caused by Flaviviruses (Group B Arboviruses)
Japanese B Encephalitis

Japanese B encephalitis is primarily a disease of humans, who provide
the source of infection for animals (horses, pigs and cattle). The disease is
most prevalent in Japan, China, and other parts of Asia. In India, serological
evidence of Japanese B encephalitis in horses has been reported. It is ar-
thropod-borne with an enzootic cycle involving Culex mosquitoes, pigs, and
birds, mainly d ucks.

Infection is most important in humans when the virus causes encephali-
tis. Horses and other equines may also develop encephalitis. However, infec-
tion in cattle is almost always asymptomatic. In pigs, the virus is an important
cause of abortion and neonatal mortality.

Lesions

In fatal infections in humans neuronophagic nodules are observed in all parts
of the grey matter. In the spinal cord, the lesions tend to become confluent, whereas
in the cerebral cortex and cerebellum, the lesions are generally discrete (separate).
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The neuronophagic nodules indicate involvement of neurons. In animals, including
aborted and stillborn pigs, similar lesions are seen, particularly in the grey matter
of the cerebral cortex and basal ganglia.

Diagnosis

Although the presence of typical lesions may suggest Japanese B encepha-
litis, these lesions cannot with certainty be differentiated from those of louping
ill, Teschen disease, or even equine encephalomyelitis. To make a definitive
diagnosis, it is necessary to isolate the causative virus, or demonstrate specific
neutralizing antibody production after infection.

Ovine Encephalomyelitis (Louping-IIl)

Louping-ill is a tick-borne encephalitis, mainly of sheep, which occurs
in Britain and Ireland. Humans are susceptible, but infection is usually mild.
Encephalitis can also occur in horses, and sporadic cases have been described in
cattle. The disease is of main importance, however, in sheep. Affected animals,
usually lambs, exhibit a peculiar "louping" gait (leaping, jumping gait), which
gives the disease its common name. The tick, Ixodes ricinus transmits louping
ill to sheep under natural conditions, which accounts for seasonal occurrence of
the disease.

Pathogenesis

After tick-borne infection the virus proliferates in the regional lymph node
to produce a viraemia which peaks at 2-4 days. Invasion of the central nervous
system occurs in the early viraemic stage. The occurrence of clinical disease is
associated with replication of the virus in the brain, severe inflammation through-
out the central nervous system, and necrosis of brainstem and ventral horn neu-
rons.

Signs

In most sheep infection is inapparent. There is an incubation period of 2-
4 days followed by a sudden onset of high fever (up to 107° F) for 2-3 days,
followed by areturn to normal. In animals which develop neurological dis-
ease, there is a second febrile phase during which nervous signs appear. Af-
fected animals stand apart, and there is marked tremor of muscle groups and
rigidity of the musculature, particularly in the neck and limbs. This causes
jerky, stiff movements and a bounding gait (i.e., c haracterized by jumping
movement), which gives rise to the name "louping-ill" (to loup = to jump).
Incoordination is most marked in the hind limbs. The sheep walks into objects
and may stand with the head pressed against them. Hypersensitivity to noise
and touch (hyperaesthesia) may be seen. With time, the increased muscle tone
is followed by recumbency, convulsions and paralysis, and death occurs within
1-2 days. Young lambs may die suddenly with no specific nervous signs.
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The clinical picture in cattle is very similar to that observed in sheep with
hyperaesthesia, blinking of the e yelids and rolling of the eyes. Convulsions
are more likely to occur in cattle. Horses also show a similar clinical picture
as sheep.

Lesions

Louping-ill virus causes destruction of neurons diffusely throughout
the grey matter. However, they are most concentrated in the cerebellum,
where loss of Purkinje cells and focal glial or inflammatory nodules are also
observed. In the ventral horn of the spinal cord and medulla, motor neurons
are often affected. The lesions are similar in intensity and distribution to those
of Teschen disease (porcine e ncephalomyelitis).

Zoonotic Importance

In humans, an influenza-like disease followed by meningo-encephalitis
occurs a fter an incubation period of 6-18 days. While recovery is c ommon,
the disease is fatal and residual nervous deficiencies can occur.

Diagnosis

A presumptive diagnosis can be made on the basis of microscopic lesions
in the brain and spinal cord, but definitive diagnosis depends on isolation and
identification of the virus.

Diseases caused by Pestiviruses
Swine Fever (Hog Cholera, Swine Plague)

Swine fever, also known as hog cholera, is an acute, febrile, highly conta-
gious and often fatal disease of pigs, caused by a pestivirus. Chronic or
inapparent infection also occurs, including persistent congenital infection in
newborn pigs, infected during foetal life. First recognized in 1885 in the United
States, its viral aetiology was established in 1903. The disease is now world-
wide in distribution, including India. There is only one antigenic type of the
virus, but there are a number of strains of variable virulence and antigenicity.
The virus of swine fever has an antigenic relationship to that causing bovine
virus diarrhoea.

Spread

The pig is the only domestic animal which is naturally infected by the
virus. The source of virus is always an infected pig and its products. The infection
is usually acquired by ingestion, but inhalation is also a possible route. In case
of infection with a virulent virus, all excretions, secretions and body tissues of
affected pigs contain the virus, and it is excreted in the urine for some days before
clinical illness appears, and for 2-3 days after clinical recovery. The resistance and
high infectivity of the virus make spread of the disease by inert materials, especially
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uncooked meat, a problem. The virus probably survives for considerable
periods as it is quite resistant to chemical and physical influences. Birds and
humans may also act as physical carriers of the virus. Farmers, veterinarians
and v accination teams c an transmit the virus by c ontaminated i nstruments
and drugs.

Pathogenesis

The tonsil is the primary site of virus invasion following oral exposure.
Primary multiplication of the virus occurs in the tonsils within a few hours after
infection. The virus is then transported through lymphatics, and enters blood
capillaries resulting in an initial viraemia by about 24 hours. At this time, the
virus can be found in the spleen and other sites, such as peripheral and visceral
lymph nodes, bone marrow, and Peyer's patches. The virus exerts its pathogenic
effect on endothelial cells, lymphoreticular cells, macrophages, and epithelial
cells. Most of the lesions are produced by hydropic degeneration and pro-
liferation of vascular endothelium which result in the occlusion of blood
vessels. This effect on the vascular system results in the characteristic lesions
of congestion, haemorrhage and infarction from changes in arterioles, venules,
and capillaries. Thrombosis of small and medium-sized arteries is another
feature. Leukopaenia is common in the early stages, followed by a leukocytosis,
anaemia, and thrombocytopaenia. L eukopaenia in the early stages is pro-
nounced, the total c ount falling from a normal range of 14,000-24,000/ul to
4000-9000/ul. This can be of value in differentiation from bacterial septicaemias.

Signs

After an incubation period of about 7 days, depression and a high fever
(106° F) are first seen. These signs are accompanied by severe leukopaenia in
which the total leukocyte count may be less than 4000/pl. The disease spreads
rapidly to all susceptible animals in contact with the infected animals. Besides
weakness and inappetence, nervous s ymptoms are u sually observed. These
include lethargy (lack of energy or dullness), occasional convulsions, grinding
of the teeth, and difficulty in locomotion. In pigs with light skin, erythematous
lesions a ppear, particularly on the skin of the abdomen, a xillae, and i nner
surface of the legs. Most animals die within 10 days after the onset of signs.
A few that live longer, show intestinal and pulmonary involvement. In natural
outbreaks, nearly 100% of the susceptible animals in a herd may be expected
to die. The disease in nature is limited to domestic and wild pigs.

Infection with a virus of reduced virulence can result in a longer course,
which has been called "chronic" swine fever. Following an apparent remis-
sion (lessening of severity), there is an aggravation of the disease, resulting in
death as late as 40-70 days after the initial signs of infection. Pigs with chronic
disease play an important role in the dissemination of swine fever, because
they excrete virus intermittently throughout the entire course of the infection.
Pigs vaccinated with live attenuated virus may also excrete virulent virus, and
serve as a source of infection to non-immune pigs.
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A variety of foetal and neonatal abnormalities have been attributed to
exposure to the virus during pregnancy. The most critical period of exposure
appears to be after 20 days of gestation. Abnormalities include mummifica-
tion, anasarca, ascites, stillbirth, c erebellar hypoplasia, and neonatal d eath.
Virus crosses the placenta and invades foetal tissues, and can be demonstrated
or isolated from piglets. Infection in utero can also lead to lesions resembling
swine fever in adult pigs, or to the birth of persistently infected pigs which
shed the virus.

Lesions

The virus of swine fever exerts a direct effect on the vascular system,
and the signs and lesions result from changes in the capillaries. For this
reason, the gross lesions appear as areas of congestion, haemorrhage, or
infarction. In acute cases and in pigs which die early in the disease, gross
lesions may be difficult to detect. Butin cases of longer d uration, they are
found in a variety of organs. Lesions are seen in this order of frequency:
kidney, lymph nodes, urinary bladder, skin (in w hite-skinned pigs), sp leen,
larynx, lungs, and large intestine. With less frequency, lesions occur in the
heart, liver, small intestine, and stomach.

In the vascular system, the specific action of the virus is manifested by
petechiae and ecchymoses. The earliest and most pronounced microscopic le-
sions are found in the capillaries and pre-capillaries. The most constant change
is swelling and proliferation of endothelial cells, accompanied by decrease in
staining intensity. Ultrastructurally, mitochondria are swollen and lose their
cristae. The endothelial nuclei are enlarged, increased in number, pale-staining,
and may pile up to occlude the lumen, or are desquamated and lost. The capil-
lary basement membrane is pale, eosinophilic, hyaline, and homogeneous. These
changes may extend to the collagen and reticular fibres which surround the
vessel. The capillary wall may become completely hyalinized, resulting in
partial or complete occlusion. Fat droplets may be seen in the capillary walls.
Thrombosis is rare in arterioles or smaller vessels. In small and medium-sized
arteries, the lesions are similar to those in capillaries, but are less frequent. The
media and adventitia may be hyalinized, and occasionally show necrosis.
Thrombosis sometimes occurs. Similar lesions may be seen in veins, but are
rare in lymphatics.

In the central nervous system, the lesions are related to the vasculature.
Apart from congestion of vessels, gross changes are not seen in the brain. The
most striking microscopic lesion occurs from accumulation of lymphocytes in
the perivascular (Virchow-Robin) s paces around arteries and veins. This
perivascular cuffing comprises lymphocytes, mononuclear cells, plasma cells,
and occasionally, eosinophils. Neutrophils are not a part of the inflammatory
exudate. Thrombi, emboli, or patches of softening are conspicuously absent.
Small nodules of proliferated microglia are present in both white and grey matter.
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Changes in the neurons are much less significant; they are neither specific, nor
common. There is no demyelination. Inclusion bodies are found in a few cases,
but are not considered specific. These inclusions are intranuclear, round,
homogeneous, eosinophilic (acidophilic) or sometimes basophilic, and several
may be found in a single neuron.

In the spleen, infarction due to lesions in the arteries occurs in about
50% of cases. Grossly, the infarcts are sharply outlined, red, irregularin
shape, and elevated. Some are definitely wedge-shaped. Microscopically,
degenerative changes in the wall of follicular or trabecular arteries are charac-
terized by proliferation of endothelium, hyalinization, and necrosis in the media
and adventitia with resultant thrombosis. Haemorrhagic infarction is seen as
sharply demarcated areas of necrosis.

Gross lesions are seen in lymph nodes in more than 80% of animals which
die of swine fever. Lesions vary from swelling and hyperaemia with bright red
subcapsular haemorrhages t o d ense d ark-coloured haemorrhages o bscuring
the entire nodal architecture. Pronounced changes are observed in the
capillaries, arterioles, and venules. S welling and proliferation of endothelial
nuclei are striking, and are accompanied by occlusion of the lumen. In the
skin, erythematous areas resulting from cyanosis are the most common gross
lesions. T hey usually appear as areas of purplish discoloration, 1-15 cmin
diameter, on the ventral surface of the abdomen and thorax, the medial sur-
face of the thigh and leg, ears, skin of the perineum, and the snout. The cyanotic
changes can be readily detected in white-skinned pigs, and rarely in the black
breeds. The typical changes in the vascular s ystem are also responsible for
these cutaneous |l esions.

In the kidneys, sharply d emarcated petechiae, 1 -5 mm in diameter are
visible grossly just beneath the capsule, and deep in the renal cortex. These
petechiae give the kidney a characteristic appearance, known as "turkey egg
kidney". Microscopically, haemorrhages are found in the interstitial stroma
and in Bowman's spaces. These haemorrhages are due to the typical lesions in
the vessels. The digestive system is usually affected in pigs dying after a
more prolonged course. The characteristic lesion is a spherical ulcer in the
mucosa, particularly in the colon. These ulcers are sharply c ircumscribed,
single or multiple. They originate as small congested areas and develop into
encrusted button-shaped foci ("button ulcers") a few millimetres in diameter.
Cut se ctions reveal a sharply demarcated zone of necrosisin the underlying
mucosa and submucosa. This lesion develops after occlusion of a small artery
by swelling and hydropic changes in its endothelium. Thus, the "'button ulcer"
is the result of infarction.

Diagnosis

The diagnosis c an usually be made on the basis of clinical signs, and
gross and microscopic lesions. The presence of the virus can be demonstrated
by the application of fluorescent antibody staining to infected cell cultures.
This test has proved reliable. Fluorsescent antibody staining can also be applied
directly to tissue sections. The agar gel precipitation test (AGPT) detects antigen
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in tissues by means of a precipitin formed with immune sera. Usually pancreas
is tested. The enzyme-linked immunosorbent assay test (ELISA) is useful for
large-scale testing of sera in eradication programmes.

In differential diagnosis, swine fever has to be differentiated from
salmonellosis, acute erysipelas, and acute pasteurellosis. Salmonellosis is usu-
ally accompanied by enteritis and dyspnoea; and in acute erysipelas and acute
pasteurellosis subserous haemorrhages are ecchymotic rather than petechial.

Bovine Virus Diarrhoea (BVD) and Mucosal Disease
(MD)

A contagious disease of cattle in New York State was first described in
1946. Its viral aetiology was demonstrated and the infection was termed "virus
diarrhoea". The disease was characterized by high morbidity but low mortality.
In the same year, a disease of cattle was also described in Canada that was
similar to virus diarrhoea, but was more severe and had a high mortality. The
disease was termed "mucosal disease". Virus diarrhoea and mucosal disease
have since been described in other countries, including India.

It is now established that each of these diseases is caused by antigenically
related pestiviruses, and that the different clinical picture of morbidity and
mortality is determined by the viral strain variations and mode of infection.
Bovine viral diarrhoea virus (BVDV) occurs in two bio-types: cytopathogenic
and non-cytopathogenic on the basis of their effects in tissue culture cells. Vi-
rus diarrhoea occurs sporadically in cattle between 6 months and 2 years of age
as a transient, highly contagious acute infection with a high morbidity rate, but
is usually a mild disease with cytopathogenic BVDV. However, new strains of
BVDV have caused outbreaks with high mortality.

On the other hand, mucosal disease develops in cattle which become in-
fected in utero with non-cytopathogenic BVDV. These animals develop a per-
sistent infection to which they are immunotolerant. Mucosal disease develops
in these animals when the persistent non-cytopathogenic BVDV undergoes a
transformation to cytopathogenic BVDV through a process of RNA recombina-
tion. The disease generally appears in cattle between 6 months and 2 years of
age, and results in death.

Border disease of sheep (discussed next) is caused by the same virus, or a
basically indistinguishable variant. The virus of swine fever is also related. Pigs
can be infected with BVDV, but the virus ordinarily does not cause clinical
disease. In pregnant sows, it may cause foetal death and resorption.

Spread

The virus is transmitted by direct c ontact between animals, and by
transplacental transmission to the foetus. The virus is present in nasal discharge,
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saliva, faeces, urine, tears, milk and semen, each of which would allow wide
dissemination of the virus. Discharges from the reproductive tract of an infected
cow, including aborted foetuses can be potent source of virus. Nose-to-nose contact
is an effective method of spreading the virus from persistently infected animals to
susceptible animals. Persistently infected bulls may also introduce the virus into
artificial breeding units. The foetus can be infected by transplacental transmission
of the virus in the infected dam. Persistently viraemic female can remain clini-
cally normal for several years, and may introduce infection into a herd.

Pathogenesis

The pathogenesis of disease due to infection with the bovine viral diar-
thoea virus is governed by several features of the infection. These include the
occurrence of viraemia, the ability of the virus to compromise (damage) the
immune system, the age of the animal, the previous vaccination status of the
animal, the occurrence of transplacental infection, the i nduction of immune
tolerance, and the emergence of foetal immune competence at about 180 days
of gestation. Apart from those infected with the virus in ufero most cattle are
immuno-competent to the virus, and will successfully control a natural
infection, develop antibodies, and eliminate the virus so that latency and
shedding do not occur. However, the pathogenesis of the lesions remains
obscure.

Signs

The clinical si gns include high fever (105°-108 ° F), anorexia, depres-
sion, and diarrhoea accompanied by excessive salivation, with stringy mucus
hanging from the muzzle to the ground. Severe leukopaenia is observed in the
early stages. Ulcers develop in the mouth, nose, and muzzle of severely affected
animals. Other signs include mucous or mucopurulent n asal discharges and
cough. The nasal and oral mucosa, and the conjunctiva are congested.
Disturbances in distribution of body heat may be observed by touching. The
ears, muzzle, and extremities may be cold, while other parts of the body may
be very warm. Dehydration and suspension of milk secretion and rumination
occur in severe infections. Abortipns, stillbirths, and mummified foetuses are
common after acute attacks. Septic metritis after abortion may result in death.
Calves born alive may be persistently infected and later succumb to mucosal
disease. Congenital cerebellar hypoplasia, cataracts, retinal atrophy,
microphthalmia, and optic neuritis have been noted in calves born to infected
dams.

Lesions

The main gross lesions are found in the gastrointestinal tract. Sharply
defined, irregularly-shaped ulcers or erosions of the mucosa are found on the
dental pad, palate, lateral surfaces of the tongue, and inside of the cheeks. Ulcers
may also occur on the muzzle and at the external nares. On the mucosa of the
pharynx, irregularly-shaped ulcers of varying size may be covered by a tenacious
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grey exudate. Necrotic lesions may be confined to the pharynx, or may extend
to the larynx. Some animals develop pneumonia.

In the o esophagus, the e ntire mucous membrane may contain s hallow
erosions or ulcers with sharply defined, irregular margins and a red base.
These ulcers may coalesce to form elongated ulcers or erosions, with necrotic
material adhering. The abomasal mucosa may be diffusely reddened, or may
contain petechiae and a few ulcers. Haemorrhages may be presentin the
omasum. The mucosa of the small intestine, caecum, and colon is hyperaemic
and may show small haemorrhages and ulcers, particularly over Peyer's patches,
where necrosis of intestinal glands and lymphoid tissue, reminding lesions of
rinderpest, is often seen. There also may be necrosis in lymph nodes and the -
spleen, w hich may c ontribute to i mmunosuppression. Necrotizing enteritis,
probably immune-mediated, develops in many organs and tissues, including
the gastrointestinal tract. In the foetus, lesions similar to those of the adult
may be seen in the gastrointestinal tract.

In cattle with chronic mucosal disease, there is chronic ulceration of the

oral cavity as well as the skin. Lameness and deformed hooves are a clinical
feature.

Diagnosis

The similarity of the lesions of virus diarrhoea to the gastrointestinal lesions
of rinderpest, and the oral lesions of malignant catarrhal fever, complicates
the differential diagnosis. Cross-immunity and cross-serum neutralization tests
can be used to differentiate rinderpest from virus diarrhoea. Malignant catarrh
can be differentiated by its slower spread and the characteristic ocular, nasal
and brain lesions. Virus isolation and identification provide the only precise
means of diagnosis. Two recently described ELISA tests are of high serological
sensitivity. A single dilution ELISA test has been developed which has a high
level of correlation with the virus neutralization test. An ELISA test has also
been used to detect BVDV antibodies using recombinant antigen and
monoclonal antibodies.

Border Disease of Sheep

Also known as "hairy-shaker lamb", "fuzzy lamb" and "hypomyelinosis
congenita”, the disease was first recognized as a s poradic d isease of
lambs in 1959 in the Welsh Border Country between England and Wales.
Hence the name "Border disease”. It is characterized by birth of lambs
with a hairy coat, severe tremors within a month of birth, and poor growth
and viability. The disease is caused by a pestivirus, which is serologically
related to bovine virus diarrhoea virus and to swine fever virus. The latter
two viruses have been shown capable of infecting sheep, and causing a
border disease-like syndrome. Border disease is now known to occur
worldwide. Goats are also susceptible. In India studies carried out, based
on SFV antigen by agar-gel immunodiffusion (AGID) test in sheep and
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goats, gave a positive reaction, indicating the possibility of the presence
of border disease infection. However, this needs to be confirmed.

Spread

Lambs which are infected in utero, that is, prior to the development of
immunological c ompetence, may survive the infection but are born persist-
ently infected with border disease virus. These sheep excrete virus in nasal
secretions, saliva, urine and faeces, and provide the major source of infec-
tion to healthy sheep. Thus, border disease is a congenital disease of sheep.
Infection can be introduced into a flock with the purchase of a persistently
infected sheep. Transmission is by sheep-to-sheep contact. Experimental trans-
mission has been achieved with both oral and conjunctival challenge.

Pathogenesis and Signs

Infection in adult sheep is subclinical and the virus is eventually elimi-
nated. However, in pregnant ewes, the virus crosses the placenta and infects
the foetus leading to several possible results. Early in utero infection may result
in immune tolerance and birth of lambs that are permanent carriers and shedders
of the virus. These serve as the main source of infection to other sheep. Early
infection may also lead to embryonic death and abortion. Foetuses infected
before 90 days gestation, which survive and do not develop immune tolerance,
develop typical border disease. Affected lambs are born with an abnormally
coarse, long, and straight (free from curves and bends) birthcoat (external growth
of hair at birth), described as "hairy". This is most noticeable in fine-fleeced and
medium-fleeced breeds. Neurological signs include continuous tremors, tonic-
clonic contraction of skeletal muscles, and uncoordinated movements. T he
combination of abnormal fleece and neurological signs has given the affected
lambs name "hairy shakers". In lambs which survive, neurological signs and
fleece abnormalities gradually disappear in the first few months of life. These
lambs eliminate the virus and do not become shedders.

Lesions

Grossly, there may be h ydranencephaly, an undersized cerebral ¢ ortex,
and the presence of cysts or cavities in the brain and spinal cord. Cerebral
arteries and arterioles sh ow periarteritis, with an infiltration of 1 ymphocytes
and macrophages. Decreased levels of circulating thyroid hormones have been
noted, which may contribute to the retardation of growth.

Microscopically, the fleece changes result from an atypical growth and dif-
ferentiation of primary hair follicles. Primary follicles are enlarged and contain
enlarged primary fibres, of which a high proportion is more heavily medullated
than normal. There are fewer secondary follicles. The main lesion in the central
nervous system is hypomyelinogenesis in all parts of the brain and spinal cord.
There is also an increase in the number of glial cells in the cerebral white matter.
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Glial nuclei are increased in number and, in myelin stains, nerve fibres are
twisted, distorted, and swollen, giving them a beaded appearance.

Diagnosis

Diagnosis is based on clinical, epidemiological and histopathological evi-
dence along with serology and virus isolation.

Bunyaviridae

This family of viruses derives its name from Bunyamwera, a place in
Uganda where the type species "Bunyamwera virus" was isolated. The fam-
ily contains over 200 viruses divided into five genera. But only a few are
important pathogens of animals. Most of the viruses are arthropod borne,
with mosquitoes, ticks, sandflies or Culicoides species serving as vectors.
Transovarian transmission is known in some of them.

The virions of this family are spherical and enveloped, 90-100 nm in di-
ameter. The envelope contains at least one virus specified glycoprotein. The
genome consists of a negative-sense, single-stranded RNA in three pieces.
The virions develop in the cytoplasm of host cells, and mature by budding
into smooth-surfaced membranes in or adjacent to the Golgi region.

The three most important diseases of animals caused by members of the
Bunyaviridae are "Rift Valley fever, Akabane disease, and Nairobi sheep disease.
Cache Valley virus has emerged as a cause of arthrogryposis-hydranencephaly
complex in sheep.

Rift Valley Fever

Rift Valley fever is an acute viral disease, which principally affects mainly
sheep and cattle, causing heavy mortality in young lambs and calves, and
abortion in pregnant ewes and cows. The disease was first reported as an acute
highly fatal infection of lambs in 1912 from Kenya, where the disease occurred on
farms in the Rift Valley. Like many other newly reported diseases of unknown
aetiology, this one was named after the location where it was first observed. Rift
Valley fever has a wide distribution in Africa, but has not been recognlzed in
domestic animals outside that continent.

Spread

The disease is usually transmitted by arthropod vectors, particularly culicine
mosquitoes.
Signs

After an incubation period of 20-70 hours, the course in young lambs is short.
They are disinclined to move, refuse to eat, exhibit some form of abdominal pain,
and soon thereafter become recumbent, and are unable to rise. Death may occur
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within 24 hours. The lambs may die even before symptoms are observed. In adult
sheep also, the infected animal is found dead without showing any sign of illness.
Vomiting may be observed as the only symptom. However, pregnant ewes usually
abort. In cattle, the disease may appear as a storm of abortions. The symptoms
include a brief febrile period with inappetence, profuse salivation, diarrhoea,
abdominal pain, roughened hair coat, and cessation of lactation. The mortality rate
in cattle is not high. However, erosions of the buccal mucosae, necrosis of the skin
of the udder or scrotum, laminitis, and coronitis may occur.

Lesions

The most constant and characteristic lesions are found in the liver. In the
sheep, the organ is grossly enlarged, its surface is mottled grey to red and shows
numerous grey to white subcapsular opaque foci. Microscopically, these foci
are seen as areas of necrosis involving parenchymal cells near the central veins.
The affected cells have swollen, eosinophilic, hyaline cytoplasm, and pyknotic
or fragmented nuclei. Intranuclear inclusions have been described, but their
specificity i s in doubt, since replication occurs in the cytoplasm of “affected
cells. The gallbladder wall may be thickened by oedema and contain subserosal
haemorrhages.

Haemorrhages may occur in the subcutis of the axillae, and the medial and
lower aspects of the limbs. Haemorrhages may also be seen in the peritoneum of
the gastrointestinal tract and diaphragm, as well as under the pleura, pericar-
dium, and endocardium, and in the myocardium. Similar haemorrhages may
occur in the submucosa and muscular layer of the gastrointestinal tract, and in
the pancreas, kidney, adrenal, l ung, thymus, and lymph nodes. The 1 ymph
nodes are enlarged and appear moist and red. Ulceration of the intestinal mucosa
may be seen in the ileum, caecum, and colon. The lungs are always hyperaemic
and oedematous, often with subpleural and diffuse haemorrhages. Consolida-
tion may be fibrinous in character. Kidneys are usually enlarged, bear
haemorrhages, and show microscopic evidence of necrosis. That is, swelling
and loss of cell outline in tubular epithelium, albuminous c asts in t ubules,
haemosiderin in tubular epithelium and congestion. The spleen is usually
enlarged and e xhibits subcapsular petechiae.

Zoonotic Importance

Humans may contract the infection during the course of an epizootic among
domestic animals, or by handling the virus in the laboratory. Humans are par-
ticularly susceptible and can easily become infected. The initial symptoms,
after an incubation period of 4-6 days, are malaise, nausea, hyperthermia, epigastric
pain, and a sensation of fullness over the region of the liver. There is usually
complete anorexia, followed by rigors, severe headache, photophobia (intolerance
to light), characteristic flushing of the face, pain in the back and joints, vertigo, and
sometimes epistaxis. The disease in human is rarely fatal, and immunity follows
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recovery. However, serious sequelae, such as thrombophlebitis, retinopathy,
and retinal detachment, have been reported.

Diagnosis

Rift Valley fever should be suspected in outbreaks of a highly fatal dis-
ease affecting both lambs and calves, especially if persons who are associ-
ated with the sick animals, or who handle infective materials, show mild febrile
symptoms. Sometimes human cases of an influenza type may provide the first
indication of the existence of an epizootic of Rift Valley fever. Also, the
occurrence of abortion in adult animals and the presence of the gross and
microscopic lesions, particularly those of the liver, permita presumptive
diagnosis. Neutralization of infective blood by immune serum using mice as
test animals, confirms the diagnosis. A serum neutralization test with mice can
also be employed.

Akabane Disease (of Cattle)

Also known as "congenital arthrogryposis hydranencephaly syndrome",
Akabane disease caused by a bunyavirus termed Akabane virus is an arbovirus
infection of cattle, which leads to disease of the foetus without systemic
lesions in the pregnant cow. No disease occurs in bulls. Natural disease also
has been recently described in sheep and goats. T he disease in newly born
calves, lambs, and kids is characterized by c ongenital arthrogryposis (fixed
joints) causing deformities of the limbs and vertebral column, or by
hydranencephaly (formation of a big space or cavity in the cerebrum).

Spread

The virus is transmitted by mosquitoes (Culex and Aedes species), and
the midges (small mosquito-like insects). The disease has occurred in Japan,
Australia, Israel, and the Middle East.

Pathogenesis

A viraemia occurs in the dam for 3-4 days. The virus passes from the dam,
which is unaffected, to the foetus, and causes arrest of d ifferentiation in its
growing neural tube. Which part of the tube is most affected depends on the
stage of its development, and therefore on the age of the foetus. Usually, three
forms of the disease are observed. The first ones to appear are calves with
arthrogryposis (infected at 105-174 days of pregnancy). They are therefore at
an older foetal age when infected than others. The next group is those with
arthrogryposis a ccompanied by hydranencephaly. The third group is those
with hydranencephaly only (infected between days 76 and 104 of pregnancy).

Signs
The cow is unaffected. The two syndromes, arthrogryposis and

hydranencephaly, -occur separately. Arthrogryposis occurs in the early stages
of the outbreak and hydranencephaly at the end. Calves with both d efects
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occur in the middle of the outbreak. In some outbreaks, only one of the
manifestations of the disease is seen.

Calves with arthrogryposis (fixed joints) are unable torise, stand, or
walk. One or more limbs are fixed at the joints. There is a congenital articular
rigidity. The muscles of affected limbs are severely wasted. Severe deformity
of the vertebral column, such as kyphosis (abnormal dorsal curvature of the
spine) or scoliosis (lateral curvature of the spine), or lordosis (abnormal ventral
curvature of the spine), is common. These abnormalities are believed to be of
neurogenic origin. Calves w ith hydranencephaly have no difficulty in rising
or walking. The major defects are blindness and a lack of intelligence. They
will suck if put onto the teat, but if this is not done, they stand and bleat (utter
a mournful cry). They have no dam-seeking reflex.

Apart from skeletal and neurological defects, cases of abortion, stillbirth, and
premature birth are also regarded as being caused by Akabane virus infection in
cows. They are usually observed at the beginning of the outbreak before neurological
defects occur.

Lesions

In the foetus, the virus invades the brain and skeletal muscle, producing
encephalomyelitis and polymyositis (simultaneous inflammation of many muscles),
Encephalitis occurs regardless of the age of the foetus when affected. However,
myositis occurs only when the foetus is infected during the first half of gestation.
The foetus may die and abort, be stillborn, or be born with deformities, such
as arthrogryposis in all four legs. The non-suppurative encephalomyelitis is
characterized by extensive necrosis and endothelial proliferation, leading to
formation of cysts, porencephaly (occurrence of cavities in brain), and
hydranencephaly (formation of cavities in cerebral hemispheres due to lack
of proper development. The cavities are filled with c erebrospinal fluid).
Hydrocephalus is a common manifestation. There is loss of neurons in the
ventral horn of the spinal cord. Myositis is accompanied by swelling, necrosis
and fragmentation of muscle fibres (myofibres). At birth, muscles are smaller
than normal and replaced by adipose tissue, giving rise to the names "runt-
muscle disease” and "runt-muscle fibre". Microscopically, there is thinning
and loss of myofibres. Many lack transverse striations.

In differential diagnosis, Akabane disease must be differentiated from other
forms of congenital arthrogryposis.

Nairobi Sheep Disease

This is a bunyavirus infection of sheep and goats, which occurs in East
Africa, mainly in Kenya. The virus is transmitted by the tick Rhipicephalus, in
which transovarian infection occurs. The virus does not affect cattle, but it can
cause a mild febrile disease in humans.
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Clinical disease occurs when susceptible animals are moved from the Nai-
robi area into enzootic areas for marketing purposes, or when there are break-
downs in tick control measures. Clinical signs include sudden onset of fever,
anorexia, nasal discharge, dyspnoea, and severe diarrhoea, sometimes w ith
dysentery and abortion in pregnant ewes. A dult animals a re more s everely
affected, and death usually occurs in 3-9 days. The affected sheep develop an
acute haemorrhagic gastroenteritis. The disease is severe, and is regarded as
the most pathogenic virus infection of sheep and goats in eastern Africa.
The mortality rate may be as high as 90 per cent.

Diseases that can be confused with Nairobi sheep disease are peste-des-
petits-ruminants (PPR), rinderpest, parasitic gastroenteritis, and salmonellosis.

Cache Valley Virus Infection

This viral infection is widespread throughout North America. It infects a
variety of sp ecies, including domestic and wild ruminants, horses, pigs and
humans. Mostly these infections are asymptomatic. The virus, however has
been associated with arthrogryposis, hydranencephaly, and other foetal ab-
normalities in sheep in Texas, USA. Experimental in utero inoculation of
pregnant sheep between 27 and 54 days of gestation has confirmed that Cache
Valley virus infection can lead to arthrogryposis and hydranencephaly, as well
as foetal mummification, resorption, and oligohydramnios (abnormally small
amount of amniotic fluid).

Orthomyxoviridae

The Family Orthomyxoviridae (G. ortho = correct, true; myxo = mucus)
is composed of the true influenza viruses. They are currently classified in one
genus, "influenzavirus". Based on antigenic differences between their
nucleoprotein (NP) and matrix (M) proteins (antigens), influenza viruses are
divided into three types: A, B and C. All the three types occur in humans,
but in animals only type A viruses are of concern as causes of natural
disease. They cause equine, swine, and avian influenza.

The three A type viruses are about 120 nm in d iameter and irregularly
spherical. They are often filamentous on initial isolation. The virion envelope
is covered with a layer of two kinds of glycoprotein spikes (peplomers) (Fig.
2), which c ontain s train-specific antigens, e ither h aemagglutinin (HA) or
neuraminidase (NA). The genome is negative-sense, single-stranded RNA,
divided into eight separate segments (seven in type C). The virion contains a
transcriptase, and multiplication occurs in the nucleus and cytoplasm of in-
fected cells. Virions mature by budding from the plasma membrane.

Influenza viruses are spread by aerosols (suspended particles in air), and
establish infection in the respiratory tract, where they attach and replicate in
respiratory epithelium from the nares to bronchioles. There has been a great
concern as to the potential of influenza viruses as teratogenic (producing abnor-



Viral Diseases 41

mal structures in the foetus) agents. Experimentally, a variety of foetal abnormali-
ties have been induced, but their role in natural disease, is uncertain.

Equine Influenza

Equine influenza is an infectious respiratory disease of horses caused by
an influenzavirus (type A). The disease is characterized by mild fever, and a
severe, persistent cough. Equine influenza virus was first isolated and identi-
fied in 1958 in Czechoslovakia (A/Equi 1 serotype). A second serotype (A/
Equi 2) was isolated in 1963 in Miami, USA. Thus, the virus is of two
serotypes, based on antigenic differences in their haemagglutinin. B oth
serotypes are of worldwide distribution, including India, and cause si milar
syndromes. Equine influenza is highly infectious and spreads rapidly.

The disease was first recorded in India in 1987, and has since been re-
ported from Haryana, P unjab, Himachal Pradesh, and Delhi. It causes 8 0-
100% morbidity and 0-1% mortality, with an average fatality rate of 0.5%. It
was A/Equi-2 which was found to be responsible for the major outbreak. A/
Equi-1 has also been suspected on the basis of serological evidence.

Spread

The transmission of the virus occurs by d roplet inhalation, but spread
through i nfected fomites (substances w hich absorb and transmit t he virus)
may also occur. All age groups of horses, including newborn foals, are sus-
ceptible. The greatest risk appears to be between thre age of 2-6 months. This
is because serum levels of possibly acquired antibodies are lost by foals at 2
months o f age. Most cases occur in2 year old or younger horses, probably
because horses of 3 years of age, or older, are immune.

Pathogenesis

The disease is principally an inflammation of the upper respiratory tract. The
virus is inhaled, multiplies in the epithelial cells of the respiratory mucosa,
especially in the upper part of the tract, and causes erythema, oedema, and focal
erosions. Viraemia, if it occurs, is mild and brief. Because of the way in which virus
disrupts, or completely removes the epithelial cilia from the airways, secondary
bacterial infection may occur, and complicate the disease in both adult and young
animals.

Signs

The disease begins with a fever (101°-106° F) after an incubation period of
2-3 days. The main sign is cough, which is dry in the beginning and moist later.
It begins soon after the temperature rise, and lasts for 1-3 weeks. Nasal discharge
is not a prominent sign, and if it occurs, is watery only. There is no marked
swelling of the submaxillary lymph nodes, but they may be painful on palpation
in the early stages. Depression, reluctance to move, and anorexia are inconstant
findings. The disease is rarely fatal in adult horses, but deaths have been
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reported in young foals from a viral pneumonitis or secondary pneumonia.
Lesions

Erosions have been observed in the mucosa of nose, pharynx, larynx, and
trachea. In the lungs, lesions have been described as peribronchitis, bronchitis
with hyaline membranes in the alveoli, periarteritis, and bronchopneumonia.

Diagnosis

The serological tests available include complement fixation,
haemagglutination inhibition, serum neutralization and ELISA tests. Positive
diagnosis depends on: 1) demonstration of serum-neutralizing antibodies, 2)
isolation and identification of the virus, or 3) demonstration of viral antigens
with immunological staining techniques. Equine influenza must be differenti-
ated from equine rhinopneumonitis and equine viral arteritis. Equine
rhinopneumonitis may resemble influenza, but as a respiratory disease it is
mainly an infection of young horses. Differentiating features of equine viral
arteritis include oedema of the limbs, colic, diarrhoea, ¢ onjunctivitis, and
photophobia. Viral arteritis is also associated with abortion.

Swine Influenza

Swine influenza is a specific, highly contagious disease of pigs character-
ized clinically by fever, and signs of respiratory involvement. It is caused by
type A influenza virus of the orthomyxovirus group. The virus acts in combi-
nation with a Gram-negative bacterium, Haemophilus influenzae suis. T he
swine influenza virus is closely related to the virus of human influenza type
A. Swine influenza first appeared in the United States immediately following
the 1918 pandemic of human influenza, and it was generally believed that it
was caused by adaptation of human influenza virus to pigs. This view has
been reinforced by the recent appearance of swine influenza A in the human
population, not in pandemic form. Molecular microbiology has now revealed
the antigenic diversity of the virus. Several different H and N antigens have
been identified, and grouped on the basis of serological tests. The H3 N2
strain, similar to H3 N2 strain found in the human population, has been isolated
from an outbreak in England. The H1 N1 strain of the virus can be found in
pig tissues at slaughter.

Spread

The influenza viruses may be transmissible between humans and pigs.
Pigs may become infected with related type A human influenza strains during
epidemics of human influenza, but show no clinical signs of infection. The human
strains have been isolated from pigs in Hong Kong, and pigs may serve as a
reservoir for pandemics in humans as well as a source of genetic information
for recombination between human and porcine strains.

Swine lungworms can act as intermediate host and reservoir for the swine
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influenza virus during inter-enzootic periods. The virus is introduced into sus-
ceptible pigs by lungworm larvae. Infection is provoked by the presence of
H. influenzae suis. The disease can then spread to other pigs in the herd by
direct contact.

Pathogenesis

Swine influenza is primarily a disease of the upper respiratory tract, the
trachea and bronchi being particularly involved. However, secondary lesions
may develop in the lung because of the drainage of copious exudate from the
bronchi. These lesions disappear rapidly, leaving no residual damage. This is
in contrast to the lesions of enzootic pneumonia in pigs, which persist for very
long periods. Secondary pneumonia, usually due to infection with Pasteurella
multocida, occurs in some cases and is the cause of most fatalities.

Signs

The disease affects mainly young pigs. After an incubation period of 24-48
hours, animals exhibit fever, rhinitis, cough and inappetence. These symptoms
usually subside after 3-5 days, but in some cases, transitory (brief) fever may
recur within 3 weeks. Dyspnoea associated with severe pulmonary involvement
is observed in some cases, and death occurs after severe pneumonia. The mor-
tality rate is usually not high (about 1%), but in some outbreaks may assume
serious proportions. The morbidity rate may approach 100%.

Lesions

The specific lesions of swine influenza are restricted to the trachea, bron-
chi, bronchioles, alveolar ducts, and alveoli. The gross changes in part con-
sist of mucopurulent exudate, which lies over the tracheal and bronchial
mucosa and fills smaller branches of the bronchi. Plugging of these bronchi
and bronchioles results in sharply demarcated areas of atelectasis. Consolida-
tion of lung parenchyma occurs around the bronchi.

Microscopically, the virus produces necrosis of the lining cells of alveoli
and bronchi, and to a smaller extent, those of the lower part of the trachea.
Because of the loss of nuclei and hyalinization of cytoplasm of the epithelial
cells, this necrosis process often appears as a hyaline membrane. Proliferation
of the epithelial cells accompanies these necrotic changes. In the bronchi and
bronchioles, the growth of epithelium progresses to such a degree that it fills
the adjacent alveoli. The pneumonia is characterized by necrosis of alveolar
walls with formation of hyaline membranes lining the alveolar sacs. It is
accompanied by congestion, focal haemorrhages, severe perivascular and
intralobular oedema, and infiltration with leukocytes, mainly mononuclear
cells. Areas of collapsed lung parenchyma appear as a result of obstruction of
bronchi by pus, mucus, and desquamated cells. Peribronchiolar alveoli are
often consolidated as a result of infiltration of mononuclear cells, or the ingrowth
of respiratory epithelium. Consolidated alveoli are restored to a functional
state by phagocytic removal of the consolidated areas by mononuclear cells.
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Diagnosis

The symptoms and gross and microscopic lesions provide a basis for the
presumptive diagnosis of swine influenza. Definitive diagnosis depends on:
1) demonstration of a significant elevation of virus-neutralizigg, or anti-
haemagglutinin antibodies in the sera of pigs during the course of an infec-
tion, 2) isolation and identification of the swine influenza virus type A, or 3)
demonstration of viral antigens with immunological staining techniques.

Avian Influenza

A disease causing extremely high mortality in fowls was first described in
1878, inI'taly, and was called "fowl plague". ('Plague’ is a Latin word for
'blow'. Therefore, any epidemic disease which caused high mortality was called
'plague’. Thus, rinderpest was first called 'cattle plague’, swine fever as 'swine
plague’, and peste-des-petits-ruminants as ‘goat plague’). In 1901, the causative
organism of fowl plague was shown to be a virus. However, it was not until
1955, that its relationship to mammalian influenza A virus was demonstrated.
It then became clear that "fowl plague' virus was actually type A influenza
virus. Soon it was established that influenza A viruses capable of causing the
avian influenza were of two subtypes: 1) viruses of low virulence, and 2)
viruses of high virulence, c apable of causing severe disease in poultry and
inflicting up to 100% mortality. The term "highly pathogenic avian influenza
(HPAI)" has been used for these viruses. Thus, fowl plague was caused by
highly p athogenic strains of avian influenza viruses. T he viruses of low
virulence could be antigenically indistinguishable from those of high virulence.

In view of the recent outbreak of a highly pathogenic avian influenza in
Hong Kong, in December 1997, necessitating slaughter of the entire chicken
population of more than 1.5 million, and even threatening a human pandemic,
the disease is discussed at some length.

Cause

Avian influenza virus is an enveloped RNA virus. The viral genome is
composed of eight segments of single-stranded RNA (Fig. 2) of a negative-
sense (i.e., the virus RNA is complementary to the messenger RNA). Proteins
are associated with the RNA genome to form the "nucleoprotein-RNA -
polymerase complex". Virions are roughly spherical or filamentous particles
80-120 nm in diameter. The matrix surrounding the genome c omplex is en-
veloped in a lipid membrane. The surface of this lipid membrane of the virion,
that is envelope, is covered by two different surface "projections” or "spikes"
10-12 nm in length (Fig. 2).
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Fig. 2. Diagram of (avian) influenza A virus. The "spikes" are about 10-
12 nm in length. Inside the membrane and matrix shell are eight
segments of single-stranded RNA.

These surface spikes are glycoprotein, and have haemagglutination and
neuraminidase activity. The surface spikes (i.c., surface antigens) are of two
different shapes: 1) haemagglutinin (HA), and 2) neuraminidase (NA). HA
is a rod-shaped trimer (i.e. made of three structural s ubunits), and NA a
mushroom-shaped tetramer (made of four subunits) (Fig. 2). So far, only
type A influenza viruses have been isolated from the birds. Influenza A
viruses are subtyped on the basis of HA and NA surface antigens. It is these
antigens t hat are i mportant in p rotective immunity, and show the greatest
variation. Since these antigens play a crucial role in the pathogenesis of the
disease, they are discussed further.

The haemagglutinin is responsible for the attachment of the virion to
cell surface receptors (sialyl-oligosaccharides), and is responsible for the
haemagglutinating activity of the virus. Antibodies a gainst the HA are very
important in neutralization of the virus, and protection against infection.
Neuraminidase enzyme activity is responsible for the release of new virus from
the cell, by its action on the neuraminic acid in the receptors. Antibodies to NA are
also important in protection, by restricting the spread of virus from infected
cells.

Classification based on Haemagglutinin and Neuraminidase

Type A avian influenza viruses are divided into subtypes, according to
the antigenic nature of the HA and NA. The typing is done using a group of
antisera specific for the different subtypes. At present there are 15 distinct
(separate) HAs and nine distinct NAs. Each virus possesses one HA and NA
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subtype, and most of the possible combinations have been isolated from avian
species. There are strict rules for naming influenza isolates. The standard
system of nomenclature proposes that the name should include: 1) antigenic
type (A, B or C), 2) host of origin, 3) geographical location, 4) strain refer-
ence number, 5) year of isolation, and 6) the HA and NA subtypes, i.e.,
antigenic description of the HA (H) and NA (N) in parenthesis (brackets). For
example, a type A influenza virus isolated from turkey in Wisconsin (USA) in
1968, and classified as H8N4, is designated a s Alturkey/Wisconsin/1/68
(H8NY).

The first highly pathogenic outbreak of avian influenza was recorded in
1959 in Scotland, showing classical signs of "fowl plague”. The virus was of
H5N1 subtype. Since then 13 highly pathogenic outbreaks of the disease
have been recorded, including the one of Hong Kong in 1997. Of the remain-
ing 12, three have occurred in England, 4 in Australia, 1 in Ireland, 1 in USA,
1 in Canada, 1 in Mexico and 1 in Pakistan (in 1995). To stamp out the disease,
in the Ireland outbreak in 1983, some 2,70,000 ducks were slaughtered; in the
USA outbreak (Pennsylvania) in 1983-84 over 1,7000,000 birds in 448 flocks
were d estroyed; and recently in 1997 in Hong Kong outbreak 1,500,000
chickens were mercilessly slaughtered. It is important to note that all the
outbreaks have been of either H5 or H7 subtype.

Hosts

Avian influenza viruses are distributed throughout the world in many do-
mestic birds, including chickens, turkeys, ducks, geese, guinea-fowl, p heas-
ants, and quails, and alsoin the feral bird population, i.e., in wild birds.
However, the number and frequency of isolations from o ther s pecies have
been overshadowed by the presence of these viruses in waterfowl, p articu-
larly ducks. Ducks have yielded more viruses than any other group. Moreo-
ver, though the ducks may be infected, they do not suffer from the clinical
disease because of the marked resistance these birds show e ven to strains
that are highly virulent for chickens and turkeys. D ucks therefore actas
reservoirs and carriers of avian influenza and spread the virus to chickens and
turkeys, which suffer the disease clinically.

Spread

Avian influenza A viruses are enveloped viruses, and are therefore rela-
tively sensitive to inactivation. They are inactivated by heat, extremes of pH,
formalin, and dryness. On the other hand, in the field situation, i nfluenza
viruses are often released in nasal secretions and faeces of infected birds, and
therefore the viruses are protected by the presence of organic material.
This greatly increases their resistance to inactivation.

Infected birds excrete virus from the respiratory tract, conjunctiva,
and faeces. Therefore likely modes of transmission include both direct con-
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tact between infected and susceptible birds, and indirect contact including
aerosol (droplets), or exposure to virus-contaminated fomites. Since infected
birds can excrete high levels of the virus in their faeces, spread readily occurs
by anything contaminated with faecal material, e.g., feed, water, equipment,
supplies, c ages, delivery v ehicles, insects, and e ven shoes, ¢ lothes etc. of
humans that come in contact with infected birds or premises. In view of the
relatively slow and inefficient spread observed in natural infections, the fae-
cal/oral route appears to be the main route of spread. Although thereis
ample evidence for horizontal spread, there is no evidence to indicate that
the viruses can be transmitted vertically.

Although waterfowl, mainly ducks, appear to be responsible for most in-
fluenza i ntroductions to d omestic poultry, other possibilities s hould notbe
ruled out. For example, H1 N1 viruses pass readily between pigs, humans,
and turkeys, and the introduction of viruses of this subtype to turkey flocks
by infected pigs has been well documented.

Pathogenesis

Although avian influenza viruses of the H5 and H7 subtypes have been
associated with severe disease in c hickens, there are many examples of H5
and H7 virus isolates that are not pathogenic. This suggests that antigenic
configuration alone does not determine pathogenicity. A remarkable insight
has been gained in recent years in our understanding of the mechanisms of
virulence of the virus and pathogenesis of the disease.

The avian influenza virus adsorbs to glycoprotein receptors containing
sialic acid on the cell surface. The virus then enters the cell by receptor-medi-
ated endocytosis. As with any virus, pathogenicity is a property of the interaction
of the host and virus. The tissue tropism of a virus is involved in its pathogenicity.
For example, viruses restricted to the respiratory or intestinal tract will produce
quite a different disease problem than a virus which becomes systemic and reaches
vital organs. The basis for tissue tropism is receptor specificity. Receptor
recognition by the virus is an important factor in both tissue tropism and pathogenicity.
Since so far no cellular receptor has been identified for influenza viruses, the role
of virus-receptor interactions in disease is unclear.

However, there has been a major breakthrough in our understanding of the
mechanism of virulence and molecular basis for pathogenicity. Recent studies at a
molecular level reveal that infectivity depends on post-translational cleavage of
the haemagglutinin molecule. That is, on a split or division (cleavage) of the
haemagglutinin molecule after it has been formed/synthesized (post-translational).
This cleavage is brought about by host proteases, and takes place at the cleavage
site. It was further revealed that the susceptibility of the haemagglutinin molecule
to cleavage by host proteases depends on the number of basic amino acids at the
cleavage site. Trypsin-like enzymes can cleave if only a single amino acid
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arginine is present at the cleavage site, whereas other host proteases require
multiple basic amino acids. This remarkable finding has a direct bearing on
the virulence of the virus, as explained below.

The ability of proteases in the host cell to achieve cleavage of
haemagglutinin molecules is important in deciding the extent of virus replica-
tion, and in the production of i nfective virus particles. The HAs of low to
moderately virulent influenza viruses have only a single basic amino acid
arginine at the cleavage site. These viruses are therefore cleaved in tissues
where trypsin-like enzymes are found, i.e., the respiratory and digestive tract.
Since they cannot be cleaved elsewhere, n o infective v irus is produced at
other places. As a result, their growth and pathogenicity are limited to the
respiratory and digestive tracts. On the other hand, the highly pathogenic
viruses possess HAs with multiple basic amino acids at the cleavage site.
Therefore, their HAs can be cleaved by proteases found throughout the body.
These viruses therefore invade and replicate in many tissues and organs,
resulting in the production of infective virus throughout the body, general-
ized disease, and death. It appears that multiple basic amino acids are involved
in protease recognition and cleavage of the HA of highly pathogenic viruses.
It is interesting to note that the mechanism involved in the pathogenicity of
avian influenza virus has similarities to that of the Ranikhet disease virus (New-
castle disease virus) (see pathogenesis of Ranikhet disease).

In addition to the cleavability of the haemagglutinin molecule, other fac-
tors may also influence virulence. For e xample, the less pathogenic virus
isolates may possess a glycosylation site (a carbohydrate chain) in the cleav-
age region. Its presence may block efficient cleavage. A single mutation re-
moving this glycosylation site has resulted in a highly pathogenic strain.
Also, concurrent bacterial infections play a major role in aggravating the effect
of less pathogenic viruses. This could occur because bacteria p rovide
proteases capable of cleaving the haemagglutinin of these low or moder-
ately virulent viruses in the absence of multiple basic amino acids. T his
enables them to replicate and spread widely in the host.

Although it is not yet clear how influenza virus actually kills host cells,
recent studies have shown that tissue culture cells infected with influenza virus
undergo apoptosis (programmed cell death). The in vive significance of
apoptosis in influenza remains to be determined.

Signs

The signs of disease are extremely variable and depend on the species affected,
age, sex, concurrent infections, type of the virus, environmental factors etc. The
disease caused by different viruses varies in severity from high mortality with
sudden deaths, to a very mild form, or even inapparent infection. Often the first
sign of highly pathogenic avian influenza in chickens or turkeys is the sudden
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onset of high mortality, which may approach 100% within a few days. Other
clinical signs include cessation of egg laying, respiratory signs including
coughing, sneezing, rales, excessive 1 achrymation; pronounced depression
and decreased activity; decreased feed consumption and emaciation; oedema
of head and face; cyanosis of unfeathered skin; nervous disorder; and
diarrhoea. Any of these signs may occur singly or in various combinations.
Outbreaks of highly virulent avian influenza tend to be self-limiting because
few birds survive the disease to act as carriers.

The less virulent viruses may cause drop in egg production or complete
cessation, respiratory disease, anorexia, depression, sinusitis, and low mortal-
ity. Ducks and other waterfowl tend to be refractory (resistant), even to the vi-
ruses that are highly pathogenic for chickens. However, they may be carriers.
For waterfowl, a faecal-water-cloacal route of transmission is believed to be
important in addition to the faecal-water-oral route.

Lesions

The gross lesions vary greatly in their location and severity, depending on
the species of the bird and pathogenicity of the infecting virus. They are therefore
unhelpful in diagnosis. With less pathogenic viruses, mild lesions are ob-
served in the sinuses, characterized by catarrhal, fibrinous, serofibrinous,
mucopurulent, or caseous inflammation. Other lesions include oedema of the
tracheal mucosa with serous or caseous exudate, thickened airsacs with fibrinous
or caseous exudate, and catarrhal to fibrinous enteritis. In the case of highly
pathogenic viruses, there may be no prominent lesions because the birds die very
quickly, before gross lesions can develop. However, a variety of congestive,
haemorrhagic, transudative, and necrotic changes have been observed. Initial
changes include oedema of the head with swollen sinuses, and cyanotic,
haemorrhagic wattles and combs. As the disease progresses, lesions comprise
necrotic foci in the liver, spleen, kidneys, and lungs. Besides necrotic foci visceral
organs may also show oedema, hyperaemia and haemorrhage. Not all the highly
pathogenic strains produce the same gross lesions. Moreover, influenza virus infec-
tion may be accompanied by bacterial involvement. Therefore, lesions may reflect
the effect of both virus and bacteria.

Microscopically, changes include oedema, h yperaemia, h aemorrhages,
and foci of perivascular lymphoid cuffing, mainly in the myocardium, spleen,
lungs, brain, wattles, liver and kidney. Parenchymal degeneration and necrosis
occur in spleen, liver, and kidney. Brain lesions include foci of necrosis,
perivascular lymphoid cuffing, glial foci, vascular proliferation, and neuronal
changes, i.e., lesions of mild to severe diffuse, non-suppurative encephalitis.
However, none of the lesions are pathognomonic for the disease.
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Zoonotic Implications

A growing body of evidence suggests that pandemic strains of human
influenza often arise as a result of recombination between human and ani-
mal strains. Genetic reassortment between human and avian viruses is sug-
gested as the mechanism by which "new' human pandemic strains arise.
The frequency of variation among influenza viruses is high, and occursin
two ways: drift and shift. Antigenic drift involves minor antigenic changes
in the haemagglutinin and/or neuraminidase, whereas antigenic shift involves
major antigenic changes in the HA and/or NA.

