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Viruses are important pathogens that are frequently encountered in 
veterinary practice. The diagnosis of viral infections has become more readily 
available owing to the development of rapid molecular methods. This article 
explains the basic properties of viruses, how they interact with their host and 
how this knowledge aids the diagnosis and control of infection. It also briefly 
discusses different diagnostic techniques and the challenges posed by viral 
evolution.
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Structure

Viruses are rather simple structures and consist of a 
nucleic acid genome (either DNA or RNA) and a sur-
rounding protein shell, the capsid. Some also possess 
an envelope – a lipid bilayer derived from a host cell 
membrane (Fig 1). These structures give the nucleic 
acid pro tection against environmental influences such 
as UV light or nucleases (enzymes present in the host 
and the environment that degrade nucleic acid).  

Proteins situated on the surface of the virus particle 
attach a virus to its host cell by binding to a recep-
tor (usually a protein or carbohydrate molecule) on 
that cell. If the potential host cell does not possess the 
required receptor, infection cannot be initiated. This 
interaction therefore plays an important role in deter-
mining the host specificity of a virus, as well as the 
preference of viruses for certain target tissues.

Replication

Viruses are dependent on a living cell for replication as 
they lack organelles and therefore cannot produce and 
modify proteins (Fig 2). They use the cell’s ribo somes 
to produce structural proteins (which are used to build 
new viral particles) and non-structural proteins (which 
regulate virus replication).

Viruses are also more or less dependent on the host 
cell for the production of new genome copies. Some use 
the polymerase enzymes of the host cell to copy their 
genome, so do not need the genes to encode their own 
polymerase and can therefore afford to have smaller 
genomes. Consequently, their replication is tied to 
the cell cycle and requires host cells that are actively 
dividing because the required enzymes are not avail-
able in resting cells. A good example of such viruses 
are parvo viruses, which have very small DNA genomes 
and depend on target cells that are rapidly dividing 
(eg, the intestinal epithelium and haemato poietic  
precursor cells within the bone marrow) to replicate.

Following the production of new genomes and 
viral proteins, the new virus particles self-assemble 
and are ready to leave the host cell. Enveloped viruses 
go through a process termed budding, in which a virus 

Fig 1: Schematic drawing of an enveloped virus
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Fig 2: Schematic drawing showing the typical replication cycle of an enveloped virus. 
The virus attaches to a receptor on the cell surface (1) and enters the cell by endocytosis 
(2). The viral genome then separates from the capsid (3) and viral messenger RNA is 
translated into proteins at ribosomes (4). Viral structural proteins (5) and new viral 
genome copies (6) assemble (7), and undergo budding through the cell membrane to 
acquire an envelope (8), after which new viral particles are released from the cell (9)
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particle pushes through the plasma membrane or an 
internal cell membrane and becomes surrounded by a 
piece of host cell membrane that forms an envelope. 
Budding is also one way in which a newly formed 
viral particle may exit from the cell. Other viruses are 
released from the cell when it dies as a result of the 
viral infection, and will either attach to new host cells 
or be shed from the host.

One consequence of the close connection between 
viruses and their host cell is the difficulty in developing 
drugs that specifically act on the virus. Unlike bacteria, 
viruses do not possess obvious drug targets such as a 
cell wall or organelles, so the challenge is to identify 
processes during viral replication that can be inhibited 
without disrupting the host cell. Antiviral drugs may, 
for example, be directed to virus-specific enzymes such 
as reverse transcriptase in retroviruses (eg, AZT) or 
neuraminidase in influenza viruses (eg, oseltamivir). 

Damage to the host

The clinical signs following a viral infection are caused 
by virus-induced damage to the infected tissue and  
by the host’s immune response. Many viruses produce 
factors that enable them to inhibit cellular processes 
in order to make structures such as ribosomes avail-
able for viral protein production. Shutting down of 
the host cell processes eventually leads to cell death. 
The immune system uses antibodies to control viral 
infections by neutralising free virus, whereas virus-
infected cells are identified and destroyed by cytotoxic 
T lymphocytes. Virus-infected cells and activated lym-
phocytes produce cytokines, which cause pyrexia as 
well as attracting more inflammatory cells (mainly 
lymphocytes) to the site of infection. 