Influenza viruses are readily recovered from migratory waterfowl, par-
ticularly ducks, throughout the world. Infected ducks can shed virus for pro-
longed period without showing clinical sign. This reservoir can serve as a
source of viruses for other species, including humans, animals, and birds. It
appears that ducks may act as the "melting pot" w here various s trains of
influenza virus can come together and undergo genetic reassortment, result-
ing in "new'" strains of influenza. This new virus could possess surface anti-
gens very different from those previously experienced by the human popula-
tion. T he result could be an influenza pandemic as the new strain r apidly
spreads through a susceptible population. In the past, three antigenic s hifts
have taken place among human influenza viruses leading to pandemics in the
human population. Each of these shifts had its origin traced to China. Moreover,
China is known to contain a large reservoir of different influenza A viruses
among wild and domestic species, particularly ducks. The mass production
of ducks and the closeness of human habitations to duck farms in China have
been implicated as an ideal situation for establishing new antigenic strains
and i ntroducing these viruses to the human population. There is enough
antigenic and genetic evidence to suggest that the haemagglutinin gene in the
virus responsible for the 1968 pandemic in humans originated from a virus
circulating in ducks. Furthermore, HIN1 viruses present in pigs, turkeys and
ducks may be involved in inter-species transmission, so a swine-avian-human
connection could have a public health significance. T he agent responsible
for the great human pandemic of 1918 was either very similar, or identical, to
the agent producing swine influenza. Recent polymerase chain reaction (PCR)
analysis of influenza virus from the lungs of a soldier who died in the 1918
influenza pandemic that killed 20 million people worldwide identified a swine
influenza virus belonging to the same family of influenza viruses c ausing
illness today.

Direct transmission of viruses between birds and humans does not oc-
cur. Until now, there were no reports of avian viruses producing disease out-
breaks in human populations. Therefore, the potential public health concern
was based primarily on circumstantial evidence, not actual events. However,
the recent events in Hong Kong (during the second half of 1997) have con-
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firmed this potential danger, and dispelled all doubts. A strain of influenza
type A virus (H5N1), previously known to infect only birds, was for the
first time found associated with infection and illness in humans affecting 16
people and causing several deaths. Surveillance among poultry in Hong Kong
indicated continued circulation of type A (H5N1) viruses since March 1997.
The human cases, mostly in children, were c haracterized by a cute onset,
accompanied by fever, cough, sore throat, and running nose. Some adult cases
developed viral pneumonia, respiratory distress syndrome, and renal failure.
As mentioned, influenza A (H5N1) virus was known previously to infect birds
only, and these were the first cases in which humans were affected. Infected
humans had been in contact with sick poultry afflicted with avian influenza.
Although no human influenza A (H5N1) infections have been identified outside
Hong Kong, worldwide surveillance for influenza is critical to monitor the
circulation of v arious influenza s trains. The concern among p ublic health
experts is that this HS influenza virus could be the cause of the next worldwide
epidemic (pandemic) of human influenza. The previous two introductions of new
"H" subtypes into humans occurred in Asia. The "Asian flu" was caused by an
"H2 virus”, and occurred in 1957. In 1968, an "H3 virus" caused "Hong Kong
flu" epidemic, and variations of that H3 virus have been the major cause of
concern for human influenza since that time. When a different '"H" subtype
emerges as the cause of human influenza, severe disease and death losses can
occur, because no one then has residual immunity to the''new H" strain (H5
in recent Hong Kong case) from vaccination or past infections.

Diagnosis

Since clinical symptoms can vary greatly, clinical diagnosis is considered
only presumptive. A confirmed diagnosis is based on isolation and identifica-
tion of the virus. Samples for isolation s hould include faeces, or intestinal
contents and trachea. Virus characterization involves subtype i dentification
by the use of specific antisera. Detection of antibodies to the virus is a very
useful indirect diagnostic tool. The most commonly used tests are the
haemagglutination inhibition test and double immunodiffusion to detect
antibodies to the NP. Other serological tests to detect antibodies include virus
neutralization, single radial haemolysis, and the more recently developed ELISA
assays. Complement fixation test is generally unsatisfactory for avian serum.
The other disease that must be considered in the differential diagnosis is
Ranikhet disease.

Paramyxoviridae

Viruses classified in the Family Paramyxoviridae (G. para = alongside;
myxo = mucus) are pleomorphic, enveloped viruses, with RNA occurring as
a single negative-sense molecule. (The family was so named because whereas
Orthomyxoviridae family contained 'true' (G. artho = true) influenza viruses,
this family also alongside ( G. para) c ontained i nfluenza viruses known as
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"parainfluenza viruses".) The virions of this family may be spherical or
filamentous, 100-500 nm in diameter. The family now has four genera:
paramyxovirus, morbillivirus, rubulavirus, and pneumovirus. The princi-
pal members of this family are listed in Table 4. The viruses grouped in the
genus "paramyxovirus” contain neuraminidase, whereas viruses in the other
genera do not. Those in the genus "morbillivirus" are antigenically related
and induce similar diseases.

Table 4. Diseases caused by Paramyxoviridae

Paramyxoviruses
Mumps
Parainfluenza - 1 (human, swine)
Parainfluenza - 2 (human, canine)
Parainfluenza - 3 (human, bovine, ovine)
Parainfluenza - 4 (human)
Morbilliviruses
Measles
Canine distemper
Rinderpest
Peste-des-petits-ruminants (PPR)
Equine morbillivirus
Rubulaviruses
Newcastle disease (Ranikhet disease)
(Avian paramyxovirus - 1)
Avian paramyxoviruses (type 2-9)
Pneumoviruses
Respiratory syncytial virus (human)
Respiratory syncytial virus (bovine)
Avian pneumovirus
(Turkey rhinotracheitis, TRT)
Swollen head syndrome (SHS) of ¢ hickens

Diseases caused by Paramyxoviruses
Mumps

Mumps virus is also a member of the paramyxovirus genus, but is not patho-
genic for domestic animals.

Parainfluenza

The parainfluenza viruses are important respiratory pathogens, of both
animals and humans, especially the young. The numerous isolates are divided
into four types or groups, which contain related viruses of varying virulence.

Parainfluenza -1

These viruses have been recovered from humans, pigs, rats and mice. In
children, the three viruses, parainfluenza 1, 2 and 3, are a major cause of upper
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respiratory disease (croup) and pneumonia. In pigs, the infection is usually
subclinical and of no c onsequence.

Parainfluenza - 2

These viruses have been recovered from humans, dogs and monkeys.
The prototype (first model) of this group was recovered from a monkey, and
is called Simian (L. simia = monkey) virus 5 (SV 5). Canine parainfluenza 2
virus causes upper respiratory disease of dogs, especially in kennels, and is
considered one of the main causes of "kennel cough syndrome". Infection is
manifested by coughing associated with rhinitis, tracheitis, bronchitis, and
less often, conjunctivitis, and bronchopneumonia.

Parainfluenza - 3

This virus infection has been demonstrated in humans, cattle, sheep, pigs,
cats, monkeys, and apes. Infection in cattle and sheep is common. Clinical
signs include a short course of fever, rhinitis with nasal discharge, lachrymation,
coughing and d yspnoea. Interstitial pneumonia with proliferation of septal
cells and bronchiolar and alveolar epithelium, and also formation of
multinucleated cells with both intranuclear and cytoplasmic inclusions may
occur. The importance of bovine and ovine parainfluenza - 3 infection is that
it predisposes to other respiratory pathogens, particularly to Pasteurella
haemolytica which causes shipping fever.

Diseases caused by Morbilliviruses

The morbillivirus genus contains several very important p athogens to
humans and animals (Table 4). Measles, canine distemper, and rinderpest
are the three classical members of this group. The viruses are morphologi-
cally indistinguishable and antigenically closely related. T he main d iffer-
ence among canine distemper, rinderpest and measles viruses is in their natu-
ral hosts.

Measles

Measles is a highly infectious exanthematous disease of humans, mainly
children, caused by a morbillivirus. The virus and its pathogenic effects are
closely related to canine distemper and rinderpest. Measles is also known to be
infectious for several species of monkeys, including rhesus. Although measles
is rare in their native habitats (the natural environment), few rhesus monkeys
escape infection once they are brought into captivity. Clinical disease is rarely
recorded. However, monkeys may exhibit conjunctivitis, and an exanthematous
rash, which lasts for 3-14 days.

Canine Distemper

Canine distemper is a highly contagious, common, serious systemic disease



54 A Textbook of Veterinary Special Pathology

of dogs, caused by a morbillivirus. The disease is worldwide in distribution,
and is characterized by a diphasic (biphasic) fever, leukopaenia, gastrointestinal
and respiratory catarrh, and usually pneumonic and neurological complications.
The often c hanging clinical s ymptoms can ¢ onfuse canine d istemper w ith
such diseases as canine hepatitis. herpesvirus, parainfluenza, and leptospirosis.
Besides dogs, canine distemper also occurs in wolf and fox.

Spread

The main route of infection is through inhalation of aerosol droplet se-
cretions from infected animals. Some infected dogs may shed virus for sev-
eral months. The virus is sensitive to most disinfectants, and is unstable outside
the host.

Pathogenesis

Infection occurs through the respiratory route with initial viral replica-
tion in respiratory epithelium and alveolar macrophages. Soon virus spreads
to the tonsils and bronchial lymph nodes. Before clinical signs appear, cell-
associated virus (mostly associated with lymphocytes) circulates through the
bloodstream to other organs, including the brain. Free virus (viraemia) has
also been demonstrated in the bloodstream. However, it is not clear whether
the central nervous system is invaded as a result of viraemia, or by the cell-
associated virus. Viral replication and consequent direct damage to neurons
and astrocytes occur. Indirect damage to oligodendroglial cells resultin
demyelination. T here is no evidence of direct damage to oligodendrocytes.
However, occurrence of the demyelinating encephalitis is due to the develop-
ment of alocal immune response, similar to that of e xperimental allergic
encephalomyelitis. The mechanism by which "old dog encephalitis (ODE)"
develops is not clear. ODE is a rare condition characterized by ataxia (muscu-
lar incoordination), compulsive (irresistible) movements, such as head pressing,
and hypermetria (unusual movements). It may occur in the adult dog without
a prior history of canine distemper virus related clinical signs. It is believed
that the d istemper virus remains suppressed in the central nervous s ystem,
and following some unknown stimulus, causes defective replication without
development of complete viral particles. However, the "defective virus" spreads
from cell to cell. It is suggested that the su ppressed virus d oes not e xpress
antigens on the surface of infected cells. This allows its persistence and escape
from the immune system.

In distemper encephalitis extensive demyelination of neurons occurs. This
demyelination seen in chronic distemper is a result of the local antiviral re-
sponse. Macrophages, which are very numerous in these brain lesions, ingest immune
complexes and infected cells. As a result, they release free radicals and other toxic
products. I't is these toxic products that damage nearby cells, especially
oligodendroglia, and thus cause demyelination. It has been suggested that some of
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the demyelinating encephalitis results from autoimmune attack. Thus, most
animals suffering from this syndrome make antibodies against myelin proteins,
and it has been suggested that these cause tissue destruction.

Recent studies have shown that dogs with rheumatoid arthritis have much
higher levels of antibodies against canine distemper in their synovial fluids,
than normal dogs. This suggests that in dogs canine distemper virus may be
present in rheumatoid joints and that it may play a role in the pathogenesis of
the disease.

Signs

Exposure of susceptible dogs to the virus results in an acute fever, which
appears a fter 7-8 days of incubation. Within 96 hours, body temperature
usually drops rapidly to about normal levels. It remains normal up to the 11th
or 12th day, when it climbs to a second peak. This diphasic (biphasic) fever
curve is a characteristic feature of the disease. Coryza, purulent conjuncti-
vitis, and bronchitis occur in varying degrees. Bronchopneumonia may occur.
Usually, v esiculo-pustular lesions a ppear on the abdomen. In some c ases,
there i s hyperkeratosis of the digital pads ("hard pad disease"). Usually,
leukopaenia and thrombocytopaenia also develop. In many cases, diarrhoea
results in severe dehydration and emaciation. Signs of meningo-encephalitis
occur in about 50% of affected dogs. However, lesions are present in a much
higher percentage. Nervous signs may develop during the acute phase of the
disease, and continue even after disappearance of other signs. Nervous signs
include chewing m ovements, excessive salivation, incoordination, circling,
neuro-muscular tics (spasmodic muscular contractions involving face, head,
neck, or shoulder muscles), nystagmus (involuntary movement of the eyeball),
torticollis ( twisted neck), and convulsions. B lindness and paralysis are less
common. A lthough the disease may occur in a mild, non-fatal form, most
animals with severe nervous, respiratory, and enteric signs die from the
infection. In a small number of dogs, which recover, the virus remains latent
in the brain and causes "old dog encephalitis” years later.

Lesions

In the respiratory system, purulent or catarrhal exudate is found on the
nasal and p haryngeal mucosa. Microscopically, characteristic cytoplasmic
and intranuclear inclusion bodies are often seen in cells associated with the
exudate. These inclusions are e osinophilic when stained by H. & E. In the
cytoplasm, they are round or ovoid and vary from 5-20 pm in diameter. They
are usually homogeneous and sharply demarcated. The intranuclear inclusions,
which are similar to the cytoplasmic in appearance, cause only slight enlarge-
ment of the nucleus and little margination of the chromatin. The
immunofluorescence techniques can be used to demonstrate that these inclu-
sions contain viral antigen.
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Principal lesion in the lung is a purulent bronchopneumonia, in w hich
bronchi and adjacent alveoli are filled with neutrophils, mucin, and tissue
debris. In some cases, multinucleated giant cells form in the bronchial lining,
alveolar septa, and freely in the alveoli. This form of giant-cell pneumonia is
similar to that associated with measles in humans and monkeys. Cytoplasmic,
and less often intranuclear inclusions, are found in the giant cells, and in cells
of the bronchiolar and bronchial epithelium. In the skin, particularly of the
abdomen, a vesicular and pustular dermatitis may occur. The vesicles and
pustules are confined to the Malpighian layer of the epidermis. There is usually
some c ongestion of the underlying d ermis, and occasionally lymphocytic
infiltration. Nuclear or c ytoplasmic inclusion b odies may be present w ithin
epithelial cells of sebaceous glands. On the foot pads, extensive proliferation
of the keratin layer of the epidermis results in a clinically recognized lesion,
which is called "hard-pad disease". However, this lesion can develop in other
diseases (e.g., toxoplasmosis), and is therefore not specific for canine dis-
temper.

The urinary epithelium, particularly of the renal pelvis and bladder, con-
tain congested vessels, and microscopically, cytoplasmic or intranuclear in-
clusion bodies. The stomach and intestines contain large numbers of cyto-
plasmic and some intranuclear inclusions in the lining epithelium. Apart from
these inclusions, few lesions are observed. There is necrosis of both T cell and
B cell areas in lymph nodes and the spleen. No significant lesions occur in the
liver. However, inclusions may be present in the biliary epithelium.

In the central nervous system, the virus has an affinity for the myelinated
portions of the brain and spinal cord. Thus, in contrast to such infections as
equine encephalomyelitis, Teschen disease (porcine encephalomyelitis), and
poliomyelitis (of humans), the neurons are not primarily affected. The distri-
bution and nature of the lesions in canine distemper, therefore, differ from those
in most viral encephalitides. The lesions at one time were thought to be caused by
some other agent, and were referred to as "MecIntyre's encephalitis”. The struc-
tures most constantly affected are the cerebellar peduncles, the myelinated tracts of
the cerebellum, and the white columns of the spinal cord. The lesions are
characterized by sharply delimited areas of destruction, particularly in the
myelinated tracts of the areas mentioned. Under low-power microscopy, sharply
defined holes (vacuoles) of irregular size give the affected tracts a "spongy"'
appearance (status spongiosa). Often, collections of ] ymphocytes in the
Virchow-Robin spaces around nereby vessels are present. Sometimes, "gitter"
cells gather around areas of necrosis in the white matter. Gemistocytic astrocytes
("gemistocytés”) are prominent in the exudate, and contain intranuclear inclu-
sions, which is a characteristic feature of this lesion. In the cerebrum, the
most prominent lesion is an increase in the number of capillaries, probably from
proliferation, or from their distension and congestion. Apart from the changes in
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the myelinated tracts, degenerative changes also develop in neurons. There is
pyknosis, chromatolysis, gliosis, and neuronophagia. R arely, cytoplasmic or
nuclear inclusion bodies can be found in neurons. Neuronal necrosis may be
present in the cerebral and cerebellar cortex, medullary nuclei, and s pinal
cord.

In the retina, there is congestion, oedema, perivascular c uffing with
lymphocytes, and gliosis. Neuritis of the optic nerve with demyelination and
gliosis may also be present. Intranuclear inclusions are present in glia of the
retina and optic nerve. The lesions lead to retinal atrophy of all layers. The so
called "old dog encephalitis”, the most striking lesion in the central nervous system,
is characterized by perivascular cuffing with almost pure populations of lymphocytes.
Intranuclear inclusion bodies may be found in glial cells and neurons.

Of particular interest in clinical diagnosis of distemper is the finding that
cytoplasmic inclusions appear in some circulating neutrophils of affected
dogs. Less often, similar inclusions are found in circulating lymphocytes. In
some cases, inclusion bodies can be demonstrated in the conjunctival
epithelium.

Diagnosis

Distemper should be considered in the diagnosis of any febrile condi-
tion in puppies. Diagnosis can be made on the basis of a history of the typical
clinical disease, and the demonstration of characteristic lesions and cytoplas-
mic and intranuclear inclusion bodies. Immunological staining techniques, or
viral isolation and identification confirm the diagnosis.

Clinical diagnosis can be confirmed by finding typical inclusion bodies in
smears of cells of the respiratory epithelium, or peripheral blood. Unfortunately,
the inclusions are not present in all cases. Therefore, their absence does not rule
out the diagnosis of distemper. In dogs, toxoplasmosis often occurs in associa-
tion with canine distemper. Lesions of both diseases should be searched if evi-
dence of either infection is present.

Rinderpest (Cattle Plague)

Rinderpest is an acute, highly contagious disease of cattle caused by a
morbillivirus. The disease has been the foremost cause of death in cattle in
most African and Asian countries, including India. In fact, the need to fight the
disease was instrumental in the establishment of the first veterinary college in
1762 in Lyon, France. Mortality varies from 25%-90%, depending on the strains
of virus and the resistance of the animals. Clinically, the disease is character-
ized by high fever, necrotic stomatitis, diarrhoea, and high mortality. Buffaloes,
sheep, pigs, goats, and camels are also susceptible. In wildlife, rinderpest has been
reported in deer, antelope, wild buffaloes, wild boars, bushbuck, warthogs and
giraffe. The rinderpest virus is antigenically closely related to the viruses of canine
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distemper, peste-des-petits-ruminants (PPR) of sheep and goats, and measles
of humans. Many strains of rinderpest virus occur, but all are immunologically
identical. Therefore, the immunity which develops after infection, or vaccina-
tion with one strain, protects against all other strains. Rinderpest has not
been reported since June 1995 in our country.

Spread

Rinderpest virus is quite fragile. Therefore, close contact between infected
and non-infected animals is necessary for spread of the disease, because the
virus does not survive for long outside the host. The virusisexcreted by
infected animals in urine, faeces, nasal discharges, and sweat. T ransmission
occurs through contaminated feed, or by inhalation of aerosol (infected drop-
lets). Ingestion of food contaminated by the discharges of clinical cases, or
animals in the incubation stage, may also be important modes of infection,
especially in pigs.

Pathogenesis

The virus is inhaled in infected droplets. It penetrates through the epithe-
lium of the upper respiratory tract and multiplies in the tonsils and regional
lymph nodes. From here it enters the blood in mononuclear cells, which dis-
seminate the virus to other lymphoid organs, the lungs, and epithelial cells of
mucous membranes. The virus has a high degree of affinity for lymphoid
tissue and alimentary mucosa. Thereis a pronounced destruction of
lymphocytes in tissues. This is the cause of marked leukopaenia. The virus is
intimately associated with leukocytes, only a small proportion being free in
plasma. The focal, necrotic stomatitis and enteritis are the direct result of the
viral infection and replication in the epithelial cells in the alimentary tract.
However, since the virus induces a s trong antibody response s hortly after
infection, there is a rapid decrease and elimination of virus from the body as
the clinical signs and lesions become visible. Death is usually from severe
dehydration, but in less acute cases, death may be from activated latent parasitic
or bacterial infections. These aggravate because the animal is

immunosuppressed as aresult of the destruction of lymphoid organs by the
virus.

Signs

The onset of illness is indicated by a sharp rise in body temperature (104°
- 105° F), accompanied by restlessness, dryness of the muzzle, and
constipation. Other signs include p hotophobia (intolerance to light), e xces-
sive thirst, starry (shining) coat, retarded rumination, anorexia, and excessive
salivation. A maculo-papular rash may develop on parts of the body, where
hairs are fine. The fever usually reaches its peak on the 3rd or Sth day, but
drops abruptly with the onset of diarrhoea, even though other symptoms
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get intensified. Lesions in the oral mucosa may appear by the 2nd or 3rd day
of fever, but become clearly visible only after the onset of diarrhoea. As the
diarrhoea increases in intensity, it is accompanied by abdominal pain, increased
respiration, severe dehydration, and emaciation. This is followed by prostration,
subnormal temperature, and death, usually after a course of 6-12 days.

A marked leukopaenia occurs at the height of infection. The total count
usually falls to below 4000/ul, and is due to an abrupt drop in lymphocytes.
Immunity after a natural infection is long and persists for life. The protection
is associated with the induction of humoral antibodies, first IgM, and later IgG
and IgA.

Lesions

As already mentioned, the rinderpest virus has a particular affinity for
epithelial tissues of the gastrointestinal tract, where it produces severe char-
acteristic changes. In lymphoid tissue, the virus causes necrosis of lymphocytes.
This is striking in microscopic sections of lymph nodes, spleen, and Peyer's
patches. The destruction of lymphocytes is first seen as a fragmentation of nuclei
in the germinal centres, and in a short time, most of the mature lymphocytes
disappear. Multinucleated giant cells containing eosinophilic cytoplasmic
inclusion bodies are often present. Rarely, intranuclear inclusions are also
seen. Oedema and congestion of c apillaries are seen microscopically. T he
destruction of lymphoid cells leaves a fibrillar, eosinophilic, acellular matrix
at sites of the 1 ymphoid follicles. Grossly, changes are most marked in the
Peyer's patches, which may be darkened with haemorrhages and slough out,
leaving deep craters (ulcers) in the intestinal wall.

In the digestive system of cattle, rinderpest virus produces typical le-
sions. The virus is carried to the oral mucosa by the bloodstream. In the
squamous epithelium of the oral cavity, the first change is necrosis of a few
epithelial cells in deep layers of the stratum malpighii. These cells have pyknotic
and fragmented nuclei and eosinophilic ¢ ytoplasm. They are shrunken and
separated from the adjoining space by a clear space. As these necrotic areas
increase in size and extend towards the surface, the c ornified layer above
them becomes elevated. This causes them to appear grossly as tiny, greyish-
white, slightly raised puncta (points). Multinucleated giant cells form in the
stratum spinosum. E osinophilic cytoplasmic inclusion bodies form in the
mucosal epithelial cells and giant cells. Intranuclear inclusion bodies are rare.
Vesicles are not formed in this disease. With time, the foci of necrosis coalesce
to form large areas of erosions. Since the basal layer of the squamous epithe-
lium is rarely penetrated, ulcers seldom form. The erosions are shallow, with a
red raw floor, and a sharply demarcated margin. The lesions in the oral mucosa
have a selective distribution: inside the lower lip, the adjacent gum, the
cheeks near commissures, and the ventral surface of the free portion of the
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tongue. In severe cases, lesions extend to the hard palate and pharynx, and in
fulminant cases, to all the mucous surfaces of the tongue. The oesophageal
lesions are similar to those in the mouth, but are less severe. The rumen,
reticulum, and omasum rarely exhibit any lesions.

The abomasum is one of the most common sites of the lesions of rinderpest.
They are most severe in the pyloric region, where necrotic foci of microscopic
size in the epithelium are accompanied by congestion and haemorrhage in the
underlying lamina propria. Grossly, this results in irregular superficial bright
red to dark brown streaks. These streaks follow the edges of the broad plicae and
extend into the fundus, but become more numerous and diffuse in the pylorus.
Oedema may be extensive in the submucosa of plicae, making it to appear thick-
ened. As necrosis of the epithelium progresses, the epithelium sloughs away, leav-
ing sharply outlined irregular erosions with a red raw floor oozing blood. In the
small intestine, severe lesions are less common than in the mouth, abomasum, or
large intestine. However, Peyer's patches are exceptionally vulnerable. The lymphoid
tissue may become so necrotic that patches slough out, leaving deep raw craters
in the intestinal wall.

The large intestine, as a rule, is more seriously damaged than the small
intestine, with prominent lesions in the ileo-caecal valve, caeco-colic junction, and
the rectum. The crest of the folds of mucous membrane throughout the caecum is
bright red because of numerous petechiae, w hich appear more like d iffuse
haemorrhages. Microscopically, the petechiae (haemorrhages) are markedly
distended capillaries, packed with erythrocytes, in the lamina propria. Streaks of
congestion along the folds of mucosa produce a characteristic '"Zebra-striped"
(Zebra markings), or 'barred" appearance. As the disease progresses and the
mucosa becomes eroded, diffuse congestion and bleeding from the raw surfaces
may occur over large areas. When opened, the mucosa is diffusely red, and the
lumen contains partially clotted blood.

Lesions at the caeco-colic junction include congestion, erosion, and increased
thickness of the wall, partly the result of oedema in the submucosa and muscularis.
The changes in the colon and rectum vary from a few longitudinal streaks of
congestion along the crest of the folds of the mucosa to erosions of the mucosal
epithelium. The characteristic streaks of cogestion and haemorrhage are more
common and striking in the rectum than in the colon. The liver is affected only
secondarily in rinderpest, with chronic passive congestion resulting from cardiac
and pulmonary complications. Lesions in the gallbladder vary from scattered
petechiae to diffuse blotches of haemorrhage.

In the respiratory system, the epithelium is susceptible to the virus. Petechiae
occur on the turbinates and larynx. In the trachea, streaks of haemorrhages in
the mucosa are almost always found. Most common are longitudinal streaks
of rusty haemorrhage in the anterior third of the trachea. The lungs appear to be
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involved only secondarily. In acute cases, lungs usually appear grossly normal.
In long-standing cases, lesions include both interlobular and alveolar emphy-
sema and small areas of consolidation. The lesions of the heart also appear to be
secondary and include subendocardial haemorrhages over the papillary muscles of
the left ventricle. The right ventricle is seldom involved. In the urinary system,
lesions comprise oedema around the renal pelvis and desquamation of pelvic
epithelium. In the urinary bladder, the epithelium may be desquamated and the
underlying stroma infiltrated with erythrocytes. The infiltrates are grossly seen as
thin red blotches. Lesions in the skin, though not common, may be seen as a
maculo-papular rash over thinly haired portions of the body, the vulva, and prepuce.
Microscopically, they resemble those of the oral mucosa.

A virus very closely related to rinderpest, and causing an acute, highly fatal
disease of sheep and goats is called "peste-des-petits-ruminants (PPR)" (dis-
cussed next). It does not naturally affect cattle, nor does experimental infection
lead to disease in cattle. It does, however, confer immunity to rinderpest vi-
rus.

Diagnosis

The clinical, gross, and microscopic features of the disease are adequate
for a presumptive diagnosis. This should, however, be confirmed by immuno-
logical methods w hich include a gar gel i mmunodiffusion (AGID), c omple-
ment fixation, ¢ ounter-immunoelectrophoresis (CIEP), i mmunofluorescence,
and immuno-peroxidase tests, an ELISA which is accurate and easy to perform,
and a rapid dot-enzyme immunoassay test suitable for field use. Using specific
c¢DNA probes, isolates of rinderpest and PPR viruses can now be
differentiated. A test employing the polymerase chain reaction (PCR) has
been developed that can detect viral RNA in tissues otherwise unsuitable for
standard techniques. Isolation of the virus and its identification are now possible
in tis$ue culture to confirm the diagnosis.

Peste-Des-Petits-Ruminants (PPR, Goat Plague)

"Peste-des-petits-ruminants (PPR)" is a French name and means "plague
of small ruminants”, i.c., goats and sheep. The disease was called "plague”
because it inflicted heavy mortality. 'Plague’ is a Latin word for 'blow'.
Therefore, in past, any epidemic disease which caused high mortality was
called 'plague’. Thus, rinderpest was first called "cattle plague"; swine fever
as "swine plague", and avian influenza as "avian plague". PPR is thus
commonly known as "goat plague". Other synonyms include erosive
stomatitis and enteritis of goats, and stomatitis-pneumoenteritis complex.
The disease in goats is clinically and pathologically indistinguishable from
rinderpest.

PPR is an acute, highly contagious disease of goats and sheep, caused
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by a morbillivirus (ssRNA). The disease was first recognized in 1942 in Ivory
Coast, in French West Africa. In India, it was first reported in 1989 in native
sheep flocks in Villupuram district of Tamil Nadu, and is now widely spread in
the country. Each year it inflicts heavy losses in goats and sheep. In recent
past, several outbreaks have been reported from Tamil Nadu, Andhra Pradesh,
Uttar Pradesh, Rajasthan, Karnataka, Jammu and Kashmir, Bihar, West Bengal
and Himachal Pradesh. PPR is characterized by fever, anorexia, lymphopaenia,
erosive st omatitis, diarrhoea, oculo-nasal purulent dischage, and respiratory
distress. It is a rinderpest-like disease, and is highly fatal in goats, less so in
sheep. PPR is antigenically closely related to the viruses of rinderpest, canine
distemper, and measles (of humans). All these are also morbilliviruses. In par-
ticular, PPR and rinderpest (RP) viruses cross-immunize and cross-protect, so
much so that tissue culture rinderpest vaccine has been found to be an ef-
fective prophylactic against PPR. Morbidity and mortality rates in sheep and
goats in enzootic areas are generally high (above 50%), and can be up to 90%
of the flock during outbreaks. The disease is more severe in goats than in
sheep, and is rapidly fatal in young animals. There is a belief that rinderpest
became prevalent in sheep and goats in Africa and Asia only after the
introduction of goat-adopted rinderpest vaccine from which the virus of PPR
probably evolved through mutation.

Spread

As in rinderpest, close contact with an infected animal, or contaminated
fomite, is required for the disease to spread. Large amounts of the virus are
present in all body excretions and secretions, especially in diarrhoeic faeces.
Infection is mainly by inhalation, but could also occur through the conjunc-
tiva and oral mucosa. The disease is particularly fulminating in goats, and is
usually fatal.

Pathogenesis

The virus penetrates the retro-pharyngeal mucosa, sets up a viraemia,
and specifically damages the alimentary, respiratory, and lymphoid systems.
Infected cells undergo necrosis, but in the respiratory mucosa and lungs, there
is also proliferation of cells. Some virulent strains cause death from severe
diarrhoea and d ehydration, particularly in young goats before respiratory
lesions become severe. In others, death may occur from concurrent diseases
such as pneumonic pasteurellosis and coccidiosis. Entero-toxigenic
Escherichia coli may also aggravate the diarrhoea. Lymphoid necrosis is not
as marked in this disease as in rinderpest. Most sheep and some adult goats
recover and they carry antibodies that confer life-long immunity.

Signs

The disease can be acute or subacute. The acute form is seen mainly in
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goats, and is similar to rinderpest in cattle. Signs generally appear 3-6 days
after being in contact with an infected animal. A high fever (above 104° F) is
accompanied by dullness, sneezing, and serous discharges from the eyes and
nostrils. A leukopaenia occurs from destructive effect of the virus on lymphocytes,
but this is not as marked as in rinderpest. Within a day or two, distinct necrotic
lesions develop in the mouth and extend over the entire oral mucosa, forming
diphtheritic plaques. There is profound halitosis (offensive breath) and the
animal is unable to eat because of the sore mouth and swollen lips. Nasal and
ocular discharges become mucopurulent and the exudate dries up, matting
(gluing) the e yelids and p artially occluding the external nares (nostrils).
Diarrhoea develops 3-4 days after the onset of fever. It is profuse and the
faeces may be mucoid and blood-tinged. Dyspnoea and coughing occur later,
and the respiratory signs are aggravated w hen there is secondary b acterial
pneumonia. S uperficial erosions may occur in the mucosa of the vulvaand
prepuce. Death usually occurs within a week of the onset of illness. Pregnant
animals may abort. Subacute reactions are more common in sheep, and are
manifested by catarrh, low-grade fever, and intermittent d iarrhoea. Most
recover after a course of 10-14 days. Animals recovering from the disease
(both goats and sheep) have a lasting immunity, as in rinderpest.

Lesions

Grossly, discrete (separate) or extensive areas of e rosion, necrosis, and
ulceration, present in the oral mucosa, pharynx and upper oesophagus, may
extend to the abomasum and distant small intestine. Haemorrhagic ulceration
is marked in the ileo-caecal region, colon, and rectum, where they produce
typical "Zebra stripes". Retropharyngeal and mesenteric  ymph nodes are
enlarged. Spleen may also be enlarged. Severe lesions are often present
throughout the respiratory tract. A mucopurulent exudate e xtends from the
nasal opening to the larynx. The trachea and bronchi may be hyperaemic, and
contain froth due to pulmonary congestion and oedema. An interstitial
pneumonia is usually present. G rossly, the pneumonia is characterized by
areas of red consolidation and atelectasis. These usually involve the antero-
ventral lobes, particularly the right lobe. With bacterial complications (mostly
Pasteurella), t here may be purulent or fibrinous bronchopneumonia and
pleuritis.

Microscopic lesionsin the alimentary tract are similar to those in
rinderpest, but are often more severe. Syncytial cells (multinucleated giant
cells) are present in the early stages of the lesion in the stratified squamous
epithelium of the upper respiratory tract. Intracytoplasmic inclusion bodies
may be abundant in necrotic glands of the small and large intestines. In the
respiratory tract, there is proliferative rhino-tracheitis, bronchitis and
bronchiolitis, and within the alveoli proliferation of type II pneumocytes
and f ormation of huge syncytial giant cells. I ntracytoplasmic and
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intranuclear eosinophilic inclusion bodies are common in the epithelial cells
of the airways and in the type II pneumocytes and syncytial cells. The
inclusion b odies can be shown to contain viral antigens by immuno-
histochemical st ains.

Diagnosis

Presumptive diagnosis can be made from the clinical signs and postmor-
tem findings. Pneumonia is usually a feature of PPR, but not rinderpest.
Confirmation can be achieved by isolation of the virus and its identification.
Blood at the height of the fever is the best source of the virus. Virus has been
successfully isolated in primary lamb or kidney cultures. For provisional
diagnosis antigen in lymph nodes can be detected by agar gel immunodiffusion
(AGID) or by counter-immunoelectrophoresis technique (CIEP). Unlike
rinderpest, cases of PPR usually contain high levels of antigen at death. Since
PPR and rinderpest in goats are indistinguishable both clinically and
pathologically, it is important to confirm by other means that it is PPR virus
and not rinderpest virus that caused the disease. For this, immunocapture
sandwich ELISA has been developed which employs specific PPRV and RPV
detector MABs (monoclonal antibodies). Also, specific cDNA probes for se-
lected segments of N genes of the two viruses are useful in differentiating PPR
and RP, on postmortem materials. Differential diagnosis is also possible by
complement fixation and virus neutralization tests. More recently, a reverse
transcriptase-polymerase chain reaction (RT-PCR) has been found valuable
in confirmatory diagnosis in tissues otherwise unsuitable for standard
techniques, and also in differentiating PPR from RP.

Morbillivirus Pneumonia of Horses

In 1994, an outbreak of respiratory disease occurred in a stable of horses
in Queensland, Australia, in which many sick horses died. A trainer and a
stable servant also became ill, and the trainer later died. The disease in the
horses and the trainer was characterized by interstitial pneumonia, with marked
pulmonary oedema. Syncytial cells with cytoplasmic inclusion bodies were
prominent in the walls and endothelium of pulmonary capillaries and arterioles,
as well asin lymph nodes, spleen, stomach, heart, kidneys, and brain. A
morbillivirus was recovered, which appears to be a newly recognized virus.
Its origin is not known. No further occurrence of the disease has been reported.

Diseases caused by Rubulavirus

The genus Rubulavirus includes Newcastle disease virus (Ranikhet d is-
ease virus), and the other avian paramyxoviruses. Nine serogroups (serotypes)
of avian paramyxoviruses have been recognized: PMV-1 to PMV-9. Of these,
Newcastle disease virus (PMV-1) remains the most important pathogen for
poultry, but PMV-2 and PMV-3 can also be responsible for serious disease.
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The method of nomenclature used for influenza A isolates has been adopted
for avian paramyxoviruses, so that an isolate is named by: 1) serotype, 2)
species or type of bird from which it was isolated, 3) geographical location of
isolation, 4) reference number or name, and 5) year of isolation (see a vian
influenza).

Newcastle Disease (Ranikhet Disease)
(Paramyxovirus type -1)

Also known as "avian pneumo-encephalitis" and in India as "Ranikhet
disease", Newcastle disease is an acute, rapidly spreading disease of domestic
poultry and other birds, caused by paramyxovirus type 1 (PMYV - 1). The disease
is characterized by rapid onset, respiratory signs, and nervous manifestations; and
variable mortality. The first outbreaks of Newcastle disease were recorded in 1926,
in Java, Indonesia; and in 1927 by Doyle in Newcastle-upon-Tyne, England. In
India, the disease was first recorded at Ranikhet, in Kumaon hills (District Nainital,
U.F.), by Edward in 1927; hence the name "Ranikhet disease". The name "Newcastle
disease" was coined by Doyle. It later became clear that other less severe diseases
were caused by viruses indistinguishable from Newcastle disease virus (NDV). In
the United States, a relatively mild respiratory disease, often with nervous signs,
was first described in the 1930s, and termed "avian pneumo-encephalitis”. It
was caused by a virus indistinguishable from NDV in serological tests. Soon
numerous N DV isolations that produced e xtremely mild, or no disease in
chickens, were made around the world. Today, the disease is almost world-
wide in distribution, except in the Scandinavian countries. In India, it is the
most important viral disease of poultry.

Cause

Newcastle disease is caused by a group of closely related viruses, which
form the avian paramyxovirus type 1 (PMV-1) serotype. Paramyxoviruses
are RNA viruses showing helical c apsid s ymmetry with a single-stranded
genome of negative polarity. They are enveloped. The e nvelope is formed
from modified cell membrane as the virus is budded from the cell surface after
capsid assembly in the cytoplasm. Although virus particles are very
pleomorphic, usually they are rounded and 100-500 nm in d iameter. T he
surface of the virus particle is covered with projections about 8 nm in length.

For many years, NDV strains and isolates were c onsidered to form a
serologically h omogeneous group. However, recently d eveloped more pre-
cise serological techiques, mostly the use of mouse monoclonal antibodies,
have shown that considerable antigenic variation exists between different
strains of NDV. (The term "strain" is generally used to mean a well-charac-
terized isolate of the virus). A striking feature of NDV strains and isolates is
their ability to cause quite distinct signs and severity of disease, even in the
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same host sp ecies. Based on the disease produced in chickens, NDVs have
been placed in five pathotypes:

1. Viscerotropic velogenic: The NDVs cause a highly virulent form of
the disease. Haemorrhagic lesions are characteristically present in the
intestinal tract.

2. Neurotropic velogenic: These NDVs cause high mortality following
respiratory and nervous signs.

3. Mesogenic: These NDVs cause low meortality following respiratory
and sometimes nervous signs.

4. Lentogenic: These respiratory NDVs cause mild or inapparent respi-
ratory infection.

5. Asymptomatic: The enteric NDVs cause inapparent enteric infec-
tion.

However, such groups should be regarded only as a guide as there is
always some degree of overlap and some viruses cannot easily be placed in a
specific p athotype.

Surface Projections (Spikes)

As these have an important bearing on the molecular basis of pathogenicity,
they are discussed at some length. As already mentioned, the ND virus particles
have typical projections or "spikes" covering the surface. These are inserted
into the envelope. They are of two types: 1) The longest (about 8 nm) consists
of single glycoprotein (HN) with which both haemagglutination and
neuraminidase activities are associated. 2) The smaller spikes are formed by
the F (fusion) glycoprotein. These are associated with the ability of the virus
envelope to fuse with cell membranes, allowing insertion of virus genetic
material into the host cell, and to cause fusion of infected cells, resulting in the
characteristic cytopathic effect of syncytial formation.

Spread

Over 200 species of birds have been reported to be susceptible to natural
infection of NDV. The spread from bird to bird depends on the organs in
which the virus multiplies. Birds showing respiratory disease shed the virus in
aerosols (droplets) of mucus, which may be i nhaled by s usceptible birds.
Viruses which are restricted to intestinal replication may be spread by inges-
tion of contaminated faeces, either directly or in contaminated food or water,
or by inhalation of small infective particles produced from dried faeces. Viruses
transmitted by the respiratory route may spread extremely rapidly, whereas
viruses excreted in the faeces and transmitted by the oral/faecal route may
spread extremely slowly.
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Humans seem to play the central role in the spread of NDV, usually by the
movement of live birds, contaminated vehicles, fomites, and poultry products
(such as unfumigated eggs, dead birds and faeces for fertilizer), from affected
premises to susceptible birds. A key to the successful spread of the virus is its
ability to survive in the dead host or excretions. In infected carcasses virus
may survive for several weeks at cool ambient (surrounding) temperatures, or
several years if held frozen. Faeces in which virus may be present in high
titres, is also an excellent medium for the survival of the virus, and even at 37°
C infectivity has been retained for over a month. The virus has been found to
survive for several days on the mucous membrane of the human respiratory
tract and has been isolated from sputum.

Pathogenesis

The initial step is attachment of the virus to cell receptors. This is medi-
ated by the HN glycoprotein. Attachment at the replication site is followed by
fusion of the virus membrane with the cell membrane. Fusion of the viral and
cell membranes is brought about by action of the fusion (F) glycoprotein.
Thus, the nucleocapsid complex enters the cell. Intracellular virus replica-
tion takes place entirely within the cytoplasm. The F glycoprotein is synthe-
sized as a non-functional precursor, FO, which requires c leavage (a split,
division) to F1 and F2 by host proteases for the production of infective viral
particles. The HN of some strains of NDV may also require p ost-transla-
tional cleavage (i.e., after the HN molecule has been formed). This cleavage
plays a crucial role in the molecular basis of its pathogenicity, as discussed
below.

Cleavage Site

During the replication of virus, it is necessary for the precursor glycoprotein
FO to be cleaved to F1 and F2, for the progeny virus particles to be infective.

This post-translation cleavage (i.e., split after the FO molecule has been
formed) is mediated by hest cell proteases. The cleavage takes place at the cleavage
site. If cleavage fails to take place, non-infectious virus particles are produced.
Trypsin is capable of cleaving FO for all strains of NDV. In fact, in vivo treatment
of non-infectious virus by trypsin restores infectivity.

The importance of FO cleavage was easily demonstrated in in vitro ex-
periments. Viruses normally unable to replicate or produce plaquesin cell
culture systems, were able to do both if trypsin was added to the culture
medium. The viruses pathogenic for chickens could replicate in vitro in a
wide range of cell types with or without trypsin, whereas strains of low
virulence could replicate only when trypsin was added. This indicated that
FO molecules of virulent viruses can be cleaved by host proteases found in a
wide range of cells and tissues, but FO molecules in viruses of low virulence
were restricted in their sensitivity, and these viruses could grow only in cer-
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tain types of host cells. Results obtained from nucleotide sequencing have
revealed some fundamental differences in the amino acid sequences at the
cleavage site between viruses of low virulence (lentogenic) and virulent vi-
ruses (velogenic or mesogenic). It was found that viruses of low virulence
have only a single basic amino acid arginine at the cleavage site, whereas
virulent viruses contain multiple (additional) basic amino acids at the site
of cleavage. It was further revealed that the susceptibility of the FO molecule
by host proteases depends on the number of basic amino acids at the cleav-
age site. Trypsin-like enzymes can cleave if only a single amino acid is present
at the cleavage site, whereas other host proteases require multiple (addi-
tional) basic amino acids.

Thus, it is interesting that the mechanism controlling the pathogenicity
of Newcastle disease virus resembles that described for the avian influenza
virus (see avian influenza). The presence of additional basic amino acids in
virulent strains means that cleavage can be brought about by proteases present
in a wide range of host tissues and organs, but in lentogenic viruses (i.e., in
viruses of low virulence), cleavage can be caused by only those proteases
that recognize the single amino acid arginine, i.e., by trypsin-like e nzymes,
such as are present in the respiratory and intestinal tracts. Since they cannot
be cleaved elsewhere, no infective virus is produced at other places. There-
fore, their growth and pathogenicity are limited to the respiratory and
digestive tracts. On the other hand, the virulent viruses, because they possess
additional amino acids at the cleavage sites in the FO molecule, can be cleaved
by proteases found throughout the body. The virulent viruses thus invade
and replicate in many tissues and organs, resulting in the production of
infective virus throughout the body, generalized disease, and death.

Signs

The clinical signs vary considerably with the pathotype of the infecting
virus. In addition, the species of bird, the immune status, age, and conditions
under which they are reared also greatly affect the clinical signs, while the pres-
ence of other organisms may greatly aggravate even the mildest forms of dis-
ease. As such, no signs can be regarded as pathognomonic of the disease.

The highly virulent (velogenic) viruses may produce peracute infections,
where the first indication of disease is sudden death. Typically, signs such as
depression, prostration (lying d own), diarrhoea, oedema of the head (facial
oedema) and nervous signs may occur, with mortality reaching 100%. The
appearance of shell-less or soft-shelled eggs, followed by complete cessation
of egg laying, may be an early sign in adult fowl. The moderately virulent
(mesogenic) viruses usually cause severe respiratory disease. This is followed
by nervous signs, with mortality up to 50% or more. In laying hens, there may
be a marked drop in egg production which may last for several weeks. The
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viruses of low virulence (lentogenic) may cause no disease, or mild respiratory
distress for a short time. However, the presence of other organisms, such as
avian pneumovirus, infectious bronchitis, and vaccine strains of NDV, or poor
management may cause disease similar to that seen with more virulent virus.

Lesions
Gross Lesions

As with clinical signs, the gross lesions and the organs affected depend
on the strain and pathotype of the virus. There are no pathognomonic lesions
for any form of the disease. Viruses producing clinically inapparent infections
cause no gross lesions. The presence of haemorrhagic lesions in the intestine
has been used to distinguish v iscerotropic velogenic (VVND) viruses from
neurotropic velogenic (NVND) viruses. These lesions are usually prominent
in the proventriculus, caeca, and small intestine. They are markedly
haemorrhagic and result from necrosis of the intestinal wall, or lymphoid foci
such as caecal tonsils. These lesions include haemorrhage in the mucosa of
the proventriculus, enlarged and necrotic caecal tonsils, necrosis and haem-
orrhage in intestinal lymphoid aggregates, and splenic necrosis on the
capsular surface. Usually, gross lesions are not observed in the central nervous
system, regardless of the pathotype. Gross changes are not always present
in the respiratory tract. Viruses causing respiratory disease may induce
haemorrhagic lesions and marked congestion of trachea. Airsacculitis
(airsacs being cloudy and congested) may be present even after infection with
relatively mild strains, and thickening of the airsacs with catarrhal or caseous
exudates is often observed. Laying hens infected with velogenic viruses
usually reveal egg yolk in the abdominal cavity. T he ovarian follicles are
often flaccid (lacking firmness) and degenerate, and may even show
haemorrhagic s tigmata (i.e., s pots). Haemorrhage and discoloration of the
other reproductive organs may occur.

Microscopic Lesions

Microscopic lesions are as varied as the clinical signs and gross lesions.
They are, therefore, of no value in the diagnosis. Lesions in the central nervous
system are those of non-purulent encephalomyelitis with neuronal degeneration,
foci of glial cells, perivascular infiltration of lymphocytes, and proliferation of
endothelial cells. Lesions usually occur in the cerebellum, medulla, mid brain,
brain stem and spinal cord, but rarely in the cerebrum. Lesions in the vascular
system include hyperaemia, oedema, and haemorrhage in many organs. Regressive
changes in the lymphopoietic system consist of disappearance of lymphoid tissue.
Necrotic lesions are found throughout the spleen. Marked degeneration of the
medullary region is seen in the bursa. The haemorrhagic-necrotic lesions in
the intestinal tract develop in lymphoid a ggregates. L esions in the u pper
respiratory tract may be severe and related to the degree of respiratory dis-
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tress. Lesions may extend throughout the length of the trachea. Cilia may be
lost within 2 days of infection. In the mucosa, congestion, oedema, and dense
cellular infiltration of lymphocytes and macrophages may be seen. Oedema,
cell infiltration, and increased thickness and density of the airsacs may occur.

Zoonotic Significance

Although Newcastle disease virus can produce a transitory (of brief dura-
tion) conjunctivitis in man, the condition has been limited mainly to labora-
tory workers and vaccination teams exposed to large quantities of virus.
And, before vaccination w as practised, it was seen in persons eviscerating
poultry in processing plants. The disease has not been reported in individu-
als who rear poultry, or consume poultry products.

Diagnosis

None of the clinical signs or lesions can be r egarded as s pecific/
pathognomonic. At best, they can only be suggestive of the disease. T he
presence of specific antibodies in the serum gives little i nformation on the
infecting strain of the ND virus, and therefore, has limited diagnostic value.
Nevertheless, in certain circumstances the demonstration t hat infection has
taken place is sufficient for diagnostic purpose. The various serological tests
include single radial immunodiffusion, agar gel precipitin, virus neutralization
(VN) in chick embryos, and plaque neutralization. ELISA has become popular,
especially as part of flock screening procedure. Currently, the
haemagglutination inhibition test (HI test) is most widely used. Good correla-
tion has been reported between ELISA and HI tests.

At present the only sure method of diagnosis, which allows identification
of the strain, is isolation of the virus and its characterization. S ampling
from live birds should consist of both cloacal swabs (or facces) and tracheal
swabs, regardless of the clinical signs. From dead birds, intestines, intestinal
contents and tracheas should be taken, together with affected organs and tis-
sues. Isolation can be carried on various cell systems and also eggs. NDV may
be confirmed by HI test using specific NDV antiserum. However, mere isolation
and identification of the virus is not adequate, the c haracterization of the
pathotype, which relates to virulence, is necessary. This can be done by using
a group of monoclonal antibodies to find out whether the isolate has the ability
to react or not against them. This enables differentiation and grouping of NDV
isolates. However, the usefulness of this technique may not be as an alternative
to pathogenicity tests for primary isolates of ND virus, but as rapid confirma-
tion of the isolations during outbreaks.

Avian Paramyxovirus Type 2 (PMV - 2)
PMV - 2 viruses have been reported to infect both chickens and turkeys.
Little is known about their s pread, but mechanisms appear very similar to

NDV. However, reports indicate relatively slow spread through a flock, and
that closely situated flocks do not always become infected.
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Clinically, PMV - 2 viruses may cause mild respiratory disease and re-
duced egg production. However, in the presence of secondary bacterial in-
fections, or environmental stress, the clinical picture may be far more serious,
with severe respiratory disease, c essation of egg production, and even high
mortality. No signs or postmortem lesions are specific for the disease.
Definitive diagnosis can be made by demonstration of antibodies to PMV - 2
viruses by HI tests, and by virus isolation and identification. Virus isolation
procedures in e mbryonated eggs are similar to those for Newcastle d isease
virus.

Avian Paramyxovirus Type 3 (PMV - 3)

PMV -3 viruses have been obtained from only turkeys. T here are no
reports of PMV - 3 viruses infecting chickens. Clinically, in turkeys, these
viruses produce mild respiratory disease, and a reduction in number and quality
of eggs. Procedures for the isolation of the viruses in embryonated eggs are
similar to those used for ND virus.

Diseases caused by Pneumoviruses

The genus Pneumovirus contains three important viruses: human respi-
ratory syncytial virus (HRSV), bovine respiratory syncytial virus (BRSV), and
avian pneumoviruses. The two respiratory mammalian sy ncytial viruses are
related antigenically to each other.

Human Respiratory Syncytial Virus (HRSV)

Human RSV is the most important cause of lower respiratory tract infec-
tion in infants and children. The virus was first recovered from chimpanzees
with upper respiratory disease. Many species of non-human primates
(monkeys) can be infected with HRSV, but clinical disease is usually absent
except in c himpanzees.

Bovine Respiratory Syncytial Virus (BRSV)

Bovine RSV occurs worldwide, and affects cattle and sheep, particularly
the young. The incidence of infection is high, and the virus is one of the major
causes of respiratory disease in cattle. The disease may be mild or severe,
with a high morbidity but a low mortality rate. Clinically, there is fever, cough-
ing, hyperpnoea (an increased respiratory rate), serous oculo-nasal discharge,
and lethargy. The virus causes an interstitial pneumonia w ith necrosis of
bronchial, bronchiolar, and alveolar epithelium. Inclusion-bearing
multinucleated giant cells form at these sites. Infection with BRSV predis-
poses the respiratory tract to other viruses, such as parainfluenza-3, and bac-
terial pathogens, such as Pasteurella haemolytica, causing significantly more
severe pneumonia. The lesions of BRSV closely resemble those caused by
parainfluenza-3 virus, from which they must be differentiated.
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Avian Pneumoviruses

There are two important diseases of poultry produced by the avian
pneumovirus: 1) turkey rhinotracheitis (TRT), and 2) swollen head syndrome
(SHS) of chickens.

Turkey Rhinotracheitis (TRT)

Also known as "turkey coryza", turkey rhinotracheitis (TRT) is an acute
disease of the upper respiratory tract of turkeys, caused by an avian
pneumovirus. The condition usually affects flocks between 3 and 10 weeks
of age. The syndrome is characterized by rapid onset, with high flock morbid-
ity which frequently approaches 100%. Clinical signs may include d epres-
sion, change of voice, gasping, moist tracheal rales, snicking (making sl ight
sharp sound), coughing, submandibular oedema, foamy ocular discharge, and
excess mucus noticeable at the external nares. Recovery is rapid, and may be
complete in 7-14 days with low orno mortality. However, in c omplicated
cases, high mortality rates, often exceeding 50%, have been reported. These
are associated with secondary bacterial infection, particularly Escherichia coli.

Swollen Head Syndrome (SHS)

Swollen head syndrome (SHS) is a condition which affects chickens of all
types, but mainly broilers and broiler parents. A pneumovirus is believed to be
the primary cause, but bacteria may be involved as secondary pathogens. SHS was
first described in Britain at about the same time when turkey rhinotracheitis (TRT)
was first seen there. However, despite some early confusion, it is now established
that there is no association between TRT and SHS, and that both diseases are
separate.

Signs
In Broiler Parents

Aifected broiler breeders sit with the neck arched so that the head rests on the
back (opisthotonus). If birds are picked up, this sets off a fit of incoordination
causing them to roll over, and they experience a difficulty in regaining a normal
posture. Their heads continue to shake for some time after returning to a normal
sitting position. There is usually swelling around the eyes, and over the top of
the head. Affected birds usually have a green, foul-smelling diarrhoea which causes
soiling around the vent. Morbidity is usually low (1%), but birds showing clinical
symptoms usually die. In general only females are affected, but sometimes a
small number of males show similar s ymptoms. The disease usually occurs
around peak of lay (30 weeks). In most cases, it lasts 2-3 weeks, but in some
outbreaks, birds continue to die throughout the life of the flock. There is usually
a drop in egg production (of no more than 5%) which lasts as long as the
other clinical signs persist.
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In Broilers

The clinical signs consist of head swelling which is more severe than in
breeders, giving the face a puffy appearance caused by subcutaneous oedema
around the eyes and over the head, and down into the inter-mandibular tissue
and wattles. Respiratory signs include coughing and sneezing, and many birds
have a severe tracheitis and often die from secondary septicaemia caused by
Escherichia coli.

Lesions

In broiler breeders, the most important lesion is an extensive peritonitis.
This appears as a moist inflammatory lesion in the ovarian region containing
released yolk free in the peritoneum. Puffiness of the skin is seen over the
head. Gelatinous fluid and inspissated pus are observed subcutaneously. There
are no other significant lesions except at times a mild tracheitis. The Iesions in
broilers consist of fine petechiation of the turbinate mucosa. Removal of the
skin over the head reveals yellow, oedematous subcutaneous tissue.

Rhabdoviridae

The Family Rhabdoviridae (G. rhabdo = rod, figuratively bullet-shaped)
contains a large number of enveloped, single-stranded, negative-sense RNA
viruses. They are bullet-shaped, about 70 nm wide and 180 nm long. The
lipoprotein envelope contains prominent peplomers that contain glycoprotein,
which mediates attachment to the host-cell receptor. The virion contains a
transcriptase essential to initiate replication. Both p ositive-strand and nega-
tive-strand viral RNA is replicated, but only the negative strand is packaged
into virions.

The family contains a large number of different viruses infectious for
humans, domestic animals, fish, invertebrates, and plants. Many are transmit-
ted by arthropods. There are two genera: Vesiculovirus and Lyssavirus. In
addition, there are a large number of rhabdoviruses which have yet tobe
classified. The three most important d iseases of a nimals caused by
rhabdoviruses are: 1) vesicular stomatitis from the genus "Vesiculovirus"; 2)
rabies from the genus "Lyssavirus"; and 3) bovine ephemeral fever from the
"unclassified" rhabdoviruses.

Disease caused by Vesiculovirus
Vesicular Stomatitis

Vesicular stomatitis is an infectious disease caused by a vesiculovirus,
and characterized clinically by the development of vesicles on the mouth and
feet. Thus, it has close similarities to foot-and-mouth disease and v esicular
exanthema. While primarily a disease of horses, it has come to assume major
importance as a disease of cattle and pigs. Goats and sheep are resistant.
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Insects are believed to be the principal vectors of transmission. Mosquitoes,
black flies, sand flies, gnats, and midges have been identified as possible
vectors. The disease is limited to the western hemisphere.

As in foot-and-mouth disease, there is a primary viraemia with subse-
quent localization of the virus in the mucous membrane of the mouth, and the
skin'around the mouth and c oronets. Clinical signs in cattle include mild
fever, and the development of vesicles on the dorsum of the tongue, d ental
pad, lips and the buccal mucosa. The vesicles rupture, and the resulting irrita-
tion causes profuse salivation and anorexia. In some outbreaks, vesicles have
been almost completely absent. Vesicles are usually found on the cheeks and
tongue. At other sites there is an abrasive, necrotic lesion. Recovery is rapid,
affected animals being clinically normal in 3-4 days. In horses, the signs are
more or less similar but usually the lesions are limited to the dorsum of the
tongue or the lips. In pigs, vesicles develop on or behind the snout or on the
feet, and lameness is more common than in other animals.

Lesions are most common on the tongue and oral mucosa, but may also
occur on the teats and the coronary band. Since infection occurs through the
bites of insects, lesions develop at the site. Viraemic spread to other sites does
not play a role. Microscopically, there is intercellular oedema in the stratum
spinosum. This leads to cell dissociation and necrosis. Neutrophils and
macrophages infiltrate t he necrotic tissue, which s loughs, leaving erosions
that are subject to secondary infection. The intra-epithelial oedema may become
abundant enough to result in a vesicle. Healing usually occurs in 7-10 days.

Zoonotic Importance

Occasional human infections give the disease some public health signifi-
cance, but the disease is mild, resembling influenza.

Diagnosis

The lesions of vesicular stomatitis are basically similar in distribution, lo-
cation and microscopic a ppearance to those of foot-and-mouth disease and
vesicular exanthema. T he lesions of these three diseases c annot be finally
distinguished on morphological g rounds, in s pite of less prominent v esicle
formation in vesicular stomatitis. Vesicular stomatitis, unlike foot-and-mouth
disease, rarely c auses myocarditis and is never fatal. T o confirm d iagnosis
virus may be isolated for identification in tissue culture systems, or be seen in
ultramicroscopic s ections.

Disease caused by Lyssavirus
Rabies (Hydrophobia, Lyssa, Rage)

Rabies is an acute, viral encephalomyelitis (inflammation of both brain
and spinal cord), which affects all warm-blooded animals, including humans.
It is a highly fatal disease, mortality rate being close to 100%. The disease
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is transmitted by the bites of affected animals. Although rabies occurs through-
out the world, a few countries are free of the disease by virtue of their island
status, or due to successful eradication programmes, or because of strict quar-
antine regulations. New Zealand and Australia never had the disease. Britain,
Hawaii, Japan and Scandinavia are currently free of the disease. In the United
States, Canada, and Western Europe, where rabies in dogs has been effectively
controlled through vaccination, the disease is endemic in wildlife, p articu-
larly foxes, s kunks, raccoons, and bats. Cats are the most often affected
domestic animals in the United States. In Asia, Africa, Latin America, and the
Middle East, rabies is e ndemic in d ogs and wildlife, and numerous cases
occur each year in humans. In Europe, fox rabies predominates.

Cause

Lyssavirus of rabies is truly neurotropic and causes lesions only in nerv-
ous tissue. It is one of the larger viruses (180 nm long and 80 nm wide), and
is relatively fragile. It is susceptible to most disinfectants, and dies in dried
saliva in a few hours. The virus can be propagated in tissue culture, and
chick embryos. Strains of rabies virus isolated from naturally occurring cases
are referred to as "street virus", and attenuated laboratory strains are referred
to as "fixed virus".

Spread

The source of infection is always an infected animal, and the method of
spread is almost always by the bite of a rabid animal, although contamina-
tion of skin wounds by fresh saliva may result in infection. Saliva is rich in
virus. Rarely, virus may be introduced through intact or abraded mucous
membrane. Virus may be present in the saliva, and be transmitted by an in-
fected animal some days before the onset of clinical signs. Rarely, transmis-
sion has been recorded by non-salivary routes. These include aerosol trans-
mission to man in the laboratory. Rare cases of rabies have occurred in hu-
mans from breathing the air in a cave where thousands of bats were living.

Traditionally, the dog, and to a minor extent the cat, have been considered
to be the principal source of infection. However, native fauna (animal life),
including foxes, w olves, skunks, blood-sucking vampire bats, insectivorous
and frugivorous (fruit-eating) bats, racoons, mongoose, and s quirrels may
provide the major source of infection in countries where domestic carnivora
are well controlled. Vampire bats are important in the spread of the disease,
particularly to cattle in Mexico, Central and South America, and parts of the
Caribbean. As a rule, rabies in humans results from the bite of a rabid dog,
cat, fox, or wolf. These animals also transmit the disease to cattle, horses,
and sheep, which seldom spread it further. Bats are the important species in
which s ymptomless carriers are known to occur. That is, they harbour and
transmit the virus, often without showing clinical signs of the disease. Multi-
plication of the virus without invasion of the nervous system is known to
occur in fatty tissues in bats, and may be the basis of the 'reservoir' mechanism
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known to occur in this species.

Not all bites from rabid animals result in infection, because the virus is
not always present in the saliva. Also, it may not gain entrance to the wound
if the saliva is wiped from the teeth by clothing, or the coat of the animal. The
virus may appear in the milk of affected animals, but spread by this means is
unlikely as infection through ingestion is not known to occur. D omestic
animals are rarely a source of infection although chance transmission to humans
may occur if the mouth of a rabid animal is manipulated during treatment, or
examination. The virus may be present in the saliva for periods up to 5 days
before signs are seen. In humans, most bites of a rabid animal do not lead to
infection. However, once disease is established, it is nearly always fatal.
Bites to the head are much more likely to lead to rabies, than those of the
extremities. Contrary to w hat was once thought, all animals that become
infected do not succumb to the disease. This is true in bats, as already
mentioned. Although the diseae is usually fatal once c linical signs a ppear,
recovery has been recorded in several animals, including dog, and also in
man. Inapparent infection can also occur in dogs, leaving them immune to
challenge.

Pathogenesis

After entry of the virus, following bite of rabid animals, there is a variable
incubation period of 1 week to 1 year, with a mean of 1-2 months. Several
factors, including the virulence of the strain, quantity of infectious virus in the
saliva, and the susceptibilty of the species, play a role in establishing rabies in the
recipient animal. The length of the incubation period after viral exposure varies
greatly and depends on the anatomical distance between the bite site and the central
nervous system, the severity of the bite, and the amount of infectious virus in the
saliva.

Virus first replicates in the myocytes (muscle cells) at the site and is shed
into extracellular spaces. The virus then enters the nervous system at motor
end plates, and binds to the receptor for acetylcholine, a neurotransmitter.
Following entry into the peripheral or cranial nerves, the virus spreads within
the axons of nerve cells to the ventral horn cells of the spinal cord at a rate
of 3-4 mm/hour. The form of virus during its axoplasmic flow is unclear.
Intact virions have not been demonstrated in axons during this phase of the
infection. Virus replication occurs first in the spinal c ord cells, and then it
spreads to the brain, from where virus is disseminated throughout the central
nervous system. T here is no evidence that a viraemia is present for the
dissemination of rabies virus to the central nervous system. Direct trans-
neuronal transfer of virus from neuronal perikarya (the cell bodies of neurons)
and dendrites to adjacent axon terminals is a mechanism of dissemination of
rabies in the central nervous system. Brain stem, cerebral cortex, and
hippocampus are particularly susceptible to rabies infection, and the
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destruction of neurons in these regions gives rise to clinical symptoms of
rabies.

There is eventual centrifugal spread (i.e., away from the centre, towards
periphery) via nerves throughout the body to other tissues, including the salivary
glands. Rabies virus can spread from the CNS to salivary glands, cornea, and
tonsils, via their nerve supply. Viral replication in salivary gland occurs
rapidly and infected saliva is the major source of infection.

The only lesions produced are in the central nervous system, and spread
from the site of infection occurs only by way of the peripheral nerves. This
method of spread accounts for the extremely variable incubation period which
varies to a large extent with the site of the bite. Bites on the head usually result
in a shorter incubation period than bites on the extremities. The severity and the
sites of lesions govern to a large extent, whether the clinical picture will be one
of "furious form" or "paralytic (dumb) form". When irritation phenomena
(induced by the virus in the nerve cells) occur, they are followed by paralysis as
the stimulated nerve cells are subsequently destroyed. However, this is not al-
ways the case. Destruction of spinal neurons results in paralysis and in the "para-
lytic (dumb) form" of the disease. But when the virus invades the brain, irrita-
tion of higher centres produces manias (madness), e xcitement, and convul-
sions. Death is usually due to respiratory paralysis.

Signs

After the bite of arabid animal, or penetration of the virus through the
skin by some other means, the incubation period varies from a few days to
several months. Rabid animals of all species e xhibit t ypical signs of CNS
disturbance. In any animal, the first sign is a change in behaviour. Animals
usually stop eating and drinking. The disease progresses rapidly after the onset
of paralysis, and death is virtually certain within 10 days of the first signs.
The clinical symptoms usually appear in one of two forms: 1) the "dumb or
paralytic form™ and 2) "furious form".

In the "dumb or paralytic form" of rabies, the animal falls into a stupor
(unconsciousness), and has a peculiar staring expression. This form is character-
ized by early paralysis of the throat and muscles of mastication, usually with profuse
salivation and inability to swallow. Dropping of the lower jaw is common in
dogs. These animals are not vicious, and rarely attempt to bite. The paralysis
progresses rapidly to all parts of the body, and coma and death follow in a few
hours. In the "furious form", the animal becomes irrational and viciously
aggressive. This form is the classical "mad-dog syndrome". The animal goes
into rages (violent anger), biting and slashing at any moving object or even
inanimate objects, such as sticks and trees. The furious champing of the jaws
(i.e., chewing noisely) is accompanied by e xcessive salivation. The saliva
flows from the mouth or is churned into foam, which may adhere to the lips
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and face. A basic change in temperament occurs. Wild animals which normally
avoid humans go into the open and attack humans. T he rabid d og, fox, or
wolf tends particularly to attack a moving person or animal. As the disease
progresses, muscular incoordiation and seizures become common. P aralysis
may follow either the "furious" or "dumb" stage of the disease. Death occurs
within 10 days of the first symptoms.

Rabies in cattle follows the same general pattern. Those with the furious
form are dangerous, attacking and pursuing man and other animals. Lactation
stops abruptly in dairy cattle. A most typical clinical sign in cattle is a charac-
teristic bellowing (making a deep loud cry). This may continue intermittently
until shortly before death. Horses and mules show extreme agitation evidenced
by rolling as with colic. They may bite or strike viciously, and because of size
and strength, become unmanageable in a few hours.

Lesions

There are no gross lesions. The lesions of rabies are microscopic, lim-
ited to the central nervous system, and extremely variable in extent. They
may not be easily recognizable e xcept for early necrosis of neurons with
specific cytoplasmic inclusion bodies in the affected nerve cells. In some
cases, there is diffuse encephalitis characterized by perivascular c uffing,
neuronophagic nodules and other changes of destruction of neurons through-
out the brain. These changes are particularly prominent in the b rain stem,
hippocampus and the gasserian ganglia. (Gasserian ganglion lies on the sen-
sory root of the trigeminal nerve, and from it originate the three branches -
ophthalmic, maxillary, mandibular). Lesions in the gasserian ganglia are
specific, develop earlier and are more constant than elsewhere. The main lesion
consists of the collections of proliferating glial cells encroaching on the neurons
and replacing them. These collections of proliferating glial cells are known as
"Babes' nodules".

In 1903, s pherical cytoplasmic inclusion bodies w ith specific tinctorial
(staining) characteristics were described by Negri in neurons of dogs, cats,
and rabbits w hich were experimentally infected with rabies virus. These in-
clusion bodies have been called "Negri bodies", and are accepted as specific
indications of infection with rabies virus. Electron microscopic studies indi-
cate that Negri bodies represent well-defined e lectron-dense masses, w hich
may or may not contain, or be associated with rabies virions. T he nature of
the matrix is not understood, but may represent a necessary component for
viral replication, or a reaction on the part of the infected neuron. Negri bodies
are not always present in rabies. Certain strains of rabies virus do not produce
inclusion bodies, indicating that Negri bodies are not necessary for viral rep-
lication. Negri bodies are always intracytoplasmic. In the dog, they are found
mostly in the hippocampus, but in cattle they are more numerous in the Purkinje
cells of the cerebellum. It is possible for all neurons, even those of the ganglia,
to contain these inclusions. Negri bodies have a distinct limiting membrane,
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and may be encircled by a narrow, clear halo. In tissue sections, they usually
measure from 2-8 um in diameter. One or several may be present in the affected
nerve cell. These inclusions may be completely within the cell body, or they
may occur in dendrites, where they are likely to be elongated, conforming to
the shape of these processes. A granular, slightly basophilic internal structure
can be seen in preparations with Mann's stain.

The staining characteristics of the Negri body are of great interest. The
haematoxylin and eosin method does not differentiate Negricbodies well.
The Schleifstein modification of Wilhite stain is particularly successful with
tissue fixed in Zenker's solution. When stained by this method, Negri bodies
are bright magenta (deep purplish-red), c ontrasting with the purplish cyto-
plasm of the neuron. In impression smears, Seller's stain is effective. The
inclusion body is bright red or magenta against the pale blue background of
the neuronal cytoplasm. Mann's and Giemsa's stains are also useful, particu-
larly in impression smears. No matter which stain is used, it is important that
the person who examines the material to confirm the diagnosis, be thoroughly
familiar with the characteristics of the stain and the appearance of Negri bodies.
The final identification of Negri bodies should not be left to the beginner.

When the virus centrifugally invades the salivary gland, d egenerative
changes leading to necrosis may be seen in the acinar epithelium, mainly
affecting mucogenic cells of the mandibular salivary gland. Virus can readily
be demonstrated within these cells by fluorescent antibody techniques, and
electron microscopy. A moderate infiltration of lymphocytes and plasma cells
accompanies t he degenerative c hanges.

Zoonotic Implications

The prime i mportance of rabies is its transmissibility to humans with
veterinarians being at special risk. By far the greatest proportion of humans
requiring pre-treatment for rabies in our country have been exposed to a rabid
dog. Human rabies is extremely rare in countries where rabies in dogs has been
controlled by regular vaccination. According to a survey conducted by the World
Health Organization in 1987, dogs were responsible for 91% of all human rabies
cases; cats 2%; other domestic animals 3%; bat 2%; foxes 1%; and all other wild
animals, less than 1%. The disease is a major occupational hazard for
veterinarians who should receive pre-exposure prophylaxis.

Diagnosis

The diagnosis of rabies can be based on the symptoms if they are typical,
but should be confirmed by laboratory e xamination. Dogs or other species,
suspected of rabies because of abnormal behaviour, should be kept in isolation
where they cannot bite others, for 10 days. If the animal is rabid, it will die
and the diagnosis can then be confirmed by laboratory examination. The
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animal can be classified non-rabid if it is alive at the end of 10 days. Still it will
be desirable to carry out a postmortem examination. The laboratory examina-
tion includes the following four tests. It is essential that at least two of them
be used on all specimens.

1. A fluorescent antibody test (FAT) on impression smears from the brain,
preferably hippocampus, medulla o blongata, cerebellum or gasserian gan-
glion. The test can be completed in about 2 hours and is highly accurate. The
reliability of the fluorescent antibody test confirmed by the mouse inoculation
test is over 99%.

2. A histological search of Negri bodies in tissue sections with results
available in 4 8 hours. However, the limitation of t his technique is that the
brains of as many as 30% of infected animals may not contain demonstrable
Negri b odies.

3. Those specimens w hich are negative on FAT, and had contacts with
humans, are inoculated into experimental mice. Mice of all ages are suscep-
tible to rabies virus, b ut newborn mice less than 3 days of age are most
sensitive. Following intracerebral inoculation, newborn mice usually die within
14 days, but should be examined daily for at least 4 weeks before the test is
considered negative. The virus is demonstrated in the brains of mice that die
by: 1) finding Negri bodies, 2) by a neutralization test in other mice, or pref-
erably, 3) by the fluorescent antibody identification of the virus. Rabies virus’
may also be isolated by injecting suspected brain suspensions into tissue culture.
Positive results can be obtained in 24 hours, and the virus identified by the
fluorescent antibody method.

4. Recently, a newer peroxidase-antiperoxidase staining technique has
been used. It can be performed on paraffin-embedded tissue, and has largely
replaced reliance on the presence of Negri bodies, or mouse inoculation.

In dogs, in which rabies is suspected but cannot be demonstrated, an at-
tempt should be made to determine the cause of death, or cause of encephali-
tis. Diseases to consider are canine hepatitis, toxoplasmosis, and canine dis-
temper. Differentiation between canine hepatitis and canine distemper is very
important, since inclusion bodies may occur in both of these diseases. Both
are much more common in dogs than is rabies. However, in canine distemper
involving the brain intranuclear inclusion bodies are found in endothelial
cells in association with rupture of capillary walls and microscopic haemor-
rhages. Inclusion bodies in canine distemper are easily seen in glial cells,
particularly in the nuclei of gemistocytic astrocytes and microglia. Fluores-
cent antibody techniques show that d istemper inclusions occur in neurons,
but they are less readily demonstrable with other methods, Cytoplasmic in-
clusions are less common in the brain in canine distemper.
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Groups of tiny spherical bodies without a limiting membrane are seen in
the cytoplasm of neurons in non-rabid animals. Since at one time they were
thought to be associated with rabies, they were called "Lyssa bodies". It is
now clear that they are not specific for rabies. They have been described in
the dog, cat, fox, and laboratory w hite mouse. A Ithough they can be easily
confused with Negri bodies, they lack an internal structure, are more
acidophilic, and are highly refractile. In the brains of normal cats, there are
also other cytoplasmic inclusions with staining characteristics similar to those
of Negri bodies. These feline inclusions cannot be differentiated morphologi-
cally from Negri bodies. Therefore, it may be necessary to carry out animal
inoculation, or fluorescent antibody techniques w hen rabies i s suspected in
the cats.

Disease caused by Unclassified Rhabdovirus
Bovine Ephemeral Fever

Also known as "three-day sickness", "bovine epizootic fever", and "stiff
sickness", ephemeral fever is an infectious disease of cattle characterized by
transitory fever, muscular shivering, stiffness, lameness, and enlargement of
the peripheral lymph nodes.The disease is caused by an unclassified, insect-
borne rhabdovirus.

Spread

The virus is probably transmitted by biting insects. Experiments indicate
that stable flies and mosquitoes are probably not responsible for transmission of
this virus. Culicoides species (sand flies) are suspected to be the vectors, along
with mosquitoes, but confirming evidence is lacking.

Pathogenesis

After an incubation period of 2-10 days, a viraemia develops with localization
and inflammation in mesodermal tissues, particularly joints, lymph nodes, and
muscles. The virus is thought to grow mainly in the reticulo-endothelial cells in the
lungs, spleen, and lymph nodes, and not in vascular endothelium or lymphoid
cells.

Signs

Calves are least affected, and those less than 6 months of age show no clinical
sign. Fat cows and bulls are worst affected. In most cases the disease is acute,
and c haracterized by transitory (of brief duration) fever, inappetence (ano-
rexia), hyperpnoea (increased breathing) or dyspnoea (difficult breathing) of
short d uration, mucous or purulent nasal discharge, shivering, and s hifting
lameness. In some cases, rumination may cease for a few days and ruminal
stasis, diarrhoea, or constipation may occur. O ccasional posterior p aralysis
has been described. Many animals become ill, but few die from the disease.
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Lesions

Gross lesions include general vascular e ngorgement, oedematous lymph
nodes, congestion of abomasal mucosa, hydropericardium, hydrothorax,
rhinitis, tracheitis, and pulmonary oedema. Tendovaginitis (inflammation of a
tendon and its sheath), fasciculitis (inflammation of a bundle of muscle fibres),
and cellulitis (inflammation of connective tissue) and focal necrosis of muscle
have also been described. Microscopically, lesions are limited to venules and
capillaries, particularly in muscles, tendon sheaths, synovial membranes, fascia,
and skin. Endothelial cells may be hyperplastic, and the vessels surrounded
by oedema and leukocytic infiltration.

Diagnosis

The diagnosis is not difficult on the basis of its transient (brief) nature, and
its rapidity of spread. Diagnosis may be confirmed by isolation and identifica-
tion of the virus, or by identifying viral antigens in tissues of affected animals
by s pecific immunofluorescent techniques.

Retroviridae

The Family Retroviridae contains a diverse group of RNA viruses.
Retroviruses constitute the only family of RNA tumour viruses. The family is
divided into three sub-families: 1) oncoviruses or oncornaviruses (L. oncos =
tumour) or RNA tumour viruses, or RNA oncogenic viruses, 2) lentiviruses (L.
lenti = slow), and 3) foamy viruses or spumaviruses (L. spuma = foam). Impor-
tant members of each group are listed in Table 5.

Table 5. Diseases caused by Retroviridae

Oncoviruses (RNA tumour viruses)
(Sub-family: Oncovirinae)

Type C Oncovirus Group (most are exogenous)

Feline leukaemia virus

Feline sarcoma virus

Bovine leukaemia virus

Ovine leukaemia virus

Porcine leukaemia virus

Human T cell leukaemia virus

Avian type C oncoviruses
Avian leukosis/sarcoma viruses (ALSV)
Reticuloendotheliosis virus
Lymphoproliferative disease of turkey virus

Type B Oncovirus group (endogenous)
Mouse mammary tumour virus (endogenous)
(mammary-tumour milk virus)
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Type D Oncovirus group (exogenous)
Jaagsiekte virus
(pulmonary adenocarcinoma virus of sheep)

Lentiviruses (exogenous)
(Sub-family: Lentivirinae)
Visna/maedi virus
Caprine arthritis-encephalitis virus
Human immunodeficiency virus (HIV-1, HIV-2)
Simian immunodeficiency virus
Feline immunodeficiency virus
Bovine immunodeficiency virus
Equine infectious anaemia virus

Spumaviruses (foamy viruses, inapparent infections)
(Sub-family: Spumavirinae)

Bovine syncytial virus

Feline s yncytial virus

The Family Retroviridae is so named because these viruses contain the
enzyme reverse transcriptase, an RNA-dependent DNA-polymerase (L. retro
= reverse), which is carried in the virion of all retroviruses.The genome of
these viruses consists of two single-stranded positive-sense molecules of RNA
(i.e., diploid ssRNA). In contrast to other RNA viruses, the information
stored in the virion nucleic acid is not directly translated. Instead, a double-
stranded DNA replica of viral RNA is generated through reverse
transcriptase. This multistep process depends on and is catalyzed by virally
encoded reverse transcriptase. The virally generated DNA is synthesized in
the cytoplasm but afterwards may be integrated into host-cell DNA, andis
termed "provirus integrated DNA". Expression of provirus DNA can occur
whether or not the viral DNA is integrated. However, perpetuation of the virus
is most efficient if integration occurs. The proviral DNA of certain retroviruses
is integrated in germ cells and transmitted vertically ("genetic transmission")
with e very cell thus containing proviral DNA. T hese viruses are known as
"endogenous”, and uvsually remain quiescent (quiet, inactive). T hat is, they
are not expressed, and are of low or no pathogenicity. Vertical transmission
can also occur by virion passage across the placenta ("congenital
transmission"). Viruses transmitted by the horizontal route are termed
"exogenous”, and are the most important retroviruses as causes of disease.

Retroviruses typically cause a chronic cellular infection that does not
lead to early cell lysis. In fact, with the oncoviruses, infection leads to uncon-
trolled cellular proliferation. This is in contrast to most other RNA viruses,
in which infection and replication lead to cell death.

All retroviruses contain three or four genes in common. Each bears
genes for reverse transcriptase referred to as "pol genes" (polymerase), a gene
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for core proteins called the "gag gene" (group specific antigens), and a gene
encoding for virion peplomer proteins called the "env gene" (envelope).
Members of the oncovirus sub-family miay contain a fourth gene responsible
for cellular transformation. This is called the "viral oncogene" (V-onc).

All retroviruses share a similar morphology. They consist of an inner
core of RNA, surrounded by a capsid, which in turn is surrounded by a lipid-
containing envelope bearing glycoprotein projections. Virions are 80-130 nm
in diameter. Replication of oncoviruses occurs only in dividing cells, whereas
lentiviruses can replicate in non-dividing cells.

Diseases caused by Oncoviruses

In 1908, Ellermann and Bang demonstrated the cell-free transmission of
avian leukosis, and afterwards demonstrated avian leukosis viruses. After this
discovery, the search for oncogenic viral causes of leukaemia in humans and
animals was intensified. A specific RNA virus was first discovered in mice by
Ludwig Gross in 1951. Now, several viruses of laboratory and domestic ani-
mals, and also humans, have been found to be associated with lymphoma and
leukaemia. Most of these are oncoviruses.

Although s ub-family O ncovirinae has the largest group of retroviruses
and a number of them are oncogenic, not all members have been shown to
be oncogenic. On the basis of morphology and the se quence in which they

were originally described, retrovirus particles are classified into four types:
A, B, C and D.

A-type particles were originally identified as the immature nucleocapsids
of mouse mammary tumour virus, the mature enveloped virions of which
became the prototype (original model) B-type particles. A-type particles ap-
pear as intracytoplasmic, hollow, 60-90 nm spherical structures with a double-
contoured w all.

B-type retrovirus particles are represented by the mature extracellular
enveloped virions of mouse mammary tumour virus. These particles origi-
nate from intracytoplasmic A-type particles.

C-type particles comprise most of the avian and mammalian leukaemia
viruses. They do not develop from preformed, cytoplasmic A-type parti-
cles. Instead, their nucleocapsid formation occurs simultaneously with devel-
opment of the viral envelope from the cell membrane. The initial stage of
nucleocapsid a ssembly appears in the cytoplasm as a crescent-shaped (i.e.,
shaped like the new moon, semilunar) object just beneath the cell membrane
which becomes the viral envelope. Since the developing nucleocapsid is 'cres-
cent' or 'C-shaped’, these retrovirus particles are called 'C-type particles'.

D-type retrovirus particles c omprise several simian (of monkey)
retroviruses, and the retrovirus associated with jaagsiekte in sheep. Type D
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particles, like B particles, develop from intracytoplasmic A-type nucleocapsids
which bud through the cell membrane to acquire their envelope.

Diseases caused by Type C Oncoviruses
Feline Leukaemia

Also known as 'feline lymphoma' and 'feline lymphosarcoma’, the dis-
ease is caused by "feline leukaemia virus (FeLV)". The virusis associated
with a variety of disorders, and collectively are the most important cause of
deaths in cats. FeLV occurs worldwide, with an incidence of up to 50% in
densely populated areas. The virus is transmitted horizontally, p rimarily
through salivary and nasal secretions of the affected cats. Two main results
occur following infection: 1) A self-limiting infection (or "regressive infec-
tion"): In this, the initial virus replication in lymphoid tissue is either totally
eliminated by the immune system or may remain as provirus, which is con-
tained (prevented from spreading) through immune mechanisms. About 60%
of infected cats fall into this category and do not develop any FeL.V-associ-
ated disease. Provirus ¢ an, however, become activated if there i s i mmune
dysfunction. In such an event, infected cats may become viraemic and de-
velop FeLV disease. 2) The second outcome is progressive infection with
persistent viraemia. The initial viral replication in lymphoid tissues, usually
in the oropharynx, is not contained and is followed by viraemia and general-
ized viral infection of lymphocytes, macrophages, intestines, salivary glands,
pancreas and urinary bladder. These cats are infectious because virus is ex-
creted through these sites.

Persistent infection and viraemia are ultimately followed by several dis-
ease processes, which lead to death. This usually requires months or years
following infection. However, some infections may cause illness or death within
a few weeks. Most viraemic cats die within 3 years of infection. The disorders
caused by FeLV are grouped into "cytoproliferative diseases” and
"cytosuppressive diseases”. The particular outcome depends on the viral
subtype and the age of cat at the time of infection, as well as immune status
and genetic make up of the cat. Infection early in life is likely to be followed
by viraemia. The main disorders resulting from FeLV infection are:

1. Malignant lymphoma with or without leukaemia is the most commeon
malignancy in cats. It results from viral activation of cellular proto-
oncogenes. On the basis of anatomical distribution, several forms are
recognized: 1) Thymic lymphoma occurs mainly in young cats. It is
characterized by large tumour masses originating in and replacing the
thymus gland and filling the mediastinum; 2) Alimentary lymphoma
is seen more in older cats. It is characterized by solid tumours which
infiltrate the gastrointestinal tract, abdominal lymph nodes, liver, spleen,
and kidney; 3) Multicentric lymphoma is seen usually in mature cats.
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It is c haracterized by generalized lymphoma, affecting many organs
and tissues; and 4) unclassified lymphoma. This usually presents as
isolated tumour masses in non-lymphoid tissues, such as the eye, or
central nervous system. Most cases of malignant lymphoma, with the
exception of the alimentary form, are of T cell origin.

Lymphocytic leukaemia. This may occur in connection with m alig-
nant | ymphoma.

Erythroid and myeloid leukaemias (myeloproliferative d isorders).
These are the most common leukaemias in cats, which may occur
together. Myelofibrosis is another outcome.

Fibrosarcoma occurs from infection with feline sarcoma virus. This
virus is a defective mutant of FeLV. It lacks part of the viral genome
and is unable to replicate. However, in the presence of FeLV virus
replication occurs. This is because FeLV serves as a helper virus,
providing the missing genes.

Myelosuppression syndrome. This is characterized by anaemia and/
or leukopaenia (lymphopaenia and neutropaenia). It is a frequent out-
come of FeLV infection. It results from suppression of erythropoiesis
and myelopoiesis. The anaemia may become very severe.

Immunosuppression is seen at some stage in most cats infected with
FeLV. It is c haracterized by progressive loss of function, and a de-
crease in numbers of both T and B lymphocytes as well as neutrophils.

Enteropathy is c haracterized by c hronic diarrhoea and w asting. It
results from FeLV infection of crypt cells of the intestinal epithelium.

Infertility results from foetal death and resorption due to FeLV infec-
tion of the placenta and foetus.

Neurological disease has been observed in FeLV-infected cats, but
has not been studied in detail.

Diagnosis

The presence of the virus may be demonstrated by electron-microscopic
photographs of replicating C-type particles. A fluorescent antibody test is used
to detect antigen in leukocytes in blood smears. A third method is to isolate
the virus in feline cell cultures from plasma, or oral swabs of cats.

Bovine Leukaemia

Also known as "bovine lymphoma", "malignant lymphoma of cattle”, and
"enzootic bovine lymphoma'", bovine leukaemia is caused by a C-type oncovirus
called "bovine leukaemia virus (BLV)", first isolated in 1969. The virus affects
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B lymphocytes, leading to either persistent lymphocytosis, or generalized
lymphoma. Infection is spread horizontally.

Enzootic bovine lymphoma, a B-cell lymphoma of adult cattle caused by
bovine leukaemia virus, usually involves the lymph nodes. Often lymphoma
is restricted to mesenteric lymph nodes, pelvic nodes, and sublumbar nodes.
Extension from sublumbar nodes to the lumbar spinal cord can lead to posterior
paralysis. Retrobulbar lymph node enlargement is another common finding.
An alimentary form usually involves the wall of the abomasum and associated
lymph nodes. Myocardial invasion, particularly of the right atrium, is common,
and can lead to signs of heart failure. Bovine leukaemia virus can cause gen-
eralized lymphoma in sheep and goats.

Ovine Leukaemia

Ovine leukaemia is caused by ovine leukaemia virus, which is related to
bovine leukaemia virus. The virus has been recovered from sheep su ffering
from lymphoma.

Porcine Leukaemia

Porcine leukaemia virus is a C-type virus associated with lymphoma in
young pigs. Porcine lymphoma is usually multicentric with extensive replace-
ment of lymph nodes, and invasion of the liver, spleen, and kidneys. Primary
enteric lymphoma also occurs in pigs.

Diseases caused by Avian Type C Oncoviruses
Leukosis/Sarcoma Group of Diseases

The 1 eukosis/sarcoma g roup of diseases of the chicken comprises
lymphoid, erythroid and myeloid leukoses, a variety of other tumours, such
as fibrosarcomas, haemangiomas and nephroblastomas, and the bone d isor-
der, osteopetrosis (see Table 6). These conditions are caused by a group of
related retroviruses, which are different from those which cause
reticuloendotheliosis and lymphoproliferative disease of turkeys.

Table 6. Neoplasms caused by viruses of Leukosis/Sarcoma Group

Neoplasm Synonyms
Leukoses
Lymphoid leukosis Big liver disease, lymphatic leukosis,

visceral lymphoma, lymphocytoma,
lymphomatosis, visceral lymphomatosis

Erythroblastosis Leukaemia, erythroleukosis, erythroid
leukosis, e rythromyelosis

Myeloblastosis Leukaemic myeloid leukosis,
myelomatosis, myeloid leukosis,
myeloblastosis
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Myelocytomatosis Myelocytoma, myelomatosis, aleukaemic
myeloid leukosis
Connective tissue tumours
Fibroma and fibrosarcoma
Myxoma and myxosarcoma
Histiocytic sarcoma
Chondroma
Osteoma and osteogenic sarcoma

Epithelial tumours
Nephroblastoma Embryonal nephroma, renal adenocarcinoma,
cystadenoma
Nephroma Carcinoma of the kidney,
papillary c ystadenoma
Hepatocarcinoma

Adenocarcinoma of the pancreas
Thecoma (a tumour of the ovary)
Granulosa cell carcinoma

Seminoma Adenocarcinoma of the testis
Sqamous-cell carcinoma

Endothelial tumours
Haemangioma Endothelioma, h aemangioblastoma,
haemangio-endothelioma
Angiosarcoma
Endothelioma
Mesothelioma

Related tumours
Osteopetrosis Marble bone, thick leg disease,
sporadic diffuse osteoperiostitis
Meningioma
Glioma

Of the diseases produced, only lymphoid leukosis is sufficiently preva-
lent to be of economic importance. The other conditions, with some excep-
tions, occur only sporadically (i.e., in isolated cases). More recently,
subclinical infection by avian leukosis virus, without the occurrence of
neoplastic disease, has been found to depress egg production.

Apart from their importance in causing poultry disease, the leukosis/sar-
coma group of viruses are of importance and interest in biomedicine. Erythroid
leukosis was the first leukaemic disease shown, by Ellermann and Bang in 1908,
to be caused by a virus. An avian sarcoma was the first solid tumour shown by
Rous in 1911 to be transmitted by a virus. Proof of the viral aetiology of lymphoid
leukosis was provided by Burmester and his associates in 1947. These diseases
have become widely used as model systems for viral oncogenesis.
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Aetiology

The avian leukosis/sarcoma viruses (ALSV) are placed in a subgroup of
avian type ""C" oncoviruses of the Family Retroviridae. Retroviruses are ap-
proximately 100 nm in diameter and have a glycoprotein e nvelope that sur-
rounds a capsid containing the viral RNA genome. As discussed earlier, within
the virion of all retroviruses is present the enzyme " reverse transcriptase”
(RNA-dependent DNA-polymerase). This enzyme catalyzes the transcription
of an RNA molecule into DNA. That is, the reverse of what occurs in most
biological systems. This phenomenon of reverse transcription is reflected in
the family name Retroviridae. As mentioned, the retrovirus genome consists of
two exactly similar strands of single-stranded, positive RNA.

The viral genome of lymphoid leukosis virus (LLV) is diploid and has
three genetic regions in the sequence 5'- gag-pol-env 3', which encode the
viral internal group-specific antigens, RNA-dependent DNA-polymerase (re-
verse transcriptase) and viral envelope glycoprotein, respectively. T his ge-
netic make-up is associated with slow cell transformation and tumour de-
velopment over several months. Other avian oncoviruses cause rapid
neoplastic transformation and tumour development within a few weeks. These
acutely transforming viruses possess additional genes, called "onc genes",
responsible for oncogenic transformation. These genes originate by
transduction (i.e., incorporation) of normal cellular genes. For example, Rous
sarcoma virus has the genetic sequence 5'-gag-pol-env-src-3'. The "src" gene
has been derived originally from a cellular gene.

Virus Subgroups

ASLYV are classified into six subgroups - A, B, C, D, E and J - on the
basis of differences in their viral envelope glycoprotein antigens.

Endogenous and Exogenous Leukosis Viruses

In almost all chickens are present l eukosis viral genes, which may be
partially or completely expressed as infectious virus. These genes are carried
as proviral DNA sequences integrated into somatic and germ-line cells. These
are termed "endogenous leukosis viruses", and as they have viral envelope
properties, they are placed in subgroup E. Endogenous leukosis viruses have
little or no oncogenicity for chickens. '"Exogenous leukosis viruses', which
infect birds from outside, belong to subgroup A, B, C, D, or J.

Epidemiology

Exogenous ALSV are worldwide in distribution in commercial chickens.
Subgroup A lymphoid leukosis virus is commonly found, whereas B subgroup
of LLV is sometimes found. Subgroups C and D are very rare. Endogenous
subgroup E viral loci are presentin almost all chickens. Subgroup J was



90 A Textbook of Veterinary Special Pathology

reported in the U. K. in meat-type chickens and causes myeloid leukosis
(myelocytomatosis). Most commercial chickens are exposed to and infected
by the exogenous ALSV, and carry endogenous | eukosis viruses, but only a
few per cent develop LL or other tumours. Sometimes losses up to 30% can
occur. Economic 1 osses occur mainly from mortality from LL between 5 -9
months of age in e gg-laying and breeding stock. The other neoplastic dis-
eases occur more sporadically. Subclinical infections by LLV have adverse
effects on egg production, egg size, fertility, hatchability and growth rate,

Virus Replication

Discussion of viral replication i s necessary to geta better grasp of the
neoplastic transformation of the cell, described next. Penetration of the host
cell by a retrovirus occurs through the receptors present on the cell mem-
brane. Viral RNA is released in the cytoplasm, and under the influence of the
reverse transcriptase, a strand of negative viral DNA is synthesized on the
template of viral RNA. Reverse transcriptase then synthesizes a complemen-
tary strand of positive viral DNA. B oth the strands get c ovalently linked to
produce linear double-stranded viral DNA, referred toas a " provirus" or
"proviral DNA". The linear viral DNA (proviral DNA) then migrates to the
nucleus and becomes integrated into the host-cell DNA under the influence of
the enzyme "integrase", presentin the p ol gene of the virus. The proviral
genes (i.e., proviral DNA) are integrated in the same order as their RNA copies
in the virion (i.e., gag, pol, and env) and are flanked on either side by exactly
similar sequences of nucleotides termed "long terminal repeats (LTRs)" (Fig.
3.) (discussed next).

Formation of new virions is the result of transcription and translation of
proviral DNA. After integration, the proviral DNA is transcribed by the cell's
own machinery to form viral messenger RNA (mRNA) and genomic RNA.
The genomic RNA is incorporated into new virions. The mRNAs are trans-
lated to produce the protein and enzyme products of the gag, pol, and e nv
genes which form the "virion". These products localize at the plasma mem-
brane of the cell and transform into spherical (rounded) virions.The envelope
is acquired by budding through cell membranes.

5'LTR 3 LTR

'
5' Cap__| | 1 I |— ) n3
gag po eny
“group-specific “ polymerase” viral “envelope”
antigens’t (reverse transcriptase
( core proteins) and integrase)

Fig. 3. Diagram showing the gene sequence of the proviral DNA of a
standard replicatively competent retrovirus.
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The figure shows genomic organization of a typical oncogenic
retrovirus. Note that the three genes gag, pol, and env that make the virus
are flanked by long terminal repeat (LTR) sequences of nucleotides on either
sides. These contain elements that promote and enhance transcription of
the viral genome.

As shown in Figure 3, the three genes that make the proviral DNA (gag,
pol, and env) are required for viral multiplication. These are flanked on the 5'
and 3' ends of the genome by sequences of nucleotides referred to as "long
terminal repeats” or "LTRs". These LTRs contain exactly similar sequences,
but the left 5' LTR enhances and promotes transcription of proviral DNA to
viral RNA (i.e., acts as promoters), whereas the right 3' LTR specifies the site
of polyadenylation of the mRINA transcript, which prevents it from being
rapidly destroyed in the cytoplasm. The gag (core protein) transcript contains
a protease, whereas the gag-pol polyprotein is eventually split and processed
to form the reverse transcriptase and integrase required for integration of
proviral DNA into host-cell DNA. These final events are mediated by virally
encoded protease after the viruses have been assembled.

Neoplastic Transformation and Tumour Formation

As this topic is important and complicated, to get a better understanding,
different mechanisms by which oncogenic retroviruses cause neoplastic trans-
formation are discussed first, and then the transformation brought about by
the avian leukosis viruses. T he oncogenic retroviruses can be divided i nto
two distinct types based on the rapidity with which they transform cells. These
are: 1) Rapidly or acutely transforming retroviruses, and 2) Slowly or slow
transforming retroviruses. These viruses represent the two different types of
mechanisms. Both the mechanisms are involved in tumour transformation
by avian retroviruses.

Rapidly or Acutely Transforming Viruses

These viruses produce tumours rapidly. They are responsible for naturally
occurring tumours o f animals. Each virus in this group contains a viral
oncogene (v-oncogene), which was acquired originally from a host-cell proto-
oncogene by recombinant events at some earlier time in evolution of the virus.
There are about 30 known retrovirus oncogenes which have genetic similarity
with avian and mammalian proto-oncogenes. All oncogene-containing
retroviruses, except that of Rous sarcoma (Fig. 4A) are "defective" in replica-
tion. This is because they have acquired the oncogene at the expense of one of the
three genes (gag, pol, env) essential for viral replication (Fig. 4B). Therefore,
these defective viruses require a helper virus to replicate. The helper retrovirus,
when it infects a cell containing a defective retroviral genome, provides the
missing gene product needed for the defective oncogenic retrovirus to replicate.
Rous sarcoma virus is the only rapidly transforming retrovirus that is not
defective. It contains all three genes (gag, pol, env) required for replication of
the virus, plus a viral oncogene known as v-sr¢ sarcoma (Fig. 4A).



92

A Textbook of Veterinary Special Pathology

5' LTR 3 LTR
5' Cap_| ' ' hex xx XXy |..(A)n3‘
gag pol env v-src
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Fig. 4. Diagram s howing proviral genome of rapidly transforming and

slowly transforming retroviruses. A. Genomic organization of Rous
sarcoma virus. This is the only replicatively competent rapidly
transforming retrovirus (i.e., non-defective). N ote that the virus
has all the three genes (gag, pol, env), but in addition it has acquired
the oncogene v -src, derived from the proto-oncogene src. B.
Genomic organization of a typical "defective' rapidly transform-
ing retrovirus. These viruses have acquired a v-oncogene from
proto-oncogene, but in doing so they have lost a portion of pol
and eny genes which are required for viral replication. C. The dia-
gram shows integration of the proviral D NA of a slowly
transforming retrovirus into the host cell DNA. Note that the
proviral DNA is inserted ata site between a normal cell proto-
oncogene and its regulatory sequences. This results in the proto-
oncogene coming under the control of the promoting and enhancing
sequences of the 3'LTR of the virus. This results in unregulated
production of the proto-oncogene product and malignant trans-
formation.

The transforming capacity of the rapidly transforming retroviruses does

not depend on the proviral DNA at a specific site within the host cell DNA, as
occurs in the case of slowly transforming retroviruses. In fact, every cell
that is infected with a rapidly transforming virus becomes transformed.
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This is because transcription of the integrated proviral DNA is under the control
of the left LTR of the provirus, and not host regulatory genes. As a result,
transcription of the viral genome occurs more or less continuously in the
infected cell with the accumulation of large quantities of viral oncogene product
within the cell. For example, the src¢ gene of Rous sarcoma virus encodes a
transformation-specific phosphoprotein, p60, in the infected cell with protein
kinase activity. M orphological change associated with high levels of p60is
believed to be responsible for the transformed state. The v-onc genes associated
with other acute transforming viruses encode other transformation-associated
proteins. In general, oncogene products fall into four classes: growth factors,
growth factor receptors, signal transducers, and DNA transcription factors.

There are no negative feedback mechanisms that control v-oncogene
expression, as they are in the case of proto-oncogene e xpression in unaf-
fected cells. The unregulated synthesis of viral oncoprotein causes infected
cells to divide continuously and become immortalized. Because many cells
in a host are transformed s oon after infection, the tumours caused by this
group of viruses are polyclonal in origin. This means that the proviral DNA is
integrated at random sites in the host-cell DNA in the population of cells
making up the neoplasm. This is in contrast to what is found in cells trans-
formed by slowly transforming retroviruses.

Slowly Transforming Retroviruses

These retroviruses do not contain viral oncogene (i.e., v-onc gene), and
include lymphoid leukosis and many of the avian leukosis viruses, feline leu-
kaemia viruses, and bovine leukaemia viruses. These viruses produce tumours
after a long latent period. They have a full complement of gag, pol, and eny
genes, and are therefore capable of replicating on their own (Fig. 4C). These
viruses cause neoplastic transformation by the p henomenon of "insertional
mutagenesis" or "downstream p romotion of a proto-oncogene”. For
neoplastic transformation to occur, integration of the proviral DNA has to be
immediately upstream of a normal cellular proto-oncogene. Integration at such
a specific site is purely a chance event and therefore occurs in a small number
of infected cells. This accounts for the long latent period between infection
and development of a neoplasm.

Two events occur when a provirus DNA molecule integrates upstream
from a cellular p roto-oncogene. Firstly, the insertion (integration) of the
provirus DNA immediately adjacent to a proto-oncogene removes the proto-
oncogene from control by its normal host cell regulatory genes. Secondly,
the promoting and e nhancing sequences of the 3'LTR of the proviral DNA
cause continuous and unregulated expression of the neighbouring proto-
oncogene, | eading to increased synthesis of gene product. T his results in
uncontrolled proliferation and malignant transformation (Fig. 4C).
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Tumours caused by slowly transforming retroviruses, because they re-
sult from the progeny of a single transformed cell, are monoclonic in ori-
gin. This means that all cells making the neoplasm have the proviral DNA
integrated at exactly the same site within the tumour-cell DNA.

To conclude, slowly transforming v iruses transform c ells indirectly by
activation of a proto-oncogene. R ecent molecular studies indicate t hat t he
avian leukosis virus (ALV) provirus becomes integrated within the host c-
myc proto-oncogene, which is then expressed under the influence of the viral
LTR promoter sequence. The increased expression of the ¢-myc gene by this
'Promoter insertion' is believed to initiate the neoplastic transformation of
the cell. However, multiple activation of other transforming genes such as b-
lym and c-bic may be necessary for the full development of lymphoid leukosis.

Spread

Exogenous ALVs are transmitted in two ways: vertically from hen to
progeny through the egg, and horizontally between birds by direct and indi-
rect contact. Although usually only a s mall number of ¢ hicks are infected
vertically, this route is important because it maintains the infection from one
generation to the next. Majority of the chicks become infected by close con-
tact with vertically infected chickens during rearing. The infection does not
spread readily from infected birds to birds in indirect contact, i.e., in separate
pens or cages. This is because of the relatively short life of the virus (a few
hours) outside the bird.

Vertical infection occurs from hens which shed ALSV from the oviduct
into the egg albumen, from where it passes into the chick embryo. The virus
is produced by albumen-secreting glands of the oviduct, mainly in the am-
pulla and magnum of the oviduct. Transovarian infection is not important.
Also, the embryos do not become infected from the male (cock). Congenitally
infected chicks develop immunological tolerance to the virus and fail to develop
virus neutralizing antibodies, but are viraemic. Hens of this class have a high
levels of virus in the blood and tissues (highest in oviduct) and an absence of
antibodies (virus +ive, antibody -ive). Such hens shed the virus to most of
their eggs and their embryos.

Chicks infected horizontally develop a brief viraemia and then develop
virus neutralizing antibodies without viraemia (virus -ive, antibody +ive).
Such birds are usually virus carriers and shedders. On the other hand, verti-
cally infected chicks that have high levels of virus in the blood and tissues
and an absence of antibodies (virus +ive, antibody -ive) are several times
more likely to develop lymphoid leukosis than are virus -ive and antibody
+ive birds. However, not all eggs that have ALV in the albumen give rise to
infected embryos or chicks. Only about one-half to one-eighth of embryos are
infected from e ggs with virus in t he a lbumen. This intermittent c ongenital



Viral Diseases 95

transmission may be due to neutralization of virus by antibody in the yolk.
The incidence of leukosis d ecreases if horizontal infection occurs after the
first few weeks of life. Virus is present in the saliva, faeces and feather debris
of infected birds, but as its survival outside the body is short, ALSVs are
not very contagious.

Immunity

Virus-neutralizing antibodies from infected hens are passed through the
yolk to chicks, and provide a passive immunity against contact infection which
lasts for 3-4 weeks. Actively acquired humoral and c ell-mediated i mmune
responses following infection similarly help in reducing virus replication and
neoplasia.

Genetic Resistance

Two types of genetic resistance to the ALSV group are recognized: 1.
Resistance to virus infection, and 2. R esistance to tumour development.
Susceptibility genes encode for the presence of receptors through which the
virus gains access to the cell. These receptors are either decreased in number,
or are absent, in resistant cells. Resistance to tumour development has been
studied mainly with Rous sarcoma virus-induced sarcomas.

Signs

The signs in chickens affected with leukosis are non-specific. The bird
may be anorectic, weak, and emaciated, diarrhoea may occur, and the wattles
may be pale. In lymphoid 1eukosis, the enlarged liver and bursa may be
palpable. Osteopetrosis is readily noticeable from thickening of the long bones.

Diagnosis

Diagnosis involves pathological and virological examinations to d eter-
mine 1) the type of neoplasm responsible for mortality, and 2) which viruses
are present in a flock. Because exogenous ALSV is almost ubiquitous (exist-
ing everywhere) in commercial flocks, its isolation does not prove that it caused
the tumour. This would require transmission experiments in which the tumour
is reproduced by the virus isolate.

Pathological Diagnosis

Identification of the neoplasmis made by gross and histopathological
examination. Cytological e xamination of M ay-Grunwald-Giemsa stain i m-
pression smears of fresh tumour tissue is a useful aid to diagnosis. The set of
tissues to be examined should include liver, spleen, bursa of Fabricius, thy-
mus, bone marrow, gonads, sciatic, brachial and coeliac nerves, and any other
tumour tissue. Differentiation of lymphoid 1eukosis from Marek's disease is
important (see Marek's disease).
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Virological Diagnosis

The presence of infection can be demonstrated easily by detecting neu-
tralizing antibodies in serum. Viruses can be detected in and isolated from
serum, plasma, tumor tissue, normal parenchymatous tissue (e.g., liver, vagi-
nal and cloacal swabs, egg albumen and e mbryos). Because the viruses are
thermolabile (destroyed by heat) at room temperature, samples s hould be
collected from freshly killed birds, or from newly laid eggs, and stored and
transported at -70° C.

The main techniques for ALSV detection are the ELISA test, n on-pro-
ducer (NP) cell aciivation tests, p henotypic mixing (PM) test, c omplement
fixation avian leukosis virus (COFAL) test, resistance-inducing factor (RIF)
test, and chick and chick embryo inoculation tests for ALSV.

Lymphoid Leukosis (LL)

Lymphoid leukosis is the commonest neoplasm caused by the ALSV. It
is characterized usually by enlargement of the liver by infiltrating
lymphoblasts. LL appears between the 14th and 30th week of age. In field
outbreaks, cases mostly occur after 14 weeks of age. However, incidence is
usually highest at about sexual maturity. Spread has been discussed under
general considerations of ALSV.

Pathogenesis

Three lines of evidence indicate that lymphoid leukosis is a malignancy
of the bursa-dependent lymphoid system. 1) The first is that removal of the
bursa prevents LL. The treatments which e ffectively destroy the bursa of
Fabricius and thus prevent LL are: Surgical bursectomy, treatment of embryos
or hatched chicks with androgens either by inoculation or in feed, chemical
bursectomy with cyclophosphamide, and infection with infectious bursal dis-
ease virus (IBDV). Thymectomy has no effect on the course of the disease.
2) Histopathological examination of the bursa has provided the second line
of e vidence. Changes in the bursal lymphoid follicles can be observed as
early as 2 weeks of age. Most tumour nodules originate from transformation
of a limited number of cells, i.e., they are clonal. As transformed cells
proliferate, affected follicles become engorged with uniform blast-like cells.
Abnormal follicles expand and displace adjacent normal bursal follicles until
a gross tumour of the bursais visible. Necropsies performed on chickens
dying with LL have revealed macroscopic tumours of the bursa in almost
every case. 3) The third line of evidence has been provided by the
immunofluorescence studies. Cells of LL tumours, transplantable tumours,
and lymphoid cell lines cultured in vitro all have B cell markers (i.e., they are
B-lymphoytes) and IgM on their surface.

Although target cells are transformed in the bursa of most birds, only a
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few birds develop LL. Thus, some early tumours must be regressing. Other
tumours must be enlarging and their cells entering into the vascular system
and producing metastatic foci in other visceral organs. At about the time of
sexual maturity (16-24 weeks of age), tumour involvement is so extensive
that birds die. Recent studies have revealed that though ALVs multiply in
most tissues and organs, the infection persists longer in bursal lymphocytes
than in other tissues, and that cells of the bursa of Fabricius are the target
cells that are neoplastically transformed. Molecular biology studies indicate
that a viral promoter gene activates a host c-myc gene in B cells, and this
results in neoplastic transformation of B cells. The c-myc host gene also
interferes with the normal intraclonal switch of B cell immunoglobulin pro-
duction from IgM to IgG. This is the reason why tumour cells have only IgM
on their surface, and not IgG or IgA. The c-myc host gene is present in all
chickens.

Signs

External signs of disease are not specific. The comb may be pale, shriv-
elled, and cyanotic. A norexia, emaciation, weakness and diarrhoea occur
usually. The abdomen is often enlarged. Enlargement of liver, bursa of Fabricius
and kidneys can often be detected on palpation. The incubation period from
infection to the developed disease and death is 4 months or more.

Gross Lesions

Grossly visible tumours almost always involve liver, spleen, and bursa
of Fabricius. Size of tumours is highly variable as are number of organs
affected. These include, in addition to liver and spleen, kidney, lung, gonad,
heart, bone marrow, and mesentery. Tumours are soft, smooth, and glistening.
A cut surface appears slightly greyish to creamy white, and rarely has areas of
necrosis. Growth may be nodular, granular (miliary), or diffuse, or a
combination of these forms. In the nodular form, lymphoid tumours (0.5 mm
- 5 cm in diameter), usually spherical, may occur singly or in large numbers.
The granular or miliary form consists of numerous small nodules (less than
2 mm in diameter) uniformly distributed throughout the p arenchyma. In the
diffuse form, the organ is uniformly enlarged, and usually very friable.

Microscopic Lesions

As tumour cells proliferate, they displace and compress cells of the organ
rather than infiltrate between them. Microscopically, the lesions consist of diffuse
areas or coalescing foci of extravascular lymphoid cells. The cytoplasm of most
tumour cells contains a large amount of RNA, indicating that the cells are immature
and rapidly dividing. The main cell is a lymphoblast. They have B cell markers
and carry surface IgM.
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Erythroblastosis (Erythroid Leukosis)

Erythroid leukosis is a rare and sporadic disease, affecting mainly adult
chickens. There is always anaemia, which is associated with the presence of a
large number of immature red cells in the blood. The disease originates in
the bone marrow and a leukaemia is present from the outset. It is a peculiar-
ity of this disease that the malignant cells remain within the blood vessels
throughout the course of the disease. This leads to erythrostasis in sinusoids
in organs such as the liver, spleen, and bone marrow, giving them a cherry-red
colour which characterizes this condition at postmortem. The liver and spleen
are moderately enlarged.

Myeloblastosis (Myeloid Leukosis)

Myeloblastosis involves an e xtravascular proliferation of cells of the
granulocytic series. Itis a sporadic disease mainly of adult chicks. It may
occur as a myeloblastosis, originating in the bone marrow and involving
immature cells. In diffuse myeloblastosis, the liver and spleen are diffusely
and greatly enlarged. The liver usually has a granular appearance.

Myelocytomatosis

Myelocytomatosis, like myeloblastosis, also originates in the bone mar-
row, but in this condition the cells affected are more mature. The tumours of
myelocytomatosis are discrete (separate) and nodular, and have a yellowish-
white colour. The tumours may occur in a wide range of organs, including the
liver, spleen, and kidney; and they have a predilection for the visceral surface of
flat bones such as ribs, skull, sternum and pelvis.

Other Tumours

Solid tumours which can be caused by ALSV include fibrosarcoma,
chondroma, endothelioma, haemangioma, nephroblastoma, hepatocarcinoma and
several others (see Table 6). They usually occur sporadically in young or older
chickens and show features characteristic of their cellular origin.

Osteopetrosis

This is a bone disorder affecting mainly thg long bones, particularly of the
legs and wings. Excessive osteoblast proliferation and bone formation result
in gross thickening of the diaphyses of the long bones. O cclusion of the
marrow cavity may eventually give rise to anaemia.

Reticuloendotheliosis

Reticuloendotheliosis (RE) includes a group of pathological s yndromes
caused by retroviruses of the reticuloendotheliosis virus (REV) group. The
disease syndromes include: 1) acute reticulum cell neoplasia, 2) a runting
disease syndrome, and 3) chronic neoplasia of lymphoid and other tissues.
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Natural i nfections by REVs occur in chickens, turkeys, d ucks, geese, and
Japanese quail. The REV group are avian C-type oncoviruses of the family
Retroviridae, but are distinct from viruses of the leukosis/sarcoma group.

The virusis transmitted by contact with infected chickens and turkeys
(horizontal transmission). Virus is present in the faeces, and in body fluids of
affected birds. Virus shedding occurs mainly during periods of active viraemia.
Vertical transmission of REV has been reported in both chickens and turkeys,
usually at very low rates. There are no characteristic signs of the disease.
The lesions include: 1) acute reticulum cell neoplasia in newly hatched
chickens causing high mortality. Affected birds have enlarged livers and spleen.
2) chronic lymphoid neoplasia. This is of two types - lymphomas of large
uniform lymphoreticular cells, and bursa-dependent B cell lymphomas. 3) a
runting disease syndrome. This syndrome includes several non-neoplastic
lesions. REV infection can also cause immunosuppression. The presence of
infection in a flock can be determined by examination of sera for antibodies,
using the ELISA test, agar gel precipitin test, plaque reduction test, or fluores-
cent antibody test.

Lymphoproliferative Disease of Turkeys

Lymphoproliferative disease (LPD) of turkeys was first reported from UK
in 1972. LPD is caused by a type C retrovirus of the Family Retroviridae
which is distinct serologically and genetically from other avian retroviruses.
The infection can spread horizontally between turkeys. Vertical transmis-
sion has not been reported.

The disease is seen mainly in growing turkeys, and sometimes in adults.
Affected birds die suddenly. Up to 20% of the flock may be affected. Lesions
comprise marked enlargement of the spleen, and moderate enlargement of the
liver with miliary greyish-white foci. Miliary tumour infiltration may also occur in
kidney, gonad, intestinal wall, pancreas, lungs, myocardium, and thymus. The
tumour infiltration c onsists of pleomorphic cells, i ncluding lymphocytes,
lymphoblasts, reticulum cells, and plasma cells. Diagnosis of LPD is based on
gross and microscopic lesions in affected birds, and detection of LPD virus in
tissues by immunofluorescence, or in plasma by an ELISA test.

Type B Oncoviruses
Mouse Mammary Tumour

It was observed that offspring of hybrid mice produced by pairs from two
inbred strains had an increased incidence of certain mammary tumours, if their
mothers were descendants of strains in which the incidence of tumours was high.
In 1936, Bittner demonstrated that a factor in the milk of the mice from the
affected strains was responsible for the production of mouse mammary tu-
mours. The mammary-tumour milk agent (Bittner's factor) is now known to
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be type B oncovirus. The virus, which is transmitted in milk, infects infant
mice while nursing, whether or not the mother has mammary cancer. This is
because infected mice may be "latently” infected and e xcrete virus in the
absence of disease.

Not all mammary tumours in mice are related to this virus. There are
several transplantable tumours in mice which are free of the milk agent. The
murine (mouse) mammary tumour associated with the milk agent is of much interest
in experimental oncology, as it provides a link in the chain of evidence towards
the viral aetiology of neoplasia.

Type D Oncoviruses

Type D oncoviruses have been shown to be of pathologic i mportance
only in sheep, in which a type D virus is associated with jaagsiekte.

Jaagsiekte

Also known as "ovine pulmonary adenoma", "ovine pulmonary
adenomatosis", and "pulmonary carcinoma of sheep", jaagsiekte is a neoplastic
disease of older sheep. The name "jaagsiekte" is derived from Afrikaans (a
language developed from Dutch, spoken in South Africa) in which it means a
"driving sickness/disease" (jaagt = drive; siekte = sickness). The disease was so
named because the animal first manifests the disease by dyspnoea (difficult
breathing) after the stress of strenuous exertion, such as a long drive. Besides
South Africa, the disease has been reported from many other countries of the
world, including India. O ver the years, several different viruses have been
suggested as the cause of jaagsiekte, but now a type D oncovirus (a retrovirus)
has been implicated as the cause. However, the virus has not yet been cultured.
In India, there are reports of the occurrence of jaagsiekte in goats at very low
prevalence rates.

Spread

The natural mode of transmission is by droplet infection from respiratory
secretions, which are copious in sheep with clinical disease. When sheep are
kept in close contact, the disease gets transmitted by inhalation of infected
droplets. Experimentally, jaagsiekte can be transmitted to susceptible sheep
by intratracheal or intrapulmonary injection of affected lung tissue from sheep
with the disease.

Pathogenesis

The virus replicates in the type II pneumocytes in the alveolus. Type II
pneumocytes and Clara cells in the terminal bronchioles are transformed,
and their growth produces intra-alveolar and intra-bronchiolar polypoid
ingrowths. These cells are surfactant-producing secretory cells, and there is
also copious production of fluid. T he excessive surfactant-like protein p ro-
duced (in the tumour), provides a stimulus for the accumulation of
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macrophages, seen in this disease. The adenomatous ingrowths of alveolar
epithelium encroach gradually upon alveolar s pace so that a noxic anoxia
occurs. The lesions produced by experimental inoculation are similar to those
of the naturally occurring disease.

Signs

The incubation period in natural cases is 1-3 years. Clinical disease is rare
in sheep younger than 2 years, and is most common at 3-4 years of age.The
disease runs a progressive afebrile course of several months or longer. Clinical
signs are not noticeable until a significant proportion of the lung is affected
by the tumour. Occasional coughing and some panting after exercise are
the earliest signs, but coughing is nota prominent sign in this disease.
Emaciation, dyspnoea, lachrymation, and a profuse watery discharge from
the nose follow. Jaagsiekte has a prolonged clinical course, and is always
fatal. Death occurs within 6 weeks to 4 months after the onset of symptoms.
Moist crackles (a series of sharp sounds) can be heard over the affected lung
areas. Even they can be heard at a distance so that a group of affected animals
are said to produce a sound like slowly boiling porridge. There is no rise of
body temperature unless there is secondary infection. Pasteurellosis is a com-
mon complication and often the cause of death.

Lesions

The lesions consist of multiple foci of neoplastic alveolar type 1I cells in
acinar and papillary patterns. The result is a pronounced thickening of the
alveolar walls, and partial obliteration of the alveolar spaces by small
adenocarcinomas. However, their malignancy is not clear. A certain number of
mononuclear cells and lyphocytes fill the alveoli, and along witha few
neutrophils, appear as an exudate in some of the bronchi. However, there is
never any exudate similar to that seen in the acute exudative pneumonias. The
peribronchiolar lymph nodules are hyperplastic and markedly enlarged. Metastatic
lesions consisting of adenomatous foci in bronchial and mediastinal I ymph
nodes, si milar to those seen in the lung, have been reported. A few reports
have described extrathoracic metastases to sites such as muscle and kidney.
The proliferative nature of the pulmonary lesion together with metastases
is strong evidence that jaagsiekte is neoplastic and malignant.

Diagnosis

Both jaagsiekte and maedi/progressive p neumonia are c hronic lung dis-
eases with long incubation periods. M aedi/progressive pneumonia is not
neoplastic and is characterized by interstitial pneumonia and marked
lymphocytic nodular hyperplasia. Jaagsiekte has many points of similarity to
Marsh's ovine progressive pneumonia, but one difference is the large amount
of catarrhal nasal discharge which is characteristic of this disease. A



102 A Textbook of Veterinary Special Pathology

diagnostic test in this disease is to hold the sheep up by the hind legs. In
affected animals a quantity of watery mucus (up to about 200 ml) runs from
the nostrils ("wheelbarrow test").

Diseases caused by Lentiviruses

Lentiviruses have come from obscurity into the forefront with the discov-
ery that the cause of acquired immunodeficiency syndrome (AIDS) of humans
is a lentivirus, known as "human immunodeficiency virus (HIV)".
Lentiviruses affecting animals include the viruses of visna and maedi (which
are very similar), caprine arthritis-encephalitis virus, feline immunodeficiency
virus, bovine immunodeficiency v irus, simian immunodeficiency virus, and
equine infectious anaemia virus (see Table 5). Lentiviruses produce a chronic
persistent infection with a long incubation period. In 1954, the term " slow
virus infections" was introduced to describe chronicity of visna and maedi.
The term is now used for other lentiviruses also, as well as some other chronic
non-lentiviral d iseases, such as scrapie. L entiviral infections persist even
though they initiate humoral and cellular immune responses. A number of
hypotheses have been put forward to explain persistence, but the mechanism
these viruses use to escape elimination is largely unclear. Lentiviruses share
the characteristics with other retroviruses, but differ antigenically. They do
not require dividing cells for replication, and transcription and translation
occur from non-integrated viral DNA.

Pathologically, 1entiviruses establish themselves in macrophages and
lymphocytes, and interfere with immune functions. For this reason more recent
isolates have been termed immunodeficiency viruses, following the nomenclature
of human immunodeficiency virus. The lesions caused by different lentiviruses
may vary, but most cause some combination of these: 1) 1 ymphadenopathy
with marked follicular hyperplasia. This may proceed to lymphoid depletion,
2) lymphocytic infiltration, 3) interstitial pneumonia, 4) encephalomyelitis, or
5) arthritis. In severely immunodeficient animals, o pportunistic infections
may develop (especially true for HIV), and may d ominate the p athological
findings and be the immediate cause of clinical signs, or death.

Visna-Maedi

In 1935, a chronic viral encephalomyelitis of sheep was reported from
Iceland. It was named "visna". "Visna" is an Icelandic word and means shrink-
age or wasting. The name was used toindicate one c linical feature of t he
disease (wasting) in the paralyzed sheep. Then, in 1939, a chronic, progres-
sive pneumonia w as recognized, a gain in Iceland, and w as named " maedi".
"Maedi" is also an Icelandic word and means dyspnoea. It is now believed
that visna and maedi are caused by the same virus. The same or similar
virus appears to cause the Marsh's progressive pneumonia described first in
Montana, USA, in 1923. The virus of visna/maedi is closely related to the
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lentivirus of goats which causes caprine arthritis-encephalitis. The synonyms
for visna-maedi are "ovine progressive pneumonia”, "lymphoid interstitial
pneumonia”, and "chronic viral encephalomyelitis of sheep”. Visna-maedi
are different clinical manifestations of the same viral infection. The 'visna
syndrome' is a slow, progressive demyelination, whereas the 'maedi syndrome’
is a slowly progressive interstitial pneumonia. A mixed syndrome has recently
been observed. All syndromes invariably terminate fatally. In India, maedi of

sheep has been reported from different parts of the country.
Spread

Infection is mainly spread by the respiratory route. Mononuclear cells
in the colostrum and milk of infected ewes are infected with virus. These cells
may pass through the intestinal wall to infect the lamb.

Pathogenesis

Replication of the virus occurs mainly in the macrophages. This leads to
cell-associated viraemia, and dissemination of the virus to the brain and other
organs. Pulmonary secretions and milk containing infected macrophages are
the main source of virus for natural transmission. Diseases such as jaagsiekte
(pulmonary adenomatosis), which increase the number of macrophages in
lung secretions, facilitate spread of visna-maedi virus.

Visna-maedi virus avoids destruction by antibodies t hrough antigenic
variation. In visna-maedi infections, neutralizing antibodies are produced very
slowly. As a result, these antibodies are inefficient in selecting antigenically
different viruses and therefore they are unable to reduce the viral burden in
infected sheep. These antibodies have a very low affinity for their epitopes
and take at least 20 minutes to bind to the virus and 30 minutes to neutralize it.
In contrast, it takes only 2 minutes for this virus to infect a cell. Thus, the
virus can spread between cells very much faster than it can be neutralized.

Signs

Due to the long interval between infection and development of clinical
disease (i.e., incubation period), w hich is usually 2-3 years but may beas
long as 8 years, these disorders are seen only in adult sheep. Goats are
susceptible, but usually they suffer from their own lentiviral infection, caprine
arthritis-encephalitis. The clinical si gns develop insidiously (gradually with-
out being noticed) and progress slowly. The initial signs are listlessness (hav-
ing no energy) and loss of body condition which progress to emaciation. Signs
of respiratory involvement are not noticeable in the early stages. Dyspnoea
develops later. There is no evidence of excess fluid in the lungs. There may
be coughing and some nasal discharge. Clinical disease lasts for 3-10 months
and the disease is always fatal. In some sheep, clinical respiratory disease is
minimal and the major manifestation is wasting, and the thin ewe syndrome.
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The involvement and induration (hardening) of the mammary glands are also
insidious in onset, and ewes are usually in their third or later lactation by the
time the disease is fully manifest. In advanced cases the udder is enlarged
and very firm.

Lesions of Visna

Originally, when discovered, the virus appeared to affect either the central
nervous system, or the lungs. It is now clear that both systems may be af-
fected in the same animal. The lesions in the central nervous system consist of
zones of demyelination with destruction of paraventricular white matter in the
cerebellum and cerebrum. Similar lesions occur in the spinal cord. The demyelinated
zones are surrounded by gliosis and lymphocytic infiltration. The meninges of both
brain and spinal cord are usually infiltrated by lymphocytes and other
mononuclear cells. The lesions in the CNS result in greatly increased numbers
of cells in the spinal fluid (pleocytosis). This is of help in differentiating the
clinical disease from scrapie, which does not result in pleocytosis.

Lesions of Maedi/Progressive Pneumonia

The gross lesions of the pulmonary form of this disease (maedi) are quite
characteristic. The lungs do not collapse fully when the thorax is opened.
They have a dense, rubbery consistency, but are not consolidated. All lobes
have a uniform greyish colour, and are of uniform consistency. Thisis in
marked contrast to the differences between normal and consolidated areas in
the usual type of acute pneumonia. The lungs are distended, appear large, and
weigh 2-5 times as much as normal adult sheep lungs (normally 300-500 g).
The cut surface is dry and exudate cannot be squeezed.

The microscopic lesions show that the loss of elasticity and compressibility
and the greyish colour are caused by a great increase in the thickness of the
alveolar walls. The thickening may be so great that the alveolar spaces are
obliterated. The thickening is caused by proliferation and infiltration of reticulo-
endothelial or mesenchymal cells that invade the septa everywhere. The cells
vary from large round mononuclear forms, some of which appear to be
macrophages, to short fibroblastic cells. Hyperaemia of the inter-alveolar cap-
illaries occurs in early stages. Lymph nodules occur along the course of the
bronchi and bronchioles. A few large mononuclear cells contain one or more
peculiar cytoplasmic inclusions, 1-3 mm in d iameter, which take a b luish-
grey colour with Giemsa's stain. These are probably specific for the disease.
There is generalized follicular hyperplasia in lymph nodes and spleen, and
lymphoid infiltrations are found in almost any organ. The polyarthritis is char-
acterized by villous hyperplasia of the synovial membrane and an extensive
lymphocytic and plasma cell infiltration.

Diagnosis

There are several ¢ hronic pneumonias w hich need to be d ifferentiated



Viral Diseases 105

from maedi, including jaagsiekte, in which the microscopic picture is quite
different. Also, profuse nasal discharge and the flow of fluid with the wheel-
barrow test in jaagsiekte are the common signs, and there is a shorter course.

Caprine Arthritis-Encephalitis

In 1974, a new disease of goats was described in the United States, which
is now known as "caprine arthritis-encephalitis (CAE)", and recognized as
one of the most important diseases of goats. It is caused by alentivirus
related to the visna/maedi virus, which is distributed worldwide with preva-
lence rates of up to 80% in some herds. However, the number of infected
animals with clinical disease is usually 25%, or less. Sheep can be infected
with the virus. The disease is characterized by arthritis in adult goats and

encephalomyelitis in young goats. The disease has been reported from In-
dia.

Spread

The main route of infection is through colostrum or milk. More than
75% of kids born to infected dams may acquire infection through the colos-
trum and milk. The virus can be isolated both from the cells in the milk, and
from cell-free milk from infected dams. The disease can be transmitted by
contact both during and after the perinatal period. The mechanism of trans-
mission is not known.

Pathogenesis

Animals infected at birth remain persistently infected for life, although
only some develop clinical disease. The virus infects cells of the monocyte-
macrophage type. Shedding of the virus occurs a s i nfected monocytes ma-
ture to macrophages. Disease is the result of inflammation resulting from the
reaction of the host immune system to e xpressed virus. T he lesions are
lymphoproliferative in nature.

The virus of CAE tries to avoid the immune system of the host through
antigenic variation. As a result, although infected animals mount an immune
response to CAE virus, the antibodies formed are unable to neutralize the virus.
Goats with CAE make large amounts of antienvelope antibodies, but they de-
velop insignificant levels of neutralizing antibodies. This is because goats fail
to recognize and respond to the virus-neutralizing epitopes due to antigenic
variation of the virus.

Signs

The encephalitic form of the disease is usually seen in young goats 1-4
months of age. This is in contrast to most lentiviral infections. Affected kids
have difficulty in abducting (taking away) the hind limbs and become ataxic
(i.e. unable to coordinate the muscular movements). An ascending p aralysis
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progresses to total posterior paralysis, and ultimately tetraparesis (paralysis of
all four limbs). There may be torticollis (twisted neck), and the head is held
upward, or at another angle. There is only mild fever, but interstitial pneumonia
can occur and be noticeable clinically.

The arthritic form is seen in adult goats. It is usually a chronic, slowly
progressive disorder, developing over months. All joints are affected, but swell-
ing of the carpal (big knee), hock, and stifle joints is most noticeable.

Lesions

Central nervous system lesions are confined to the white matter, and
are characterized by disseminated perivascular accumulations of mononuclear
cells and demyelination. The mononuclear cuffs are composed of lymphocytes,
macrophages, and large reticulum cells. The articular lesions are characterized
by a villous proliferative s ynovitis with e xtensive lymphocytic infiltration.
Similar lesions are present in tendon sheaths and bursae. In the lung, there is
an interstitial pneumonia with pronounced lymphoid hyperplasia.

Diagnosis

Diagnosis i s based on clinical signs, lesions and serology. An agar gel
immunodiffusion test (AGID) is widely used for detection of infection. Other
serological tests include ELISA and dot ELISA. Identification of CAE is usu-
ally provided by isolation of the virus into tissue culture.

Feline Immunodeficiency Virus Infection

Feline immunodeficiency virus (FIV) is a lentivirus. It was first isolated in
1987 from domestic cats (in the United States) having an immunodeficiency
syndrome. The virus has since been identified in cats throughout the world.
FIV bears many similarities to HIV. It is tropic for T Iymphocytes,
macrophages and astrocyies.

Spread

The virus is shed mainly in the saliva, and it is transmitted primarily
through bites. Accordingly, the highest incidence is in the free-roaming (wild
and pet) male and aged cats (i.e., in cats living outdoors). Very often FIV-in-
fected cats are also infected with feline leukaemia virus (FeLV). However, cats
are more adapted to FIV than are human to HIV, and that FIV is less
immunosuppressive than HIV,

Signs

Following infection, there is a low-grade fever, generalized
lymphadenopathy, and sometimes, diarrhoea. This is mostly seenin young
cats, and usually persists for 2-4 weeks, although lymphadenopathy may persist
for several months. This is followed by clinically normal interval of 1-2 years
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during which there is depression of the CD4+ to CD8+ T cell ratio. Afterwards,
infected cats may develop recurrent fever, lymphadenopathy, anaemia,
diarrhoea, and weight loss. Chronic secondary infections, especially gingivitis,
dermatitis and upper respiratory d isease, and o pportunistic infections may
occur at the final stages of disease. Opportunistic infections include
toxoplasmosis, calicivirus infection, feline herpesvirus infection, candidiasis,
cryptococcosis, haemobartonellosis, mycobacteriosis, and others. Several
neurological abnormalities, including dementia, twitching, tremors and
convulsions, may also occur.

Lesions

Lesions basically reflect those of opportunistic infections. Encephalitis,
characterized by perivascular mononuclear infiltrations and glial nodules, is most
likely a primary FIV lesion, comparable to the encephalitis seen in AIDS. Care
must be taken to rule out toxoplasmosis, or other agents that can lead to en-
cephalitis. Microscopically, the lymphadenopathy is characterized by early
follicular hyperplasia which may later progress to marked lymphoid depletion.

Cats remain infected for life. The presence of serum antibodies is di-
rectly correlated with the ability to isolate virus from blood cells and saliva.

Bovine Immunodeficiency Virus Infection

Bovine immunodeficiency virus (BIV), a lentivirus, is one of the three
bovine retroviruses. The others are bovine leukaemia virus (a type C
oncornavirus), and bovine spumavirus (a foamy virus). BIV was the first of
the bovine retroviruses to be isolated. T his happened in the course of the
search for the cause of bovine leukaemia in the 1960s. Since BIV did not
prove to be the cause of bovine leukaemia, the virus remained unstudied until
the recognition of HIV as the cause of AIDS in humans. BIV was the third of
the lentiviruses to be discovered, preceded by equine infectious anaemia virus
and the ovine lentivirus of visna-maedi and ovine progressive pneumonia.

The original BIV isolate was recovered from a Holstein cow in Louisiana,
USA, which had lymphocytosis and a gradually weakening condition. Since then,
several additional isolates have been obtained. Studies have revealed that the infection
is life-long and associated w ith lymphocytosis or lymphopaenia, generalized
lymphadenopathy, and multiple grossly visible s ubcutaneous nodules of
lymphocytes. Lymphocytic cuffing in the brain and lymphocytic meningitis also
occur along with neuronal degeneration and lymphocytic infiltration of the neuropil
(complex network of processes of neurons and neuroglial cells).

Clinical findings include lethargy, mastitis, pododermatitis (dermatitis of
foot), pneumonia, mycotic abomasitis, and abscessation and lymphosarcoma.
Persistent infection with BIV predisposes to the effects of bovine leukaemia
virus. Some infected cattle can be detected by serological tests for viral anti-
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bodies. Virus isolation from blood appears to be the most accurate way to
detect infected animals.

Equine Infectious Anaemia

Also known as "swamp fever", equine infectious anaemia (EIA) isan
important viral disease of horses, mules and asses (donkeys). It is caused by
a lentivirus, and has a worldwide distribution. The virus shares serological
reactivity with the human AIDS lentivirus (HIV). EIA was first recognized
in France in 1943. It is not only a serious economic problem, but also a useful
model for the study of mechanism involved in the persistence of virus in the
host, and its pathogenic effects. Once the virus enters into a susceptible animal,
it can be demonstrated in the blood as long as the animal lives. Despite the
immune response, the virus persists like other lentiviral infections. The dis-
ease was first recorded in India in 1987 in an equine stud at Bangalore. Sero-
surveillance of EIA carried out in recent years by the National Research Centre of
Equines, Hisar, Haryana, found a number of horses positive in different states
of India, particularly in Haryana and Maharashtra.

EIA infection may be almost subclinical, or it may be acute with febrile
manifestations, and a rapidly fatal outcome. But infected horses have lived up to
18 years with few signs. However, at any time, minute amounts of their blood
injected into normal horses induces acute infectious a naemia. Horses w hich
appear recovered from the acute disease may suddenly show severe symptoms,
and die after exposure to some harmful influence, such as hard work. It appears
that host and parasite, under some conditions, maintain a delicate balance.

Spread

The virus is transmitted mechanically by the bite of mosquito (Culex
sp.) or biting fly (Stomoxys calcitrans, Tabanus sp.) It can even be transmit-
ted iatrogenically (i.e., by a clinician) by the transfer of a minute amount of
blood from an infected horse to a normal horse by the use of u nsterilized
hypodermic needles, tattoo needles, curry combs, or items of equipment, such
as harness, bit, or saddle. The disease is not spread by ordinary contact.

Pathogenesis

The virus localizes in many organs, especially spleen, liver, kidney and
lymph nodes. It can be detected there in greatest quantity when a severe clinical
attack is present. I't disappears from tissues in periods between attacks. A -
though there is persistent viraemia, probably throughout the horse's life, t he
level is low except during periods of clinical activity, so that it is at these times
that the animal is most infective. Pathogenesis of EIA involves primary entry
and infection of macrophages; destruction of macrophages and release of virus;
production of antibodies to antigenic components; formation of antigen-anti-
body complexes, w hich induce fever, glomerulitis, and complement deple-
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tion; specific complexes cause haemolysis or phagocytosis by activating the
reticulo-endothelial system; pathological processes subside, as virus-
neutralizing antibodies prevent viral multiplication in macrophages; and the
horses become p ermanently asymptomatic. The animal can be said to have
achieved an appropriate level of immune response sufficient to protect it against
antigenic epitopes which are common to all EIA virus strains. Life-long viral
persistence is due to a virus-induced defect of the macrophages.

The EIA virus tries to avoid host's immune system by undergoing rapid
antigenic variation. The EIA virus, like other lentiviruses, undergoes random
mutation at a high rate, and new antigenically different variants are pro-
duced. Their survival depends on the presence of neutralizing antibodies in the
horse's serum. As variant strains of the virus are produced, the infected horse
makes neutralizing antibodies to that variant. As a result, that period of viraemia
ends. However, variants of the EIA virus appear rapidly and randomly. The
appearance of a new non-neutralizable variant leads to clinical relapse.

The anaemia which appears intermittently is caused mainly by destruc-
tion of red blood cells by means of an immunologically mediated mechanism.
Erythrocytes of infected horses are coated with antiviral antibodies and complement
3. This binding to the cell surface results in increased osmotic fragility (i.e., easily
damaged), shortened half-life, and erythrophagocytesis. Plasma haemoglobin
level increases and serum haptoglobin level decreases. Haptoglobinis a
glycoprotein synthesized in the liver. It binds free haemoglobin released from
intravascular haemolysis. The haemoglobin-haptoglobin complex is rapidly
removed from the circulation by the Kupffer cells. T hese findings suggest
haemolysis as a key factor in genesis of the anaemia. Another less important
factor is depression of the bone marrow during acute episodes.

Renal glomeruli are affected in horses with active disease. The glomeruli
have thickened basement membranes and mesangium cells are increased in
number, and neutrophils are present. Immunoglobulin G (IgG) and ¢ omple-
ment 3 (C3) can be demonstrated in the mesangium and on basement mem-
branes. It appears that this glomerulitis is the result of deposition of virus-
antibody complexes which have been demonstrated in the peripheral circula-
tion. Immunological factors may also be involved in the production of lesions
in other organs, such as the liver.

Signs

The clinical disease is usually divided into three types: acute, subacute,
and chronic. However, usually cases fall into two or more of these groups, and
may even pass through all the three. Acute cases are characterized by rapid
onset of high fever (up to 108 ° F) after an incubation period of 1-3 weeks.
The fever is accompanied by e xtreme weakness, e xcessive thirst, anorexia,
depression, oedema of the lower abdomen, and sublingual (beneath the tongue)
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or nasal haemorrhages. Death may occur within a month. If the animal
survives, disease takes up the subacute or chronic form. Anaemia is not a
prominent feature at the onset, but there is a gradual reduction in circulating
red blood cells. The normal count of 8 million/mm3 drops to about 4 million/
mm3 in most cases.

In the subacute form, the disease is manifested by relapsing (recurring)
fever and recurrence of other symptoms at regular intervals. Other symptoms
are similar to those of the acute type, but less severe. The attacks may increase
in severity, with gradual weight loss, debility, oedema of dependent parts, and
unsteady gait. Death may occur during any of these recurrent attacks. Pallor
(paleness) of mucous membranes indicates the loss of circulating erythrocytes,
which may fall as low as 1.5 million/mm3. The sedimentation rate is greatly
increased.

The chronic form may develop after the animal has passed through an
acute infection. It may even occur in the absence of an obvious attack. Some
animals appear to be in good health except for mild fever at intervals. Others
remain thin despite a good diet, and sometimes show oedema under the tho-
rax and abdomen. The red cell count is usually 2-3 million/mm3 below nor-
mal.

Lesions

The nature of the lesions depends to a large extent on the clinical type
of disease and the duration of illness. In other words, an animal which dies
during an attack, after several aggravations characteristic of the chronic disease,
shows different changes than one that dies after a single acute attack. There-
fore, the lesions are described in relation to the clinical type of the disease.

Acute Disease

Jaundice, oedema and haemorrhages are the main gross findings at
necropsy. Oedema is most prominent in the ventral wall of the abdomen, at the
base of the heart, and perirenal fat. The haemorrhages are petechial, or less often
ecchymotic, and are found in the oedematous areas, or in the pleura and perito-
neum. The heart is enlarged; the myocardium is pale and flabby. Haemorrhages
and oedema occur in the epicardium and pericardium. Pericardial sac may con-
tain excessive amounts of clear or sanguineous fluid. Microscopically, oedema
and haemorrhages are found. The liver may be grossly enlarged, red to dark
brown, and may show haemorrhages. The spleen is nearly twice normal size.
The capsule is tense and may show petechiae. The cut surface is dark red and
somewhat granular. Haemorrhagic infarcts may be present. Microscopically,
the red pulp is increased in volume which results from infiltration of the cords
of Bilroth with mononuclear cells. These cells are believed to arise in the
reticulo-endothelium and to be immature lymphoid cells.
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The lymph nodes may be enlarged, and their changes are similar to those
of the spleen. The bone marrow is strikingly red as the normal fatty marrow
is replaced by areas of active haematopoietic marrow. The kidneys are usually ’
oedematous. There is intense infiltration of immature lymphoid cells into the
interstitial stroma of both cortex and medulla. Immunoglobulins and complement
have been demonstrated with i mmunofluorescent techniques. All organs and
tissues of the body may show evidence of the reticulo-endothelial hyperplasia

described in sp leen, lymph nodes, liver and kidney, but these changes are
not constant.

Subacute Disease

Oedema and haemorrhages may occur, but they are less prominent t han
anaemia. Microscopically, in the m yocardium, so me muscle bundles s how
hyaline d egeneration and leukocytic (mainly | ymphocytic) infiltration. T he
liver is enlarged, dark brown, and firm. On the cut surface, the lobular mark-
ings are more marked than the normal organ. Microscopically, the c entral
veins are congested, and sinusoids dilated and filled with lymphocytes, plasma
cells, macrophages c ontaining haemosiderin, and reticulo-endothelial c ells.
The reticulo-endothelial cells often form small nodules within the sinusoids.
Affected livers show haemosiderosis. The spleen is enlarged. The trabeculae
are widely separated, as are the splenic c orpuscles, which are enlarged and
clearly visible in some gross specimens. Microscopically, reticulo-endothelial
hyperplasia in the cords of Bilroth, similar to that observed in the acute form,
is the cause of its gross appearance. In lymph nodes, replacement of normal
structures by reticulo-endothelial and 1 ymphoid cells is more pronounced.
The centres of long b ones contain large areas of red, and sometimes
haemorrhagic-appearing marrow. In kidneys, | ymphoid cells are presentin
smaller numbers.

Chronic Disease

Hypertrophy of the spleen and bone marrow may be the only pathologi-
cai change present. Changes in the spleen and | ymph nodes are similar to
those described for the s ubacute disease. The bone marrow in long bones,
even in aged horses, is markedly red rather than fatty. This hyperplasia of the
haematopoietic marrow is more noticeable in the gross specimens thanin
microscopic sections. Microscopically, myeloid and e rythroid elements are
in about normal p roportion, indicating that haematopoiesis i s not d epressed
but rather stimulated, as a result of destruction of erythrocytes.

Haematological Changes

The anaemia is normocytic and normochromic. T he anaemia occurs
from a combination of haemolysis, erythrophagocytosis, and a decreased pro-
duction of erythrocytes. Thrombocytopaenia is a usual finding. Serum levels
of immunoglobulin are usually increased in the acute stages, and the Coombs'
test results are positive.
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Diagnosis

A presumptive diagnosis can be made during the acute disease from the
clinical signs and also from the characteristic gross and microscopic lesions at
necropsy. Confirmatory diagnosis, however, depends on specific i dentifica-
tion of the virus, either in the affected animal, or after isolation in horse
leukocyte culture. An agar-gel immunodiffusion (AGID) test, developed by
Coggins in 1972 in USA, is particularly useful in detecting humoral anti-
bodies in the serum of infected horses. A precipitin line develops in the
presence of humoral antibodies to tissue culture-derived antigen. The pres-
ence of these antibodies is consistently associated with virus. Therefore, the
test (Coggins' test) is a useful method to detect the virus. Fluorescein-la-
belled immunoglobulins are useful to demonstrate viral antigens in i nfected
tissues.

Spumaviruses

Spumaviruses, or foamy viruses, are retroviruses. They are found in a
number of mammals, including cats, cattle, primates, and humans. The infec-
tion persists for the lifetime of infected hosts, and the viruses are shed orally.
The incidence of infection is high, but infection is asymptomatic. To date, no
specific disease has been associated with the foamy viruses.

Caliciviridae

Viruses of this family were once included in Picornaviridae. Now they
are classified as a separate group. Calicivirusesare slightly larger than
picornaviruses, and virion has 32 cup-shaped surface depressions. This gives
rise to their name (G. calyx, calix, calici = cup). There are only two important
viruses in this group: the virus of vesicular exanthema of pigs, and the
calicivirus of cats.

Diseases caused by Caliciviruses
Vesicular Exanthema of Swine

Vesicular exanthema is an acute, febrile, infectious disease of pigs caused
by a calicivirus. It is characterized by fever and vesicle formation, andis
indistinguishable clinically from foot-and-mouth disease in pigs, vesicular
stomatitis, and swine vesicular disease. The disease was first reported in 1935
from California, USA. Except for isolated outbreaks in Hawaii and Iceland,
the disease has remained confined to the United States.

Spread

The virus appears to be transmitted by feeding uncooked garbage to
pigs. It was found that in California, the sea lion virus in the aborted sea lion
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foetuses appeared to be identical to the calicivirus of vesicular exanthema. It
is thought that sea lion carcasses fed to pigs caused the initial porcine in-
fection, and that the disease was spread widely by uncooked pork scraps
(leftover small pieces) taken from railway dining cars and fed to other pigs.
Thus, raw garbage containing infected pork scraps is the most common
medium of spread from farm to farm. The sources of infection are infected
live pigs and infected pork. On infected premises, the disease spreads by di-
rect contact.

Pathogenesis

There is a viraemia lasting for 72-84 hours. The virus then localizes in the
buccal mucosa and skin above the hooves.

Signs

There is an initial high fever (106°-107° F) followed by the development
of vesicles in the mouth, on the snout, on teats and udder, and on the coronary
skin, the sole, the heel bulbs and between the claws, and accompanied by
complete anorexia. Vesicles are full of clear fluid. The vesicles rupture easily
leaving raw, eroded areas. R upture usually occurs about 24-48 hours after
they appear, and is accompanied by a rapid fall of temperature. S econdary
crops of vesicles often follow. The affected feet are very sensitive and there is
severe lameness. Healing of the oral vesicles occurs rapidly. Recovery in un-
complicated cases is usually complete in 1-2 weeks. A ctually, vesicular
exanthema runs a mild, rapid course of about 10 days, and is almost never
fatal.

Lesions

A sudden rise in temperature to as high as 107° F, is accompanied by the
appearance of small vesicles filled with clear fluid. The vesicles appear in the
epithelium of the snout, nose, lips, gums, tongue, and between digits, around
the coronary band, on the ball of the foot, or even in the dew-claws. Vesicles
may develop on the udder and teats of nursing sows. Vesicles sometimes coa-
lesce. Rupture of all vesicles occurs after a few days, and is followed by
healing. After 7-10 days, only slightly scarred areas are left. Ulceration and
secondary bacterial infections of lesions on the feet may make animals lame
for some time. The cutaneous lesions are indistinguishable from the intra-
epithelial lesions of foot-and-mouth disease, but systemic lesions are not seen
in vesicular exanthema.

Diagnosis

Diagnosis of vesicular e xanthema depends on complement-fixation test,
animal inoculation, or virus isolation and identification. These are necessary
to distinguish it from foot-and-mouth disease, vesicular stomatitis, or sw ine
vesicular disease.
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Feline Calicivirus Disease

Feline calicivirus causes an acute respiratory disease characterized by
fever (often biphasic), d epression, anorexia, d yspnoea or polypnoea (very
rapid breathing, panting), pulmonary rales; and vesicles resulting in ulcers of
the nostrils, tongue or hard palate. Sneezing may occur, but nasal or conjunc-
tival discharge is not an important feature.

Lesions

Important lesions include vesicles of the nostrils, tongue, oral mucosa,
or hard palate. These vesicles are followed by further necrosis of cells in the
epithelium, leaving sharply demarcated ulcers that heal slowly. Viral antigen
can be demonstrated in cells at the margin of these ulcers by
immunofluorescence technique.

In the lung, the virus has a tropism for alveolar type I epithelial cells,
which become necrotic and initiate a pulmonary inflammatory response. This is
followed by adenomatous proliferation of type II alveolar lining cells, with even-
tual shedding of these cells into the alveoli. These changes result in sharply
demarcated, irregularly outlined gross lesions in the lungs. The lesions are solid
dark purple, often located near the periphery of the lung. Ultrastructurally,
virions are seen in relation to smooth endoplasmic reticulum, often in vesicles.

Viral invasion of enterocytes of the small intestine also occurs and causes
enteritis. Arthritis has also been attributed to feline calicivirus.

Diagnosis

Diagnosis is made by isolation or immunological means. The disease should
be differentiated from feline viral rhinotracheitis, which is usually more severe
and in which typical herpesvirus intranuclear inclusion bodies occur. The oral
ulcers in calicivirus infections are much smaller than those seen in feline viral
rhinotracheitis.

Picornaviridae

The Family Picornaviridae includes a large number of viruses (Table
7). The family is so named because the viruses are small in size and contain
RNA (L. pico = small; rma = ribonucleic acid).

Table 7. Diseases caused by viruses of Picornaviridae family

Enterovirus

Porcine encephalomyelitis
Swine vesicular disease
Avian encephalomyelitis
Avian nephritis

Duck hepatitis

Turkey viral hepatitis
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Cardiovirus
Viral encephalomyocarditis of pigs

Rhinovirus

Human rhinovirus infection
Bovine rhinovirus infection
Equine rhinovirus infection

Aphthovirus
Foot-and-mouth Disease
(Aphthous fever)

The viruses of this family are serologically different, but similar in their
morphology and physical and chemical properties. They are responsible
for a wide range of illnesses in humans and animals. Viruses of this family
have an icosahedral (i.e., having 20 faces) capsid 25-30 nm in diameter, and
are non-enveloped. The viral nucleic acid consists of a single linear molecule
of positive-sense single-stranded RNA.

The Family Picornaviridae has four genera which contain animal patho-
gens. These are enterovirus, cardiovirus, rhinovirus, and aphthovirus. The
only physical d ifference between these genera is about their pH stability.
Enteroviruses in the beginning infect the oropharynx. B ut because of their
stability at a low pH, they pass through the stomach to the intestines, where
replication occurs, probably in lymphocytes. Subsequent viraemia allows dis-
semination to other target organs, such as the central nervous system. Members
of the genus rhinovirus are susceptible to low pH, and include pathogens for
humans, cattle, and horses. They are highly specific. These viruses replicate
in the upper respiratory tract, which is their primary and definitive (final) site
of localization. The genus aphthovirus contains the virus of only foot-and-
mouth disease (7 serotypes and 53 subtypes). These viruses are inactivated at
a pH of less than 7. Primary replication occurs in the pharynx after inhalation
of aerosols (suspended viral particles in the air), or ingestion of contaminated
materials. Thisis followed by viraemia and spread of virus to other organs
and tissues. Encephalo-myocarditis virus is the only member of the cardiovirus
genus. The final site of localization of this virus (definitive tropism) is either
the central nervous system, or the myocardium.

Diseases caused by Enteroviruses
Porcine Encephalomyelitis

Several enteroviruses have been recovered from pigs. One of these, termed
porcine enterovirus 1, causes encephalomyelitis. Porcine encephalomyelitis
is also known by several other names. The first of these was "Teschen dis-
ease", so named after the province of Czechoslovakia in which the first out-



116 A Textbook of Veterinary Special Pathology

break was identified. Other names include poliomyelitis suum, T alfan dis-
ease, and benign enzootic paresis. The disease is similar to poliomyelitis of
humans in that the virus can be isolated from the alimentary tract, and the
ventral columns of grey matter in the s pinal cord are consistently a ffected.
However, in the porcine disease, the lesions in the cerebral cortex and cer-
ebellum are much more extensive and randomly located than in poliomyelitis.

Pathogenesis

Infection occurs by ingestion, or even by the respiratory route. The virus
multiplies mainly in the intestinal tract, but also in the respiratory tract, and
may invade to produce viraemia. Invasion of the central nervous system may
follow depending upon the virulence of the strains and the age of the pig at
the time of infection.

Signs

Following an incubation period of 10-20 days, the onset is usually accom-
panied by fever (104°-105° F), anorexia, lassitude (fatigue, lethargy),
depression, and sometimes slight incoordination, particularly of the hind limbs.
Recovery may occur, or these s ymptoms may be followed by irritability,
stiffness of the extremities, and in severe cases by tremors, violent convul-
sions, prostration (lying d own), and coma. A sudden drop in temperature
followed by paralysis and death within 3-4 days after onset is the usual course.
Some animals may even die within 24 hours.

Lesions

There are no specific gross lesions. Microscopic lesions are limited to
the central nervous system. The virus attacks neurons of brain and spinal
cord. The changes produced are linked to the destruction of these cells. The
lesions have a specific distribution. The spinal cord is constantly affected,
the c hanges being limited to the ventral c olumns of the grey matter. T he
Purkinje, molecular and granular layers of the cerebellum are also involved,
in order of decreasing se verity. The leptomeninges over the cerebellum are
heavily infiltrated with lymphocytes. The thalamus also suffers considerable
damage. Lesions of decreasing intensity occur in the basal nuclei, the base of
the brain, olfactory bulbs, hippocampal gyrus, and the pons and medulla.

In affected sites, multipolar nerve cells undergo degeneration of vary-
ing degrees, including necrosis. This is accompanied by n euronophagia,
inflammatory or glial nodules, occasional haemorrhage, and diffuse infiltra-
tion of 1eukocytes, mainly I ymphocytes. Accumulations of 1 ymphocytes in
the perivascular (Robin-Virchow) spaces are often seen. They are usually close
to lesions in the grey matter, and may extend into the white matter. Otherwise,
the white matter is not involved. Ultrastructurally (i.e.,
electronmicroscopically), there is extensive vesiculation (dilation) of neuronal
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(of neuron's) endoplasmic reticulum cisternae (spaces).
Diagnosis

The demonstration of typical microscopic lesions in the brain and spinal
cord is sufficient for presumptive diagnosis. The definitive diagnosis requires
that the virus be isolated and identified, or that specific antibodies be demon-
strated in increased quantities in the serum of recovered pigs.

Swine Vesicular Disease

This is a new disease of pigs thatis spreading rapidly throughout the
world. The disease is of considerable importance as it is clinically indistin-
guishable from foot-and-mouth disease. The disease was first recognized in
1966, in Italy, as a febrile illness accompanied by vesicle formation on the
mouth, snout, and feet. Lameness and ulcerations followed the early
vesiculation (vesicle formation). All these features were indistinguishable from
the signs of foot-and-mouth disease. T he disease is caused by a specific
enterovirus. This makes it possible to differentiate this infection from vesicular
exanthema (calicivirus), foot-and-mouth disease (aphthovirus), or vesicular
stomatitis (vesiculovirus).

Spread

Infection generally occurs through minor abrasions on the feet, but may
occur through other routes. The virus is excreted in oral and nasal secretions and
in faeces. The vesicular fluid and shed vesicular epithelium are potent sources
of infection. Transmission occurs by direct contact or contact with infected food,
or water, or infected faeces, and the disease spreads rapidly between pigs
within the same group. Air-borne transmission of the virus is not a feature,
and the spread between groups of pigs is less rapid than that which occurs
with foot-and-mouth disease.

Pathogenesis

There is variation in the susceptibility of different sites of the body to
invasion by the virus. In natural outbreaks initial infection occurs mostly through
damaged skin. Once infection is established in a pig, virus excretion is so massive
as to result in infection of others through the tonsil of gastrointestinal tract, as
well as through skin abrasions. Infectionis followed by viraemia, and the
virus has a special affinity for epithelium of the coronary band, tongue, lip
and snout, and for myocardium. Lesions in the brain are seen microscopically,
but nervous signs are not a common clinical finding.

Signs

The incubation period varies from 2-14 days. A transient fever (104°-
105° F), lameness, arching of the back and other signs of foot discomfort are
seen, but are less severe than with foot-and-mouth disease. Characteristic
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vesicles occur usually on the coronary band of the claws, especially at the
heel. In severely affected pigs, the lesions encircle the coronary band, and the
horn may be shed as in foot-and-mouth disease. L. esions also occur on t he
tongue, lips and snout, and the skin of the legs and belly. The course of the
disease is generally 2-3 weeks. Mortality is very uncommon.

Lesions

Changes in the stratified e pithelium are most evident in the skin of the
coronary band of the hoof. Coagulative necrosis in the Malpighian layer results
in vesiculation and sloughing. This is followed by regenerative pseudo-
epitheliomatous h yperplasia. Similar lesions develop on the snout, lips and
tongue.

Zoonotic Importance

The swine vesicular disease virus resembles closely coxsackie virus B, a
common pathogen to humans. The swine virus is suspected of infecting labora-
tory workers, who have been in contact with it. Coxsackie virus B has been
associated with aseptic meningitis, encephalitis, myositis, orchitis, myocarditis,
diarrhoea, respiratory disease, and vesicular and papular rash in humans.

Diagnosis

The occurrence of vesicles differentiates this disease from other non-ve-
sicular diseases of pigs. Foot rot in pigs is associated with lesions on the sole
and horn of the claw, rather than the epithelial areas of the coronary band. The
differentiation of swine vesicular disease from other vesicular diseases depends
on various laboratory tests (ELISA and others) and virus identification.

Avian Encephalomyelitis (Epidemic Tremor)

Avian encephalomyelitis (AE) is an infectious viral disease of young chick-
ens, turkeys, pheasants, and quail. It is characterized by ataxia and rapid tremors,
especially of the head and neck. Because of this it was often called "epidemic
tremor”. AE occurs worldwide. The diameter of the virus ranges from 20-30 nm.
Itis a single-stranded RNA (ssRNA) virus. All strains appear to be antigenically
uniform, but there are variations in neurotropism and virulence. Field strains are
mainly enterotropic, whereas egg-adapted strains are mainly neurotropic.

The immune status of the affected bird appears to be the main factor influenc-
ing the outcome of infection. Antibodies are transferred to progeny from the dam
through the egg, and can be demonstrated in egg yolk. Maternal antibodies can
protect young birds against systemic infection. It becomes increasingly difficult to
produce disease in chicks as they become older. This is due to increasing immuno-
competence with age, and the development of a protective humoral response.
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Spread

Under natural conditions, AE is basically an enteric infection. Ingestion is
the usual route of entry. Exposure through the respiratory tract may be unim-
portant, except through the coincident exposure of the alimentary tract. Virus
is shed in the faeces for a period of several days, and because itis quite
resistant to environmental conditions, it remains infectious for long periods
of time. It appears that some birds are enteric carriers and excrete virus in
their droppings. Infected litter is a source of the virus which is easily trans-
mitted horizontally by fomites and mechanical carriers. Vertical transmis-
sion is a very important means of virus dissemination. Transmission of the
virus occurs through the egg, from infected to susceptible st ock. Egg trans-
mission occurs during the period from the infection of susceptible laying hens
to the-development of immunity, a period of 3-4 weeks.

Pathogenesis

There are significant differences between egg-adapted and field strains
of the virus in the pathogenesis of the disease. In y oung chicks e xposed
orally to field strains, primary infection of the alimentary tract, e specially
duodenum, is rapidly followed by a viraemia, and subsequent infection of the
pancreas and other visceral organs (liver, heart, kidney, spleen) and skeletal
muscle, and finally the central nervous system. Viral antigen is abundant in
the CNS, where Purkinje cells and the molecular layer of the cerebellum are
favoured sites of virus replication. Persistence of the viral infection is common
in the CNS, alimentary tract, and pancreas. CNS and the pancreas are the only
sites uniformly infected by egg-adapted strains.

Age at exposure is e specially important in the p athogenesis. Birds in-
fected at 1 day of age generally die, whereas those infected at 8 days develop
paresis (partial paralysis), but usually recover. Infection at 28 days causes no
clinical signs. Bursectomy (surgical removal of bursa of Fabricius), but not
thymectomy (surgical removal of thymus) abolished (ended) the age resist-
ance. This indicated that humoral immunity was the basis of age resistance.
It is found that young age (thus immunological incompetence) correlates with
prolonged viraemia, persistence of virus in the brain, and development of
clinical disease. The immune response of an immunologically competent
bird stops the spread of infection before it reaches the CNS.

Signs

AE usually makes its appearance when chicks are 1-2 week of age.
Affected chicks first show a slightly dull expression of the eyes. This is fol-
lowed by a progressive ataxia from incoordination of the muscles, which may
be d etected readily by e xercising the c hicks. As the ataxia becomes more
pronounced, c hicks show an inclination to sit on their hocks. Finally, they
come to rest, or fall on their sides. Fine tremors of the head and neck may
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become noticeable. Their frequency and intensity may vary. Ataxia usually
progresses until the c hick is incapable of moving about, and this stageis
followed by inanition (loss of vitality from lack of food and water), prostra-
tion (lying down), and finally death. S ome chicks may survive and grow to
maturity. Survivors may later develop blindness from an opacity giving a bluish
discoloration to the lens.

As mentioned under p athogenesis, there is a marked age resistance to
clinical signs in birds exposed after they are 2-3 weeks of age. Mature birds
may experience a temporary drop in egg production, but do n ot develop
neurological si gns.

Lesions

The only gross lesions in c hicks are w hitish areas in the muscles of
ventriculus, which are due to masses of infiltrating lymphocytes. In adult birds,
no changes have been described except the lens opacities.

Microscopically, the main changes are in the CNS, and some viscera.
The peripheral nervous systemis not involved. In the CNS, the lesions are
those of a disseminated, non-purulent encephalomyelitis, and a ganglionitis
(inflammation of a ganglion) of the dorsal root ganglia. T he most common
finding is a striking perivascular infiltration in all portions of the brain and
spinal cord, except cerebellum. Infiltrating small lymphocytes pile up several
layers to form a conspicuous cuff. Microgliosis occurs as diffuse and nodular
aggregates. The glial lesion is seen chiefly in the cerebellar molecular layer.
In the midbrain, two nuclei - nucleus rotundus and nucleus ovoidalis - are
always affected with a loose microgliosis which is considered pathognomonic.
Another lesion of pathegnomonic importance is central chromatolysis (axonal
reaction) of the neurons in the nuclei of the brain stem, particularly those of
the medulla oblongata. The dying neuron is surrounded by satellite
oligodendroglia. Later, microglia phagocytize the remains. The central
chromatolysis is never seen without an accompanying cellular reaction.

Visceral lesions appear to be hyperplasia of the lymphocytic aggregates.
In the proventriculus, there are normally only a few small lymphocytes in the
muscular wall. In AE, these become dense 1 ymphocytic foci ( aggregates).
This lesion is pathognomonic. Similar lesions occur in the ventriculus mus-
cle, but unfortunately they also occur in M arek's disease. In the p ancreas,
circumscribed lymphocytic follicles are normal, but in AE the number in-
creases several times. In the myocardium, particularly in the atrium, there are
aggregates of lymphocytes. These are considered to be the result of AE.

The recovered birds develop circulating antibodies capable of neutraliz-
ing the virus. Humoral, and not cellular, immunity is important in restrict-
ing infection.
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Diagnosis

The clinical signs, absence of gross lesions, and microscopic findings in
the brain, spinal cord and visceral organs, together with the absence of other
virus infections and nutritional deficiencies affecting the nervous system, are
used for routine presumptive diagnosis. A definitive diagnosis requires dem-
onstration of the virus by isolation and identification, or by other means. Ex-
amination o f s mears from the brain, or cryostat sections stained by direct
immunofluorescence may also be used to demonstrate virus; positive results
are confirmatory. A number of serological tests are available for determining
the presence of infection. T hese include virus neutralization (VN) test, an
indirect immunofluorescence test, and an ELISA test. Because of the specificity
and sensitivity, rapidity of performance and usefulness in large-scale screening,
the ELISA has replaced other tests for antibody assessment, including the
assessment of efficiency of vaccination.

In differential diagnosis, AE should not be confused with other a vian
diseases manifesting similar clinical signs. These include Ranikhet disease,
nutritional encephalomalacia, and Marek's disease. Certain lesions are s pe-
cific to AE; central chromatolysis as opposed to peripheral chromatolysis of
Ranikhet disease, gliosis in the nucleus rotundus and nucleus ovoidalis which
is not observed in Ranikhet disease, lymphocytic foci in the muscular wall of
the proventriculus, and circumscribed lymphocytic follicles in the p ancreas.
Ranikhet disease rarely c auses an interstitial pancreatitis. Encephalomalacia
usually appears 2-3 weeks later than AE. Microscopically, it causes se vere
degenerative lesions in no way similar to AE. Marek's disease, which occurs
still later, presents no difficulty. The peripheral nerve involvement and
lymphocytosis of the visceral organs are two criteria not seen in AE.

Avian Nephritis

Avian nephritis, caused by an e nterovirus, is an acute, highly conta-
gious, typically subclinical disease of young chickens that produces lesions
in the kidneys. The virus, called " avian nephritis virus (ANV)", was first
described in Japan in 1979. It is a single-stranded RNA (ss RNA) virus:
morphology being 30 nm small round particles. ANV is distinct from avian
encephalomyelitis virus and duck hepatitis viruses.

Spread

ANV is distributed worldwide in the domestic fowl. Transmission readily occurs
by direct or indirect contact. The most common method is probably through ingestion
of faecally contaminated material. Egg transmission (vertical transmission)
has been suggested on the basis of field observations.
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Pathogenesis

Only young chickens are known to develop clinical disease and distinct
kidney lesions when exposed to ANV. Following infection, the virus is first
detected in faeces within 2 days, with maximum virus shedding at 4-5 days.
The virus is widely distributed, with maximum titres in the kidney and jejunum
and lower titres in the bursa of Fabricius, s pleen, and liver. The virus is
consistently isolated from kidney, jejunum, and rectum, but not from brain
and trachea.

Signs

The clinical sign in 1-day-old chicks is only transient diarrhoea, but not all
chicks show the signs. Weight gain is depressed. In the broiler chickens, symp-
toms vary from none (subclinical) to outbreaks of the so-called "runting syn-
drome" and "baby chick nephropathy".

Lesions

Gross lesions in dead chicks are mild to severe discoloration and swelling
in the kidneys, and visceral urate deposits. Chalk-like urate crystals are seen
on the surface of the peritoneum and liver. The heart is white due to heavy
urate deposits on the epicardium. Microscopically, the primary changes consist
of necrosis and degeneration of epithelial cells of t he proximal c onvoluted
tubules with infiltration of granulocytes. The degenerating epithelial cells show
acidophilic granules of various sizes in the cytoplasm. Also, there is intersti-
tial lymphocytic infiltration and moderate fibrosis. In the later stages, lymphoid
follicles develop. Virus particles and viral antigens can be demonstrated in the
degenerating epithelium by electron microscopy, and also by
immunofluorescence.

Diagnosis

Antibodies against the virus can be detected by indirect
immunofluorescence, serum neutralization tests, and ELISA. Of these serum
neutralization is the most sensitive, but is costly and laborious. For isolation

and identification of the virus, s amples of faeces and/or kidney should be
inoculated into cultures of chick kidney cells, or into chick embryos.

In differential diagnosis, certain nephrotoxic strains of infectious bronchitis
virus cause interstitial nephritis. It is difficult to separate the two conditions on
the basis of the microscopic lesions. However, with infectious bronchitis there
are some changes in the trachea, and infections in kidneys are usually preceded
by respiratory si gns.

Duck Hepatitis

Duck hepatitis (DH) is a highly fatal, rapidly spreading viral infection
of young ducklings characterized primarily by hepatitis. It can be caused by
any of three different viruses, namely, duck hepatitis virus (DHV) types 1, 2,
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and 3. They are serologically distinct. DHV type 1 is 20-40 nm in size, con-
tains RNA, and has been classified as an enterovirus.

Spread

The natural infection has been reported only in ducks. The virus re-
mains viable for many weeks in faeces. It is therefore thought that infection
occurs following t he i ngestion by susceptible ducklings of virus-carrying
particles from the environment. Spread between places is by means of con-
taminated equipment, vehicles, and personnel. Egg transmission is not thought
to occur. Within a flock the disease spreads rapidly to all susceptible ducklings.

Pathogenesis

In natural outbreaks, DH type 1 occurs only in young ducklings. Adults
apparently do not become ill and continue in full production. Chickens and
turkeys are resistant. Ducklings after oral exposure, have mottled livers, and
enlarged gallbladders and spleens. Duck hepatitis virus type 1 can be isolated
from livers up to 17 days.

Signs

Signs are peracute, and death usually follows within an hour of their
onset. Affected birds are often in good condition, but start to fall behind the
main flock. Soon they fall over on their sides and, after a short struggle with
paddling movements of the legs, the birds die. The head is usually stretched
upwards and backwards (opisthotonus). Morbidity is 100% and mortality rate
may be over 90% of the flock. However, in the endemic situation a 5-10% loss
is more common. The highest losses occur in duckling below 7 days of age.

Lesions

The main lesions are in the liver, which is enlarged and has a number of
petechial and ecchymotic haemorrhages. In addition, fatty kidneys described
as "duck fatty kidney syndrome", may be caused by duck hepatitis virus.
Microscopically, primary changes in the acute disease consist of necrosis of
hepatic cells. Survivors with more chronic lesions show widespread bile duct
hyperplasia. Inclusion bodies are not found.

Diagnosis

The sudden onset of a disease causing high mortality in young ducklings,
the opisthotonus of the dead bird, and the characteristic liver haemorrhages,
are sufficient to justify the diagnosis of duck virus hepatitis. Laboratory
diagnosis is based on virus isolation and identification. Rapid diagnosis using
the direct FA technique can be made on the livers of affected duckling.

Turkey Viral Hepatitis
Turkey viral hepatitis (TVH) is a highly contagious usually subclinical
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disease of turkeys, characterized by multifocal hepatic necrosis, with or with-
out pancreatic necrosis. Outbreaks are usually seen in turkeys under six weeks
of age. Transmission of infection occurs by both direct and indirect contact.
Faeces from infected turkeys is believed to be the main source of virus trans-
mission. Vertical transmission probably occurs.

The disease is usually diagnosed only at postmortem examination, when
lesions are seen in the liver and sometimes t he pancreas. Liver lesions are
macroscopic pale foci 1-2 mm in diameter, occurring on the surface and in the
parenchyma. Foci represent focal necrosis of hepatocytes and infiltration with
mononuclear cells. The liver is usually enlarged. Electron MmiCroscopic exami-
nation of degenerating hepatocytes has revealed the presence of
intracytoplasmic aggregates of enterovirus-like viruses.

Turkey viral hepatitis is often subclinical, but disease, may be precipi-
tated by stress. Depression, anorexia and increased mortality are the main
signs. Morbidity can be very high but mortality is usually low. Infection of
laying turkeys may impair reproductive performance, but deaths are not seen
in birds over 6 weeks of age.

Diagnosis

Presence of lesions in both liver and pancreas is highly suggestive of turkey
viral hepatitis. Liver is the best tissue for viral isolation.

Disease caused by Cardiovirus
Viral Encephalomyocarditis of Pigs

Pigs from 3-16 weeks are a ffected with m yocarditis and e ncephalitis.
The virus produces a fatal myocarditis and the disease may occur as outbreaks
with high rates of morbidity and mortality. It is now known that the virus may
also cause reproductive failure in gilts and sows characterized by stillbirths
and mummified f oetuses. The cause is a cardiovirus which is primarily a
pathogen of rodents (chiefly wild rats), in which the infection is inapparent.
But the virus has the ability to produce the disease in domestic animals and
man. Infected rodents excrete the virus for a long period, and the disease in
pigs is probably due to the close association of these two species.

The virus is now considered a major cause of reproductive failure in
swine herds. The clinical course is short. Signs include inappetence (lack of
desire for food), depression, trembling, incoordination, and dyspnoea. U su-
ally the pigs are found dead. Death a ppears to result from c ardiac failure,
and clinical signs from encephalitis are rare. T he reproductive form of the
disease is characterized c linically by inappetence, fever, abortion, and still-
birth. The principal lesion is interstitial myocarditis. T he heart is usually
dilated, and there is some slightly blood-tinged pericardial effusion. Some-
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times, bilateral h ydrothorax and pulmonary oedema are observed. Micro-
scopically, there is necrosis of myocardial fibres and intense infiltration with
polymorphonuclear and mononuclear cells.

Encephalomyelitis virus infection must be differentiated from gut oedema
and mulberry heart disease in growing pigs, and the peracute bacterial
septicaemias in suckling pigs. The myocardial lesion in suckling pigs has
similarities to that produced by foot-and-mouth disease in this age group.

Diseases caused by Rhinoviruses

Rhinoviruses cause the common cold in humans. More than 100 different
rhinoviruses have been identified from humans. However, very few have
been recognized as causes of disease in domestic animals. The human iso-
lates d o not infect d omestic animals. Distinct rhinoviruses that cause mild
respiratory disease in horses and cattle have been identified. The infection is
of little importance. However, it can predispose the infected animal to other
respiratory pathogens. The equine rhinovirus is reported to infect humans.

Diseases caused by Aphthovirus
Foot-and-Mouth Disease (Aphthous Fever)

Foot-and-mouth disease (FMD) is an extremely contagious, acute viral
disease of all cloven-footed animals, characterized by fever and vesicular erup-
tion in the mouth and on the feet and teats. It is rarely fatal except in very
young animals. However, because of the speed with which it spreads, the trade
sanctions imposed on countries in which it occurs, and the loss in production
by affected animals, FMD is one of the world's most important animal diseases.
The disease has a special place in the history of virology, for it was the first
animal virus to be recognized. It was also with FMD virus that d ifferent
serotypes between strains of an animal virus were first recognized.

Cause

The disease is caused by an aphthovirus, which is a non-enveloped, single-
stranded RNA (ssRNA) virus, between 22-30 nm in diameter, with strong
epitheliotropic features. The disease occurs in cloven-hoofed animals, the most
important being cattle, sheep, goats, and pigs. It may also affect ruminants
such as deer and antelope, and under some ‘conditions, ruminants act as reser-
voirs for the infection. In wildlife, FMD has been reported in camel, wild
buffalo, bison, w aterbuck, wild boar, elephant, y ak, llama and giraffe. The
virus occurs in seven principal antigenic types. These are designated in the
international nomenclature as O, A, C, SAT 1, SAT 2, SAT 3, and Asia 1 (O’
from the department of Oise; 'A' from Allemagne, 'C' from a revised classifi-
cation where O and A were termed A and B; and SAT 1, SAT 2 and SAT 3
from South African Territories). Although the symptoms and lesions produced
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by each virus type are basically similar, infection with one virus does not
immunize against the others.

Only four types, namely, O, A, C, and Asia 1 are prevalent in India. In
cattle, type O is the predominant type, followed by Asia 1. Severe outbreaks
of the disease in goats and sheep are also caused mainly by serotype O and
Asia 1. However, type A and C have been reported to be associated with the
disease. FMD, in adult goats is very mild, but it may cause severe mortality
in young kids because of tigroid heart necrosis. In recent years numerous
subtypes have been identified, which are also antigenically distinct.

Spread

An important feature of the disease is the extreme infectiousness of the
virus, and the ease with which it is carried, not only by infected animals and
their products, but also mechanically by humans and animals. The virus
may be transported on the shoes or clothing of humans, in or on the bodies of
migratory birds or animals, and in such products as raw hides, milk, bedding,
and forage (i.e., fodder). Recovered cattle can carry the virus for periods of
up to 2 years, and recovered sheep may carry it for up to 6 months. The virus
apparently does not persist in recovered pigs. Infection is spread mainly by
the air-borne route.

Pathogenesis

After entry, the primary viral replication occurs in the pharynx or respira-
tory tract. Once infection gains access into the bloodstream ( viraemia), the
virus is widely disseminated throughout the body, probably in mononuclear
cells, and produces lesions, chiefly in epithelial tissues. Gross lesions develop
only in areas subjected to mechanical trauma, or unusual physiological condi-
tions, such as the epithelium of the mouth and feet, and to a lesser extent, the
teats. In young animals, the virus usually causes necrotizing myocarditis.
This lesion may be seen also in adults infected with some strains of the virus,
particularly type O.

Signs

In typical field cases in cattle, the onset begins by a sudden fall in milk
yield and a high fever (104° - 106° F), accompanied by severe dejection and
anorexia, followed by the appearance of an acute painful stomatitis. The signs
are directly related to the lesions. Those in the oral mucosa produce excess
salivation and make eating painful. This causes the infected animal to refuse
food and water. The saliva hangs in long, ropy strings. Smacking (opening
and closing) of the lips and tongue is characteristic. Vesicles and bullae (1-2
cm in diameter) appear on the buccal mucosa, and on the dental pad and the
tongue. These rupture within 24 hours, leaving a raw painful surface. Along
with the oral lesions, vesicles appear on the feet, particularly in the clefts and
on the coronet. Rupture of the vesicles causes acute discomfort and produces
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lameness. The animal is often recumbent, with a marked, painful swelling of
the coronet. Secondary bacterial infection may interfere with healing. Vesi-
cles may occur on the teats, the vulva, and the conjunctiva. When the teats
orifice is involved, severe mastitis o ften follows. A bortion and s ubsequent
infertility are common sequels. Very rapid loss of condition and fall in milk
yield occur during the acute period.

Young calves and lambs are more susceptible than adults, and during an
outbreak heavy mortality may occur in them as a result of severe myocardial
damage, even when typical vesicular lesions are absent in the mouth and feet. A
sequel to FMD in cattle, due probably from e ndocrine damage, is a ¢ hronic
syndrome of dyspnoea, anaemia, overgrowth of hair, and lack of heat tolerance
described as 'panting’. Diabetes mellitus has also been observed as a sequel
in cattle. Occasional cases show localization of virus in the alimentary tract
with dysentery or diarrhoea, i ndicating the presence of enteritis. A scending
posterior paralysis may also occur.

Lesions

In cattle, the distribution of vesicular lesions is characteristic. The oral
mucosa over the lips, dorsum of the tongue, and palate is mostly severely
involved. Lesions occur in the skin near the coronary band adjacent to the
inter-digital space. They are also common in lightly haired areas, such as the
vulva, teats, and udder. The conjunctiva may be affected, as also the part of
the forestomach that is lined by squamous epithelium (rumen, reticulum, and
omasum). Small epidermal vesicles may also occur in grossly normal skin of
the brisket, abdomen, hock, and perineum. Mucosa of the abomasum and
small intestine may s how punctate haemorrhages, or diffuse oedema. The
mucosa of the large intestine may be hyperaemic and blue-red.

The specific lesions in their early stages are microscopic, and are limited
to the epithelium at the site of predilection. The lesion begins as a localized
“balloon degeneration” of cells in the middle of the stratum spinosum of the
epithelium. The inter-cellular prickles are lost, and the epithelial cells become
round and detached from one another. T heir cytoplasm takes an intensely
eosinophilic stain, and their nuclei are pyknotic. Oedematous fluid containing
bits of fibrin accumulates between the cells and separates them. Neutrophils
infiltrate the epithelium at this stage. Liquefactive necrosis and accumulation
of serum and leukocytes produce vesicles. The vesicles are roofed over by the
compressed stratum corneum, lucidum, and granulosum, and extend down to
the basal layer, which usually remains in place over the heavily c ongested
dermis. These small vesicles (aphthae) coalesce to form large vesicles (bullae),
which cause large areas of epithelium to be easily shed or rubbed off. Loss of
epithelium is most common on the dorsal surface of the anterior two-thirds of
the bovine tongue, which is separated by a transverse notch from a d orsal
eminence occupying the posterior third of the tongue. The entire e pithelium
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over the anterior area may be lost, leaving a raw, red surface that oozes blood.
The pain from this denuded area explains the severe anorexia. Apart from
the virus, the vesicles contain necrotic epithelial cells, leukocytes, occasional
erythrocytes, and, in the late stages, bacteria.

Lesions in the myocardium are most common in the fatal disease in
very young calves or lambs, but also occur in pigs and y oung goats. T he
lesions observed in the wall and septum of the left ventricle, and seldom in
the atria, appear as small, greyish foci of irregular size, which give the
myocardium a somewhat striped appearance - so-called "tiger heart". Mi-
croscopically, hyaline degeneration and necrosis of muscle fibres are accom-
panied by an intense 1 ymphocytic, occasionally neutrophilic, infiltration. In
the sk eletal muscles, lesions similar to those in the myocardium may be
observed. Sharply defined areas of necrosis are seen grossly as grey foci of
various sizes, and microscopically, as necrosis of muscle bundles associated
with intense leukocytic infiltration.

Zoonotic Importance

Natural infection may occur in humans. However, in humans, the disease
is usually mild and limited to acute fever associated with the appearance of
vesicles on the hands, feet, and oral mucosa.

Diagnosis

In differential diagnosis of FMD, it is necessary to consider all other so-
called "vesicular diseases”, such as vesicular exanthema, swine vesicular dis-
ease, and vesicular s tomatitis. These cannot be differentiated with absolute
certainty by their symptoms and lesions. It is necessary, therefore, to isolate
and identify the virus, or to demonstrate complement-fixing or virus-
neutralizing antibodies in recovered animals. The agar gel diffusion reaction
is also useful in detecting antigenic relationships. Immunofluorescent meth-
ods are used to detect viral antigen in cells. Under Indian conditions, FMD
has to be differentiated from rinderpest, bluetongue, and p este-des-petits-
ruminants (PPR). The laboratory diagnosis is based on virus i solation and
identification by micro-complement-fixation test (micro-CFT), virus-neutrali-
zation test (VNT), and sandwich ELISA. In recent years, subtype analysis by
Mab (monoclonal antibody) profiling and molecular s tudies;-including t he
genetic mapping of this virus, have been c arried out. DNA probes and the
polymerase chain reaction (PCR) are newer methods that are now being
applied to virus in tissues.
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Diseases caused by Double-Stranded RNA (dsRNA)
Families

Birnaviridae

The Family Birnaviridae has only one genus " Birnavirus". Viruses of
this family have genomes c onsisting of two (L. birna = two) segments of
double-stranded RNA (dsRNA), hence the name birnaviruses. It is a non-
enveloped virus. The family has only one important disease, infectious bursal
disease (Gumboro disease).

Birnavirus
Infectious Bursal Disease (Gumboro Disease)

Also known as "infectious bursitis", infectious bursal disease (IBD) is an
acute, highly contagious infection of young chickens, caused by a birnavirus.
It is an important viral disease of poultry throughout the world. The disease is
also widely prevalent in India, and every year takes a heavy toll of chicken
lives. In the beginning the name "Gumboro disease" was given to this condi-
tion, because it was first recognized in the Gumboro district of Delaware, a
state of USA. Lymphmd cells, especially B cells, are the primary target cell.
The lymphoid tissue of the bursa is most severely affected. The disease is of
great economic importance for two reasons: 1) Due to the heavy mortality in
chickens 3 weeks of age, and older, and 2) Due to a severe prolonged
immunosuppression of chickens infected at an early age. Immunosuppression
can lead to vaccination failures, Escherichia coli infections, gangrenous
dermatitis, inclusion body hepatitis-anaemia syndrome.

In 1962, IBD was described as a specific new disease by Cosgrove in
USA, and was referred to as "avian nephrosis" because of the extreme kidney
damage found in birds that succumbed to infection. In 1970, Hitchner proposed
the term "infectious bursal disease" on the basis of specific pathognomonic
lesions of the bursa. In 1972, Allan and his associates reported that IBD virus
(IBDV) infections at an early age were immunosuppressive.

Aetiology

The viruses can be divided into two main serotypes (serotype 1 and 2)
by virus-neutralization (VN) tests and electrophoresis of viral RNA and pro-
teins. B ut they are not distinguishable by fluorescent antibody tests, or en-
zyme-linked immunosorbent assay (ELISA). Infections with serotype 1 IBDV
are worldwide in distribution. Within the serotype 1 group, antigenic variants
exist. There is also a considerable variation in virulence, from apathogenic
strains to highly virulent strains, which cause up to 50% mortality. These
viruses, in contrast to serotype 2 viruses, have a tropism for B lymphocytes of
the bursa and cause depletion of this organ. Serotype 2 IBDV infections are
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also widespread and occur in chickens, turkeys, and d ucks. However, no
serotype 2 isolates have been demonstrated to be either pathogenic or
immunosuppressive. Both serotype 1 and 2 viruses infect turkeys and ducks
but cause no disease in these species.

Spread

IBD is highly contagious. The affected birds excrete the virus in faeces
for 10-14 days. The virus is very stable, and remains highly infectious in the
poultry environment for many months (up to 122 days). Water, feed, and
droppings in the infected pens remain infectious even after 52 days. The
hardy nature of this virus is responsible for its persistent survival in poultry
houses, even w hen thorough cleaning and disinfection procedures are fol-
lowed. Resistance of the virus to heat and disinfectants accounts for its sur-
vival in the environment between outbreaks. Mechanical vectors such as wild
birds, humans, and vermin (insects) are likely to play a part in the spread of
the virus. Meal worms and litter mites have been shown to be infective for up
to 8 weeks. There is no evidence that the virus is transmitted through the
egg, or that a carrier state exists in recovered birds.

Young chicks with maternally derived antibody (MDA) are immune to
infection while their antibody levels are high. However, they become sus-
ceptible when antibody titres drop. Some of the more recent high virulent
strains appear capable of breaking through MDA at an early age. Some
breeds, such as L eghorns, are more s usceptible to disease than others and
have the highest mortality rates. Older birds, when the bursa has i nvoluted
(regressed, reduced in size) appear more resistant to i nfection and donot
develop clinical d isease.

Pathogenesis

The most common route of infection is oral, but conjuctival and respi-
ratory routes may also be important. Four to five hours after oral infection,
virus can be detected in macrophages and lymphoid cells in the caeca, duo-
denum, jejunum, and Kupffer cells of the liver. T he virus first reaches the
liver. It then enters the bloodstream, where it is distributed to other tissues
including the bursa. That is, bursa is infected through the bloodstream, and
a viraemia occurs when the virus infects other organs including the spleen,
the Harderian gland, and the thymus. The bursal infection is followed by a
second massive viraemia. Viral antigen can be found in the bursaup to9
days post-infection. The virus affects lymphoid tissue, causing destruction of
lymphoid cells within the bursa of Fabricius, spleen, and caecal tonsils. B
lymphocytes and their precursors are the main target cells, although virus
may be found in macrophages. T 1 ymphocytes are relatively unaffected. In
some birds the kidneys may appear swollen and may c ontain urate d eposits
and cell debris. This is probably the result of blockage of the ureters by a
severely swollen bursa. The cause of muscle haemorrhage is unknown. Recently
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it has been suggested that haemorrhages may be because IBD virus interferes
with the normal blood clotting mechanism.Bursal depletion from virulent
virus i nfection in early life can result in impaired i mmune responses. T he
consequences of immunosuppression are lowered resistance to disease and
suboptimal (inadequate) responses to vaccines given during this time.

The period of greatest susceptibility is between 3 and 6 weeks of age.
Susceptible chickens younger than 3 weeks do not exhibit signs, but have subclinical
infections which are economically important due to severe immunosuppression of
the c hicken. T he reason for the a ge susceptibility has been the subject of
research regarding t he p athogenesis of IBDV infections. 3-day-old chicks
treated with cyclophosphamide (chemical bursectomy) are refractory (resistant)
to disease w hen challenged at 4 weeks of age. Similar results are obtained
with birds surgically bursectomized at 4 weeks of age. When they were
challenged immediately, t here w as no clinical disease, whereas 100% of
control non-bursectomized chickens died. Bursectomized chickens challenged
with virulent virus produced 1000 times less virus than control birds and very
mild necrosis of lymphatic tissues.

Several studies conducted on the pathogenesis of IBDV infections have
reveaied that haemorrhagic lesions result from the formation of immune com-
plexes. Microscopic lesions in the bursa resemble an Arthus reaction, char-
acterized by necrosis, haemorrhage, and large numbers of polymorphonuclear
leukocytes. This reaction (type III hypersensitivity) is a localized immuno-
logical injury caused by antigen-antibody-complement complexes which in-
duce chemotactic factors. The chemotactic factors, in turn, cause haemorrhage
and leukocyte infiltration. It was found that both 2-week and 8-week old chicks
produced high levels of antibody following infection, but 2-week-old chicks did
not develop the Arthus-type lesions. 2-week-old chickens had very little
complement compared with 8-week-old chickens. It is believed that the reason
2-week-old chickens did not develop Arthus-type lesions was a lack of suffi-
cient complement.

Increased clotting times in affected chickens have led to the suggestion
that such ¢ oagulopathies (disorders of coagulation) may c ontribute to the
haemorrhagic lesions observed with this disease. It was found that 17-day-old
chickens did not show clotting defects, but at 42 days had markedly increased
clotting times, became clinically ill and several died. The key to pathogenesis of
IBD in birds of different ages may lie with the factors involved in the clotting of
blood and/or an immunological injury. The pathogenesis is certainly not straight-
forward and simple.

Signs

The severity of clinical signs depends upon age, breed, and m aternally
derived antibody (MDA) level of the chick, as well as the virulence of the virus.
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The acute form is seen in chicks between 3-6 weeks of age after an incubation
period of 2-3 days. Signs include depression, white w atery diarrhoea, soiled
vents, anorexia, ruffled feathers, reluctance to move, closed eyes, and death.
Morbidity ranges from 10%-100% and mortality 0%-20%, sometimes reaching
50%. Strains of very virulent IBDV (VVIBDV) cause 90%-100% mortality.
The milder form of disease may result in little or no signs except suboptimal
growth, and sometimes an increase in other diseases and reduced response to
vaccines.

The course of the disease in the individual chick is short, leading to death
or recovery. However, in a flock where protective MDA levels vary it is pro-
longed, with chicks succumbing when their antibody levels drop. On the flock
basis mortality reaches a peak 3-5 days after infection.

Lesions
Gross Lesions

The carcasses are dehydrated. There are haemorrhages in the thigh and
pectoral muscles, and sometimes on the mucosa of the proventriculus. Haem-
orrhages of leg muscles are typical of IBD. There is increased mucus in the
intestine. The bursa is first enlarged, inflamed, oedematous and cream col-
oured. After about 3-8 days, it atrophies. Haemorrhages may be seen on the
internal and serosal surfaces, and a caseous core is formed within the lumen
from sloughed epithelial tissue. The liver may be swollen and show periph-
eral infarcts. In some cases splenomegaly occurs. The swelling and white
appearance of the kidneys, and dilatation of the tubules with urates and cell
debris are seen in some outbreaks, but do not appear to be a consistent find-
ing.

Microscopic Lesions

Microscopic changes occur mainly in the lymphoid structures, i.e., bursa,
spleen, thymus, Harderian gland, and caecal tonsil. Changes in the bursa
comprise the initial inflammatory response with hyperaemia, oedema, and infil-
tration of heterophils, accompanied by B lymphoid cell necrosis. There is
hyperplasia of reticulo-endothelial cells and inter-follicular tissue. With the de-
cline in the acute inflammatory response, the cortico-medullary epithelium pro-
liferates and cystic cavities develop in the medullary areas of the follicles. In
the spleen there is some necrosis of lymphoid cells. The thymus and caecal
tonsils show some cellular reaction in the lymphoid tissues in the early stages,
but the damage is less extensive. There may be plasma cell depletion in the
Harderian gland. Microscopic lesions of the kidney are non-specific. The liver
may show slight perivascular infiltration of monocytes.

Diagnosis

The history, clinical signs and gross lesions are adequate for the diagnosis
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of acute disease. In the case of subclinical IBD, differential diagnosis may be
necessary and this should include coccidiosis, Ranikhet disease, haemorrhagic
syndrome of muscles and other haemorrhages, avitaminosis A, fatty liver and
kidney syndrome, water deprivation with swollen kidneys, and excess renal urates.

Diagnosis can be confirmed by using macerated bursa as antigen in a gel
diffusion test, or in an ELISA test, against a known positive antiserum; by mi-
croscopic examination of tissues for typical lesions, or the presence of antigen
following immunoperoxidase staining. The detection of antigen by
immunofluorescence in frozen bursal sections, or smears, may also be used.

Virus isolation is rarely used for diagnosis, as it is time consuming. Bursa
is the most commonly used tissue for isolation and identification of the causa-
tive agent. Most strains can be grown on the c horio-allantoic membrane of
10-11 day-old embryonated eggs. Some strains grow in chick embryo
fibroblast, vero cells, or certain lymphoblastoid cell cultures. Antibodies which
can be detected by neutralization, ELISA, or precipitation tests develop
following infection. These can be used for diagnosis where MDA has declined
below detectable levels.

Nucleic acid probes, and antigen-capture ELISA using monoclonal an-
tibodies to detect IBD virus directly in tissues, are useful for rapid diagnosis
of field viruses. However, polyclonal antibodies were found more sensitive
than monoclonal antibodies, and embryo inoculation was more sensitive than
antigen-capture ELISA. The polymerase chain reaction (PCR) is also useful
for detection of the virus. Reverse transcription with PCR followed by restric-
tion endonuclease analysis is used.

Reoviridae

The Family Reoviridae contains six genera, three of which infect ani-
mals: 1) orthoreovirus (reovirus), 2) orbivirus, and 3) rotavirus. The origi-
nal isolates were called "reovirus", an acronym for "respiratory enteric
orphan virus', because they were not associated with any disease. (An
acronym is a word formed from the first letters of a group of words). In fact,
most reoviruses of the genus orthoreovirus are non-pathogenic. T he most
important pathogens are in the orbivirus genus, which includes bluetongue
virus and A frican horse sickness virus. The rotaviruses cause enteritis in
many different species. All reoviruses are non-enveloped icosahedral (having

20 faces) of 60-80 nm in size, which ¢ ontain segmented d ouble-stranded
RNA (ds RNA).

Diseases caused by Orthoreoviruses (Reoviruses)

Generally the term "reovirus" is used for members of this group, most of
which are non-pathogenic. There are three serotypes (1,2, and 3). The
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reoviruses have been used extensively to study viral replication, viral genet-
ics, and viral p athogenesis. Otherwise, the viruses as a group remain rela-
tively unimportant as natural pathogens. Reoviruses have been associated with
gastrointestinal and respiratory disease in cats (type 3), dogs (types 1 and 2),
and horses (type 3).

Avian Reoviruses

Reoviruses have been associated in the chicken with ulcerative enteritis,
acute and chronic respiratory disease, pericarditis and hydropericardium,
anaemia, inclusion body hepatitis, and death. Reoviruses have also been
associated with tenosynovitis (inflammation of a tendon sheath), or viral ar-
thritis. This produces lameness and the birds are reluctant to move.

Orbiviruses

The genus "orbivirus" (L. orbi=ring, a small circle) contains viruses which
multiply in arthropods (insects) as well as in vertebrates. Thus, these are
arboviruses (arbo = arthropod-borne), but this is no longer used in classifica-
tion of viruses. Bluetongue virus is the type species. This virus has double-
stranded RNA (dsRNA). The virion is non-enveloped and contains a virus-
specific transcriptase. The virions are assembled in the cytoplasm of host
cells.

Bluetongue of Sheep

Also known as "catarrhal fever of sheep" and "soremuzzle", bluetongue
(BT) is a viral disease of sheep, and occasionally cattle and goats, transmitted
by insect vectors. The disease is characterized by catarrhal stomatitis, rhinitis,
enteritis, and lameness. Bluetongue virus is an arthropod-borne orbivirus
in the Family Reoviridae.

The disease was first recognized in South Africa in 1902. It is now re-
ported to occur worldwide in tropical, subtropical and temperate c limates.
Bluetongue is endemic in India. In the recent past incidence of bluetongue in
sheep, cattle and buffaloes has increased manifold in our country. In a recently
carried out survey by the National Dairy Development Board, Anand, Gujarat,
a large number of animals were found to be positive for bluetongue antibodies.
The rate of positivity in buffaloes was higher than in cattle, and the incidence
was higher in males than in females.There are 24 different serotypes of
bluetongue virus (BTV), which are only variably cross-protective. BT is most
severe in sheep. The severity of the disease depends on the strain of virus and
breed of sheep. Most domestic species are highly susceptible. Cattle, goats,
and deer are also susceptible to infection. In cattle, the infection is usually
not much noticeable. It may resemble a mild version of the disease in sheep.
Cattle may carry the virus for long periods of time, with the development of
sporadic viraemia adequate for insect transmission. The virus has also been
recovered from bovine semen.
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Spread

"Bluetongue is transmitted by biting insects of the genus Culicoides. Other
vectors may transmit the disease mechanically, but are unlikely to be of major
significance. Infection has been transmitted by insemination from an infected
bull, since the virus is present in the semen.

Pathogenesis

Following infection, viral replication is believed to initially occur in
haematopoietic cells. This results in viraemia and subsequent replication in
endothelial cells throughout the body. Endothelial cell damage is responsi-
ble for the widespread gross and microscopic lesions. Endothelial cells be-
come s wollen and later become necrotic, causing oedema, haemorrhage,
thrombosis, and infarction.

Signs

High fever (105° F) is the first sign, with associated reddening of the
nasal and oral mucosa and excessive salivation. A watery discharge from the
nostrils l ater becomes mucous, and may dry to form crusts. Oedematous
swellings appear in the lips, tongue, ears, face, and inter-mandibular space.
Oedema and cyanosis of the tongue (bluish) are so striking that they have
given the disease its name. However, they are not always present. Petechiae
soon appear on the oral and nasal mucosa, where the epithelium becomes
thickened and is shed, leaving e xcoriations (abrasions) and bleeding points.
As the fever subsides, flushing (redness) of the skin and feet appears, and the
coronets become warm and tender. This results in stiffness and lameness.

The disease may terminate in severe emaciation, prostration (lying down),
and muscular weakness (sometimes with torticollis, i.e., twisted neck drawing
the head to one side), which may last 3 weeks or more. This is followed by
pulmonary oedema and death from pneumonia. The morbidity rate in mild
outbreaks is usually about 50%, and the mortality rate is about 7%. In severe
outbreaks, however, losses from death may reach 50%. Sheep of all ages -
are susceptible, but adults seem to be affected more often than lambs.

Lesions

As indicated, the lesions of bluetongue originate from replication of the
virus in endothelial cells, and are characterized by oedema, hyperaemia, haem-
orrhage, and infarction. There is extensive oedema of the subcutis around the
head and neck. Changes around the mouth, which characterize the clinical dis-
ease, consist of hyperaemia, oedema, cyanosis, and multiple haemorrhages, espe-
cially on the muzzle, tongue, and cheeks, with erosion and even ulceration of
the epithelium. The dental pad, hard palate, gums, oesophagus, reticulum and
rumen may have similar lesions.
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Microscopic examination o f the skin near t he hoof reveals, intense
hyperaemia of the corium, mostly concentrated at the tips of the dermal papil-
lae, and associated with oedema and infiltration with neutrophils. The muscu-
lature (muscles) usually contains foci of gross haemorrhage, which are
associated with microscopic evidence of necrotic changes in muscle bundles.
Haemorrhage and necrosis also occur in the myocardium, particularly in the
papillary muscles of the left ventricle.

Bluetongue virus infection during pregnancy may result in foetal infec-
tion, which causes severe cerebral abnormalities in both sheep and cattle. The
nature and severity of the disease depend on the stage of pregnancy. In ewes
exposed at 40-60 days of pregnancy and cattle of 60-120 days, a severe
necrotizing encephalopathy occurs, which at birth is seen as hydranencephaly
(hydrocephalus). Later in pregnancy, focal necrotizing lesions develop, which
are seen as porencephaly (cavities in brain) at birth. Lamb foetuses exposed
after 100 days of gestation develop a focal encephalitis with glial nodules. A
necrosis of the retina also develops, which causes lambs or calves to be born
with retinal dysplasia in addition to the cerebral abnormalities.

Diagnosis

The clinical diagnosis can be made from the symptoms and gross lesions,
but bluetongue must be differentiated from photosensitization, ¢ ontagious
ecthyma, foot-and-mouth disease, Qestrus ovis infestation, ulcerative derma-
titis, and sheep-pox. In cattle, the disease must be differentiated from foot-
and-mouth disease, rinderpest, vesicular stomatitis, infectious rhinotracheitis,
mycotic stomatitis, and the bovine-virus diarrhoea disease complex.

Isolation and identification of the virus (from blood or spleen) are nec-
essary to confirm diagnosis. D iagnostic techniques based on serology in-
clude agar-gel immunodiffusion (AGID) test, complement fixation test (CFT),
and ELISA. Serotyping is carried by plaque inhibition or polyacrylamide gel
electrophoresis (PAGE). Fluorescent antibody technique (FAT) has been found
useful for the detection of group s pecific antigen. Newer d iagnostic tests,
including those using Mab (monoclonal antibody) in competitive ELISA (C-
ELISA), have been employed. PCR (polymerase chain reaction) b ased
techniques may have important practical application. However, these tech-
niques are yet to be made available for routine use.

African Horse Sickness

African horse sickness is a highly fatal, infectious disease of horses, mules,
and donkeys, caused by an orbivirus. Even goats and dogs may be infected.
The disease was originally present in South Africa, but in recent years, it has
crossed the boundaries of other countries. This disease is at present not preva-
lent in India, but in 1960 India had experienced the worst outbreak of Afri-
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can horse sickness. The disease had inflicated heavy mortality reaching up to
90%. It is therefore vital that we remain on our guard. The outbreak was first
recorded in Rajasthan, and had then spread to Maharasthtra, Madhya Pradesh,
Punjab, Bihar, Orissa and Andhra Pradesh. Since 1963 no case has been re-
ported from the country.

Several different serotypes of the virus have been identified, which are
not completely cross-protective. Native horses are the most susceptible, and
morbidity and mortality are very high. The disease in mules is somewhat less
severe than in horses, but more severe than in donkeys. A variety of laboratory
animals may be infected.

Spread

The disease is spread by biting insects, mainly by several species of
Culicoides. The virus is present in all body fluids and tissues of affected ani-
mals from the onset of fever until recovery. The disease is spread by the passive
transfer of very small quantities of blood by biting insects. Spread does not
occur between animals in direct contact unless the necessary insect vectors
are present. The mosquitoes Anopheles, Culex and Aedes sp. have been shown
to be true biological carriers.

Pathogenesis

African horse sickness is a disease of vascular endothelium, with vari-
ous serotypes affecting endothelium in different organs. This results in a variety
of "forms" of the disease. The pulmonary form is caused by damage to
vascular endothelium in the lungs, and the development of pulmonary oedema.
The d evelopment of various forms of the disease depends on the envelope
chemistry of the individual strain of the virus. The chemistry dictates the tissue
to which the serotype will be directed. The virus is present in the blood from
the first day of clinical illness, and persists for about 30 days and up t0 90
days. It can be recovered from blood by intracerebral inoculation into infant
mice.

Signs

Clinically, the disease may occur in one of the four forms : 1) acute
pulmonary form, 2) subacute cardiac form, 3) a mild form, known as horse
sickness fever, and 4) a mixed form. An intermittent fever of 105°-106° F is
characteristic of all forms.

Acute pulmonary form is the most common. It is characterized by an incuba-
tion period of 3-5 days, sudden onset of fever (105°-107°F), and severe
dyspnoea c aused by pulmonary oedema, o ften with frothy exudate in the
nostrils. Sweating and coughing may occur, and death usually results within
a few hours of onset of the pulmonary oedema. This form has been described
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in dogs as well. In the subacute cardiac form the incubation period and course
are usually longer than in the pulmonary form. Itis characterized by the
occurrence of oedema of the head, neck, lips, eyelids, cheek, and tongue. The
most characteristic is the oedematous bulging of the supraorbital fossa.
Petechiac may appear on the ventral aspect of the tongue. Abdominal pain
and paralysis of the oesophagus may occur. Death is usually caused by cardiac
failure and hypoxia. The mixed form is a c ombination of pulmonary and
cardiac lesions found at necropsy. This form is not common in field outbreaks.
The mild form, also known as "horse sickness fever", is the least serious. It is
usually seen in partially immune animals, particularly donkeys. Clinical signs
include mild fever, anorexia, dyspnoea, and an accelerated heart rate. Rapid
recovery follows,

Lesions

Lesions at necropsy can usually be correlated with the clinical form of
the disease. The most prominent changes are seen in the respiratory system.
Hydrothorax usually accompanies severe oedema, which involves the
subpleural and interlobular stroma, and fills alveoli in many lobules. Frothy
fluid usually fills the bronchi, trachea, and rest of the upper respiratory tract.
Microscopically, fibrin, leukocytes and proteinaceous material are present in
the oedematous tissues. The eardiac lesions are also significant.
Hydropericardium is usually present, along with petechiae and inflammatory
oedema in the epicardium. Microscopically, foci of myocardial necrosis are
seen. Spleen and lymph nodes usually show depletion of lymphocytes, and
reticulo-endothelial and plasma cells are usually increased in number. However,
the spleen is usually not enlarged. Some lymph nodes may be grossly
haemorrhagic. In the gastrointestinal tract, oedema around the pharynx may
account for the paralysis of the oesophagus. Haemorrhage is common in the
gastric mucosa. The liver is usually only congested. Haemorrhage and oedema
may occur in the kidneys, particularly in the peripelvic fat.

Diagnosis

A presumptive diagnosis can be made from the clinical features and
necropsy findings, but should be confirmed by recovery and identification
of the virus. A number of serological tests are available. These include agar
gel immunodiffusion (AGID), indirect fluorescent antibody (IFA), c omple-
ment fixation (CF), virus neutralization (VN), and ELISA tests. All the tests
have their own strengths and weaknesses. However, all are e ffective. For
accurate identification of the virus strain, the serogroup-specific, enzyme-linked
immunosorbent ELISA test is mostly used, and is specific and sensitive.

The disease must be differentiated from equine viral arteritis, because
both diseases are characterized by oedema and haemorrhage in the subcutis,
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heart, and lungs. The specific lesions in the musculature of arterioles in equine
viral arteritis are helpful in the differential diagnosis, but isolation and identi-
fication of the virus should also be carried out.

Diseases caused by Rotaviruses

Members of the genus "rotavirus" are important causes of diarrhoea in
young animals and children throughout the world. The virions have a char-
acteristic appearance. The sharply defined outer capsid resembles a wheel (L.
rota = wheel). They are icosahedral, and about 70 nm in diameter. M ost
rotaviruses share common inner capsid antigens (Group A rotavirus). How-
ever, recently, isolates which are serologically distinct have been obtained.
These are known as " para-rotaviruses” or "novel rotaviruses" (Group B
rotavirus). Rotavirus diarrhoea or enteritis occurs in infant children, calves,
lambs, pigs, dogs, foals, mice and other animals. Rotaviruses are not highly
species specific. The pathogenesis and lesions are similar in each species. In
India, rotavirus has been found to be associated with diarrhoea in foals.

Neonatal Calf Diarrhoea (Scours)

This serious disease of calves appears during the first 2 weeks of life. It
affects most of the animals in the herd, and causes death of up to half of
infected animals. The principal sign is the appearance of yellowish, watery
faeces, which soon leads to severe dehydration. This syndrome has been known
for many years, but was usually attributed to enteric bacteria, such as Escherichia
coli. Although multiple factors may be involved, which are not clearly
understood, it is clear that rotaviruses are the essential aetiological factor.
In India, rotavirus is one of the major pathogens responsible for high morbidity
and mortality in neonatal calves.

Spread

A large number of viral particles are shed in the faeces, which is the main
source for dissemination of the disease, either through direct contact, or by con-
tamination of water supplies and by airborne spread. The virions are highly
resistant to drying, high temperatures, and other environmental c onditions,
and can remain infectious for months.

Pathogenesis and Lesions

After ingestion, the low pH-stable rotaviruses infect epithelial cells of the
small intestine, producing lesions first in the anterior portion of the intestine
which later progress distally. Only differentiated columnar epithelial cells
lining the apical halves of villi are susceptible. That is, only mature enterocytes
toward villous tip are preferentially affected. Entry and replication does not
occur in immature or proliferating cells in the crypts (Fig. 5A). These cells
lack receptors for the virus. Lesions and signs follow an extremely s hort
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incubation period, and develop within hours. The first changes are visible
under the electron microscope. Epithelial cells develop cisternae (wide spaces)
in the endoplasmic reticulum and swollen mitochondria. Viral particles appear
in the distended cisternae and lysosomes. There is loss of microvilli. Micro-
scopically, epithelial cells become vacuolated and shed prematurely. Villi thus
become atrophic and shortened. With para-rotaviruses an additional lesion
is the formation of multinucleated cells or syncytia. These cells are formed
by fusion of enterocytes on the surface of villi (Fig. 5B).

Fig. 5 A. (Group A rotaviruses) Mature enterocytes toward villous tip
are preferentially affected leading to necrosis, sloughing, stunted
villi, and hypertrophy of enterocytes in crypts.

B. (Group B rotaviruses) Para-rotaviruses are more often asso-
ciated w ith multinucleated cells, or s yncytia on s urface of villi
(arrows in middle diagram).

In surviving animals, villi return to normal in 3-4 weeks. In all species,
rotaviral e nteritis is much more severe w hen ¢ omplicated by simultaneous
infection with enterotoxigenic Escherichia coli. Reduced levels of disaccharides
have been demonstrated. These cause reduction in lactose digestion and pro-
motion of bacterial growth. This results in an osmotic e ffect which further
contributes to diarrhoea.
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Diagnosis

Several laboratory tests are a vailable for detection of rotaviruses in the
faeces and intestinal contents and tissues. The most common is the use of
immunofluorescent staining of desquamated epithelial cells in the faecal speci-
mens to demonstrate the presence of virus. However, this is now getting re-
placed by the electron microscopic examination of faecal material. This is
because the fluorescent antibody technique (FAT) will detect the virus within
epithelial cells in the faeces only 4-6 hours after the onset of diarrhoea. With
electron microscopy, the virus can be detected for up to 6-10 days after the
onset of diarrhoea. However, the enzyme-linked immunosorbent assay (ELISA)
has been found more sensitive and simple than complement fixation,
immunofluorescence on inoculated cell c ultures, or electron microscopy. A
counter-immunoelectrophoresis test is also available, and compares favourably
with the ELISA test. However, both ELISA test and electron microscopy of
faeces are considered equally reliable in detecting the rotavirus.

Porcine Rotaviral Enteritis

A syndrome of enteric disease is recognized clinically in piglets 1-4 weeks
of age. The principal signs are diarrhoea, anorexia, d epression, and some-
times vomiting, with a mortality rate between 7-20%. The syndrome is often
referred to as "milk scours”, "white scours”, or "three-week scours". One of
the causative agents is a porcine rotavirus. This virus should be differenti-
ated from the virus of transmissible gastroenteritis, porcine enterovirus, and

enteropathogenic Escherichia coli (colibacillosis).

Lesions

The lesions are those of typical rotaviral enteritis described above. In pigs
affected with para-rotaviruses, syncytial cells may be seen.

Diagnosis

The diagnosis can be done by isolation and identification of the virus in
tissue cultures or by direct demonstration of viral antigen in intestinal epithelial
cells, using immunofluorescent methods. The differentiation from the virus of
transmissible gastroenteritis (a coronavirus) is important.

Diseases caused by Avian Rotaviruses

Rotaviruses are also now known to infect a number of avian species, in-
cluding c hickens, turkeys, ducks, and pigeons. Rotavirus i nfection occurs
worldwide in d omestic poultry. The infection has been associated with out-
breaks of enteric disease. Rotaviruses p ossess a double-stranded RNA
(dsRNA) genome.

Spread

Rotaviruses are stable viruses which are excreted in large numbers in the
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faeces. This leads to heavy and persistent environmental contamination. Hori-
zontal transmission occurs readily between birds in direct and indirect contact.
Egg transmission of rotaviruses has not been demonstrated.

Pathogenesis and Lesions

Rotavirus infection is confined to the intestinal tract. The virus grows
mainly in the mature villous epithelial cells of the small intestine. Some isolates
may also replicate to a lesser extent in the large intestine. Infected epithelial cells
are destroyed, resulting in villous atrophy. Compensatory crypt hypertrophy occurs,
resulting in decreased villous:crypt length ratios. Pathogenesis of rotavirus
infection in a vian s pecies is similar to that in mammalian s pecies, that is,
replacement of mature epithelial cells by immature cells deficient in digestive
enzymes and in their ability to transport water and electrolytes l eading to a
malabsorption-type d iarrhoea.

Signs

Watery droppings, lasting 2-5 days, are observed, and may be accompanied by
litter eating, vent pecking, abnormal thirst, and stunting growth. There may be
lesions on the breast (breast burns), legs, (hock burns), and plantar surfaces
of the feet. However, in chickens and turkeys, rotavirus infections are usually
subclinical. Most infections occur in young birds in the first 5 weeks of age.
However, there is no age resistance to infection, and rotavirus-associated di-
arrhoea has been recorded in 92-week-old birds.

Diagnosis

The clinical signs of rotavirus infection are not pathognomonic. Direct
electron microscopic, or immunoelectron microscopic examination, is used exten-
sively to detect rotaviruses in avian faeces. However, this is time-consuming
and expensive. Recognition of rotavirus RNA in faecal extracts subjected to
polyacrylamide gel electrophoresis (PAGE) is almost as sensitive as electron
microscopy. Attempts to isolate rotaviruses in chick embryo liver and cell cul-
tures are usually unreliable, and are selective for group A rotaviruses. Most
group A rotaviruses are non-cytopathic and are detected by immunofluorescence.
In general, ELISAs meant for detection of group A mammalian rotaviruses
are not efficient in detecting group A avian rotaviruses, and also fail to
detect the more numerous rotaviruses belonging to the other groups. Antibod-
ies to rotavirus are widespread in the domestic avian species. In view of this,
serology is not used routinely for diagnostic purposes.

Rotaviruses are usually not the only entero-pathogens detected in the faeces
of chickens and turkeys with diarrhoea. Enterovirus-like viruses, reoviruses,
adenoviruses, astroviruses, and p otentially e ntero-pathogenic bacteria m ay
also be present. It may therefore be difficult to decide which agent is
primarily responsible for the disease.
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Diseases caused by Single-Stranded DNA (ss DNA)
Families

Circoviridae

Circoviridae is a new virus family. It has only one genus "Circovirus",
which contains three viruses: 1) chicken infectious anaemia virus (chicken
anaemia virus), 2) porcine circovirus, and 3) psittacine beak and feather disease
virus. Circoviruses are characterized by having circular single-stranded DNA
(ssDNA). It is because of this characteristic circular DNA that the family is called
Circoviridae (L. circo = circular). All circoviruses are non-enveloped. Only
chicken infectious anaemia virus is important.

Diseases caused by Circovirus
Chicken Infectious Anaemia (Chicken Anaemia Virus)

Chicken infectious anaemia (CIA) is a disease of young chickens caused
by a unique small (25 nm) virus. T he disease is c haracterized by a plastic
anaemia and generalized lymphoid atrophy, with an accompanying
immunosuppression. As a result, CIA is usually complicated by secondary
viral, bacterial, or fungal infections.

The agent was first reported from Japan in 1979 and was called "chicken
anaemia agent (CAA)". Following its characterization as a non-enveloped virus
containing a single-stranded circular DNA, it was renamed as "chicken anae-
mia virus (CAV)" and classified under Circoviridae along with the two other
small viruses (mentioned above), which had similar s tructure. Because the
disease caused by it is commonly called chicken infectious anaemia, the virus
is now called '"chicken infectious anaemia virus (CIAV)". CIAYV is a re-
markably resistant virus, its infectivity resists heating at 80° C for 15 min,
and exposure to pH 3. Serological surveys indicate that CIAV infection is
common in chickens throughout the world. It is not known if avian species
other than domestic fowl are infected. All isolates of CIAV isolated to date
belong to a single serotype.

Spread

The virus spreads both horizontally and vertically. Vertical transmis-
sion through the hatching e gg is considered to be most i mportant means o f
dissemination. Embryo infection can also be caused by semen of infected
cocks. The virus is present in high concentrations in the faeces of chickens 5-
7 weeks after infection. H orizontal infection by direct or indirect ¢ ontact
usually occurs through the oral route by ingesting infected material, but in-
fection through the respiratory route may also be possible.
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Pathogenesis

Anaemia and other p athological changes associated with CIAV occur in
neonatal, fully susceptible (i.e., having no maternal antibody) chicks. Chicks
infected by contact shed virus. Maternal antibody is protective. Chicks with
maternal antibody usually show no disease or anaemia, but may shed the
virus.

Dual (double) infection of CIAV and immunosuppressive viruses such
as virulent Marek's disease virus, infectious bursal disease virus, and
reticuloendotheliosis virus enhances the pathogenicity of CIAV. This results
in greater mortality and more persistent anaemia and microscopic lesions. In
such dual infections, the protective effect of maternal antibody may be
overcome. In chicks dually infected with CIAV and IBD virus, the age resist-
ance is overcome and contact-infected chicks also develop anaemia. CIAV
has recently been shown to be immunosuppressive. Functional changes were
detected in splenic lymphocytes and splenic and bone marrow macrophages,
from both clinically affected and subclinically infected chicks. The main sites
of CIAV replication are precursor T cells in the thymic cortex and in
haemocytoblasts in the bone marrow. However, the virus also replicates in
all lymphoid aggregates throughout the body. Destruction of these cells ac-
counts for the immunosuppression and anaemia.

Signs

Disease occurs in the progeny of breeder flocks which are infected for the
first time with the virus after they come into lay. CIAV is vertically transmit-
ted to the progeny. No clinical signs are seen in the parents. However, around
2 weeks of age, the young chicks show variable mortality. The mortality may
g0 even up to 60%, but usually averages around 10%. The most characteristic
changes are anaemia, aplasia of the bone marrow, and atrophy of the thymus,
spleen, and bursa of Fabricius. Anaemia is characterized by haematocrit values
ranging from 6-27%. Affected birds are depressed and more or less pale. Haem-
orrhages may occur under the skin and throughout the skeletal muscles. En-
larged livers and gangrenous dermatitis may also be present. Other names
(synonyms) for this condition are anaemia dermatitis syndrome, infectious
anaemia syndrome, haemorrhagic syndrome, and blue-wing disease.

Surviving chicks completely recover from anaemia by 20-28 days a fter
infection. However, retarded recovery and increased mortality may be associ-
ated with secondary bacterial and viral infections. Secondary infections cause
more severe clinical signs. Subclinical infection of the progeny of immune
breeder flocks is common. This occurs soon after maternally acquired
antibodies have disappeared at about 3 weeks of age.
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Gross Lesions

Thymic atrophy is the most consistent 1esion. However, bone marrow
atrophy is the most characteristic lesion. Femoral bone marrow is fatty, and
yellowish or pink. Thymic atrophy may result in a complete regression of the
organ. As infected chicks develop age resistance, thymic atrophy is a much
more consistent lesion than grossly visible bone marrow lesions. Bursal atrophy
is less noticeable. Haemorrhages in the p roventricular mucosa, and
subcutaneous and muscular haemorrhages are sometimes associated with
severe anaemia.

Microscopic Lesions

In the anaemic chicks, microscopic c hanges have been characterized as
panmyelophthisis (wasting away of the bone marrow), and generalized
lymphoid atrophy. In the bone marrow, atrophy and aplasia involve all com-
partments and all haematopoietic cells. Haematopoietic cells are replaced
by adipose tissue or proliferating stroma cells. Severe lymphoid depletion
is seen in the thymus, bursa of Fabricius, spleen and caecal tonsils, as well as
ina wide range of other tissues. The thymus c ortex and medulla become
equally atrophic. Lesions in the bursa of Fabricius consist of atrophy of the
lymphoid follicles. In the spleen also, there is atrophy of lymphoid tissue. In
the liver, kidneys, lungs, proventriculus, duodenum, and caecal tonsils,
lymphoid foci are depleted of cells.

Haematology

Blood of severely affected chicks is more or less watery, the clotting time
is increased, and the blood plasma is paler than normal. Low haematocrit
values (may even drop to 6% in moribund, i.e., dying birds) are d ue to
pancytopaenia, with markedly decreased numbers of erythrocytes, white blood
cells, and thrombocytes.

Haemorrhagic-Aplastic Anaemia Syndrome

Outbreaks of infectious anaemia in field flocks are mostly associated
with so-called "haemorrhagic syndrome", with or without gangrenous der-
matitis.

Diagnosis

Presumptive diagnosis is based on the characteristic signs and pathology.
Laboratory diagnosis is based on immunofluorescent or immuno-cytochemical
detection of CIAV antigens in thymus or bone marrow. Viral DNA can also be
detected in thymus or bone marrow by in situ hybridization, dot blot hybridiza-
tion, or polymerase chain reaction (PCR).

Virus isolation is not recommended because it is slow and expensive.
Serum antibody to CIAV can be detected by a variety of serological tests.
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These are serum neutralization (SN), indirect immunofluorescence and ELISA.

Diseases caused by Parvoviruses
Parvoviridae

The Family Parvoviridae (L. parvo = small) is made up of unique DNA
viruses which have a genome consisting of single-stranded DNA (ss DNA).
Three genera make up this family: 1) Parvovirus, 2) Dependovirus, and 3)
Densovirus. Of these only genus Parvovirus contains viruses which cause
disease in animals (Table 8). Parvoviruses are the smallest viruses of verte-
brates, measuring about 18-26 nm in diameter. They are of icosahedral sym-
metry and are non-enveloped. A unique feature of parvoviruses is that they
depend on cell proliferation for viral DNA synthesis to occur. This restricts
lesions to those tissues in which cells are undergoing mitosis, and explains
the difference in cell tropism seen in foetal, neonatal, and adult animals. The
clinical signs of most parvovirus infections of animals are due to their replica-
tion in the gastrointestinal tract, bone marrow, or foetus.

Parvoviruses are highly stable, resistant to chemical and physical reagents,
and are not affected seriously by heat at 60° C for an hour. Thus, the environ-
ment may remain contaminated long after diseased animals have been
removed.

Table 8. Diseases caused by Parvoviridae

Virus Disease Species

Feline p anleukopaenia Feline p anleukopaenia Cats
Cerebellar hypoplasia

Canine parvovirus 2 Enteritis, myocarditis Dogs

Bovine parvovirus Diarrhoea Cattle

Porcine parvovirus Infertility, foetal death and Pigs
maceration

Feline Panleukopaenia

Also known as "feline distemper", "feline enteritis", and "agranulocytosis",
feline panleukopaenia is a highly contagious and usually fatal febrile disease
of cats (and other felidae, such as wild cat, cheetah, leopard and tiger), caused
by a parvovirus. Feline panleukopaenia virus is closely related antigenically to
canine parvovirus type 2.

Spread

The virus is present in all secretions and excretions of affected animals.
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Virus may be shed in the urine and faeces up to 6 weeks after recovery. The
virus may survive for years. Infection spreads by direct contact or through
fomites. M ost free-roaming c ats are e xposed to the virus d uring their first
year.

Signs

The disease is characterized by severe panleukopaenia (abnormal de-
crease in all types of leukocytes), fever, and enteritis, which result in extreme
dehydration. The disease runs a rapid course. Its onset is marked by lassitude
(tiredness, lack of energy), and sudden rise of temperature to between 104° -
105° F. The fever is diphasic (biphasic). It falls after about 24 hours and rises
about 48 hours later. Severe leukopaenia, involving all the granulocytic series
(agranulocytosis) and all other leukocytes, is a constant feature. Vomiting
and intractable (uncontrollable) diarrhoea may also be observed. Death usually
occurs soon after the second peak of temperature.

Lesions

The gross lesions consist of extreme dehydration and emaciation, with
mucopurulent exudate on the nasal and lachrymal mucosa. The mucosa of the
ileum is c overed with haemorrhagic exudate. Mesenteric | ymph nodes are
oedematous and enlarged. The bone marrow in the long bones is often yellow-
ish or white, and semi-fluid. There is lack of haematopoietic marrow.

The main microscopic lesions are found in the gastrointestinal tract.
Here, the virus replicates in the diving cells in the crypts. (The virus re-
quires actively diving cells for replication. Tissues undergoing the most rapid
mitotic activity are damaged most severely). The superficial layers of the
mucosa in the small intestine are eroded, and the remaining epithelium un-
dergoes proliferation. The crypts are dilated with mucus, and lined with ir-
regular, hyperplastic e pithelial cells. In some cases granular, e osinophilic
intranuclear inclusion bodies are seen in the lining epithelium remaining at
the sites of erosion. These inclusions, when present, are helpful in diagnosis.

Lesions always occur in lymphoid organs, which are the site of initial
viral replication before dissemination to gastrointestinal e pithelium, or other
tissues. In the beginning, lymph nodes are oedematous and hyperaemic, and
histiocytes proliferate. This is followed by necrosis of lymphocytes in follicular
and paracortical regions in lymph nodes, t he Malpighian c orpuscles of the
spleen, the cortex of the thymus, and Peyer's patches. Intranuclear inclusion
bodies are sometimes present in the histiocytes. In animals surviving infection,
marked regenerative hyperplasia of lymphocytes occurs. The bone marrow is
markedly h ypocellular (i.e., having reduced number of c ells). This results
from necrosis of all stem-cell populations. This, too, is followed by hyperplasia
in surviving animals. Inclusion body myocarditis, as seen in canine parvovirus
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infection, is not a usual feature of feline panleukopaenia.
Diagnosis

A presumptive diagnosis can usually be made from symptoms and
agranulocytosis. Demonstration of intranuclear inclusion bodies in the epithelial
cells of the small intestine is helpful in postmortem diagnosis, but unfortunately
inclusions are not always present. The inclusion bodies are best demonstrated
in tissues fixed in acidic fixatives, such as Zenker's or Bouin's fluids. Con-
firmatory diagnosis requires use of serum neutralization, haemagglutination-
inhibition, or ELISA, and even these are not always reliable.

Panleukopaenia and Cerebellar Hypoplasia

The virus of feline panleukopaenia can produce cerebellar hypoplasia in
kittens. The virus invades cells of the external germinal layer of the foetal
cerebellum, produces intranuclear inclusion bodies and necrosis, and causes
gross or microscopic "hypoplasia" of the cerebellum in the newborn kitten.

Canine Parvovirus Infection

Canine parvovirus was first recognized in 1978, when it was found asso-
ciated with a disease of dogs. The virus is more than 98% identical in DNA
sequence to the virus of feline panleukopaenia. In contrastto the feline
panleukopaenia virus, canine parvovirus causes disease only in dogs. It does
not replicate in cats. Since its recognition in 1978, the canine parvovirus has
undergone two evolutionary changes. The virus present worldwide today is
different from the original virus.

The infection produces two different clinico-pathological forms of the
disease. 1) an intestinal form, which is the main form, and 2) a cardiac
form.

Intestinal Form

This form occurs in dogs of all ages, but is most se vere in dogs older
than 6 weeks. Itis characterized by vomiting, d iarrhoea, and d ehydration.
There may be fever and leukopaenia. Microscopically, there is a necrotizing
enteritis of the small intestine like that of feline panleukopaenia, with dilated
crypts and regeneration of epithelium. Intranuclear inclusion bodies are found
in intestinal epithelial cells as often as they are in cats with panleukopaenia.
Lesions in 1 ymphoid organs resemble those seen in feline p anleukopaenia.
There is lymphopaenia and neutropaenia resulting from necrosis of precursor
cells. These signs and lesions may occur together with the cardiac form.

Cardiac Form

The cardiac form is confined to puppies of 2-8 weeks of age, i.e., in
younger dogs. This form may exist with, or without, signs or lesions in the
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small intestine. Clinically, death may be sudden, or follow a brief period of
dyspnoea and sometimes signs of enteritis. Microscopically, there are multi-
ple foci of myocardial necrosis associated with a mononuclear cellular infil-
tration. Intranuclear inclusion bodies are present in muscle fibres. At times,
canine parvovirus in neonates may cause generalized infection with necrotizing
lesions and inclusion bodies in tissues other than the gastrointestinal tract and
heart, such as brain, liver, lungs, kidneys and adrenal cortex. Vascular
endothelium is severely affected, causing the lesions to be haemorrhagic.

Diagnosis

This depends on the lesions and isolation of virus. The myocardial form is
typical, but the intestinal form can be confused with other causes of enteritis,
such as coronavirus infection. The latter is usually not milder clinically, and is
not associated with leukopaenia, or significant necrosis of intestinal epithelium.

Bovine Parvovirus Infection

Bovine parvovirus has been isolated from the intestinal tract of young
calves suffering from a severe but brief diarrhoea. Each of several isolates is
closely related and is believed to be the same agent, which is immunologically
different from parvovirus of any other species.

Although the virus is widely distributed and infection is common, bovine
parvovirus rarely causes serious disease. Oral infection of newborn calves
results in mucoid to watery diarrhoea in 24-48 hours. Intestinal cells of all
levels become infected, but those of the small intestine are most clearly in-
volved. Viraemia lasts for 4-6 days, but virus may be isolated from faeces for
up to 11 days. The illness is usually transitory (brief), but could be severe if
complicated by other viral or bacterial infections. Lesions are similar to those
seen in feline panleukopaenia, but less severe. The diagnosis depends on
isolation and identification of the virus in cultures of bovine cells, or on
demonstration of specific immunofluorescence, or ultrastructurally t ypical
virions in affected cells.

Porcine Parvovirus Infection

Parvovirus is widespread in pigs, as judged by the demonstration of an-
tibodies and recovery of strains of agent. The main effects of the virus are on
reproduction. It causes intrauterine death of foetuses. Rarely abortion occurs.
Infected pig foetuses undergo maceration (softening into fluid, liquefaction) or
mummification (drying and shrivelling), but are not usually expelled prema-
turely. The only noticeable sign of infection may be infertility. The macerated
or mummified foetuses contain the virus. The virus is easily d emonstrated
with fluorescent antibody staining technique. Porcine parvovirus is not known
to cause disease in non-pregnant adult pigs.
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Diseases caused by Double-Stranded DNA (ds DNA)
Families

Herpesviridae

The Family Herpesviridae is divided into three subfamilies: 1)
Alphaherpesvirinae (Genus: Alpha-herpesvirus), 2) Betaherpesvirinae (Ge-
nus: B eta-herpesvirus), and 3) Gammaherpesvirinae (Genus: Gamma-
herpesvirus). The word "herpes” is of Greek origin and means to creep (G.
herpes = to creep). The family was so named presumably because these vi-
ruses enter or advance gradually (creep in) so as to be almost unnoticed.

Alpha-herpesviruses are citocidal viruses (i.e., cause cell death), their
main pathological e ffect being necrosis. They have a broad host range, and
wide cell tropism. Disease may be localized and transient (brief), or general-
ized and fatal. The outcome depends on the species affected, and the age and
immune status of the host. Recovery is followed by lifelong latent infection,
usually in the nerve ganglia. Recurrence of active disease is common.

The beta-herpesvirus group consists of "cytomegaloviruses”. These vi-
ruses have a very restricted host range. The infected cells become very large,
and show intranuclear and sometimes cytoplasmic inclusion bodies
("cytomegalic inclusion body disease"). The cells ultimately undergo lysis
from the e ffects of viral replication, or host immune response. Recovery is
followed by persistent or latent infection in a variety of tissues. These in-
clude secretory glands (especially salivary glands), kidneys, and lymph nodes.
As with alpha-herpesviruses, recurrent infection is common.

Gamma-herpesviruses are lymphotropic herpesviruses, tropic for ei-
ther B or T lymphocytes. Their host range is narrow, and infection is followed
by lifelong latency in lymphocytes. Pathological effects may vary from no
visible disease to lymphoma.

The nucleic acid of herpesviruses is d ouble-stranded DNA (ds DNA),
and the capsid is icosahedral in shape, about 100-200 nm in diameter. T he
virions are surrounded by an envelope, acquired by budding through the
inner lamella of the nuclear membrane.

Most of the herpesviruses have been given species names, on the basis of
their host. Table 9 presents a list of the more important herpesviruses, their
hosts, species names and the diseases they cause.
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Table 9. Diseases caused by Herpesviruses
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Virus

Host(s)

Disease

Alpha-herpesviruses
Herpesvirus simplex, typel

H. simplex, type 2

H. varicella-zoster

H. simiae, "B-virus"

H. canis
H. suis

Bovine herpesvirus, typel

Bovine herpesvirus, type 2

Equine herpesvirus, type 1
(EHV-1, subtype 1)

Equine herpesvirus, type 4
(EHV-1, subtype 2)

Equine herpesvirus, type 3

H. felis
Avian herpesvirus, type 1

Duck herpesvirus
(probably alpha ?)

Pigeon herpesvirus
(most probably alpha ?)

Beta-herpesviruses

Porcine ¢ ytomegaloviruses
(CMVs)

Humans, apes, monkeys

Humans, apes, monkeys

Humans

Monkeys, humans

Dogs
Pigs, cattle

Cattle

Cattle

Horses

Horses

Horses

Cats
Birds
Ducks

Pigeons

Pigs

Herpes simplex, usually oral;
generalized in monkeys

Genital herpes

Varicella (chicken pox), and
zoster (shingles)

Herpesvirus B

Canine herpes
Pseudorabies
(Aujeszky's disease)

Infectious bovine
rhinotracheitis, i nfectious
pustular vulvovaginitis,
infectious b alanoposthitis,
viral abortion

Herpesvirus mammillitis

Viral abortion,
rhinopneumonitis,
neonatal death,
neurological disease,
enterocolitis

Rhinopneumonitis,
viral abortion

Coital exanthema

Infectious r hinotracheitis
Infectious laryngotracheitis

Duck virus enteritis

Pigeon herpesvirus i nfection

Inclusion-body r hinitis,
generalized CMV infection
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Cytomegaloviruses (CMVs) Host-specific No visible disease
of bovines, equines, apes,

monkeys, guinea-pigs, rats

and others

Gamma-herpesviruses

Epstein-Barr virus Humans Infectious mononucleosis,
Burkitt's lymphoma and
nasopharyngeal carcinoma

Malignant catarrhal fever virus Cattle Malignant catarrhal fever

Marek's disease virus Chickens Marek's disease, a vian
lymphomatosis

Diseases caused by Alpha-herpesviruses

Most alpha-herpesviruses produce localized cytolytic lesions on mucosal
surfaces of the mouth, respiratory or genital tract, skin, or eye. Primary infec-
tion often g oes unnoticed, but may be c haracterized by vesicles, pustules,
and ulcers. During this phase, progeny virus enters naked nerve endings in
the epidermis, and travels centripetally (towards centre) to Sensory neurons
in respective ganglia. (A ganglion is a mass of mainly nerve cell bodies, lying
outside the brain or spinal cord). By multiplying in g anglia, virions travel
centrifugally (away from the centre) down axons, and protected from humoral
antibodies, enter epithelial cells at sites served by the ganglion. This extends
the duration and e xtent of the acute primary infection. Following healing of
the primary lesion by action of humoral and cellular immune m echanisms,
viral DNA remains latent in neurons for life. Lesions may recur in response
to a variety of stimuli. Latent virus then becomes active, spreads down axons
(still protected from antibodies), to re-enter epithelial cells and repeat the lytic
cycle.

In young animals, particularly neonates (newborns), primary infection may
become widespread, and necrotizing lesions may appear in many organs and
tissues. Systemic spread is also seen in immuno-compromised
(immunologically d amaged) individuals. Virus may also be transported by
way of mononuclear cells to the placenta, leading to abortion or neonatal
infection.

Spread of alpha-herpesviruses is by contact and droplets.

Herpesvirus Simplex Infection in Monkeys and Humans

Herpesvirus simplex infection is one of the oldest viral diseases known
to humans. Herpesvirus simplex is also an important spontaneous disease of
monkeys, gibbons (a small ape, i.e., monkey, with long arms), and chimpan-
zee (a type of small African ape).
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Disease in Humans

Humans are the natural host and reservoir for herpesvirus simplex.
Humans play a role similar to that of the rhesus monkey with herpesvirus B,
and pigs with herpesvirus suis. T wo antigenically d ifferent herpes simplex
viruses infect humans. Type 1 usually affects the lips and oral mucosa,
whereas type 2 causes lesions on the genital mucosa of both sexes, and is
transmitted by coitus. Infection with type 1 virus occurs mainly in young
children, taking the form of an acute gingivo-stomatitis, which heals with no
serious side e ffects. By early adulthood, 90-95% of all individuals become
infected, as evidenced by the presence of serum-neutralizing antibodies. Many
people, despite the presence of antibodies, suffer from periodic recurrence of
secondary herpes simplex infection for much of their lives, often with several
episodes occurring each year. Recurrent lesions are due to activation of a
latent infection which persists in all infected individuals for life.

Recurrent lesions are c haracterized by s mall c lusters of vesicles which
rupture, leaving erosions or ulcers that heal in 5-10 days. The mucocutaneous
junction of the lip is the most common site. Microscopic features are bal-
looning degeneration, necrosis, intracellular oedema, multinucleated giant cells,
and intranuclear inclusion bodies. There is a strong association between type
2 genital infection and carcinoma of the cervix in women, but a causative
role has not been proved.

Disease in Monkeys

In monkeys, chimpanzee, gibbon, and probably other apes, herpes simplex
infection is similar to that in humans, usually remaining localized and resolv-
ing. Recurrence of both oral and genital lesions has been described in chimpan-
zees. In monkeys, following an incubation period of about 7 days, a short clinical
course occurs, characterized by oral and labial ulceration, ulcerative dermati-
tis, conjuctivitis, anorexia, weakness, and incoordination. Death is the usual
outcome in 2-3 days. A presumptive diagnosis of herpes simplex infection in
monkeys can be made on the basis of history and pathological changes. De-
finitive diagnosis, however, requires viral isolatien and identification.

Herpesvirus Varicella Zoster

These two seemingly completely different disorders of humans are both
caused by the varicella-zoster virus (VZV), and are therefore closely related.

Varicella (Chickenpox)

Chickenpox, also known as "varicella” is one of the most common child-
hood infections. It is characterized by a papulo-vesicular rash (eruption),
beginning on the trunk and spreading to head and limbs. The virus enters
through the respiratory mucosa, and after viraemia, localizes and replicates
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in reticulo-endothelial tissues. After a second phase of viraemia, virus local-
izes in dermal capillary endothelial cells, and then spreads to the epidermis.
Microscopically, the epidermal lesions are similar to those of the herpes simplex
infection.

Zoster (Shingles)

Zoster, also known as 'shingles', represents activation of latent varicella
infection, and is characterized by vesicular dermatitis along the distribution of
peripheral or cranial nerves. Although associated with severe pain and
hyperaesthesia (increased sensitivity to sensory stimuli, such as pain), it usu-
ally resolves. Lesions in the skin resemble varicella.

Herpesvirus B Infection of Monkeys
(Herpes-B, Herpesvirus simiae, B-virus)

In 1934, a virus was isolated from the brain of a human patient who died
after being bitten by an apparently normal rhesus monkey. Further investiga-
tions revealed that most s pecies of macaques (Old W orld monkeys), espe-
cially rhesus monkeys, were found to be the natural reservoir hosts for the
virus. The virus was named "herpesvirus B".

Disease in Monkeys

Most of the knowledge on herpesvirus B c omes from studies on r hesus
monkeys, in which the infection is very similar to herpes simplex infection in
humans. Clinically, the disease is characterized by vesicles and ulcers, par-
ticularly on the dorsal surface of the tongue and on the mucocutaneous junction
of the lip. These lesions heal in 7-14 days. The disease is rarely fatal.
Microscopically, the lesions are characterized by ballooning d egeneration
and necrosis of epithelial cells and the presence of i ntranuclear inclusion
bodies. Once a monkey is infected with herpesvirus B, the animal probably
remains infected for life with persistent infection in ganglia. However, recurrent
lesions are not common.

Disease in Humans

The importance of herpesvirus B is not because of its danger to the reser-
voir host monkey, but due to the fatal disease the virus produces in humans.
Although the rate of morbidity is low, most cases have proved fatal. Infections
usually follow a monkey bite. The disease is characterized clinically and patho-
logically by encephalomyelitis. Focal necrosis may occur in the liver, spleen,
lymph nodes, and adrenal glands. Intranuclear inclusion bodies may be found
in any affected tissue, but have not been d emonstrated in all cases. A pre-
sumptive diagnosis can be made from the c haracteristic lesions. However,
definitive diagnosis requires isolation and identification of the virus.
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Herpesvirus Canis Infection of Dogs

Herpesvirus canis was first isolated and characterized in 1965. It was iden-
tified as the cause of a fatal systemic infection of neonatal (newly born) pup-
pies. It is now known that dogs are the natural and reservoir hosts for this
herpesvirus, just as humans are for herpesvirus simplex, monkeys for
herpesvirus B, and pigs for herpesvirus suis. Although adult dogs carry the
virus as a latent infection, it has been shown to cause a mild tracheo-bronchitis.
The occurrence of fatal infections in neonatal puppies appears similar to the
parallel condition of fatal herpesvirus simplex in infants, or fatal herpesvirus
suis in piglets. Each is an example of fatal disease in the host which usually
carries the virus as a latent infection.

Puppies are infected in utero, or during birth, by exposure to the virus in
the vagina. The infection results in either stillbirth, or an acute fatal disease in
the first 3 weeks of life. The most striking gross lesion is haemorrhage, espe-
cially in the renal c ortex and lungs, but the stomach, intestine, and adrenals
may also have haemorrhages. Sero-sanguineous fluid is usually present in the
thoracic and abdominal cavities. S plenomegaly and e nlargement of 1 ymph
nodes are noticeable. Microscopically, the lesions in all tissues are characterized
by focal necrosis, and the presence of intranuclear inclusion bodies. Inclusion
bodies may be difficult to demonstrate, unless an acid fixative such as Zenker's
fluid is used. The characteristic necrotizing lesions and intranuclear inclusion
bodies help in making a presumptive diagnosis. Definitive diagnosis requires
virus isolation and characterization. Dogs are natural hosts for this virus and
subject to latent infection. Therefore, virus isolation in the absence of charac-
teristic histopathological lesions must be interpreted with caution.

Pseudorabies

Also known as "infectious bulbar paralysis", "Aujeszky's disease", and
"mad itch", pseudorabies is a disease to which many species are susceptible.
It is caused by a virus of herpes group called herpesvirus suis. The disease
was first described in 1902 by Aujeszky in Hungary, but is now known to
occur in many parts of the world, including India. Natural infection occurs in
pigs, cattle, dogs, cats, sheep, and rats, but it is of greatest importance in
cattle, in which the disease is almost always fatal. In wildlife, pseudorabies
has been reported in deer and fox. The infection is similar c oncerning its
epizootiology, clinical signs, and pathological changes to certain other
herpesvirus infections, such as herpesvirus B and herpesvirus simplex.

Spread

Pigs and probably rats serve as the natural and reservoir hosts for
herpesvirus suis. The virus is present in the nasal discharge and in the mouth
of affected pigs on the first day of illness, and for up to 17 days after infection.
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Transmission is primarily by direct contact but can also occur through con-
taminated d rinking water and feed. S pread of the virus within and between
farms can occur mechanically. Virus is also excreted in the milk of infected
sows, and in utero infection occurs. Y oung and adult pigs may excrete the
virus in the absence of clinical disease, a situation similar to herpesvirus simplex
in humans. This may represent activation of a latent infection maintained in
ganglia. Pigs serve as the source of infection for cattle and sheep, usually
when housed together, but transmission can take place even if the animals are
separated by fencing.

Pathogenesis

The route of entry is through the damaged skin, or through the intact
nasal mucosa. The virus is pantropic, and affects tissues derived from all embry-
onic layers. In the pig, there is a short period of viraemia with localization of the
virus in many organs. However, multiplication occurs mainly in the respiratory
tract. Spread to the brain occurs by way of the olfactory, glosso-pharyngeal,
or trigeminal nerves. When the virus enters through a skin abrasion, it quickly
invades the local peripheral nerves, passes along them centripetally (i.e., towards
centre), and causes damage to nerve cells. It is this form of progression which
causes local pruritus (intense itching) in the early stages of the disease, and
encephalomyelitis at a later stage when the virus has invaded the c entral
nervous system. In cattle, pruritus of the head and neck is usually associated
with respiratory tract infection, and perianal pruritus is usually due to vaginal
infection. The virus can invade the uterus and infect pre-implanted embryos,
which can lead to degeneration of the embryo and reproductive failure.

Signs

Pigs are susceptible to infection, but adult animals rarely exhibit sy mp-
toms, or die from the disease. In adult pigs, a mild, febrile, non-fatal disease
may occur, but recovery is the rule. In piglets, the infection is more severe.
It occurs as an acute illness, which may lead to death in 24-48 hours without
specific clinical signs. Piglets more than 4 weeks of age may show signs of
involvement of the central nervous system, usually as incoordination of the
hind quarters, tremors, convulsions, and paralysis. Although it is uncommon,
older pigs may develop e ncephalitis and die of the infection. Intrauterine
infection can occur, resulting in abortion and stillbirth.

Intense itching develops in the skin of the cattle at the point of contact
after about 50 hours. Severe scratching of this area by the animal causes ul-
ceration of the skin, and secondary infection results. Paralysis may d evelop,
and cattle may die rather suddenly with indication of bulbar involvement (i.e.,
of medulla oblongata), hence the name "bulbar paralysis". The disease affects
cattle of all ages, and is almost always fatal. The course in affected dogs and
cats is similar, and also rapidly fatal.
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Lesions

After infection, herpesvirus suis reaches central nervous system by trav-
elling up nerve fibres. Lesions occur in the nerve fibres, ganglia, and central
nervous system in all species. Their extent and distribution depend on the du-
ration of the illness and species of the animal. In general, lesions are most exten-
sive in the spinal ganglia, temporal cerebral cortex, and basal ganglia of the
brain. In cattle and sheep, there is intense inflammation of para-vertebral ganglia.
Lesions in the brain vary. Moderate perivascular cuffing of lymphocytes and
some foci of microglial proliferation are seen, but most neurons are normal,
or exhibit only mild chromatolysis. Intranuclear inclusion bodies are present
in neurons and glial cells.

In pigs, the lesions in the CNS may be very mild. There are v ascular,
perivascular and interstitial lesions with slight nerve cell degeneration. Inclu-
sion bodies are present, but may be few in number. Besides nervous system,
lesions are also present in other organs and tissues. Focal necrosis of pharyngeal
mucosa, tonsils, lymph nodes, lungs, liver, and adrenal cortex, associated with
intranuclear i nclusion bodies, is usually seen in y oung piglets. N ecrotizing
placentitis with intranuclear inclusion bodies in trophoblast and mesenchymal
cells precedes abortion in pigs.

Zoonotic Significance

Care should be taken during postmortem examination, as infection of hu-
mans may occur through skin wounds.

Diagnosis

Pseudorabies may be suspected in outbreaks in which animals die s oon
after showing severe pruritus limited to a specific area of the skin. Cattle or
sheep with the disease have always been closely associated with pigs. The
microscopic lesions in the skin and spinal ganglia may be of some helpin
presumptive diagnosis, but the final diagnosis depends on reproduction of the
disease in e xperimental animals. This is done by the subcutaneous injection
of rabbits with suspension of nervous tissue from diseased animals. R abbits
show intense itching, with characteristic local inflammation of the skin. Death
is caused by respiratory failure, and the main lesions are necrotic changes in
ganglion cells.

The main serological tests for detection of specific antibodies are the
serum neutralization test and the enzyme-linked immunosorbent assay
(ELISA). The serum neutralization test has been widely used because of its
sensitivity and specificity. However, an indirect ELISA has been found to be a
more rapid and convenient procedure, o ffering many advantages o ver the
serum neutralization test for routine sero-diagnostic work. Commercial ELISA
kits are available. In infected pigs, the virus is usually present in nasal secre-
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tions for up to 10 days. A common method for the diagnosis of pseudorabies
in sows is to take swabs from the nasal mucosa and vagina. The virus can be
demonstrated in nasal cells by i mmunofluorescence and i mmunoperoxidase
techniques.

Infectious Bovine Rhinotracheitis

Infectious bovine rhinotracheitis (IBR) is a highly infectious viral disease
of cattle. IBR is also known by a variety of other names: infectious pustular
vulvovaginitis, coital exanthema, vesicular venereal disease, vesicular
vaginitis, coital vesicular vaginitis, coital vesicular exanthema, and red nose.
First isolated in Colorado, USA, virus of IBR is now recognized as a
herpesvirus of cattle of worldwide distribution. IBR has been reported in
India. The virus is termed 'bovine herpesvirus type 1 (BHV-1)". After recov-
ery of the animal from disease, the virus remains latent in sciatic and
trigeminal ganglia, and sheds periodically in a manner similar to that seen
with herpesvirus of humans (herpesvirus simplex), monkeys (herpesvirus B),
and dogs (herpesvirus canis). The virus is responsible for a variety of clinico-
pathological manifestations, in addition to upper respiratory disease. These
include conjunctivitis, encephalitis, mastitis, infectious pustular vulvo-vaginitis
and balanoposthitis (inflammation of the glans penis and prepuce), abortion,
and systemic infection in calves. It appears that different viral s trains are
responsible for the various c linico-pathological m anifestations. Infectious
bovine rhinotracheitis and infectious pustular vulvovaginitis are the most
common manifestations.

Spread

The main sources of infection are the nasal exudate and coughed-up drop-
lets, genital secretions, semen and foetal fluids and tissues. Aerosol (droplet)
infection is considered to be the method of spread of the respiratory disease.
Venereal transmission is the method of spread of the genital diseases. The
IBR virus may survive for up to 1 year in frozen semen. :

Pathogenesis

In the respiratory disease the virus multiplies in the nasal cavities and
upper respiratory tract, resulting in rhinitis, laryngitis and tracheitis. There is
extensive loss of cilia in the trachea. This leaves the tracheal epithelium cov-
ered with microvilli. This has an adverse effect on the defence mechanisms
of the respiratory tract. Spread from the nasal cavities to the ocular tissues
occurs through lachrymal ducts, and c auses conjuctivitis. S pread from the
nasal mucosa through the trigeminal peripheral nerve to the trigeminal gan-
glion may occur, resulting in a non-suppurative encephalitis. Systemic inva-
sion by the virus is followed by localization of the virus in several different
tissues. The virus may be transported by peripheral leukocytes to the pla-
centa, and transferred to the foetus to cause abortion. The foetus is highly
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susceptible to the IBR virus.
Signs

These are described under various clinical forms.
Respiratory Form

Young cattle are most susceptible. The disease is highly infectious, with
morbidity approaching 100% and mortality up to 10% of infected animals. The
symptoms begin with fever, anorexia, and a mucous nasal discharge, which
later becomes mucopurulent. R espiratory distress i s noticeable by dilated
nostrils, mouth breathing, dyspnoea, and coughing. Conjunctivitis often
accompanies the respiratory form. The course is usually about 10 days.

The gross lesions are 1imited to the nasal passages, paranasal sinuses,
trachea, and bronchi. Nasal and turbinate mucosae are congested and
oedematous and contain thick mucopurulent exudate. Lining of all paranasal
sinuses is congested, has excess mucus, and sometimes shows petechiae. The
tracheal mucosa is similarly congested, oedematous, and covered with
mucopurulent exudate. Severe oedema in the wall of the trachea may c ause
the wall to become as much as 2 cm thick, thereby decreasing the diameter of
the lumen. Stenosis (narrowing) of the trachea contributes to the respiratory
distress, and may result in death from asphyxia, or bronchopneumonia.
Microscopically, there is necrosis of the respiratory tract mucosa with intense
neutrophilic and mononuclear infiltration of the submucosa. The mucosa be-
comes ulcerated and has fibrin and necrotic debris. I ntranuclear inclusion
bodies are present in epithelial cells.

Neonatal Form

During an outbreak of IBR, the infection in very young calves may be-
come generalized. The condition is acute and usually fatal, with no signs of
respiratory system involvement. Lesions consist of widespread focal necrosis
in the respiratory epithelium, liver, kidney, spleen, lymph nodes, oesophagus,
and forestomachs. Intranuclear inclusion bodies have been described in each
of these tissues.

Genital Form

In 1957, it was discovered that IBR virus also causes another bovine disease
with very different manifestations. This disease, "infectious pustular
vulvovaginitis", has been known for many years under such names as coital
exanthema, vesicular venereal disease, vesicular vaginitis, coital vesicular
vaginitis, or coital vesicular exanthema. This infection involves mainly the
female genital tract, but lesions may occur on male genitalia as well. Clinical
signs in the cow appear within 24-72 hours after coitus with an infected bull.
The mucosa of the vulva becomes reddened with dark red punctate (pinpoint)
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foci, which quickly form vesicles and pustules (0.1-5.0 mm in diameter). The
pustules soon form a membrane by fusion. The membrane soon gets detached
and presents an underlying zone of ulceration. Vulva may be swollen. Affected
bulls may have similar lesions on the penis and prepuce. Healing of all these
lesions is complete in about 2 weeks. However, recurrent attacks may occur
due to the recurrence of latent infection, as seen in herpes simplex type 2
infections in humans. Cows and bulls can carry the virus in the absence of
visible lesions. Microscopically, the lesions consist of foci of necrosis of the
mucosal e pithelium with an associated inflammatory reaction. Intranuclear
inclusion bodies develop within epithelial cells.

Abortion

The IBR virus is also an important cause of abortion in cattle. The
abortion usually occurs after the rhinotracheitis form of the disease, and up to
60% of pregnant cows in a herd may abort. Although abortion may occur at
any stage of pregnancy, it is most common in the third trimester (i.e., last three
months). At the time of abortion, there is no visible clinical disease in the dam.
Advanced postmortem autolysis is the most striking gross finding in the foetus,
which is expelled 24-36 hours after intrauterine death. Microscopically, char-
acteristic lesions in the foetus consist of focal necrosis in the liver, 1 ymph
nodes, spleen and kidney. Intranuclear inclusion bodies are found in these
tissues. However, they may be difficult to demonstrate due to the e xtensive
autolysis.

The pattern of IBR abortion and the foetal lesions are remarkably simi-
lar to equine rhinopneumonitis abortion in mares. Both diseases are caused
by herpesviruses.

Diagnosis

A presumptive diagnosis of any form may be made on the basis of charac-
teristic c linical signs, and demonstration of necrotizing lesions ¢ ontaining
intranuclear inclusion bodies. The diagnosis may be confirmed by isolation
and characterization of the virus. The virus can be detected in nasal swabs by
the use of an enzyme-linked immunosorbent assay (ELISA) test, direct and
indirect immunofluorescence techniques, immunoperoxidase, and by electron
microscopic examination which may reveal herpes-like viral particles. Several
serological tests are available for the detection of antibody, which include the
ELISA test, the indirect or passive haemagglutination test, and the virus neu-
tralization test.

Bovine Ulcerative Mammillitis

Also known as 'bovine herpesvirus mammillitis' (mammillitis is inflam-
mation of teats), bovine ulcerative mammillitis is a viral disease of cattle char-
acterized by severe ulceration of the skin of the teats and udder. This specific
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ulcerative disease of the bovine teat was first reported in 1964, and is caused
by bovine herpesvirus 2 (BHV-2).

Lesions

The lesions are mostly confined to the teats, although they may spread
to the skin of the udder and perineum, and to the face and oral cavity of
nursing calves. L esions begin as local areas of erythema and oedema, and
progress to vesicles, which rupture, leaving ulcers. Healing usually occurs in
10-18 days. Microscopically, the changes resemble other localized herpesvirus-
induced lesions, i.e., lesions of herpesvirus simplex B. In the epidermis,
ballooning degeneration, intercellular oedema, and necrosis 1ead to vesicle
formation. Multinucleated giant cells form within the epidermis. Intranuclear
inclusion bodies are numerous in epithelial cells and giant cells. A cellular
inflammatory response develops in the dermis.

Diagnosis

The disease must be differentiated from cowpox, p seudo-cowpox, and
lumpy skin disease. Microscopically, the presence of giant cells and
intranuclear inclusion bodies differentiate the herpes infections from poxvirus
infections, which are characterized by cytoplasmic inclusions. Viral isola-
tion and identification confirm the diagnosis.

Equine Alpha-Herpesvirus Infections

Horses are subject to three alpha-herpesviruses: 1) e quine herpesvirus
type 1 (equine herpesvirus-1, subtype 1). This is an important cause of abor-
tion, neonatal (newborn) death, respiratory disease, and neurological disease.
2) equine herpesvirus type 4 (equine herpesvirus-1, subtype 2). This mainly
causes acute respiratory disease in young horses (equine viral
rhinopneumonitis), but may also cause abortion. 3) equine herpesvirus type
3. This causes equine coital exanthema. Equine herpesvirus type 2 is a beta-
herpesvirus (cytomegalovirus).

Virtually nothing is known about the latency, or recurrence of the equine
herpesviruses. Infection with the viruses EHV-1 and EHV-4 is universally
common in horses, including India.

Spread

The disease is highly infectious, and spread occurs by the inhalation of
infected droplets, or by the ingestion of material contaminated by nasal dis-
charges, or aborted foetuses.

Equine Herpesvirus Abortion

This disease is caused by herpesvirus equi type 1, and is characterized by
intra-uterine d eath of near-term equine foetuses. Itis a particular hazard in
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horse breeding establishments. In India, EHV-1 causing abortion in mares
was recorded in 1975.

Signs

Infection of the foetus has some characteristic features, by which a pre-
sumptive diagnosis can often be made. The disease affects the foetus during
the 8th to 11th months of pregnancy. The majority of abortions occur in the
9th and 10th month. The foetus is expelled from the uterus immediately after
death. Complication's such as retained placenta, delayed involution, and post-
parturient (after p arturition) metritis are rare. The mare usually recovers
promptly. A storm of abortions may occur. As many as 90% of the pregnant
mares in a band (group) may be affected. Neonatal infection may lead to fatal
generalized d isease.

Lesions

Lesions in the aborted foetus are typically found in the lungs, liver, and
lymph nodes. Changes in the liver are seen grossly as tiny grey subcapsular
foci. Microscopically, these foci consist of aggregations of necrotic liver cells.
Liver cells surrounding the foci of necrosis often contain small eosinophilic
intranuclear inclusion bodies. In the lung, interlobular oedema and excessive
pleural fluid are constant gross lesions. T he microscopic lesions consist of
cellular debris in the lumen of the bronchi and bronchioles, and erosion of
adjacent epithelium. In epithelial cells near the eroded areas, the nuclei contain
eosinophilic inclusion bodies similar to those in liver cells. Similar intranuclear
inclusions and foci of necrosis are found in the spleen and lymph nodes in
many cases.

Equine Viral Rhinopneumonitis

The causative agent of rhinopneumonitis of horses is "herpesvirus equi
type 4", a virus closely related to the herpesvirus of "equine herpesvirus abor-

tion". In India, equine rhinopneumonitis caused by EHV-1 was recorded in
1975.

Signs

In young horses of 1-4 years, fever develops with a sudden onset. Slight
congestion of nasal and conjunctival mucosa occurs, and a dry hacking cough may
develop. The fever usually subsides in 2-4 days, and the animal recovers
soon. In complicated c ases, severe respiratory symptoms may a ppear, par-
ticularly when beta-haemolytic s treptococci are also involved. D eath may
result from pneumonia, or in a few cases from streptococcal septicaemia.
One late complication (sequel) is damage to the left recurrent laryngeal nerve,
which produces paralysis of the vocal cords, c ausing characteristic s ounds
with each inspiration ("roaring"). Rarely, the virus may also cause late abor-
tion.



Viral Diseases 163

Lesions

Most horses recover. In those which succumb lesions are often compli-
cated by haemolytic streptococci and other bacteria. In fatal cases lesions are
haemorrhagic or purulent bronchopneumonia or even disseminated abscesses.
The virus attacks the respiratory epithelium, resulting in lysis and intranuclear
inclusion bodies, which are usually only a few at this stage of the disease. The
main lesions are purulent rhinitis, tracheitis, and pneumonia.

Equine Coital Exanthema

This disease more or less resembles infectious pustular vulvo-vaginitis. It
is caused by herpesvirus equi type 3, which is d ifferent from other equine
herpesviruses. T he disease is c haracterized by v esicles, p ustules, e rosions,
and ulcers of the vagina, vulva, perineum, penis and prepuce, and less often
on the teats and lips. The lesions heal without complication. The virus does
not cause abortion. In India, equine coital e xanthema was reported for the
first time from Karnataka in 1987 and then from Haryana and Punjab in the
same year.

Equine Herpesvirus Associated Meningo-
encephalomyelitis

A syndrome of ataxia (muscular i ncoordination) and paralysis has been
reported in h orses following e pizootics (outbreaks) of herpesvirus a bortion
or respiratory disease (probably caused by equine herpesvirus 1). Clinically,
there is sudden onset of foreleg and/or hindleg lameness, causing ataxia. This
may rapidly progress to paralysis of legs and even to complete quadriplegia
(paralysis affecting all four legs) and recumbency (state of lying down) often
causing death. The nature of the meningo-encephalomyelitis is not similar to
that caused by other alpha-herpesviruses. Inclusion bodies are absent, and it
is difficult to recover virus. Microscopically, lesions in the brain, spinal cord,
and meninges consist of arteriolitis (inflammation of arterioles) characterized
by mononuclear cuffing and infiltration, medial necrosis, endothelial
hyperplasia, and necrosis and thrombosis. The pathogenesis of the vasculitis
is not understood, but an immune complex-mediated disease has been
suggested.

Diagnosis of Alpha-Herpesvirus Infections

The clinical picture of a mild upper respiratory infection in horses, with a
high incidence of abortions in mares, and characteristic lesions in the aborted
foetuses, are virtually diagnostic of equine viral rhinopneumonitis. As an upper
respiratory tract infection it must be differentiated from strangles, with its ca-
tarrhal rhinitis and lymph node abscessation; from the more severe equine
viral arteritis in which there are no lesions in aborted foetuses, and from equine
influenza. Until proved to be otherwise, all abortions in mares should be
considered as being caused by equine herpesvirus 1.
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Of the serological tests available, the immunofluorescent test is most sen-
sitive. An ELISA test has been established, and a polymerase chain reaction
(PCR) isa sensitive technique for the detection of equine herpesviruses in
such specimens as naso-pharyngeal swabs. The virus can be isolated in tissue
culture, chick-embryos and hamsters, from either nasal washings, or aborted
foetuses.

Feline Viral Rhinotracheitis

This disease is caused by a herpesvirus called "feline herpesvirus 1". The
disease is manifested by sudden onset of sneezing, and copious discharge of a
mucous nasal exudate. This exudate may be seen sticking to the nostrils. Ul-
cerative glossitis often occurs. A transient fever occurs in the early st ages.
Young recently weaned kittens are particularly susceptible, but the disease
may affect cats of all ages.

Lesions

Lesions are confined to the nasal cavity, tongue, p harynx, 1 arynx, and
trachea, only rarely involving the lungs. The virus attacks the respiratory and
oral epithelium, resulting in necrosis of cells, and in the early stages presence
of intranuclear inclusion bodies. Necrosis in the epithelium is followed by
ulceration and leukocytic infiltration.

The virus may also cause abortion, and systemic disease of the neonate
(newborn) in a manner similar to other herpesvirus infections such as herpesvirus
simplex, herpesvirus canis, and infectious bovine rhinotracheitis.

Infectious Laryngotracheitis

Also known simply as "laryngotracheitis (LT)", infectious
laryngotracheitis (ILT) is a viral respiratory tract infection of chickens which
may result in severe production losses due to mortality and/or decreased
egg production. The disease is caused by an alpha-herpesvirus, and was first
reported from the USA in 1925. ILT occurs worldwide, including India. The
virus appears to infect naturally only the fowl, and sometimes the pheasant.
The virus affects only the respiratory tract and conjunctiva, and st rains
vary in virulence. Fowls of all ages are susceptible. Although greatest sus-
ceptibility occurs in the very young chicks (and broilers), the disease is mostly
seen in the field in birds from 3-9 months old. In endemic areas, older birds
are usually immune. In general, males are more susceptible than females, and
the heavier breeds more susceptible than light. The disease is aggravated by
concurrent infection with a variety of other pathogens, such as the viruses of
Ranikhet disease, infectious bronchitis and fowlpox, and also Haemophilus
paragallinarum and Mycoplasma gallisepticum. Deficiency of vitamin A and
excess ammonia in the atmosphere may also predispose to a more severe
disease.
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Aetiology

ILT virusis an enveloped, double-stranded DNA (dsDNA) virus. The
complete virus particle has a diameter of 195-250 nm. The envelope contains
fine projections representing viral glycoprotein s pikes on its surface.
Replication of ILT virus is similar to that of other alpha-herpesviruses, such as
pseudorabies virus and herpes simplex virus. ILT virus strains varyin
virulence from highly virulent strains which produce high morbidity and
mortality to strains of low virulence which produce mild-to-inapparent infec-
tion. Antigenically the virus strains appear to be homogeneous based on
virus neutralization, immunofluorescence tests, ¢ ross-protection studies, and
ELISA. The virus can survive away from the host for several weeks under
farm conditions, and longer when the environment is very cold.

Spread

Transmission through the egg is not known to occur. The virus is present
mainly in the exudate from the nares, oropharynx, trachea, and the conjunc-
tiva. Infection is spread in aerosol (droplets) form from infected birds, i.e.,
through the upper respiratory and ocular routes. It enters the body through
the upper respiratory tract and conjunctiva. Ingestion can also be a mode of
infection. However, exposure of nasal e pithelium following i ngestion isre-
quired with this route. Among recovered birds, the virus c an become latent
and the birds carriers. T hus, birds w hich appear healthy may e xcrete the
virus for long periods, p erhaps for several years. However, spread occurs
more readily from acutely infected birds than through contact with clinically
recovered carrier birds. Because of the survival of the virus outside the body
of the host, fomites, such as infected crates, receptacles, equipment and
buildings, and mechanical carriers, such as people, wild birds, vermin
(insects), and cats and dogs can be transmitters of the virus.

Pathogenesis

The virus initiates infection by attachment to cell receptors. This is fol-
lowed by fusion of the envelope with the host cell plasma membrane. T he
nucleocapsid is released into the cytoplasm and transported to the nuclear
membrane. Viral DNA is released from the nucleocapsid, and migrates into
the nucleus t hrough nuclear pores. Transcription and replication of viral
DNA occur within the nucleus. Infection of the upper respiratory tractis
followed by intense viral replication. Infectious virus is usually presentin
tracheal tissues and secretions for 6-8 days, and at very low levels up to 10
days. Virus multiplication is limited to respiratory tissues, with no evidence
of viraemia. From trachea the virus spreads to trigeminal ganglia 4-7 days
after tracheal exposure. Reactivation of latent virus from the trigeminal gan-
glia after long periods has been recorded. More recently, with the use of
polymerase chain reaction (PCR) technology, it has been confirmed that the



166 A Textbook of Veterinary Special Pathology
trigeminal ganglion is the main site of virus latency.

Clinically inapparent infection of the respiratory tract is a major fea-
ture of virus persistence. Studies have revealed a "field" carrier rate of about
2% for periods up to 16 months after a disease outbreak. Other studies have
revealed latent tracheal infections for similar periods in 50% or more of in-
fected c hickens.

Signs

The period of incubation is about 6-12 days. Infection may result in
peracute, acute, mild, or asymptomatic disease. In the peracute form, the
bird may be found dead without prodromal (warning) signs; or show sudden
acute dyspnoea with severe coughing and expectoration of mucus, and blood-
stained exudate and blood clots, followed by death in 1-3 days. In the acute
form dyspnoea is a feature, but it is not as sudden in onset, or as severe as in
the peracute form. Obstruction of the trachea with exudate causes the bird
to breathe with long drawn-out gasps, with a wide open beak. In some
birds, there may be nasal discharge and conjunctivitis with frothy exudate at
the canthus of the eye. In birds which are severely dyspnoeic, there is cyanosis
of the face and wattles, and death usually occurs in 3-4 days. In other birds,
dyspnoea increases and then subsides, and recovery occurs in 2-3 weeks. In
the mild form, the signs include moist rales, slight coughing and head shak-
ing, nasal exudate and conjunctivitis. Egg production is affected and may
stop completely for a time, but in those birds which recover, egg production
returns to normal. The asymptomatic form occurs without clinical signs. Its
presence in a small flock may be undetected.

Gross Lesions

The gross lesions vary with the severity of the disease. In most cases
they are restricted to the upper respiratory tract. In the peracute form, there is
haemorrhagic tracheitis. The trachea contains blood casts, or is filled with
blood-stained mucus. There is respiratory obstruction. In the acute form caseous,
diphtheritic exudate, mucus and some haemorrhage occur in the trachea, and
usually cause obstructive plugs in the laryngeal and syrinx regions. The trachea
s often very congested and cyanotic. In the mild form, there may be excess
mucus with or without d iphtheritic exudate in the trachea. Conjunctivitis is
the most common ocular lesion. The lungs and airsacs are rarely affected, but
there may be congestion of the lungs, and some thickening of the airsac walls
and caseous exudate in the lumen.

Microscopic Lesions

Early microscopic changes in tracheal mucosa include loss of goblet cells
and infiltration with inflammatory cells. As the infection progresses, cells en-
large, lose cilia, and become oedematous. Multinucleated cells (syncytia)
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are formed, and lymphocytes, histiocytes and plasma cells migrate into the
mucosa and submucosa after 2-3 days. Later, cell destruction and desquamation
result in a mucosal surface lacking any epithelial covering. Haemorrhage may
occur in cases of severe epithelial destruction and desquamation with exposure
and rupture of blood capillaries. Intranuclear inclusion bodies are found in
the epithelial cells by 3 days. They are generally present in the early stages of
infection (1-5 day). They disappear as infection progresses due to the necrosis
and desquamation of epithelial cells.

Diagnosis

Usually diagnosis of ILT requires 1aboratory help, as o ther respiratory
pathogens can cause similar clinical signs and lesions. Only in cases of severe
acute disease with high mortality and e xpectoration of blood can ILT be
diagnosed reliably on the basis of clinical signs. Laboratory diagnosis is based
on demonstration of intranuclear inclusion bodies, virus isolation, detection
of ILT virus antigens in tracheal tissues or respiratory mucus, detection of ILT
virus DNA, or serology.

ILT is characterized by the development of pathognemonic intranuclear
inclusion bodies in respiratory and conjunctival epithelial cells. A variety of
different procedures have been described for rapid diagnosis of ILT, includ-
ing fluorescent antibody (FA) procedures, an immunoperoxidase (IP) proce-
dure, e nzyme-linked i mmunosorbent assays (ELISA), electron microscopy,
DNA hybridization techniques, and PCR techniques. Techniques for d emon-
stration of ILT virus antibodies in serum include agar-gel i mmunodiffusion
(AGID), virus neutralization (VN), indirect fluorescent antibody (IFA) test,
and ELISA.

Duck Virus Enteritis

Also known as "duck plague”, duck virus enteritis (DVE) is an acute con-
tagious disease of ducks, geese, and swans caused by a herpesvirus, prob-
ably alpha type. The disease was first reported from The Netherlands in 1949.
The disease at times has resulted in heavy losses in ducks and geese.

Spread between birds is rapid, transmission being direct from bird to bird,
or indirect from the contaminated environment. Vertical transmission through
the egg has been shown experimentally.

Signs

The incubation period following exposure is 3-7 days. In adults, a serious
drop in egg production may occur. Ataxia is common. Birds use their wings to
aid walking or swimming. Photophobia, pasted eyelids, nasal discharge,
inappetence, thirst, soiled vents, and diarrhoea are usually seen.
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Lesions

Multiple tissue haemorrhages are seen as well as free blood in body
cavities and lumen of the gut. Petechial and larger haemorrhages may be
seen on the heart, liver, pancreas, intestines, lungs, and kidneys. In the adult
female the ovarian follicles may be deformed and discoloured. Microscopi-
cally, the disease in its early stages is one of vascular damage, and later, areas
of necrosis are seen. Intranuclear inclusion bodies can be seen.

Mortality following the clinical signs is usually rapid (1-5 days) and may
exceed 90%, particularly in adult birds.

Diagnosis

A presumptive diagnosis can be made on the basis of gross and
histopathological lesions. I'solation and i dentification of virus confirms t he
diagnosis even in the absence of typical lesions. S erological procedures for
detecting antibodies include a reverse passive haemagglutination test and en-
zyme-linked immunosorbent assay (ELISA).

Pigeon Herpesvirus Infection

This infection is caused by pigeon herpesvirus 1 (most probably alpha),
which is antigenically different from duck virus enteritis agent.

Spread

Susceptible pigeons can be infected through direct contact with infected
birds. Egg transmission of the virus seems unlikely. Mature pigeons inin-
fected flocks are asymptomatic carriers of the virus, and some of them may
shed virus from time to time.

Signs

Clinical disease is observed mainly in y oung pigeons not protected by
maternal antibodies. In the acute form, pigeons sneeze frequently and show
conjunctivitis, and nostrils become obstructed w ith mucus and moisture. In
the chronic form, sinusitis and intense dyspnoea may be observed.

Lesions

Grossly, mucous membranes of the mouth, pharynx and larynx are con-
gested and covered with foci of necrosis and small ulcers. The mucous mem-
brane of the pharynx may be coated with diphtheritic membranes. In general-
ized infection (viraemia), foci of necrosis can be observed in the liver. Mi-
croscopically, foci of necrosis are observed in the lining epithelium of pharynx,
larynx, and trachea. In generalized infections, pigeons show hepatitis.
Intranuclear i nclusion bodies are found in many hepatic cells widely
throughout the organ.
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Diagnosis

Diagnosis is based on isolation and identification of the causative agent,
and demonstration of specific antibodies by serological tests, which include
virus neutralization test, indirect immunofluorescence, and counter-
immunoelectrophoresis.

Diseases caused by Beta-Herpesviruses
Cytomegalic Inclusion Diseases

"Cytomegalic inclusion diseases' affect a variety of animal species,
including h umans. These are caused by host-specific viruses called
"cytomegaloviruses'', which are classified within the beta-herpesvirus group.
The characteristic feature of these viruses is that thay induce the formation of
extremely large cells (megalocytes) of up to 40 um in diameter, which carry
large intranuclear inclusion bodies.

In contrast to alpha-herpesviruses, cytoplasmic inclusion bodies are
also often present. These represent accumulations of mature virions in cyto-
plasmic vesicles. Most of the cytomegaloviruses have a peculiar affinity for
the salivary glands. The infection is usually latent or subclinical, but under
proper circumstances, generalized and often fatal infection may develop.
Specific cytomegaloviruses have been isolated from humans, pigs (inclusion
body rhinitis), cattle (bovine herpesvirus 3), horses (equine herpesvirus 2),
cats, guinea-pigs, mice, rats, monkeys, and ground squirrels. In most species,
the infection is of little importance. As with most herpesviruses, incidence of
infection is very high, and remains latent for life with periodic shedding, usually
in the urine. Only cytomegalic inclusion disease of pigs will be considered,
since in other species no visible disease occurs in response to localized or
generalized i nfection.

Inclusion Body Rhinitis of Swine

Also known as " porcine h erpesvirus 2 i nfection" and "generalized
cytomegalic inclusion body disease of swine", inclusion body rhinitis of pigs
is a cytomegalovirus disease first described in Great Britain in 1955. The
disease mainly occurs in piglets of 2-3 weeks, and produces a mild catarrhal
to purulent rhinitis. Morbidity is high, but mortality is low, unless complicated
by more serious secondary p athogens. As in humans, the porcine virus can
cross the placenta and cause foetal death, or generalized disease in neonates
(newborns).

Microscopically, the picture is dominated by intranuclear inclusion body
containing megalocytes in the glandular epithelium of the nasal cavity. Re-
covery is uneventful. Inclusion-bearing megalocytes have also been described
in the kidney and salivary gland. The diagnosis is usually made from demon-
stration of typical intranuclear inclusion bodies in tissue sections. Inclusion
bodies can also be demonstrated in exfoliated cells obtained from nasal swabs
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of live pigs. Antibody to infection can be detected by indirect
immunofluorescent techniques and ELISA test.

Diseases caused by Gamma-Herpesviruses

These herpesviruses are lymphotropic. Only two gamma-herpesviruses
are important in veterinary medicine: 1. The virus of malignant catarrhal
fever, and 2. The virus of Marek's disease. Marek's disease virus appears to
be gamma-herpesvirus on the basis of its lymphotropism, but its genome more
closely resembles an alpha-herpesvirus.

Malignant Catarrhal Fever

Also known as "bovine malignant catarrh (BMC)", " malignant head
catarrh” and "snotsiekte", malignant catarrhal fever (MCF) is an acute, highly
fatal, infectious disease of cattle caused by a gamma-herpesvirus. BMC is also
an important disease of deer and wild ruminants. The disease is characterized by
catarrhal and mucopurulent inflammation of the eyes and nostrils, erosions of the
nasal mucosa, rapid emaciation, enlargement of lymph nodes, corneal opacity, and
nervous symptoms. The disease has a worldwide d istribution. Its e xistence
has been reported in India.

Spread

In Africa, the virus is carried by wildebeest (a wild animal, gnu) which
serves as the source of infection for cattle (the " wildebeest-associated" vi-
rus). In the United States, sheep carry ("sheep-associated virus), and are the
source of this infectious agent. T he disease is not transmissible between in-
fected cattle.

Signs

Infection is followed by high fever (106°-107° F) and catarrhal conjunc-
tivitis and rhinitis, which are accompanied by mucopurulent discharge from
the eyes and nose. This e xudate characteristically flows from the eyes and
nostrils, but soon dries and sticks. The eyes are sensitive to strong light. The
cornea becomes opaque in the final stages. Emaciation develops rapidly. The
skin of the muzzle is eroded, and the nasal passages are obstructed by
mucopurulent exudate. In some cases, erosions develop inside the cheeks and
on the roof of the mouth. These are grossly indistinguishable from the erosive
oral lesions of rinderpest. Diarrhoea is common, and nervous manifestations
are seen in the final stages. In mild forms of the disease, skin lesions may be
observed. These consist of thickening and peeling, particularly of the skin of
the neck, axillae, and perineum. The lymph nodes are swollen, which is an
almost constant sign. Those lymph nodes which appear as small subcutaneous
nodules form a chain along the jugular groove of the neck.This can be ob-
served clinically. The disease is almost always fatal.
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Lesions

The most constant lesion is a marked perivascular and intramural infil-
tration of mononuclear cells, mainly monocytes. Arteries and arterioles in almost
all organs are affected, and often there is medial necrosis and endothelial swelling.
This change may be responsible for the inflammatory and necrotizing lesions
seen grossly and microscopically.

Lymph nodes are always swollen, and the cut surface appears granular.
The main microscopic changes are dilation of lymphatic channels, and se-
vere oedema and proliferation of reticulo-endothelial cells and lymphocytes.
Changes in the heart and skeletal muscles are perivascular infiltrations by
lymphoid cells. In the nostrils, irregularly-shaped erosions of the mucosa are
covered with a mucopurulent exudate. Microscopically, these lesions are the
result of necrosis of the epithelium and intense lymphocytic infiltration of the
underlying stroma. Similar lesions may develop in the oral and p haryngeal
mucosa. Congestion, oedema, and erosions occur in the oesophagus, rumen,
reticulum, and omasum. Erosions and ulcers may be present in the abomasum.
The small and large intestines show hyperaemia and oedema.

In the eye, congestion and oedema are severe. The liver and kidneys are
often grossly enlarged and mottled. G rossly, the renal c ortex may ¢ ontain
grey to w hite foci w hich resemble infarcts. Microscopically, these lesions
consist of collections of mononuclear cells. Similar infiltrates are found in the
periportal areas of the liver. In the brain, a "cooked" gross appearance and
an odour resembling that of broth have been described. Microscopic lesions
include oedema and lymphocytic infiltration in the meninges, and perivascular
oedema and accumulation of lymphocytes in the medulla, pons, olfactory
bulb, and hippocampus, as well as in the cerebrum, c erebellum, and s pinal
grey matter.

Although the disease is caused by a herpesvirus, behaviour of the virus is
unlike cytocidal herpesviruses, such as those of bovine viral rhinotracheitis, feline
viral rhinotracheitis, or equine abortion. The behaviour of the virus does, however,
resemble lymphotropic herpesvirus, such as the Epstein-Barr virus of humans. No
free virus is present in tissues of affected cattle and virions cannot be recovered;
the virus is associated with lymphocytes; in affected c attle there are no
inclusion bodies or syncytial giant cell formation; the disease is not contagious
among cattle; t he incubation period is variable; and the main p athological
features are lymphocytic proliferation and infiltration and v asculitis. The
pathogenesis of the disease remains to be worked out. It may be
lymphoproliferative disease like that caused by Epstein-Barr virus of humans,
or an immune-mediated 1 ymphoproliferation and v asculitis directed a gainst
viral antigens in infected cells.
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Diagnosis

The diagnosis of the disease is often difficult. It should be differentiated
from rinderpest by the greater infectivity and shorter course of rinderpest and
its more prominent gross intestinal lesions. The microscopic c hanges in the
mucosa and lymph nodes are also helpful in differentiating these two diseases.
Until recently the virus neutralization test was the only serological test available
for the presumptive diagnosis. Tests for the d etection of immunofluorescent
antibodies and complement-fixing antibodies have now been developed, and
an ELISA test is now available for the wildebeest-associated virus. The sheep-
associated virus is undetectable serologically.

Marek's Disease

Marek's disease (MD) is a lymphoproliferative disease of chickens caused
by a herpesvirus. It is characterized by a mononuclear infiltration of the pe-
ripheral nervous system, and to a lesser degree, other tissues and visceral or-
gans. Marek's disease virus (MDV) is a cell-associated herpesvirus with
lymphotropic properties similar to those of gamma-herpesviruses. However, its
molecular structure and genomic organization are similar to those of alpha-
herpesviruses. Marek's disease exists in poultry-producing countries through-
out the world, including India.

The disease was first described by the Hungarian veterinarian Jozsef Marek
in 1907, after whom it is named "Marek's disease". Neural involvement, lead-
ing to paralysis, was the most visible symptom, and the names of polyneuritis,
fowl paralysis, range paralysis, and neurolymphomatosis were commonly
applied.

Aetiology

Marek's disease virus (MDV) is an enveloped DNA virus. The DNA of
MDYV is a linear, double-stranded molecule (ds DNA). The MDV and related
herpesviruses have been classified i nto t hree serotypes. Type-specific
monoclonal antibodies are used to determine virus serotypes. Serotype 1 com-
prises oncogenic strains of MDV. Serotype 2 is a group of naturally apathogenic
(non-pathogenic) strains of MDV. Serotype 3 is the apathogenic and
antigenically related herpesvirus of turkeys (HTV). Thus, it can be seen that
virulence or oncogenicity is associated only with serotype 1 viruses. Serotype
2 and 3 are non-pathogenic. However, within serotype 1, a wide variation in
pathogenic potential is recognized. Serotype 1 strains have been subdivided
into three pathotypes: 1. Mildly virulent (nMDYV), 2. Virulent (vMDY), and
3. Very virulent (vvMDV). Virus infectivity in vivo and in vitro_is strictly
cell-associated except in the feather follicle epithelium, where cell-free virus
is produced.
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Spread

The virus spreads rapidly from infected to uninfected birds. The virus is
present in desquamated feather follicle epithelial cells, and in oral, nasal, and
tracheal secretions. The feather follicle cells are the most important source
of infection, and are responsible for the infectivity of dander (minute scales
from feathers or skin), poultry house dust, and litter. In fectivity in these
materials can last for at least one year at room temperature. Director
indirect contact between birds spreads the virus. Airborne spread of virus
and infection through the respiratory tract is considered to be the most
important route. Beetles can carry the virus, but insects are not considered to
be an important means of spread of infection. The virus is not transmitted
through the egg, and thus chicks are hatched free of infection.

Once contracted, the infection persists throughout the life of the chicken,
and infected ‘birds continue to contaminate the environment by shedding
the virus.

Epidemiology (Factors Influencing the Disease)

There are a number of factors which influence the clinical picture and severity
of Marek's disease in an individual chicken, and the severity of an outbreak in
a flock. The genetic constitution of the chicken greatly influences the inci-
dence and pathology of the disease. The genetic resistance is not resistance to
infection, but resistance to the development of disease after infection. Genetic
resistance is of two types: 1. One is associated with a major histocompatibility
complex allele (B21). It is thought to be the result of a superior immune
response. 2. The second type is independent of the histocompatibility locus.
It is determined by susceptibility of T cells to transformation.

The sex of the chicken also influences the incidence of the disease. Fe-
males are more susceptible than males. The age at infection and immune
status of the chicken are also important. R esistance to the development of
disease increases with the age. Chickens with passive or active immunity are
more resistant.

The strain of virus is also important. The more pathogenic strains have a
greater chance of producing the disease. Also important is that infection with a
non-pathogenic or mild strain may occur first. This would result in the develop-
ment of immunity against the effects of later infection with a pathogenic strain.
Apart from this, stress is the main environmental factor associated with in-
creased incidence of the disease. Movement, vaccination against other diseases,
handling, beak trimming, and changes of food are stresses which are of potential
importance.
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MD Virus-Cell Interactions

For a better understanding of the pathogenesis, it would be helpful if we
discuss first virus-cell interactions.These are of three types: 1. Productive,
2. Latent, and 3. Transforming.

In the productive infection, replication of the viral DNA occurs and virus
particles are produced. The number of genome copies (i.e., virus particles) per cell
canexceed 1200. T here are two types of productive infection: 1 Fully
productive infection with virus in the feather follicle epithelium (FFE) results
in the development of a large number of enveloped, fully infectious virions.
2. In productive-restrictive infection also virions are produced, but most of
the virions are non-enveloped, and therefore non-infectious. In all types of
cells, productive infection is lytic and leads to intranuclear inclusion body
formation, cell destruction, and formation of frank necrotic lesion. Because of
this, productive infection has been termed cytolytic, and the terms are used
synonymously.

Latent infections are non-productive, i.e., no virus particles are produced.
Latent infection can be detected only by hybridization with DNA probes. At
least two cytokines help in maintaining latency. One of this has been identified
and is interferon. Interferon suppresses production of viral particles in latently
infected | ymphocytes.

Transforming infection occurs in cells transformed by serotype 1 Marek's
disease virus. Unlike latent infection, in which the viral genome (virus) is present
but is expressed only to a very limited degree, the transforming infection is
characterized by more extensive expression of the viral genome, sometimes result-
ing in viral particle production. Transformed cells contain about 5-15 copies of
viral genome (viral particles). A Marek's disease tumour-associated surface
antigen (MATSA) develops on cells of MD lymphomas and lymphoblastoid cell
lines derived from lymphomas. This antigen is not present on the surface of
productively infected cells. However, MATSA was also detected on
lymphocytes from c hickens vaccinated with herpesvirus of turkeys (HVT),
and non-oncogenic strains of MDV. Subsequent studies with monoclonal an-
tibodies revealed MATSA to be present on activated T cells from uninfected
chickens. Thus, MATSA is now considered to be a host antigen and is not
tumour-specific. It is simply a marker for activated T cells.

Pathogenesis

Pathogenesis of Marek's disease can be described in four phases of infec-
tion: 1. Early productive-restrictive virus infection, causing mainly degen-
erative (cytolytic) changes, 2. Latent infection, 3. A second-phase of cytolytic,
productive-restrictive infection coinciding with permanent immunosuppression,
and 4. A proliferative phase involving non-productively infected lymphoid
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cells which may or may not progress to lymphoma formation.

The virus enters through the respiratory tract, where it is picked up by
the phagocytic cells. An acute phase of the disease follows within 3-4 days,
characterized by cytolytic infection of the lymphoid system, most marked in
the bursa of Fabricius, thymus, and also spleen. The primary target cells in
all these organs are B cells, although some activated T cells become infected
and undergo degeneration as well. Resting T cells are resistant to infection.
The necrotizing effects of this early infection provoke an acute inflammatory
reaction with infiltration of macrophages, granulocytes, and lymphocytes.
Infected birds normally recover from the acute phase of the disease and after
6-7 days the infection becomes latent.

At about 6-7 days, the infection switches to latency. This coincides with
the development of immune responses. Cell-mediated immunity (CMI) has
been shown to be important. Most latently infected cells are T cells, although
B cells can also be involved. T he virusis spread throughout the body by
infected lymphocytes, and a persistent, cell-associated viraemia is present. A
secondary c ytolytic infection occurs in the FFE t wo weeks a fter primary
infection and infectious cell-free virus is produced and shed into the environ-
ment in feather debris and dander. The latent infection is persistent, and can
last for the life of the bird.

Infection in genetically resistant birds does not progress beyond the
second phase (latency). Susceptible birds, on the other hand, develop a sec-
ond wave of cytolytic infections after the second or third week c oinciding
with permanent immunosuppression. The lymphoid organs are again involved,
and foci of infection occur in tissues of e pithelial origin in various organs
(e.g., kidney, pancreas, adrenal gland, proventriculus etc.), and especially in
the skin, where a prominent infection of the feather follicle epithelium (FFE)
occurs. Infection of FFE is unique in that it is the only known site of com-
plete virus replication. There is focal necrosis, and inflammatory reactions
develop around affected areas.

Lymphoproliferative changes constitute the final response and may
progress to tumour development. Transformed T cells proliferate in periph-
eral nerves and other tissues and organs, leading to type A nerve infiltrations
and lymphoma formation. Transformed T cells contain viral genome, but the
synthesis of viral particles is severely restricted. Death from lymphomas may
occur at any time from about 3 weeks onward.

Lymphomas

The composition of lymphomas is complex. They consist of a mixture of
neoplastic, inflammatory, and immunologically active cells. Both T and B cells
are present, but the former predominate. The usual target cells for transforma-
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tion are CD4+ activated T cells, probably T- helper cells. As mentioned, a
normal antigen (MATSA) found on some populations of non-infected, acti-
vated T cells may be marker since it is present on tumour cells, but is not
tumour-specific. More recenly it has been proposed that MD tumours are of
clonal origin.

Vaccination alters the pathogenesis of infection by severely reducing
or eliminating the early cytolytic phase. Also, the level of latent infection is
markedly reduced. Moreover, neither late cytolytic infection nor
immunosuppression occurs. Vaccinal immunity and embryonal b ursectomy
both suppress the active viral infection, thereby prevent an inflammatory
reaction, and both reduce the incidence of tumours.

Clinical Signs

Marek's disease affects chickens from about 6 weeks of age. It occurs
usually between 12 and 24 weeks of age, but older c hickens may alsobe
affected. The incubation period may be as short as 3-4 weeks in some, and
several months in others. Clinical disease occurs in several forms.

Classical Marek's Disease

Mortality is variable, but rarely exceeds 10-15%. In some outbreaks, mor-
tality is confined to a few weeks, while in others a low incidence continues
over many months. The signs depend on the peripheral nerves affected.
Involvement of brachial and sciatic nerves is common, and leads to progres-
sive spastic paralysis (i.e., paralysis accompanied by muscular rigidity) of
the wings and legs. Sometimes, when the cervical nerves are involved, there
may be torticollis (twisting of the neck); and if the vagus and i ntercostal
nerves are affected, respiratory signs may develop. The interval between
onset of signs and death varies from a few days to several weeks. Rarely
birds may recover.

Acute Marek's Disease

Mortality in this form is usually much higher than in the classical form.
Mortality of 10-30% of the flock is common, and outbreaks involving up to
80% of the flock are recorded. Many birds die suddenly without preceding
symptoms. O thers appear d epressed before d eath, and some show paralytic
signs similar to those seen in the classical form.

Transient Paralysis

This is an uncommon encephalitic manifestation of Marek's disease in
birds between 5 and 18 weeks of age. Birds suddenly develop varying de-
grees of paresis (partial paralysis) or paralysis of the legs, wings and neck.
Mortality is low. The disease is characterized by recovery, and signs usually
disappear w ithin 24-48 hours.
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Gross Lesions

In classical Marek's disease, the characteristic lesion is enlargement of
one or more peripheral nerves. Affected nerves are up to 2-3 times the
normal thickness. The normal striated and white glistening appearance is lost,
and the nerve may appear greyish and sometimes o edematous. Nerves com-
monly affected are the brachial and sciatic plexi (singular, plexus = a network
of nerves), coeliac plexus, abdominal vagus, and intercostal nerves. S ome
paralysed birds show no visible nerve enlargement at necropsy, b ut
characteristic nerve lesions are found microscopically. Sometimes,
lymphomas are present in addition to nerve lesions. T hese tumours occur
usually in the ovary, and are mostly small, soft, and grey in appearance, or
rarely large, y ellowish, and lobulated. L ungs, kidney, heart, and liver are
sometimes affected by lymphomas.

Acute Marek's disease is characterized by diffuse lymphomatous involve-
ment, and enlargement of the liver, gonads, spleen, kidneys, lungs,
proventriculus and heart. S ometimes, lymphomas also arise in the skinin
association with feather follicles (known as "skin leukosis" in the USA), and
in the muscles. In younger birds liver enlargement is moderate, but in adult
birds the liver is greatly enlarged, which is similar to that in lymphoid
leukosis. Most birds have some degree of lymphoid infiltration of the nerves,
while some adults do not.

Microscopic Lesions

The basic pathological process is the same in classical and acute Marek's
disease. The disease begins as a proliferation of lymphoid cells. Proliferation
is progressive in some cases, and undergoes regressive changes in others. In the
classical form regressive changes are more common than in the acute form, in
which the lymphoid proliferation leads to widespread tumour formation.

In the nervous system, peripheral nerves are affected by proliferative, inflam-
matory or chronic but minor lesions, termed type A, B, and C, respectively.
Type A lesion consists of proliferating lymphoid cells, lymphoblasts, and small,
medium and large lymphocytes. Type B lesion is characterized by inter-neuritic
oedema, Schwann cell proliferation, and light to moderate infiltration of mainly
small lymphocytes and plasma cells. A primary cell mediated demyelination
occurs in the type A and B nerves, causing paralysis. Type C lesion consists
of lightly scattered lymphocytes and plasma cells.

Type A lesion is the primary reaction and is seen most commonly in
chickens dying early in the disease. It is usually associated with lymphoid
tumours than the type B lesion. Type B lesion follows type A, and is usually
seen in chickens with disease of longer standing. Type C lesion is seen in
infected birds w hich show no clinical signs. Lesions of the CNS include
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proliferative lymphoid lesions of the type A, but inflammatory lesions charac-
teristic of a viral encephalomyelitis are more common. The most prominent
change is perivascular cuffing, but microgliosis and endotheliosis may also
occur.

The most common lesions in visceral organs are lymphoid tumours.
These are made up of cells similar to the type A lesion of peripheral nerves.
The malignantly transformed cell is a thymus-dependent lymphocyte (T
cell), and the lymphoma consists of a mixture of malignant T cells and reac-
tive, bursa-dependent lymphocytes (B cells), T cells, and macrophages. Al-
though proliferative lesions are seen in the bursa of Fabricius, d egenerative
changes are also seen in this organas well as in the thymus. In both these
organs, there may be hypoplasia. In the bursa of Fabricius cysts are also seen.

Immunity

Importance of the i mmune response in Marek's disease is due to four
reasons: 1. MD can be immunosuppressive, 2. Immunological response is the
basis of resistance to MD, 3. Vaccinal immunity is the most important means
of control, and 4. Immunological response contributes to the cellular mass of
the | ymphoma (see p athogenesis).

Immunosuppression

Impairment of the immune response can result directly from lytic infec-
tion of lymphocytes, or indirectly from activity of suppressor cell populations.
Probably both are i mportant. Permanent immunosuppression correlates w ith
eventual tumour development. Both humoral immunity and cell-mediated
immunity are depressed. Thus, MD virus infection can increase susceptibil-
ity of birds to infection with coccidia. It is e mphasized that w hile there is
depression, there is not a total loss of function.

Immune Responses

Both humoral and cell-mediated immunity develop in competent birds
after infection with MD virus. Humoral immunity is due to the development
of precipitating and virus-neutralizing (VN) antibodies. Since antibodies are
not required in i mmune resistance of MD, it is believed that c ell-mediated
immunity (CMI) is important. Thus, functional T cells are required for re-
sistance, as well as vaccinal immunity.

Vaccinal Immunity

This is immunological in nature. Regarding the other resistance mecha-
nisms, macrophages may be involved in resistance by restricting virus repli-
cation directly, or in association with antibody. Immune B cells and
macrophages can interact to inactivate cell-free virus. Various cytokines may
be important in MD, particularly interferon. Interferon has been shown to be
important in the development and maintenance of latency. Innate (inherent)
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resistance in the form of natural killer (NK) cells could also be important.
Diagnosis

Diagnosis is made on clinical signs, and gross and microscopic lesions.
Infection not accompanied by the clinical disease, is detected by viral isola-
tion, or by demonstration of viral antigen in feather tips by agar-gel precipita-
tion tests, or antigen in serum. The most commonly used method for isolation
of MD virus is inoculation of susceptible tissue cultures with blood
lymphocytes. However, it is emphasized that diagnosis of clinical disease
cannot be made by virological and serological tests alone.

By using viral markers in tissues, presence of viral infection in chicken
can be detected without isolating the virus in culture. Viral antigens can be
detected in feather tips and feather follicle epithelium, infected lymphoid tis-
sues, or infected cell cultures with appropriate antibodies (monoclonal) by
fluorescent antibody (FA) tests, immunoperoxidase tests, agar-gel precipita-
tion (AGP) tests, and enzyme-linked immunosorbent assays (ELISA).
Polymerase chain reaction (PCR) assays have the potential to detect viral
DNA in lymphomas. Methods utilizing DNA probes for the detection of MD
virus DNA in feather tip e xtracts have been described. A lso, herpesvirus
particles can be detected in the FFE and other tissues by electron microscopy.
Tests for identifying the presence of specific antibodies in the serum are useful,
and include AGP, FA, ELISA, and virus neutralization. Finally, tumour-asso-
ciated markers have been found useful. Even though MATSA is considered
as a host antigen associated with activated T cells, this and other host cell
markers have diagnostic value.

Differentiation of Marek's disease from lymphoid I eukosis is i mportant.
The main differentiating features are presented in Table 10.

Table 10. Features useful in differentiating Marek's Disease from
Lymphoid Leukosis

Feature Marek's disease Lymphoid leukosis
Susceptible age 6 weeks or older Not less than 16 weeks
Symptoms Usually paralysis Non-specific
Incidence Usually above 5% in Rarely above 5%

unvaccinated flocks
Gross lesions
Neural enlargement Frequent Absent

Bursa of Fabricius Diffuse enlargement Nodular tumours
or atrophy
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Tumours in skin, muscle, May be present Usually absent
and proventriculus

Microscopic lesions

Neural involvement Yes No

Liver tumours Usually perivascular Focal or diffuse
Splenic changes Diffuse Often focal

Bursa of Fabricius Interfollicular tumour Intrafollicular tumour

and/or atrophy of follicles
Central nervous system Yes No

Lymphoid proliferation  Yes No
in skin and feather follicles

Cytology of tumours Pleomorphic lymphoid =~ Lymphoblasts
cells, including
lymphoblasts, small,
medium, and large
lymphocytes and
reticulum cells.
Rarely can be only
lymphoblasts

Category of neoplastic T cell B cell
lymphoid cell

Diseases caused by Poxviridae
Poxviridae

Viruses of the Family Poxviridae cause infections in humans, animals,
and birds. These viruses produce generalized disease with pustular (Anglo-
Saxon word pock = pustule) lesions, or benign tumours of the skin. The pox
viruses are the largest animal viruses. T hey have c omplex, brick-shaped
virions measuring up to 450 nm by 260 nm. Virions c ontain single, linear
molecules of double-stranded DNA (ds DNA), and multiply and mature in
the cytoplasm of host cells. Sites of multiplication are visible by light
microscopy as inclusion bodies. The virions contain several enzymes, includ-
ing a DNA-dependent transcriptase. Mature virions may be released by budding
in which case they are enveloped, or after cell lysis, in which case they lack
an envelope. Five genera contain pathogens for animals, but several viruses
have not been classified (Table 11).
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Table 11. Diseases caused by Poxviridae

Genus Disease

Ortho-poxvirus Smallpox (variola)
Vaccinia
Cowpox
Buffalopox
Camelpox
Monkeypox
Rabbitpox
Mousepox (ectromelia)

Capri-poxvirus Sheep-pox
Goatpox
Lumpy skin disease

Sui-poxvirus Swinepox

Avi-poxvirus Fowl p ox
Pigeon pox
Turkey pox
Canary pox

Lepori-poxvirus Myxomatosis of rabbits
Shope fibroma of rabbits
Hare fibroma

Para-poxvirus Contagious pustular dermatitis
Bovine papular stomatitis
Pseudo-cowpox (Milker's nodules)
Unclassified Molluscum contagiosum of human
Ulcerative dermatosis
Yaba p oxvirus
Horsepox

Diseases caused by Ortho-Poxviruses
Smallpox (Variola)

This human disease, no longer in existence, was a highly infectious viral
infection with a febrile onset followed in a few days by characteristic cutaneous
eruptions. Beginning as macules (discoloured spots), these lesions soon become
papules, then vesicles, and finally, within about 10 days, pustules, which undergo
typical umbilication (having a depression or pit like an umbilicus). Microscopically,
epidermal cells swell, are separated by fluid, and eventually become necrotic. Before
necrosis occurs, the epithelial cells contain basophilic or eosinophilic
cytoplasmic inclusion bodies, known as "Guarnieri bodies", c omposed of
innumerable minute spherical granules, and "Borrel” or "Paschen bodies”,
believed to be the elementary visible form of the virus. As necrosis progresses
in the epithelium, a clear vesicle forms and soon gets filled with neutrophils
(i.e., becomes a pustule). This pustular lesion, 2-4 mm in diameter appears
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grossly elevated above the skin surface. The contents of the pustule become
desiccated, producing an umbilicated lesion. Healing follows, and a deep pitted
(having a pit, depression) scar is left.

Vaccinia

Vaccinia is the virus used for immunization of humans against small-
pox. The origin of the virus is not well understood. It is considered to have
been derived from cowpox, but continuous passage over many years through
humans, laboratory animals, and tissue culture, has resulted in the "creation”
of a laboratory virus, which, although infectious to a wide range of animals,
does not exist as a natural disease. There are two major types of vaccinia
(virus), a dermatotropic strain and a neurotropic strain. These are the prop-
erties developed on the basis of propagating the virus in rabbits. The vaccinia
virus, or closely related viruses, have been isolated from natural diseases in
several animal species. Some of the pox viruses discussed may not be distinct
entities, but rather vaccinia infections. Vaccinia is known to be infectious for
rabbits, mice, cattle, s heep, pigs, monkeys, and humans. T he lesions pro-
duced in each of these species are similar to those described for smallpox.

Cowpox

Cowpox is caused by a virus with an unusually wide host range. I't is
closely related to, but different from, variola and vaccinia viruses. The
disease, which is not common, is mild and self-limiting. Its lesions are found
only on the teats and udder. Microscopically, the lesions resemble smallpox,
with vesicle formation and cytoplasmic inclusions. The disease is spread by
milking. Human infection may occur, with lesions usually limited to the
hands.

Cowpox, or a very similar virus, causes in cats, in certain European coun-
tries, lesions in the mouth, c onjunctivitis, and s ometimes, pneumonia. T he
disease is transmissible from infected cats to humans. Cowpox virus can
infect large cats (e.g., lions, cheetahs) and elephants, where the virus often
causes a severe and fatal pneumonia. T he reservoir of cowpox virus is be-
lieved to be wild rodents, w hich serve as the s ource of infection for other
species. T he disease in cows must be d ifferentiated from p seudo-cowpox,
and bovine herpesvirus 2 (bovine mammillitis). Cattle are also susceptible to
vaccinia. Infection usually occurs from exposure to a person recently
vaccinated.

Buffalopox

This contagious disease of buffaloes, which has been reported from In-
dia, Indonesia, Pakistan, Egypt, Italy, and Russia, is caused by a virus similar
to vaccinia virus. Lesions occur mainly on the teats and udders of milking
buffaloes.
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Camelpox

Camelpox is a debilitating, o ften fatal p oxvirus infection of camels. I't
occurs in Africa and south-western Asia, including India. Mortality may be
high, and the lesions are generalized in y oung camels. A milder, ] ocalized
form of the disease develops in older camels. Humans are not susceptible.

Monkeypox

Monkeypox w as first i dentified in a colony of monkeys in Denmark, in
1958. Since then it has been reported from many countries of the world. The
disease has also been recognized as a rare zoonosis, occurring sporadically
in humans in Africa. Monkeypox is characterized by a generalized cutaneous
rash and pocks. These e ruptions are most common on the hands, feet, legs,
and buttocks. Generalized fatal infection can occur, particularly in infant
monkeys, with necrotizing lesions in many visceral organs. Microscopically,
the lesions resemble those described for smallpox. The presence of cytoplasmic
inclusion bodies helps in the diagnosis.

Rabbi*pox

Rabbitpox virus is indistinguishable from vaccinia. The disease may be-
come generalized, with necrotizing lesions in visceral organs, in addition to
cutaneous pocks. T he skin lesions lack the vesicular character. Inclusion
bodies have not been reported.

Mousepox (Infectious Ectromelia)

Mousepox occurs in Europe, and has caused serious outbreaks in labora-
tories in the United States. The clinical disease occurs in two forms: 1. A
rapidly fatal form, with a few or no cutaneous lesions, 2. A chronic form,
characterized by ulceration of the skin, particularly the feet, tail and snout. In
the fatal form, mortality ranges from 50-100%, and varies with the strain of
mouse. If death does not occur, during the stage of virus multiplication in the
spleen and liver, recovery usually follows.

Diseases caused by Capri-Poxviruses

Three diseases which occur from infection by the viruses of this genus
(Capri-poxviruses) are: sheep-pox, goatpox, and lumpy s kin d isease.
Whether they represent three different, but immunologically related vi-
ruses, is uncertain. They may be variants of a single virus with varying degrees
of species p athogenicity.

Shezp-Pox

Sheep-pox is a serious disease with cutaneous lesions appearing particu-
larly in areas devoid of wool, such as the cheeks, lips, nostrils, and under the
tail. Sheep-pox is prevalent in Asia, and S outhern Europe. It is endemic in
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India, and inflicts serious economic losses. The disease has a tendency to
become generalized. Mortality may reach 50% in adults and approach 100%
in lambs. There is variation in breed susceptibility. Merino sheep are highly
susceptible, whereas Algerian sheep are comparatively resistant.

Sheep-pox is highly contagious, and in most cases spread appears to occur
by contact with infected animals and contaminated articles. However, spread
by inhalation also occurs. During an initial viraemia, the virus is deposited in
most tissues, including the skin. There is an incubation period of 2-14 days.
Clinically, in lambs the malignant form is more common. T here is marked
depression and prostration, a high fever, and discharges from the eyes and
nose. Affected lambs may die during this stage before typical pox lesions
develop. They commence as p apules, then become nodular, vesicular,
pustular, and finally scabs. Some of them progress from nodules to tumour-
like masses. Skin lesions a ppear on unwoolled skin, and on the buccal,
respiratory, d igestive, and urogenital tract mucosa. In the mouth, ulcerative
lesions on the tongue, gums, and cheeks are common. The mortality rate in
this form of the disease may reach 100%. In the benign form, common in
adults, only skin lesions occur, particularly under the tail, and there is no
systemic reaction.

The lesions in the epidermis are similar to those of other poxviruses. Lo-
calized acanthosis (thickened e pidermis) and hyperplasia are followed by
vesiculation (vesicle formation), beginning in the middle layers of epithe-
lium. The underlying oedematous dermis and subcutis contain many distinc-
tive cells called "cellules claveleuses" of Borrel, or "sheep-pox cells". These
cells are concentrated mainly around vessels and between collagen bundles.
They contain nuclei with marginated chromatin, nucleoli, and large vacuole
in the centre of the nucleus. The cytoplasm of these cells varies in shape, and
may resemble that of monocytes or macrophages. Some cells are fusiform
(tapering at both ends, spindle-shaped), and resemble fibroblasts. Most of the
cells contain cytoplasmic eosinophilic inclusion bodies. These bodies, as seen
under the electron microscope, are sites of viral replication. Similar inclusions
are seen in infected keratinocytes.

Severe necrotizing vasculitis involves d ermal and s ubcutaneous b lood
vessels. This results in ischaemic necrosis, and intense infiltration by neutrophils
in and around the affected blood vessels. Pneumonia, with "sheep-pox cells"
and inclusion bodies in alveolar septal cells, is the most important v isceral
lesion. Foci of necrosis and "sheep-pox cells” may also develop in the heart,
liver, kidneys, adrenals, pancreas, and elsewhere.

Diagnosis

The lesions are characteristic of the disease. C onfusion with contagious
pustular dermatitis and bluetongue can occur, but differentiation on the basis
of clinical signs and lesions is usually not difficult. Direct fluorescent antibody
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test is used to detect the presence of virus in the oedema fluid. S erological
tests, such as indirect fluorescent antibody (FAT) test and an immunodiffusion
technique are also used. A large number of characteristic " sheep-pox cells"
containing inclusion bodies can be demonstrated in the skin.

Goatpox

The disease exists in India, North Africa, the Middle East, and parts of
Europe. Goatpox has been reported from most of the Indian states. [tis
usually benign c ompared to sheep-pox. The virus is immunologically re-
lated to and possibly the same as that of sheep-pox. Rarely, the goatpox
virus has been reported to infect men who are in close contact with goats.
The disease has a somewhat longer incubation period, and is less severe than
sheep-pox. Goatpox is very similar clinically to sheep-pox. Young kids suffer
a systemic disease with lesions generally s pread over the skin, and on the
respiratory and alimentary mucosa. The skin lesions are smaller in g oatpox,
and are rarely haemorrhagic. In adults, the disease is mild and lesions are
occasional only.

Lumpy Skin Disease

Lumpy skin disease (LSD) is a highly infectious disease of cattle and
buffaloes caused by a capri-poxvirus (Neethling virus). It is characterized by the
appearance of nodules on all parts of the skin. The disease was first seen in
Zambia (formerly Northen Rhodesia) in 1929, and is restricted to Africa. The virus
of LDS is related to the viruses of sheep-pox and goatpox. It is spread by
insect vectors, mainly flies. Clinically, the disease is characterized by a gen-
eralized cutaneous eruption of round, firm nodules, varying from 0.5 cm to
5.0 cm in diameter. Nodules may also appear on oral, nasal, and genital mucous
membranes, and there is enlargement of the superficial 1 ymph nodes. T he
mortality rate is usually low, but may approach 10%.

Microscopically, the nodule is c haracterized by the inflammatory reac-
tion in the dermis. The nodule is oedematous, and is composed of perivascular
collections of lymphocytes, macrophages, plasma cells, and neutrophils; and
proliferating fibroblasts. There is acanthosis (thickened epidermis),
parakeratosis (thickened st ratum corneum c ontaining pyknotic nuclei), and
hyperkeratosis (thickened stratum corneum) of the e pidermis followed by
necrosis and vesicle formation. Eosinophilic cytoplasmic inclusion bodies
form in keratinocytes, fibroblasts, and macrophages. Necrosis of the entire
nodule is followed by healing, w hich usually occurs within 3-5 weeks, but
some nodules may persist for months.

The rapid spread of the disease and the sudden appearance of lumps in the
skin after an initial fever make this disease very different from any other af-
fliction of cattle. Diagnosis depends on finding of eosinophilic cytoplasmic
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inclusion bedies in sections of skin lesions, and in tissue cultures of the virus.
Electron microscopy is used in demonstrating the characteristic pox virions in
the lesions. Virus can be cultured from lesions. Fluorescent antibody and serum
neutralization tests are used extensively.

Diseases caused by Sui-Poxvirus

Swinepox virus is the only member of this genus,
Swinepox

Swinepox is usually a benign disease characterized by the appearance of
typical pox lesions on the ventral abdomen. The v irus of s winepox (sui-
poxvirus) is not related to vaccinia, although pigs are also susceptible to
vaccinia virus. The disease occurs in most countries where pigs are raised,
including India. In some outbreaks the mortality in young suckling pigs may
be heavy, but older animals suffer little ill-effect. The virus of swinepox may
be transmitted by the swine louse, Haematopinus suis. However, a vector is
not necessary for transmission. Solid immunity occurs after infection with the
virus.

The incubation period is 5-7 days, a fter which erythematous areas, and
then papules 4-5 mm in diameter, may appear. Papules pass through the ve-
sicular stage very quickly with the formation of red-brown, round scabs. Scabs
drop off and healing occurs. These lesions usually are limited to the underside
of the body (belly) and inside the upper limbs, but may involve the back and
sides, and sometimes spread to the face. A slight febrile reaction may occur in
the early stages in young animals, and in suckling pigs some deaths are
observed. Eosinophilic cytoplasmic inclusion bodies develop in epithelial cells.
Distribution of the p ox-like lesions, and the association of the disease with
louse infestations, suggest the diagnosis.

Diseases caused by Avi-Poxviruses

Diseases caused by a vi-poxviruses are fowl pox (avian pox, c ontagious
epithelioma), pigeon pox, turkey pox, and canary pox. It was with the agent of
fowl pox that in 1930 Woodruff and Goodpasture demonstrated that a single
elementary body (Borrel body), i.e., virus particle, separated from the inclusion
body (Bollinger body) was capable of causing typical infection. Only fowl
pox is described.

Fowl Pox

Fowl pox is a disease characterized by cutaneous lesions. It is a slow-
spreading disease accompanied by the development o f d iscrete (separate),
nodular, proliferative skin lesions on the non-feathered parts of the body
(cutaneous form), or fibrino-necrotic and proliferative lesion in the mucous
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membrane of the upper respiratory tract, mouth, and oesophagus (diphtheritic
form). Fowl pox virus infects birds of both sexes, and of all ages and breeds.
The disease is prevalent in most p oultry-producing countries. In India the
disease is endemic, and of considerable economic importance. Research us-
ing fowl pox virus has contributed much to the field of virology. It was the
first virus to be grown on the chorio-allantoic membrane (CAM) of the
embryonated chicken egg. The presence of virus was easily determined by
growths, or " pocks" on the membrane. The viral particles in these lesions
were so large that they could be stained and seen under the light microscope.
These particles were called "Borrel bodies", after the name of their discoverer.
They are mainly present in a struciure in the cytoplasm of the infected cell
called a "Bollinger body", later called 'inclusion body'. These inclusion bodies
are e osinophilic and can be identified microscopically. The virion (virus
particle) has since been shown to be the largest known, and c ontains the
most DNA of any virus. More recently, fowlpox virus is being used as a
vector for producing new types of vaccine. T he theory is that protective
immunity to a pathogen can be produced during the replicative c ycle of a
vector which contains the relevant immunogen gene(s) from this pathogen.

Aetiology

Fowl pox is the largest virus known in birds. The mature virus (elementary
body) is brick-shaped, with dimensions of 300 x 250 x 100 nm. Tubular structures
are wound round the surface which give the virus its characteristic appearance. The
viral genome is a single linear, double-stranded DNA (ds DNA) molecule. The
virus enters the cell by a process of endocytosis. Once inside the host, cellular
enzymes degrade the structural proteins. This frees the viral DNA and viral en-
zymes. The viral enzymes use the DNA as a template to initiate the cycle of
replication, which produces all the necessary viral proteins, enzymes and DNA
for new infectious virions. Fowlpox virus is unusual, because it is a DNA
virus which is capable of replication in the cell cytoplasm. Complete virions
accumulate within the inclusion body, w hich is composed of a morphous
(shapeless) material, surrounded by an outer membrane. S ome virus leaves
the cell by budding, in which case it acquires an outer membrane. However,
most of the virus remains in the inclusion body. When the infected cells die
and are sloughed off into the environment in the scab, the virus remains in the
inclusion and is resistant to desiccation (drying).

Spread

Fowl pox virus does not penetrate intact skin. Some break in the skin is
required for the virus to enter the epithelial cells, replicate, and cause dis-
ease. Spread of the virus from one bird to another by direct contact is a major
factor in the spread of disease. I ndividuals handling birds at the time of
vaccination may carry the virus on their hands and clothing, and may un-
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knowingly deposit the virus in the eyes of susceptible birds. The virus may
reach the laryngeal region through the lachrymal duct to c ause infection of
the upper respiratory tract. In a contaminated environment, the aerosol (droplets)
generated by feathers and dried scabs containing poxvirus particles provides
suitable conditions for both cutaneous and respiratory infection. Cells of the
mucosa of the upper respiratory tract and mouth appear to be highly
susceptible to the virus. This is because infection may occur in the absence of
apparent trauma or injury. However, it has now been shown that certain biting
insects, such as mosquitoes, transmit the disease. In warm climates this can
result in a rapid spread of disease. It is possible that fowl pox could also be
transmitted by the respiratory route, such as in smallpox and mousepox.

Pathogenesis

Virus enters an epithelial cell, and then spreads from cell to cell. This is
helped by the production of epidermal growth factor, which causes prolif-
eration of cells. Some virus enters the blood to cause viraemia. Although the
virus spreads to internal organs, no gross pathological changes are seen.
However, it is likely that there is some viral multiplication in certain organs,
such as the liver and spleen, and a secondary viraemia occurs. Virus can again
localize in the epithelium, and a generalized disease can be produced. However,
this is rare.

Signs

The disease may occur in one of the two forms: cutaneous or diphtheritic,
or both. The cutaneous form is usually the most noticeable in disease o ut-
breaks. Cutaneous lesions appear on the unfeathered skin of the head, neck,
legs, and feet. Its onset in the flock is often gradual, and it may not be noted
until the lesions are seen. The disease usually spreads slowly through the flock. In
some cases this may last several weeks. Sometimes the disease may show a
mild reduction in the rate of weight gain, or a lack of vigour in the flock. Fowl
pox can cause a drop in egg production in laying birds. The c uatneous
lesions can vary in appearance. First, there is a papule, which rapidly
progresses through the vesicle to pustule, and finally to the crust or scab
stage. In most o utbreaks, the terminal scab stage is present on some of the
birds presented for diagnosis. After about 2 weeks, the scab drops off, and a
healed lesion is left, which may or may not leave a scar. In the cutaneous
form, mortality is usually low. However, it can be high when the disease is
complicated by other infections.

In the diphtheritic form ("wet pox") small white nodules are observed in
the upper respiratory and digestive tracts. These nodules coalesce (fuse) to
form raised yellow plaques on the mucous membranes. Most lesions are found
in the mouth, but others are present in the larynx, trachea, and oesophagus.
These lesions can give rise to inappetence (lack of desire for food) and/or
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difficulty i n breathing (dyspnoea). Lesions innares can give rise to nasal
discharge. Those on the conjunctiva give rise to ocular discharge, and in rare
cases, result in blindness. Mortality as high as 50% has been reported with
the diphtheritic form, but it is usually low.

Gross Lesions

The characteristic 1esion of the cutaneous form is a local epithelial
hyperplasia involving epidermis and underlying feather follicles, with forma-
tion of nodules. Other features of the cutaneous lesions have been described
under 'Signs'. In the diphtheritic form, slightly elevated, white opaque nodules
develop on the mucous membranes. Nodules rapidly increase in size, and
often c oalesce to become a yellow, cheesy, necrotic pseudo-diphtheritic or
diphtheritic membrane. If the membranes are removed, they leave bleeding
erosions.

Microscopic Lesions

The most important lesion, regardless of the form, is hyperplasia of the
epithelium and enlargement of the cells, with associated inflammatory changes.
Characteristic eosinophilic cytoplasmic inclusion bodies (Bollinger bodies) are
seen by light microscopy. Microscopic changes in tracheal mucosa include initial
hypertrophy and hyperplasia, with subsequent enlargement of epithelial cells which
contain eosinophilic cytoplasmic inclusion bodies. The inclusion body may occupy
almost the entire cytoplasm, with resulting cell necrosis.

Immunity

Actively acquired immunity against fow] pox occurs after recovery from naturally
occurring infection, or vaccination. Cell-mediated and humoral immunity provide
protection. Cell-mediated immunity develops earlier than the humoral antibody
response.

Diagnosis

Diagnosis can be made on the basis of the clinical signs. The presence of
cutaneous lesions is suggestive of fowl pox. Even in the diphtheritic form, there
are some chickens with cutaneous lesions. Microscopic examination of lesions will
reveal intracytoplasmic eosinophilic inclusion bodies. Material can be scraped
from the lesions, and smears made on glass slides. Using the appropriate stain, the
virions (Borrel bodies) can be seen under the light microscope. The diphtheritic
form is more difficult to diagnose on clinical signs alone. The lesions are adherent,
and if removed leave ulcers. This fact helps in differentiating it from infectious
laryngotracheitis and avitaminosis A. However, in both forms, confirmation can be
made by detection of the virus from the lesion. Ground-up scabs inoculated
onto the chorio-allantoic membrane of 9-12 day-old embryonated eggs
produce characteristic pock lesions. Microscopically, inclusion bodies can be
identified in p ock lesions. M aterial can also be inoculated into susceptible
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chickens. The routes of inoculation can be the wing web, scarification of the
comb, or into feather follicles. Characteristic 1 esions develop 5-7 days a fter
inoculation.

Infection can also be determined by serological means. Various tests
have been used to detect fowl pox specific antibodies. These include the agar
gel precipitation test (AGPT), passive haemagglutination, serum n eutraliza-
tion (SN), indirect fluorescent antibody, immunoperoxidase, and ELISA. The
antibodies detected by the AGPT are transitory (of short duration). SN bodies
are usually low in titre. The most sensitive test is the ELISA.

Diseases Caused by Lepori-Poxviruses
Infectious Myxomatosis of Rabbits

Infectious myxomatosis of rabbits is characterized by the appearance of
firm, raised nodules in the skin, particularly in the vicinity of the eyes, mouth,
nose, ears and genitalia. The disease runs a rapid, highly fatal course, with
death occurring a week or two after onset of symptoms. The causative agent is
a lepori-poxvirus, which can be readily transmitted to susceptible rabbits. Its
relationship with the Shope fibroma virus is i ndicated by the immunity of
rabbits against myxomatosis after infection with the fibroma virus. Most of
the nodules are firm and solid, but those near the genitalia may be oedematous.
Vesicle formation (vesiculation) soon occurs, and vesicles are replaced by
crusts. Diagnosis is made on the basis of clinical features, and the gross and
microscopic lesions, which are characteristic of the disease.

Shope Fibroma of Rabbits

Fibromas in the skin of rabbits were described by Shope in 1932, as being
caused by a filterable virus. The virus is now classified as a lepori-poxvirus,
and is related to that of infectious myxomatosis. The fibroma virus produces
an effective i mmunity to s ubsequent i nfection by myxomatosis, otherwise
there is no similarity between the two diseases. The lesions are often multiple,
and occur as elevations of the skin by a fibrous mass. The overlying epidermis
is thickened and s ends p roliferating e pithelium d eep into the tumour. T he
tumours are benign proliferations of fibroblasts which eventually regress. Large
eosinophilic cytoplasmic inclusion bodies occur in the affected keratinocytes.

Diseases caused by Para-Poxviruses
Contagious Pustular Dermatitis

Also known as "contagious ovine ecthyma", "infectious labial dermati-
tis", "scabby mouth", "sore mouth", and "orf", contagious pustular dermatitis
is a highly infectious viral disease of sheep and goats characterized by the
development of pustular and scabby lesions on the muzzle, lips, oral mucous
membranes, udder, and rarely feet. The disease is widely prevalent in India.
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Several outbreaks occur throughout the year, but are more common in spring
and summer. The disease affects equally both young and adult animals, and is
more common in goats. The virus is immunologically related to the viruses of
bovine papular st omatitis and pseudo-cowpox. The virus also a ppears to be
related to the virus of ulcerative dermatosis of sheep.

Spread

Spread in a flock is very rapid, and occurs by contact with other affected
animals, or inanimate objects, such as ear-tagging pliers and castrators. The scabs
remain highly infective for long periods. The virus withstands drying and is capable
of surviving at room temperature for at least 15 years.

Pathogenesis

Damage to the skin is essential for the establishment of infection and
development of lesions. Following infection, the virus replicates in the cells
of a replacement epidermal layer, which lies under epidermis and is derived
from the walls of the wool follicles. Virus can first be detected in the centre of
the newly differentiated epidermis. The infection then spreads laterally from
the new epidermis, and afterwards throughtout the entire depth of the epidermis.
The skin reaction consists of a cellular response with necrosis and sloughing
of the affected epidermis. Immunity is solid, but lasts for only about 8 months.
The immune response is mainly humoral, but recovery appears to be the result
of cell-mediated immune mechanisms.

Signs

Lesions develop as papules and then become pustules. After this the stages
are not usually observed. Finally lesions become as thick, tenacious scabs
covering a raised area of ulceration, granulation, and inflammation. Lesions
first develop at the oral muco-cutaneous junction, usually at the oral
commissures. From here, they spread on to the muzzle and nostrils, the sur-
rounding haired skin, and to a lesser extent, on the buccal mucosa. They may
appear as discrete (separate), thick scabs 0.5 cm in diameter, or are packed
together as a continuous plaque. Fissuring occurs and the scabs are painful
to the touch. A ffected lambs su ffer a setback because of restricted sucking
and grazing. Rarely s ystemic invasion occurs, and lesions appear on the
coronets and ears, around the anus and vulva or prepuce, and on the nasal or
buccal mucosa. There is a severe systemic reaction, and extension down the
alimentary tract may lead to a severe gastroenteritis, and extension down the
trachea may be followed by bronchopneumonia. M ortality is low unless
complicated by screw-worm larvae, or bacterial infection (Fusobacterium
necrophorum). The disease is most severe in lambs and kids. Usually the
lesions resolve in 2-4 weeks, but can persist for several months.
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Lesions

The gross lesions appear as raised papules, vesicles, and then pustules,
with necrosis and eventual sloughing of the affected areas. Microscopically,
the lesions are sharply defined. The affected epidermis overlies a densely
cellular dermis, richly vascular, oedematous, and infiltrated with leukocytes.
The e pidermis proliferates, and becomes several times its normal t hickness
with long extensions into the dermis. Although hyperplasia of the epidermis
is seen in most poxvirus infections, it is particularly striking in ecthyma.
The epidermis undergoes degenerative c hanges consisting of vacuolation,
ballooning degeneration, vesicle and pustule formation. E osinophilic cyto-
plasmic inclusion bodies are present in k eratinocytes, but they are of short
duration.

Zoonotic Importance

The disease is also transmissible to humans. Mild transitory (of short
duration) pustular lesions, p articularly on the forearm, characterize the hu-
man disease. The disease usually occurs after c ontact with i nfected sheep.
Infection has been reproduced in sheep with material taken from such human
lesions. In slaughterhouse workers it is c ommonest in t hose handling wool
and skins. In man typical lesions occur at the site of infection, usually an
abrasion infected while handling diseased sheep, or by accidental means when
vaccinating. The lesions are very itchy and respond poorly to local treatment.

Diagnosis

Diagnosis is based on the characteristic lesions, and isolation and iden-
tification of the virus. The disease must be differentiated from sheep-pox and
ulcerative dermatosis. The virus is immunologically different from sheep-pox
virus. And, although related, it is separable from the virus of ulcerative
dermatosis. The downgrowth of the basal layer of epidermis into the dermis
does not occur in sheep-pox or ulcerative dermatosis. This is a differentiating
feature. T he widespread cutaneous distribution of the lesions of s heep-pox,
and the preputial lesions of ulcerative d ermatosis, also help in d ifferential
diagnosis. Recovered animals have a high level of neutralizing antibodies in
their serum, and this is detectable by agar-gel diffusion test (AGPT). Techniques
for complement fixation test and tissue culture on lamb testicular tissue are
also available. Electron microscopic identification of the virus is the quickest
and most reliable method of diagnosis.

Bovine Papular Stomatitis

Also known as "infectious ulcerative stomatitis and oesophagitis”, bo-
vine papular stomatitis is a mild viral disease of young cattle characterized
by papules on the muzzle, inside the nostrils, and in the oral cavity. The
disease does not cause serious illness, but is important because of the confu-
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sion it creates, such as foot-and-mouth disease, vesicular stomatitis, mucosal
disease, and viral diarrhoea. The virus (a para-poxvirus) is closely related to,
and may be the same as, pseudo-cowpox virus (discussed next). The disease
mostly affects young calves. The clinical signs are mild. Fever is usually not
seen, although viraemia occurs.

Lesions

Usually lesions are found on the lips, muzzle, nostrils, gingivae, tongue,
and oral mucosa. Lesions also occur in the oesophagus, rumen, reticulum and
omasum. Grossly, the earliest lesions are small foci of hyperaemia on the
lower margin of nostrils, on the palate, or inner surface of the lips. In about a
day, these foci form a whitish papule. Microscopically, the epidermis is focally
hyperplastic, and contains focal areas of hydropic degeneration. Nuclei are
pyknotic and may undergo karyorrhexis. As the disease progresses, the hydropic
lesions move toward the surface. The affected keratinocytes often contain
spherical eosinophilic cytoplasmic inclusion bodies which are 10 um or more
in diameter. The lesions may become infiltrated with neutrophils and finally
progress to erosions or ulcers. Healing is usually uneventful.

Zoonotic Significance

The virus also infects humans. It produces mild erythematous papules on
the hands and arms, similar to "milker's nodules", which are associated with
pseudo-cowpox virus. ‘

Pseudo-Cowpox

The virus of pseudo-cowpox is called paravaccinia, but is not related to
vaccinia or cowpox. It is closely related to contagious pustular dermatitis
virus and bovine pustular stomatitis virus. The lesions are 1 imited to the
teats and udders of milking cows, and appear as red papules and vesicles.
Microscopically, there is hyperplasia of squamous epithelium, proliferation
of the sub-epithelial capillary network, vesicular degeneration of the epithe-
lium, and eosinophilic cytoplasmic inclusion bodies. Infection does not con-
fer immunity.

Zoonotic Significance

The disease is transmissible to humans. The infection usually results in the
development of "milker's nodules” on the hand. Milkers' nodules are clinically
indistinguishable from human lesions caused by contagious pustular dermatitis
virus. The lesions vary from multiple vesicles to a single, indurated nodule.

Diseases caused by Unclassified Poxviruses
Molluscum Contagiosum

This is a disease of humans caused by a different poxvirus. The lesions
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are characterized by epithelial hyperplasia, and e xtremely large (up to 35
um) eosinophilic cytoplasmic inclusion bodies ("molluscum bodies"), which
enlarge and eventually occupy the whole cell. A disease microscopically similar
to molluscum contagiosum has been described in horses, and chimpanzees.
In horses, the lesions are microscopically similar to those seen in humans and
are usually localized in the muzzle, penis, and prepuce.

Ulcerative Dermatosis

now

Also known as "lip and leg ulcerations", "ulcerative vulvitis", and "in-
fectious balanoposthitis" (inflammation of the glans penis and prepuce), ul-
cerative dermatosis is a disease of sheep and goats characterized by an ul-
cerative dermatitis of the lips, legs, feet, prepuce, and vulva. The virus is a
member of the poxvirus group, and is immunologically related to the virus of
contagious pustular dermatitis. Microscopically, the lesions lack the hyperplasia
of epidermis seen in contagious pustular dermatitis.

Yaba Poxvirus

Yaba poxvirus affects many species of Asian and African monkeys, as
well as humans. The lesions are tumour-like masses in the subcutis. T his
disease resembles lumpy skin disease of cattle. The lesions are not true tu-
mours, and eventually regress.

Horsepox

Horsepox is a benign disease characterized by the development of typical
pox lesions either on the limbs; or on the lips, nose, oral mucosa, and genita-
lia. It is believed to be caused by an immunologically different virus. However,
the relationship of the horsepox virus to other poxviruses is not known.

Adenoviridae

Many adenoviruses (G. adeno = gland), differentiated from one a nother
by i mmunological methods, have been isolated from m ammals. However,
except canine hepatitis, most are not serious causes of disease unless ani-
mals are immuno-compromised (i.e., immunologically damaged). The Family
Adenoviridae contains two genera: 1. Mast-adenovirus (G. masto = mam-
mal), and 2. A vi-adenevirus or avian adenovirus (L. avi = bird). All are
unenveloped (non-enveloped) icosahedral viruses, 70-90 nm in diameter, with
252 capsomeres. Of these 240 are hexons (hexamers; G. hexa = six) and 12
are pentons (pentamers; G. penta = five). The pentons have been shown to be
toxic to cells, and may represent a 'viral toxin'. The nucleic acid consists
of a single linear molecule of double-stranded DNA (ds DNA), which is rep-
licated in the nucleus, where a characteristic inclusion body is produced.
Although suspected, a causal relationship of these viruses to spontaneous neo-
plasms has not been established. Adenoviruses are highly species specific.
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Adenoviruses of several serotypes have been recovered from many species,
which include cattle, s heep, pigs, horses, dogs, and rats. These viruses are
currently identified by the s pecies of origin and a number (e.g., bovine
adenovirus type 3). Diseases caused by Adenoviridae are listed in Table 12.

Table 12. Diseases caused by Adenoviridae

Virus

Disease

Species

Genus: Mast-adenovirus
Canine adenovirus-1

Genus:

Canine adenovirus-2

Bovine adenoviruses types

3and S

Ovine adenoviruses several
different serotypes

Equine adenovirus
Porcine adenovirus
Simian adenoviruses

Murine adenovirus

Infectious c anine hepatitis

Upper respiratory d isease

Bovine adenoviral infections

Ovine adenoviral infections

Equine adenoviral infection
Porcine adenoviral infection
Simian adenoviral infections

Murine adenoviral infections

Avi-adenovirus (Avian adenovirus)

Group 1 (Conventional avian

adenoviruses)

Group II (comprises type
II avian adenoviruses)

Group III (includes
haemagglutinating
adenoviruses)

Inclusion-body hepatitis
Respiratory disease

Falls in egg production
Viral arthritis/tenosynovitis

Turkey haemorrhagic enteritis
Marble s pleen disease
Avian adenosplenomegaly
Egg drop syndrome 1976

Dogs
Dogs

Young calves

Sheep

Horses
Pigs
Monkeys
Mice

Chickens

Turkeys
Pheasants
Chickens
Chickens,
ducks, geese

Diseases caused by Mast-Adenoviruses
Infectious Canine Hepatitis

Also known as "hepatitis contagiosa canis”, "Rubarth disease", and "ca-
nine adenovirus infection”, infectious canine hepatitis (ICH) is a contagious
disease of dogs caused by canine adenovirus-1, w hich is antigenically re-
lated only to canine adenovirus-2. Although ICH was recognized for many
years, it was not established as a separate disease until the classical report of
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Rubarth in 1947, from Sweden. Rubarth pointed out that fox encephalitis virus,
infective for dogs, was the same as the virus of canine hepatitis. T his has
since been confirmed. The disease occurs worldwide, including India, with
signs that vary. In wildlife, the disease has been reported in foxes.

Spread

The disease is spread mainly by excretion of virus in the urine, and is
acquired as a naso-oral infection, after causing pharyngitis and tonsillitis as
initial signs. Ingestion of urine, faeces, or saliva from infected animals is an-
other route of infection. Virus may be excreted in the urine for as long as 30
days.

Pathogenesis

Initial infection occurs in the tonsillar crypts and Peyer's patches, followed
by viraemia and infection of endothelial cells in many tissues. This initiates
infection of visceral organs. Liver, kidneys, spleen, and lungs are the main
target organs. Chronic kidney lesions and corneal clouding ("blue eye") result
from immune-complex reactions following recovery from acute disease.

Signs

The disease affects mainly y oung dogs. The infection is common, b ut
usually goes unnoticed, or is not manifested. When clinical disease occurs, its
course is rather variable. However, it is often peracute, with the first signs
seen only a few hours before death. Usually, however, the illness is manifested
for several days before death, or recovery occurs. The disease begins with
apathy (lack of interest, listlessness), followed by anorexia (loss of appetite),
and intense thirst. Severe s ubcutaneous oedema of head, neck, and v entral
aspects of the trunk is prominent, butis a rare manifestation. O ther signs
include vomiting, diarrhoea with haemorrhage, abdominal pain expressed by
moaning sounds, and fever (104° F) at onset, but may fall suddenly to subnor-
mal levels as death approaches.

Central nervous system signs are uncommon. When seen they comprise
clonic spasms of the extremities and neck, paralysis of the hindquarters and
extreme agitation. The mucous membranes appear anaemic, even slighly icteric,
but rarely deeply jaundiced. Tonsils are reddened and swollen, and tonsillitis is
often the initial diagnosis. Copious lachrymation with hyperaemic conjunctiva is
common. Sometimes, diffuse, opaque cloudiness of the cornea ("blue eye") devel-
ops 1-3 weeks after initial signs. In the urine, albumin may be present in
significant amounts. Other clinico-pathological findings include neutropaenia
and lymphopaenia d uring the ¢ ourse, with 1 ymphocytosis during recovery;
prolonged bleeding and coagulation times; and elevation of SGOT and SGPT.
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Lesions

The virus has an affinity for parenchymal and Kupffer cells of the liver,
and endothelial cells generally. A ffected cells develop specific basophilic
intranuclear inclusion bodies, and become necrotic. Reticulo-endothelial cells
and sometimes other cells, such as renal tubular epithelium, may be affected.
Gross lesions are dominated by haemorrhage, mainly of the stomach and
serosal su rfaces, resulting from endothelial damage and 1oss of c oagulation
factors of hepatic origin. The spleen and lymph nodes are oedematous and
congested; liver congested and enlarged; and the gallbladder wall oedematous
and thickened.

The most characteristic microscopic lesion is focal hepatic necrosis,
particularly in the periportal region. Hepatocytes become acidophilic, lose
their outline, and ultimately disppear, to be replaced by dilated sinusoids.
Intranuclear inclusion bodies are prominent, usually in cells adjacent to
areas of necrosis. The inclusion body, which almost fills the nucleus, has a
rather indistinct outline, and takes basophilic colour in sections with H & E.
Similar inclusions may be found in the e ndothelial cells and Kupffer cells.
Recovery is followed by c omplete regeneration of the liver. Intranuclear in-
clusion bodies also occur in the reticulo-endothelial cells and endothelial cells
of the spleen. In the kidney, intranuclear inclusions may be found in endothelial
cells of the glomerular tufts.

The lesions in the brain are directly related to the changes in the capillary
endothelium. The endothelial cells may contain intranuclear inclusions. Many of
the capillaries are surrounded by a small collar of haemorrhage.

Diagnosis

Diagnosis in the living animal is difficult because of the non-specific nature
of the symptoms. Microscopic demonstration of intranuclear inclusion bodies
in surgically removed tonsils, or liver biopsy specimens, ¢ onfirms the pre-
sumptive clinical diagnosis. P ostmortem diagnosisis not a problem. It is
established by the d emonstration of typical lesions and characteristic
intranuclear inclusion bodies. The diagnosis can also be confirmed by virus
isolation and immunofluorescence. This disease can occur in association with
canine distemper, or leptospirosis, and has to be differentiated.

Canine Adenovirus-2

First isolated in 1962 in Canada from dogs with laryngotracheitis, this
virus is different from the virus of infectious canine hepatitis. The virus is now
recognized as a cause of conjunctivitis, upper respiratory disease, and some-
times, pneumonia. It has also been a ssociated with enteritis. However, mild
infections are more common. The infection also occurs along with a more
serious disease like canine distemper. It is considered to be one of the causes
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of kennel cough. Clinical signs include fever, nasal discharge, coughing, and
dyspnoea. Mortality is very low. The mucosae of the larynx, pharynx, tra-
chea, and bronchi are hyperaemic, and sometimes ulcerated and covered with
a purulent or fibrinous exudate. The principal microscopic lesions are necrosis
of respiratory epithelium, and the presence of intranuclear inclusion bodies.

Bovine Adenoviral Infections

Bovine adenoviruses are of several serotypes. Some of them (types 3
and 5) are more pathogenic than others to young calves, producing disease of
the respiratory and gastrointestinal tracts. S erological surveys of cattle indi-
cate that infection is widespread, but rarely leads to clinical disease.

Signs

Clinical signs include fever, kerato-conjunctivitis, gastrointestinal tract in-
volvement with tympany, colic, and diarrhoea. In calves, systemic infection
with oedema and haemorrhage around joints, has been d escribed as " weak
calf syndrome". Morbidity and mortality are low.

Lesions

The lesions may be generalized, or limited to t he respiratory or
gastrointestinal tracts. The characteristic gross lesion in the respiratory tract is
the presence of mucinous or mucopurulent exudate in the nasal passages. Other
lesions include diffuse congestion, haemorrhage and areas of consolidation in
lungs; haemorrhage and oedema in the lymph nodes related to the respiratory
tract; petechiae and oedema in the kidneys, adrenal cortex, myocardium, and
wall of the intestine. Petechiae and oedema are especially prominent around
major joints in outbreaks in which lameness is a common sign.

Microscopically, respiratory tract lesions are characterized by necrosis of
respiratory epithelium with the presence of characteristic intranuclear in-
clusion bodies in epithelial and endothelial cells. Interstitial pneumonia may
occur. In the gastrointestinal f orm, the virus invades e nterocytes of v illous
epithelium leading t o necrosis and blunting of villi. Inclusion bodies o ccur
within a ffected enterocytes. In the s ystemic disease, necrosis, oedema, and
haemorrhage are accompanied by intranuclear inclusion bodies, especially in
the intestine, kidneys, and joints.

Ovine Adenoviral Infections

Several different serotypes of o vine adenoviruses have been identified.
Even bovine adenoviruses have been recovered from sheep with respira-
tory tract disease. As in cattle, ovine adenoviruses are associated with con-
junctivitis, respiratory tract disease, and enteritis. Respiratory lesions c om-
prise epithelial necrosis and typical intranuclear inclusion bodies, followed
by epithelial hyperplasia. Ovine adenovirus type 6 causes marked cytomegaly
(enlargement of cell) of respiratory epithelial cells. Type 6 also causes focal
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hepatic necrosis with intranuclear inclusion b odies in hepatocytes. T ype 5
causes nephritis with intranuclear inclusion bodies in endothelial cells. Mor-
bidity and mortality in ovine adenoviral infections are usually low.

Equine Adenoviral Infection

Adenoviral infection is associated with respiratory disease in foals. B ut
like other species the infection is usually not manifested clinically. The clini-
cal signs include sudden onset of fever with mucopurulent nasal d ischarge,
cough, dyspnoea, increased respiratory rate, and sometimes, death. L esions
are usually confined to the respiratory tract, and include mucopurulent rhinitis,
tracheitis, and consolidation of dependent portions of the lungs. B asophilic
intranuclear inclusion bodies occur in e pithelial cells along the entire
respiratory tract. These inclusions may also be found in association with focal
necrosis in epithelial cells lining the renal pelvis, ureter, urinary bladder, and
urethra. Sometimes focal lesions are found in the gastrointestinal tract,
particularly the small intestine.

Porcine Adenovirus

Porcine adenovirus infection is widespread, and virus can be isolated from
faeces. Clinical and pathological changes are uncommon. But there are reports
of spontaneous pneumonia, enteritis, and encephalitis. Epithelial necrosis and
intranuclear inclusion bodies in the respiratory tract and small intestine are the
most common findings.

Diseases caused by Avi-Adenoviruses (Avian
Adenoviruses)

Avian adenoviruses are divided into three groups: 1. Group I contains
the conventional group I adenoviruses (Table 12). T hese avian adenovirus
group Iisolates from birds share a common group antigen. 2. Group II
comprises the so-called type II avian adenoviruses and includes turkey
haemorrhagic enteritis (THE) virus and marble spleen disease (MSD) virus of
pheasants, and avian adenovirus group II splenomegaly virus of ¢ hickens.
These viruses share a common group antigen which is different from the
group I viruses. 3. Group III are the haemagglutinating viruses a ssociated
with egg drop syndrome 1976 (EDS 76) (Table 12). T hese viruses only
partially share the group I commeon antigen.

Group I Adenovirus Infections

In marked contrast to the clear association of group I and group III
adenoviruses with disease, the role of group I adenoviruses as pathogens is
not well understood. The majority of them have a limited role as pathogens.
Some, however, appear to be primary pathogens. But they do play a role as
secondary pathogens in chicken infectious anaemia (CIA) and i nfectious
bursal disease (IBD). Group I adenoviruses are further classified into serotypes
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using the neutralization test. Currently at least 12 serotypes o f fowl
adenoviruses are recognized. Group I adenoviruses are widely d istributed
throughout the world.

Spread

Vertical transmission through the embryonated egg is very important.
This is the main method of spread from one generation to the next. A fter-
wards, horizontal spread by contact with infected faeces occurs. Virus is
present in faeces, tracheal and nasal mucosa. Therefore virus could be spread
in all excretions, but highest levels are found in the faeces. Horizontal spread
appears to be mainly by direct faecal contact. Aerial spread between farms
does not appear to be important, but spread by fomites, personnel, and trans-
port can be very important.

Disease

As mentioned, the role of group I adenoviruscs as primary pathogens is
not clearly established. Furthermore, adenoviruses are widely distributed in
healthy birds, and are even commonly isolated from them under all systems
of management. This d oes not mean they do not c ause disease, but it d oes
mean that isolation o f adenoviruses from diseased birds forms no basis to
believe that they are the cause of the disease.

Adenoviruses have been isolated from virtually every clinical condi-
tion. However, they are most commonly associated with inclusion body hepa-
titis, falls in egg production, respiratory disease, diarrhoea, poor growth
and reduced feed conversion, and tenosynovitis (inflammation of a tendon
sheath). It has been reported that adenovirus infection causes a 10% fall in
egg p roduction, or affects eggshell quality. Also, there are reports of
adenovirus i nfection resulting in decreased food c onsumption and g rowth
retardation. More recently, it has been found that group I adenoviruses are
associated with a "hydropericardium syndrome" of chickens reported from
Pakistan in 1987; and more commonly known as " Angara disease". H ow-
ever, there is evidence that another a gent may also be involved. There are
similarities between the signs and pathology of this syndrome and inclusion
body hepatitis, but it is not clear if they are different.

Inclusion Body Hepatitis

This disease is usually seen in meat-producing chickens 3-7 weeks of
age, but has been reported in birds as young as 7 days old, and as old as 20
weeks. The disease is characterized by a sudden onset of mortality.

Aetiology

The aetiology of this disease has not been properly established. There is
no separate inclusion body hepatitis (IBH) virus. Virtually every serotype
of adenovirus group I has been isolated from the naturally occurring disease.
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Furthermore, all the known adenovirus serotypes produce hepatitis when very
young chicks are inoculated parenterally. Most experimental infections pro-
duce basophilic intranuclear inclusion bodies in the hepatocytes, whereas
most natural cases produce eosinophilic intranuclear inclusion bodies. I f
adenoviruses are involved in producing IBH, they appear to act with some
other factor. It has been suggested that immunosuppression produced by in-
fectious bursal disease (IBD) helps adenoviruses in producing IBH. How-
ever, many flocks undergoing combined infections with these viruses remain
healthy. M oreover, b oth Northern Ireland and New Zealand outbreaks of
IBH occurred in chickens before IBD was present in the country. Some
outbreaks described as IBH closely resemble haemorrhagic syndrome/infec-
tious anaemia caused by chicken anaemia virus.

Outbreaks of IBH which occurred in A ustralia during the last d ecade,
differ significantly from the above. They have occurred in much younger
chicks (i.e., under 3 weeks of age), have caused higher mortality, and mainly
basophilic inclusion bodies are present in hepatocytes. A denoviruses have
been isolated from field cases and the disease reproduced experimentally in
chickens. In India, the disease has appeared as seasonal, e specially after
monsoon, in the cold season. The mycotoxin stress seems to be another pre-
disposing factor besides IBD.

Signs

The disease is characterized by sudden onset of mortality, reaching high-
est after 3-4 days, and dropping on the 5th day, but sometimes continuing for
2-3 weeks. Morbidity is low. Sick birds adopt a crouching position with ruf-
fled feathers, and die within 48 hours, or recover. Mortality may reach 10%,
and sometimes as high as 30%. Overall feed conversion and weight gain are
usually decreased. Anaemia, jaundice of the skin and subcutaneous fat, haem-
orrhages in various organs, especially the muscles, and bone marrow degen-
eration are usually present, but vary in severity. In some outbreaks the bone
marrow lesions are most prominent, and it has been suggested that the disease
should be called "hepato-myeloporetic disease".

Lesions

The main lesions are pale, friable, swollen livers. Petechial or ecchymotic
haemorrhages may be present in the liver and skeletal muscles. Microscopi-
cally, there is a diffuse and generalized hepatitis, with intranuclear inclusion
bodies in the hepatocytes, w hich are often eosinophilic, or sometimes
basophilic. In the Australian outbreaks, basophilic inclusions predominated.
Virus particles were detected only in cells with basophilic inclusions.
Eosinophilic inclusions were composed of fibrillar granular material. In
the New Zealand outbreaks, inclusions were eosinophilic.
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Respiratory Disease

Adenoviruses are frequently isolated from airsacs, lungs and trachea of
birds with respiratory disease. It is unlikely that they are primary pathogens.
However, they do appear important as secondary pathogens.

Falls in Egg Production

It is likely that exposure of laying fowls to an adenovirus may result in a
fall in egg production. However, falls in egg production due to conventional
(Group I) adenovirus infection appears to be unimportant.

Viral Arthritis/Tenosynovitis

Adenoviruses have been usually isolated from joints or tendons of birds
having arthritis or tenosynovitis. However, poor success has been achieved in
experimental reproduction of this disease using adenoviruses.

Diagnosis

This depends on isolation and identification o f the virus, and on
serological tests. Specimens of choice are faeces, pharynx, kidney, and af-
fected organs, e.g., livers. Isolation is done on either chick embryo liver cells,
or chick kidney cells. Antibody to the conventional adenovirus group antigen
can be detected using the double immunodiffusion (DID) test. The i ndirect
immunofluorescent test is much more sensitive and rapid, and is inexpensive.
ELISA has been used to detect group antibodies, and it is e xpensive and
sensitive. The main problem with any serological test is in the interpretation
of results. Antibodies are common in both healthy and diseased birds, and
birds are frequently infected with a number of serotypes. On the other hand,
demonstration of eosinophilic intranuclear inclusion body in H and E staining
in the hepatocytes of chickens in naturally occurring inclusion body hepatitis,
is diagnositc.

Group II Adenovirus Infections

There are three diseases caused by the group II adenoviruses (Table 12).
These are: 1. Turkey haemorrhagic enteritis (THE), 2. Marble spleen disease
(MSD) of pheasants, and 3. Avian adenovirus group II splenomegaly (AAS),
also known as avian adenosplenomegaly o f chickens. Haemorrhagic
enteritis (HE) is an acute viral disease of turkeys 4 weeks of age, and older.
Itis characterized by depression, bloody droppings, and death. Microscopi-
cally, nuclei of infected cells in the spleen contain characteristic intranuclear
inclusion bodies.

Marble spleen disease is a condition affecting pheasants 3-8 months of
age. The c ausative virus is serologically indistinguishable from that of HE
virus. The clinical disease, however, is mainly respiratory in nature, with death
occurring as a result of asphyxia. MSD virus also produces intranuclear in-
clusions and splenic lesions similar to those of HEV.
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Avian adenosplenomegaly is observed as splenomegaly in young or mar-
ket-age broilers, or as splenomegaly with pulmonary congestion and oedema
in mature birds. Death of chickens in peracute or acute c ases results from
asphyxia. Therefore, signs may c onsist of depression, weakness, d yspnoea,
and finally a sphyxia. The virus also produces intranuclear inclusions and
splenic lesions similar to those of HEV.

Group III Adenovirus Infection
Egg Drop Syndrome

Since its initial description in 1976 by Dutch workers, egg drop syndrome
1976 (EDS 76) has become a major cause of loss of egg production throughout
the world. It is caused by an adenovirus belonging to group III. EDS 1976 is
characterized by otherwise healthy birds producing thin-shelled, or shell-less

eggs.
Cause

The EDS adenovirus differs from conventional (group I) serotype 1
adenoviruses. Although EDS virus shares the conventional avian adenovirus group
I antigen, this can be detected only by indirect means. In fact, EDS virus is a
naturally occurring adenovirus of ducks and geese which has infected fowl. It
grows best in duck and geese cell cultures, but also well in chick embryo liver and
chick kidney cells. All EDS virus isolates belong to one serotype.

Spread

EDS outbreaks are divided into three types: 1. In the classical form, pri-
mary breeders are infected and the main method of spread is vertical through
the embryonated egg. Although the number of infected embryos is low, spread
is very efficient. 2. The second pattern is the endemic form. Probably origi-
nating from the classical form, virus has become established in some areas in
commercial egg-laying flocks. In India, 32.6% of poultry flocks were found
to be infected. This endemic form results from lateral spread between flocks.
This form is often associated with a common egg-packing station. Both nor-
mal and abnormal-shelled eggs, laid during the period of virus growth in the
pouch shell gland of the oviduct, contain virus both on the exterior and interior.
This 1eads to c ontamination of e gg trays. D roppings also contain virus, but
this is d ue to c ontamination of faeces by oviduct exudate. L ateral spread
between flocks through c ontaminated personnel or fomites, other thanegg
trays, can occur, but d oes not appear to be a major risk. Other methods o f
spread could be c ontaminated needles, and perhaps, biting insects. 3. T he
third type is the sporadic form. This form results from introduction of infec-
tion from ducks, geese, or any infected bird, either through direct contact, or
indirectly through drinking water contaminated with droppings.
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Pathogenesis

Following infection of laying hens, the virus grows to a limited extent in
the nasal mucosa. This is followed by a viraemia with virus replication in
lymphoid tissue throughout the body, e specially spleen and thymus. T he
infundibulum of the oviduct is consistently affected. At 8 days after infection,
there is massive viral replication in the pouch shell glands and, to a much
lesser extent, in other parts of the oviduct. This coincides with the production
of eggshell changes. Both normal and affected eggs contain virus, both
externally and internally, for the next two weeks. Chicks hatched from these
infected eggs usually do not develop antibody, and may be latently infected.

Signs

The first signs are loss of shell strength and pigmentation. This is followed
by thin-shelled, soft-shelled, and shell-less eggs. Eggshells may show mineral
deposits. However, ridging and mis-shapen eggs are not a feature. There is a
drop in egg production. The birds are normally healthy, but sometimes they
appear slightly depressed. Diarrhoea may be due to an excess of oviduct se-
cretion in d roppings. Classical EDS is manifested by a sudden fall in egg
production around peak production, or by afailure to achieve or hold
expected p roduction.

Gross Lesions

Inactive ovaries and atrophied oviducts are often the only recognized
lesions, and these are not consistently present.

Microscopic Lesions

The main pathological changes occur in the pouch shell gland of oviduct.
Virus replicates in epithelial cell nuclei, and produces intranuclear inclusion
bodies. Many affected cells are sloughed into the lumen. There is a severe in-
flammatory response involving macrophages, plasma cells, and lymphocytes,
together with variable numbers of heterophils in the lamina propria and epithelium.

Diagnosis

The combination of a sudden fall in egg production, associated with thin-
shelled and shell-less e ggs in a flock of apparently healthy birds, is almost
diagnostic. Virus isolation can be difficult because it is difficult to identify the
correct bird to sample. The easiest method is to feed affected eggs to susceptible
hens. Once they produce abnormal eggs, the pouch shell gland is harvested, and
samples i noculated into either duck kidney, or fibroblast cell cultures, or
embryonated eggs. Virus growth is d etected by testing for haemagglutinins.
Detection of antibodies to EDS virus b y the haemagglutination inhibition
(HI) test using fowl erythrocytes is sensitive and easy. ELISA is now also
used.
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Iridoviridae

African swine fever virus is the only member of this family which affects
mammals. Iridovirus virions replicate in the cytoplasm of infected cells, al-
though the nucleus is required for replication. Poxviridae are the only other
DNA viriuses which assemble in the cytoplasm. Virions are released either by
budding, in which case they obtain an envelope, or through lysis. The latter
particles are unenveloped, but i nfectious. The genome is made of a single
linear molecule of double-stranded DNA (ds DNA).

African Swine Fever

Also known as "warthog disease"”, and " African pig disease", African
swine fever is a highly contagious disease of domestic pigs caused by an
iridivirus.

Spread

Ticks are the biological vectors, and serve as the primary means of main-
taining the infection, and spreading it to domestic pigs. Transmission also
follows ingestion of uncooked infected pork products. Once introduced into
pigs by ticks, or infected meat, the virus s preads readily by contact. C ur-
rently, the disease appears to be confined to Africa. Multiple strains of virus
of varying virulence now exist. Wild warthogs (African wild pigs) and bush
pigs act as asymptomatic carriers.

Pathogenesis

The virus invades through the tonsils and respiratory tract, and replicates
in the draining lymph nodes prior to the occurrence of generalized viraemia
which can occur within 48-72 hours of infection.

Signs

The disease occurs in two forms: acute and chronic. In the acute form
disease begins with a high fever (105° F). However, during this febrile period,
the a ffected pigs may appear well and have a good appetite. T hen, in their
final 48 hours, they become depressed, w eak, cyanotic; develop cough and
dyspnoea; and then die. Vomiting and diarrhoea may be observed, and there
may be haemorrhage from the nose and anus. Pregnant sows may abort. In
the chronic form, the course of the disease is prolonged. Some pigs recover
and act as carriers of the virus.

Lesions

Gross changes are similar in many respects to those of swine fever, but
are more severe. Lymph nodes are diffusely haemorrhagic. O ther 1 esions
include pulmonary oedema; petechiae and ecchymoses in the pleura, pericar-
dium, and peritoneum; oedema and congestion in gallbladder; haemorrhages
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in the renal cortex; and catarrhal enteritis. The spleen is engorged and swol-
len. Pathogenesis of the haemorrhage is not understood. African swine fever
virus does not affect endothelial cells as does the virus of swine fever. The
microscopic vascular lesions are similar to those of swine fever, but result in
more severe circulatory disturbances, e.g., oedema, haemorrhage, infarction.

Diagnosis

The lesions are helpful in acute cases. T he prolonged c ases and I atent
infections require isolation and identification of the virus in appropriate tis-
sue cultures. Immuno-histochemical techniques have been used to identify
viral antigens in tissues of affected pigs.

Papovaviridae

The Family Papovaviridae was created by the grouping of three differ-
ent viruses leading to the acronym (a word formed from the first letters of a
group of words) "papova"” from papilloma virus, polyoma virus, and
vacuolating agent. Papovaviruses are small (45-55 nm in diameter), non-
enveloped, icosahedral virions. The genome consists of one molecule of double-
stranded DNA (ds DNA). The family contains two genera: papillomavirus
and polyomavirus, which are immunologically distinct. Only
papillomaviruses are of veterinary importance.

The genus Papillomavirus c ontains viruses responsible for benign
papillomatosis (e.g., warts, verrucae vulgaris) in humans and other animals.
The viruses are highly s pecies-specific, with the exception of bovine
papillomaviruses. As with oncogenic DNA viruses, viral replication does not
occur in the transformed, rapidly dividing cells. Therefore, viral particles and
viral antigens are not demonstrable in cells of the germinal layer. However,
the cells of the upper layers, i.e., the epidermis, are permissive for viral
replication, and viral particles can be localized here. Basophilic intranuclear
inclusion bodies may, sometimes, also be seen in these cells. Only human and
bovine p apillomaviruses have been c haracterized in any detail. The genus
Polyomavirus (G. poly = many; G. oma =tumour) is made up of several
viruses of scientific interest, because of their oncogenic and transforming
effects on mammalian cell systems. Their p athogenicity i n natureis
negligible. The viruses of this genus include SE polyoma virus of mice, K
virus of rats, simian virus 40 (SV 40), and rabbit vacuolating virus.
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Diseases caused by papillomaviruses are presented in Table 13.

Table 13. Diseases caused by Papillomaviruses

Virus Host(s) Disease

Bovine type 1 Cattle Cutaneous fibropapilloma
Horses Equine sarcoid

Bovine type 2 Cattle Cutaneous fibropapilloma
Horses Equine sarcoid

Bovine type 3 Cattle Cutaneous papilloma

Bovine type 4 Cattle Alimentary tract papilloma

Bovine type 5 Cattle Teat fibropapilloma

Bovine type 6 Cattle Teat papilloma

Equine papillomavirus Horses Cutaneous p apilloma

Canine oral papillomavirus Dogs Oral papilloma

Ovine papillomavirus Sheep Cutaneous papilloma

Caprine papillomavirus Goats Cutaneous p apilloma

Porcine papillomavirus Pigs Genital p apilloma

Monkey papillomavirus Monkeys Cutaneous p apilloma

Rabbit papillomavirus Wild rabbits, Cutaneous p apilloma

Rabbit oral papillomavirus

domestic rabbits,
hares

Domestic r abbits

(may progress to
squamous-cell c arcinoma)

Oral p apilloma

Bovine Cutaneous Papillomatosis

In cattle, cutaneous papillomatosis is more common than in any other
domestic animal. The disease affects young animals more often and more se-
verely, but may affect cattle of all ages. At least six distinct (separate) bovine
papillomaviruses have been recognized (Table 13). The most common form
is caused by types 1 and 2. It differs from papillomas of other species in that
there is a marked proliferation of connective tissue, the lesion being known
as "fibropapilloma". These are mostly found around the head and neck, but
may also occur on the udder and external genitalia. The disease is usually
self-limiting and recovery may occur without treatment. However, when lesions
are on the genitalia, they interfere with reproduction.

Grossly, fibropapilloma is a rough, cauliflower-like mass. It is of vary-
ing size, irregular in shape, elevated, and attached by either a narrow stalk, or
a broad base. The lesions are numerous, closely spaced, round and smooth,
but soon become rough and horny. Microscopically, the lesions are made up
of greatly thickened epidermis, which is both acanthotic and hyperkeratotic,
supported by a core of hyperplastic dermis. Sometimes, o vergrowth of the
connective tissue of the dermis is a dominant lesion. Epithelial cells of the
stratum spinosum may contain intranuclear eosinophilic homogeneous struc-
tures, which are viral inclusion bodies.
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More classical papillomas with only a moderate a mount of ¢ onnective
tissue support are caused by bovine papillomaviruses type 3 (skin) and type
5 (teat). These are smaller and less pedunculated. Type 4 virus c auses
papillomas of the oesophagus, forestomach, and urinary bladder. With the
consumption of bracken fern, these papillomas may progress to s quamous-
cell carcinoma. I't has been experimentally demonstrated that the bovine
papilloma virus can produce fibromas and polyps of the bovine urinary blad-
der similar to the naturally occurring tumours associated with chronic enzootic
haematuria.

Equine Sarcoid

Bovine papillomaviruses 1 and 2 cause equine sarcoid (Table 13). This
cutaneous growth peculiar to equines is called "sarcoid" because microscopi-
cally it resembles a sarcoma of m oderate malignancy. T he lesion is often
multiple and usually occurs on the lower legs, head, and prepuce. It is more
common in mules and donkeys than in the horse. Microscopically, the growth
is made up mainly of interlacing bundles of spindle-shaped cells, which may
form whorls and bundles su ggestive of a neurofibrosarcoma. The real diffi-
culty is in distinguishing the sarcoid from a sarcoma. Usually there is less
anaplasia of nuclei and fewer mitoses than in a sarcoma, but in borderline
cases differentiation may not be possible on histological grounds alone.
Metastasis, however, does not occur.

Equine Cutaneous Papillomatosis

Common warts are usually found on the nose, muzzle, and lips of horses
during their first and second years of life. The papillomas are usually small,
discrete and attached by a narrow stalk. Sometimes, they are very numerous
and may be confluent. Small papillomas appear as raised nodules with a smooth
surface. The larger papillomas, however, have the rough surface characteris-
tic of warts in other species. Microscopically, hyperplastic, folded layers of
squamous epithelium are supported by a thin core of connective tissue which
is continuous with the dermis. Acanthosis and hyperkeratosis are prominent
features in the affected epidermis.

Canine Oral Papillomatosis

Infectious papillomas occur in the oral cavity of young dogs. T hese
lesions are transmissible by contact, but will grow only on the oral mucosa.
Skin and other e pithelial surfaces are resistant to infection. The duration of
oral papillomas is usually from 3-5 months. The lesions may be single, but are
usually mutiple. Sometimes, they are so numerous as to interfere with
mastication and deglutination. They occur anywhere on the oral mucosa, such
as cheeks, tongue, palate, or pharynx, but do not extend below the epiglottis,
or into the oesophagus. P apillomas are sharply defined, single or c onfluent,
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cauliflower-shaped masses with a roughened s urface, raised from the oral
mucosa. Microscopically, the earliest lesion is a hyperplastic epithelium in
which mitotic figures are common. The prickle-cell layer then becomes
gradually thicker. Other lesions include hyperkeratosis, and enlargement of
the squamous cells, their cytoplasm being filled with albuminous material. In
older lesions, a few cytoplasmic inclusions may be seen just under the keratin
layer. These are keratohyaline masses. In some cases, basophilic inclusions
fill nuclei of epithelial cells. Viral particles have been demonstrated in epithelial
nuclei. The underlying dermis is relatively unchanged.

Ovine and Caprine Papillomatosis

Papillomas in sheep and goats are rare. In sheep, they occur as
fibropapillomas, or squamous papillomas, on face, ears or limbs. Malignant
transformation has been described. In goats, two forms have been described,
one limited to the teats and udder, and a c utaneous form found around the
head, face, shoulder, and neck. Malignant transformation to squamous-cell
carcinoma may occur.

Porcine Genital Papilloma

A transmissible papilloma of the genital tract of pigs has been described.
However, it is an uncommon disease.

Papillomatosis of Monkeys

Papillomas are rare in monkeys. Regression of the lesion occurs, and there
is no evidence of malignancy.

Cutaneous Papillomatosis of Rabbits (Shope Fibroma)

An infectious papillomatosis of wild cottontail rabbits was originally de-
scribed by Shope in 1933. Hence it is often referred to as "Shope fibroma", or
"Shope papilloma". The warts are usually found on the inner surface of the
thighs, abdomen, or neck and shoulders. T he lesions are black or grey, and
covered with a thin layer of keratin. They may become malignant. Domestic
rabbits are rarely affected naturally, but can be experimentally infected, in
which case the papillomas may progress to s quamous-cell carcinoma and
metastasize.

Oral Papillomatosis of Rabbits

In 1943, Parson and Kidd described spontaneous p apillomatosis of the
oral cavity in domestic rabbits, and demonstrated it to be caused by a virus.
The viral agent is different from the Shope fibroma (papilloma) virus, which
affects the epithelium of the skin, but not the mouth. The papillomas are small,
discrete, greyish-white nodules, either sessile or pedunculated. Usually multiple
and sometimes numerous, they always occur on the undersurface of the tongue,
sometimes on the gums, and rarely on the floor of the mouth. Microscopically,
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the lesions comprise thickened, folded, hyperplastic epithelium, supported by
stroma which may form delicate papillae.

Diseases caused by Unclassified Viruses
In Domestic Animals
Borna Disease

Borna disease is an infectious, progressive immune-mediated polio-
encephalomyelitis (inflammation of the grey matter of the brain and spinal cord)
of horses and sheep in Europe. It is caused by a single-stranded, negative-
sense RNA (ss RNA) virus, which has not yet been visualized, and therefore
remains unclassified. The disease derives its name from Borna in
Saxony,Germany, where a severe attack was described in 1885. An insect
vector is not needed for spread. Spread is through saliva and nasal secretions;
possibly through colostrum and milk from infected horses with clinical disease;
or through individuals with a persistent infection, who serve as carriers of the
virus.

Clinically, affected horses develop a slight fever, followed by lethargy (a
lazy state), ataxia (muscular incoordination), circling, paralysis, and death in
most animals. The virus replicates in neurons, astrocytes, and oligodendrocytes,
and has a predilection for grey matter of the cerebrum and brain stem. The
cerebellum is spared. Microscopically, the e ncephalitis is characterized by
marked cuffing with lymphocytes, along with some macrophages and plasma
cells, and gliosis. Acidophilic intranuclear inclusion bodies are present within
neurons, particularly of the hippocampus. These are termed as "Joest bodies"
or "Joest-Degen bodies", after the names of their discoverers. They are specific
for Borna disease. The p athogenesis of the encephalitis is believed tobe
mainly immune-mediated. Diagnosis is made microscopically by the demon-
stration of Joest bodies. Specific diagnosis can be made with such techniques
as in situ hybridization and polymerase chain reaction (PCR) viral amplifica-
tion. Using these techniques, viral RNA can be demonstrated i n neurons,
astrocytes, and Schwann cells.

In Poultry
Hydropericardium-Hepatitis Syndrome (Angara Disease)

Hydropericardium-hepatitis syndrome (HHS) is an acute, infectious dis-
ease of chickens characterized by high morbidity, excessive pericardial fluid,
and multifocal hepatic necrosis. Although the specific aetiology of HHS has
yet to be defined, it appears that the condition is caused by a pathogenic
group I adenovirus, a non-enveloped double-stranded DNA (ds DNA) vi-
rus. Other a gents may act as potentiators and increase the severity of the
disease. Role of intercurrent immunosuppressive diseases, such as infectious
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bursal disease, Marek's disease, and chicken infectious anaemia may be sig-
nificant.

HHS syndrome was first recognized in flocks in Angara Goth near Karachi,
Pakistan, in late 1987. Hence the name "Angara Disease”. In India, outbreaks
have occurred in the northern states of Jammu and Kashmir, Punjab, and Delhi.
The disease in India has been called as ""Leechi Disease', because the heart
looks like a leechi fruit. Although 3-5 week-old broilers are usually affected, the
condition has been recorded in young broiler breeds, and also in commercial layers.

Spread

Since group I adenoviruses appear to be involved in the aetiology, it is pre-
sumed that the disease can be spread both vertically and horizontally.
Adenoviruses may remain latent in breeding stock until onset of maturity, and
then be shed following immunosuppression, or stress. After 3 weeks of age,
progeny of infected parent stock may excrete virus for up to 14 weeks. Viral
replication in the intestinal tract suggests that faccal contamination of cloth-
ing, footwear, and equipment, including transport crates and vehicles, may spread
infection under commercial conditions.

Signs

Non-vaccinated broilers and young breeder flocks can have mortality up
to 80% if they are also exposed to velogenic Ranikhet disease, highly patho-
genic infectious bursal disease, and erosive infections such as
mycoplasmosis. The disease usually lasts 9-14 days with morbidity of 10-30%,
and daily mortality of 3-5%. Flocks show no specific signs. However, the
disease is characterized by sudden onset of mortality, lethargy, huddling with
ruffled feathers, and yellow, mucoid droppings. Affected birds have decreased
haemoglobin, packed cell volume, erythrocytes, and total leukocytes.
Decreased albumin production because of liver damage is considered to be
responsible for the h ypoproteinaemia in affected birds, which probably
contributes to development of hydropericardium.

Lesions

The most striking gross lesion is the presence of up to 10 ml of clear
transudate in the pericardial sac. Generalized c ongestion and p ulmonary
oedema are evident and the liver and kidneys are usually enlarged, pale, and
friable. Microscopic lesions consist of myocardial oedema, degeneration, and
necrosis with mild, mononuclear cell infiltration and extravasation of erythro-
cytes. Liver shows multifocal coagulative necrosis with mononuclear cell in-
filtration, and basophilic intranuclear inclusion bodies in hepatocytes. There
may also be extensive areas of necrosis in renal epithelium.
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Diagnosis

Hydropericardium together with microscopic demonstration of basophilic
intranuclear inclusions i n hepatocytes is highly suggestive of Angara
disease.To confirm the diagnosis, adenovirus can be isolated by infecting
embryonic c hick liver cells. The presence of adenovirus in tissue culture is
indicated by characteristic cytopathology. Adenoviruses can be demonstrated
by negative-stain electron microscopy, and identified by a serum neutraliza-
tion test.

Infectious Stunting Syndrome

In 1976, a new disease was recognized in broiler chickens in the USA and
Europe. It was characterized by birds becoming severely stunted and growing poorly.
However, the birds were not ill. They were active with great appetites. Despite this
the financial losses were considerable due to excess culling rates, poor feed
conversion, reduced weight for age, and greater than expected variations in
weight at slaughter. The disease has now been reported from most broiler-
growing countries of the world, including India.

"Infectious stunting syndrome (ISS)" is also known by several other names.
These are: "runting and stunting syndrome", " malabsorption syndrome",
"broiler runting syndrome", "pale bird syndrome", "infectious runting”, and
“helicopter disease" or as "helicopter feathering". There is also a st unting
disease ir: turkeys, known as "turkey stunting syndrome". It is characterized by

enteritis and diarrhoea.
Cause

Infectious stunting syndrome is probably caused by a number of viruses,
which include calicivirus, enterovirus, parvovirus, coronavirus, FEW virus,
reovirus, or togavirus. Recent studies have revealed picornavirus-like par-
ticles in the cytoplasm of degenerate enterocytes and associated macrophages
in acute intestinal lesions. All breeds and strains of chickens are susceptible,
but suppression of growth is most noticeable in broilers because of their
rapid growth rates.

Pathogenesis

Following infection, the lesions are most pronounced in the mid-jejunum.
Picornavirus-like particles are detected in the cytoplasm of enterocytes on
the villi. These viruses are associated with necrosis of enterocytes, and there
is marked infiltration of macrophages and 1 ymphocytes into the villus. T he
viruses are then spread through macrophages to the lamina propria surround-
ing the crypts, and multiplication of the virus in crypt enterocytes leads to
necrosis and loss of crypts. At this stage there is significant villus atrophy. By
2 weeks, the lost enterocytes are replaced through crypt cell proliferation, but
the villi are populated by biochemically immature enterocytes. This results in
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impaired digestive capability, and leads to poor growth, the characteristic
feature of the disease. Retarded feathering is probably the result of reduced
digestion and absorption of sulphur-containing amino acids.

Signs

The prevalence of stunted (small) birds in an affected flock ranges from 1-
75%. At 4-8 days, the stunted chickens are characterized by the retarded feath-
ering on their heads and necks, and pendulous abdomens. At this stage, they
eat well and are very active. At about 2 weeks, affected c hickens are often
called as "yellow heads" because of the prominence of the retained d own
feathers on the head and neck. Broken and displaced primary wing feathers
have given the disease names like "helicopter feathering" or " helicopter
disease". At 2-4 weeks clinical signs include l1ameness due to secondary
osteodystrophy, poor weight gain, opisthotonus (stretching of the head upwards
and backwards), and pale shanks. Pale shanks are an i mportant feature in
some strains given high carotenoid diets. Feed conversion rates are poor.
One of the important features of the disease is the presence of severely stunted
(runted) chickens, which remain small despite their huge appetites. However,
their incidence is low, usually 1-5%. If allowed to live to 6 weeks, they weigh
only 100-200 g. These small chickens become more noticeable after 2 weeks
when the unaffected chickens grow rapidly.

Gross Lesions

The subcutaneous fat is pale compared to normal, hence the name "pale
bird syndrome”. They are not anaemic. Intestines are distended and pale with
poorly digested contents. This phenomenon has been referred to as "malab-
sorption syndrome". The intestines may contain clear watery fluid, described
as "mucoid” or "catarrhal enteritis". The thymusis reduced toa chain of
small dark lobes, and the bursa of Fabricius is usually swollen. The pancreas
may be hard and white. During a normal postmortem, the hips are disarticulated,
but in infectious stunting syndrome, this usually results in the separation of
the head of the femur from the underlying growth plate (physis). This occurs
in chickens with osteodystrophy because the physis is weaker than the
ligaments. This lesion is a traumatic separation of the femoral head, and should
not be described as "femoral head necrosis". The parathyroids are more promi-
nent than normal.

Microscopic Lesions

Intestinal lesions include villus atrophy, and necrosis and degeneration of
enterocytes on the sides of villi and crypts, associated with significant infiltra-
tion of lymphocytes and macrophages into the villus and lamina propria. Le-
sions are most pronounced in the mid-jejunum. Enterocytes and degenerate
macrophages reveal small cytoplasmic inclusions.
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Diagnosis

The aetiological agent has not been characterized, and serological tests
are not available. Therefore, diagnosis depends upon characteristic features
of the disease, namely, severely stunted (runted) but active chickens with
retained down feathers on the head and neck at 2-3 weeks of age; and poor
growth in a variable percentage of the remaining flock at 2-4 weeks.

Big Liver and Spleen Disease

Big liver and spleen disease (BLS) is an infectious, transmissible disease,
probably of viral aetiology. It is characterized by decreased egg production,
increased mortality, and enlargement of the liver and spleen of mature chickens.
The disease occurs mainly in broiler breeders, and less commonly, egg lay-
ers. The condition was first recognized in Australia in 1980. The cause of BLS is
considered to be a virus. However, so far it has not been possible to isolate or
identify the agent. Spread occurs by horizontal transmission among flocks,
and faecal-oral route has been suspected. The possibility of vertical transmission
during clinical infection of the hens, has been suggested.

Morbidity and mortality are low. Affected flocks usually appear normal.
Clinical signs vary considerably from inapparent infection, general poor per-
formance, delayed maturity, and failure to attain peak production to definite
egg drops. Small e ggs with thin, poorly pigmented shells are produced. At
necropsy, the most common gross lesion is an enlarged spleen, 2-3 times that of
normal. Multiple pale foci on splenic capsular and cut surfaces may be present.
Usually, the liveris also enlarged and may have a large number of s mall
subcapsular haemorrhages. Other lesions are variable. Microscopically, there is
proliferation of lymphoid tissue in spleen and liver initially. In liver, lymphoid
follicles and perivascular lymphoid tissue are increased. When signs develop,
there is widespread necrosis of lymphoid tissue in the spleen, and in tissues
where lymphoid hyperplasia had occurred e arlier.

Diagnosis

Presumptive diagnosis is based on typical clinical signs in mature chick-
ens, with enlarged livers and spleens (spleen:bodyweight ratios greater than
0.001). Detection of antigen and/or antibody will confirm the diagnosis. Agar-
gel immunodiffusion tests have been used to detect antigen and antibody.
However, they are less sensitive than ELISA tests. Currently, ELISA tests are
used for detection of antibodies and antigen, using purified antigen extracted
from spleen and liver of affected birds, or monoclonal/polyclonal antibodies,
respectively. Immunofluorescence can be used for identifying antigen in fro-
zen tissue sections.
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Prion Diseases

"Prions'" are the most recent addition to the class of pathogens causing
diseases in domestic animals and humans. "Prion" is a proteinaceous infective
particle. Recent work has revealed that prion is a heavily glycosylated specific
protein (a polypeptide) of 30 kilodaltons (30-kD), called "prion protein (PrP)".
Since it is a proteinaceous particle closely associated with infectivity, the term
"proin" was coined from "proteinaceous infective particle”. The word "proin”
thus formed from "pro” and "in" was changed to "prion” to sound rhythmic.

Although both " prions" and " viruses" replicate, their properties, struc-
ture, and modes of replication are fundamentally different. Prions lack nu-
cleic acid (RNA or DNA), and also do not produce any inflammatory or
immune reaction in the host. Thus, prions are the most unconventional agents.
Because they lack nucleic acids, prions are remarkably resistant to many agents
that normally inactivate viruses, such as ultraviolet light and standard
disinfectants. In fact, they can be classified as an entirely separate category.
For his discovery of "prions”, Stanley Prusiner, Professor of Biochemistry at
the University of California, San Francisco, USA, won the 1997 Nobel Prize
in Physiology and Medicine. The diseases caused by prions are called "prion
diseases". B oth, in d omestic animals and humans, prions cause a group of
diseases known as " transmissible spongiform encephalopathies (TSEs)".
These will now be discussed.

Transmissible Spongiform Encephalopathies (TSEs)

These diseases are so named because they all are characterized micro-
scopically by a spongiform change in the grey matter of brain
(encephalopathy), and are caused by transmissible agents. Also, they all
share an aetiological basis that distinguishes them from other
neurodegenerative and infectious diseases. They are all associated with
abnormal forms of a specific protein termed "prion protein (PrP)". The
spongiform change, also known as " spongiosis" or "status spongiosus”, is
characterized by the development of vacuoles or empty spaces (vacuolation)
both in the neurons and the neuropil (i.e., complex tissue network of the
cytoplasmic processes of neurons and neuroglia in the grey matter). T hus,
TSEs are "prion diseases," that constitute a distinct group of neurodegenerative
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disorders. They are all characterized by classical pattern of neurohistology
(spongiosis) restricted to the central nervous system, an unusually long incu-
bation period (months to years or decades), and a variable course associated
with typical clinical signs.

Spongiform encephalopathies, in animals, comprise scrapie of sheep and
goats, transmissible mink encephalopathy (TME), transmissible feline
encephalopathy (TFE), chronic wasting disease of mule deer and elk, and
the recently identified "bovine spongiform encephalopathy (BSE)". In hu-
mans, they include Creutzfeldt-Jakob disease (CJD), kuru (associated with
cannibalism), Gerstmann-Straussler-Scheinker syndrome (GSS), and fatal
familial insomnia. Since they are all caused by the same class of pathogen -
"a prion protein (PrP)", they are more accurately called as "prion diseases".
All types of human and animal spongiform encephalopathy, including k uru,
scrapie, and bovine s pongiform encephalopathy, are e xperimentally trans-
missible in animals. With the arrival of BSE and its zoonotic potential, impor-
tance of TSEs has increased manifold. Therefore, scrapie and bovine
spongiform encephalopathy are discussed at some length. Since scrapie is a
prototype of TSEs (i.e., an original model), it is discussed first.

Scrapie of Sheep (Ovine Spongiform Encephalopathy)

Scrapie is the oldest of prion diseases, the earliest record of its occur-
rence in Britain being in 1732. Between 1878 and 1900, at least 17 countries
reported the disease. Australia, which had recognized it earlier became free
later on. On the other hand, Japan w hich was free for several decades, was
invaded in 1990. Scrapie is the most intensively studied prion disease, and
several aspects of scrapie research have shed considerable light on multiple
parameters, such as the c haracteristics of the causative agent, c oncepts of
infectivity and pathogenesis, histopathological hallmarks, transmissibility, and
characterization of the so-called "scrapie-associated fibrils".

Scrapie is best known as a disease of sheep, but it also occurs in goats.
The name is derived from almost continuous scraping (rubbing) of the skin
against any stationary object because of the intense pruritus (severe itching)
the animal suffers, which often results in loss of wool in sheep.

Aetiology

The precise nature of the transmissible agent in TSEs remains elusive.
Like a virus it is filterable, but lacks many of the features of ordinary viruses.
Unlike conventional viruses, the agent is unusually resistant to many chemi-
cal agents, including formalin, chloroform and ether; also to heat, ultraviolet
and ionizing radiation, u ltrasonication, proteases and nucleases. Also, no
structures resembling virions can be detected ultrastructurally (i.e., by an
electron microscope).

The current belief is that the agent is a proteinaceous infective particle
(prion). Much recent work has focussed on a heavily glycosylated specific
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protein (a poplypeptide) of 30 kilodaltons called "prion protein (PrP)." Prions
contain no nucleic acid (RNA or DNA), and also do not produce any in-
flammatory or immune reaction in the host. Immune Bcelland T cell
functions are intact.

Transmission

The principal means of transmission is from infected ewes to their lambs
early in life. The placenta is infectious. Thus, prenatal transmission may also
be important. Owing to the resistance of prions to physical and chemical agents,
environmental contamination probably persists for long periods. The incuba-
tion period is-long (from 2-5 years), restricting the clinical disease to adult
sheep.

Pathogenesis

Pathogenesis of TSEs involves complex molecular mechanisms, and is
still not fully understood. Most of the information is derived from work on
natural scrapie, and experiments in mice. The results of a genetic linkage, and
open reading frame sequencing studies in humans and mice, suggest that amino
acid substitution in PrP may modulate the development of prion diseases.

It is now known that prion ptotein (PrP) occurs normally in the central
nervous system of all domestic animals and also humans, bound to the sur-
face of neurons. A nimals susceptible to prion disease(s) bear a gene (PrP
gene). This gene encodes for normal " prion protein (PrP)", also known as
"cellular prion protein (PrPc)." PrP is attached to the outer leaflet of the
plasma membrane lipid bilayer of the neurons. Although its normal function
is not known, in a modified form, it is associated with the pathogenesis of
TSEs. In other words, in all TSEs, a normal non-infectious PrP of the host is
slowly and progressively converted to an abnormal form of PrP (PrPsc). That
is, in spongiform encephalopathies, an abnormal isoform (similar type) of
PrP, termed "'scrapie PrP" or "PrPsc" or "scrapie-associated fibril protein
(SAF)" is generated, which accumulates in and around neurons as large
aggregates of polymerized macromolecular fibrils similar to amyloid
protein. The fibrils are resistant to proteases, whereas normal PrP is not. It is
these fibrils of prion protein which make up the "amyloid plaques” seen in
spongiform e ncephalopathies. In other words, the abnormal form (PrPsc)
has a high beta-pleated sheet conformation (structure) characteristic of
amyloid protein, and spontaneously forms neurotoxic amyloid fibrils, which
accumulate in the brain. The abnormal form of PrP is also encoded by the
same gene which encodes for normal prion protein PrP.

To put it more simply, PrP is a normal cellular protein present in neu-
rons. Disease occurs when the prion protein undergoes a conformational
change (i.e., change in shape or form) from its normal alpha-helix i soform
(PrPc) to an abnormal beta-pleated sheet isoform, known as either PrPsc (for
scrapie) or PrPres (for protease resistant). With the conformational change,
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the prion protein becomes resistant to digestion with proteases. Accumula-
tion of PrPsc (PrPres) in neural tissue appears to be the cause of the pa-
thology in prion diseases, but how this material causes the development of
cytoplasmic vacuoles and eventual death of the neurons, is still unknown.

It is believed that following oral infection at an early age, there is a long
eclipse phase of about one year, before the infective agent (prion protein) can
be detected in the animal. At this time the infective agent is present in low
concentrations in the tonsils, supra-pharyngeal lymph node, and 1 ymphoid
tissue of the intestine. Infective agent then spreads to other lymph nodes and
spleen. The infective agent continues to replicate in the extra-intestinal and
intestinal lymphoid tissues for even a year or more before it reaches the
CNS, which is the target organ. The CNS in sheep is infected probably by
haematogenous spread, although axonal spread may also occur. Infective
agent first appears in the CNS in the medulla oblongata and diencephalon,
when infected sheep are clinically normal. It then spreads to other parts of the
CNS and replicates. Clinical disease usually occurs when sheep are 3-4 years
of age, when high concentrations of the infective agent are present in the
CNS. The pathogenesis of the disease in goats appears similar to that in the
sheep.

However, it is still not clear by which mechanism the "infective prion
agents'' alter the normal PrP. Since both PrP and PrPsc are transcribed from
the same gene, the disease-linked modification of the protein is considered to
be a post-transcriptional event. That is, it occurs after the genetic informa-
tion encoded in the DNA is transferred to messenger RNA. It is believed that
this post-transcriptional modification occurs following infection (by the infective
form), and may take a very long period. This may perhaps account for the
unusually long incubation period of TSEs. The conversion of the normal PrP
to abnormal form (PrPsc) is associated with the acquirement of infectivity.
That is, normal PrP is not infective or pathogenic, whereas the abnormal
form becomes i nfective or p athogenic, and p roduces characteristic
neuropathology of the disease. The mechanism by which the abnormal form
develops is still not fully understood. Recent studies suggest that it develops
because of the substitution of one amino acid in the normal prion protein
for another, at a given position in the nucleotide sequence. This involves
substitution of histidine in place of tyrosine at position 155, and serine in the
place of aspartic acid at position 143.

Clinical Signs

The signs, which appear in adult sheep, are characterized at the outset by
restlessness and a startled look. The eyes have a wild and fixed expression.
The pupils are dilated. The sheep may hold its head down and move it rapidly
from side to side or up and down. Its movements are aimless, and stiffness of
forelegs results in a trotting gait, The animal usually grinds its teeth. The voice
may be altered. The skin irritation begins in the lumbar region, then may



Prion Diseases 219

involve the rest of the body. The intense pruritus causes the sheep to rub
against objects continuously until the wool coat is almost completely lost.
Incoordination may be followed by paralysis and inability to stand, and finally
the animal dies.

Lesions

No characteristic gross lesions are found in this disease. Microscopic
lesions in sheep and goats are limited to the CNS. They usually occurin
diencephalon, brain stem, and cerebellum, with variable lesions in the spinal
cord. The cerebral cortex basically remains unaffected. The characteristic le-
sions include neuronal degeneration, a strocytosis, and v ariable spongiosus
(spongiosis) characterized by prominent neuronal and neuropil vacuolation,
generally affecting the grey matter. Pronounced h ypertrophy and
hyperplasia of astrocytes are characteristic of scrapie. Neuronal degenera-
tion is c haracterized by shrinkage of neurons with increased basophilia and
cytoplasmic vacuolation. O ther changes, such as central chromatolysis and
ischaemic cell damage, also variably occur. It was not known until recently
whether the pronounced astrocytosis is a primary, or a secondary response.
Recent studies have helped clarify this problem. An abnormal protein (prion
amyloid protein) first accumulates in astrocytes in the brain during scrapie
infection, which means that this cell i s the primary site of replication. T he
spongiform change affects the grey matter, and results from dilatation of
neuronal processes. Other causes, including vacuolation of neuronal and
astroglial perikarya (cytoplasm around nucleus), swelling of astrocytic
processes, and splitting of myelin sheaths, have also been reported.
Cerebrovascular amyloidosis has also been detected in sheep.

Diagnosis

Diagnosis is made on the basis of the clinical signs, and is confirmed by
microscopic examination of the brain and spinal cord. S pecific diagnosis is
now possible with antisera against purified prion protein, or sc rapie-associ-
ated fibril protein, either on extracts of brain or on reaction with tissue.

Recently, an eyelid test has been developed in the United States to detect
scrapie in the living animals suspected of the disease. It was discovered that,
besides brain, PrP also accumulates in lymphatic tissue of the inner eyelid of
sheep during incubation period of the disease. The lymphatic structure is present
in sheep and cows, but not humans. A skin sample is taken from a sheep's
eyelid and tested for PrP using a monoclonal antibody that binds tightly to the
protein. T he e yelid test has yielded e ncouraging results, and may make it
possible to destroy scrapie-infected sheep before they have a chance to spread
infection. The test could thus prove to be an important tool in the eradication
of scrapie. Work is now under way to find out whether the eyelid test also
works in cows to detect BSE before they show symptoms.
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Another related test to detect scrapie in living animals is also under devel-
opment. The test, from a Dutch team, involves extracting sheep's tonsils.

Bovine Spongiform Encephalopathy (BSE, Mad Cow
Disease)

Bovine spongiform encephalopathy, commonly known as "mad cow dis-
ease”, is a more recent addition to the group of transmissible spongiform
encephalopathies. It is a non-inflammatory, degenerative disease of CNS in
cattle, which is invariably fatal. BSE was first clinically suspected in April
1985 in British dairy herd. It was then identified and confirmed as a prion
disease in November 1986. The disease was subsequently confirmed to exist
in cattle in the Republic of Ireland. It was also identified in cattle exported
from England to Oman, Italy, Denmark, Germany, Canada, and Falkland Is-
lands. In France, S witzerland, and Portugal a limited number of cases have
occurred in native cattle.

In Britain, BSE has emerged as a major agricultural and economic
problem, and also as a potential hazard to public health. Restriction on the
import of British beef by the European countries, coupled with a demand of
slaughter of all affected cattle, present an alarming problem to British agricul-
ture.

It is most unlikely that BSE or BSE-derived new variant CJD are prevalent
in our country since no sheep meat meal and bone meal (scrapie infected)
have been fed to cattle in India as a cheaper source of protein, as was done in
Britain. All the same, this anthropogenic (man-made) disease of Britain does
have a message for us - to remain very vigilant and proceed with utmost
caution, and also to refrain from any unnatural practices.

Aetiology

BSE is caused by a prion protein (PrP). For details on the c ausative
agent, refer to aetiology discussed under scrapie.

The incubation period is unusually long of about 4-5 years. All cases in
British cattle (mainly Friesian/Holstein cows) have occurred in adult animals,
with a peak incidence in those between 3-5 years of age. By April 1995, BSE
had been confirmed in 53% British dairy herds, 15% of beef herds and 34% of
all herds with adult breeding cattle. Since 1986 more than 1,70,000 cases of
BSE have been confirmed in British cattle, and the animals slaughtered.

Transmission

In 