The severity of clinical signs following viral infec-
tion is dependent on the extent of cell destruction. 
Many factors may influence the outcome of an infec-
tion, such as the initial dose, pre-existing immunity 
and the virulence of the infecting strain. Highly vir-
ulent strains (ie, those with an increased capacity to 
cause disease) are usually able to replicate better, mod-
ify the host’s immune response or spread more rapidly, 
compared with strains of lower virulence.

Course of infection

The balance between the virus and the immune 
response determines the course of infection. How 
much virus is produced and how long it is shed for vary 
for different viral infections. 

In most cases of acute viral infection, the host’s 
immune system will eliminate the virus within 
approxi mately two to three weeks. The collection of 
samples for diagnostic tests should therefore be car-
ried out as soon as possible after the onset of clinical 
signs because viral replication and shedding quickly 
decline once an immune response is mounted.

Persistent infections may last months or even a 
lifetime, and are the consequence of the inability of 
the immune system to recognise and/or remove the 
virus. These infections may follow different patterns 
of clinical disease and shedding and depend on the 

viral strategy for persistence. For example, following 
infection with feline leukaemia virus, approximately 
30 per cent of cats fail to control the virus and become 
persistently infected (Dunham and Graham 2008). 
This is because the virus infects lymphocytes to avoid 
elimination by the immune system and it may take 
months or years before clinical signs become apparent. 
However, in persistently infected cats, viral protein is 
usually present in the blood in sufficient quantities for 
detection using an antigen assay.

Other viruses that cause persistent infections  
may lie dormant within the host for long periods of 
time. Infection with equine herpesvirus (EHV), for 
example, may lead to respiratory disease that will 
usually resolve within a few weeks. The virus, how-
ever, is not eliminated from the host but remains 
in neurons and lymphocytes in a latent state. This 
means that the genome is maintained in an inactive 
state and virus particles are not produced during this 
time. Months or years later, usually when the immune  
system is suppressed by stress or other infections, the 
dormant genome may become reactivated. This leads 
to the production of new virus particles, which spread 
to the initial site of infection resulting in recurrent dis-
ease and viral shedding. During the acute phases of 
EHV infections, virus may be detected from appropri-
ate samples such as oropharyngeal swabs or tracheal 
washes. In the phases of latency, however, virus is no 
longer shed from the respiratory tract and the number 
of circulating lymphocytes carrying copies of the  
herpesvirus genome may be too few to be detected.

Diagnostic tests

A number of diagnostic techniques are available for 
the detection and identification of viruses and each 
one has advantages and disadvantages (Table 1). The 
range of assays available is occasionally limited by the 
availability of reagents, and sometimes simply due to 
specialisation within diagnostic laboratories. The tests 
will detect either the virus (or one of its components) 
or the immune response of the host.

Diagnostic techniques 
Virus isolation detects live virus by growing it in cell 
culture, so it is important that permissive cells, which 

Table 1: Tests for the detection and identification of viruses

Diagnostic test Advantages Disadvantages

Virus isolation Sensitive Requires live virus, culture 
systems are not available for 
some viruses, relatively time 
consuming

PCR Very sensitive, does not 
require live virus or intact 
particles

Risk of false positive results  
by contamination

Antigen detection (ELISA, 
immunochromatography)

Fast, in-house/pen-side tests  
available

Relatively low sensitivity

Antigen detection 
in tissue samples by 
immunohistochemistry 

Allows correlation of 
histopathological findings  
with virus detection

Relatively low sensitivity

Detection of antibodies 
(serology)

Widely available Acute infections require paired 
serum samples, retrospective 
diagnosis

Erles layout.indd   305 18/7/11   15:47:18

 group.bmj.com on July 28, 2011 - Published by inpractice.bmj.comDownloaded from 

http://inpractice.bmj.com/
http://group.bmj.com/


Virology

306 In Practice July/August 2011 | Volume 33 | 302–308

allow replication of the virus, are available. Viruses 
prefer specific host species in vivo and also have a 
restricted range of host cells in vitro, with some grow-
ing poorly in culture or not at all. Infected cells often 
show virus-induced changes (cytopathic effects), 
which include cell death and the formation of inclu-
sion bodies (aggregations of viral proteins within 
infected cells). Cytopathic effects often help to hone 
a diagnosis, but for a definitive result it is necessary to 
carry out subsequent tests such as identification of the 
virus by immunofluorescence.

Morphological changes to infected cells may also 
be used for the diagnosis of viral infection in surgical 
biopsies or postmortem tissue samples (Fig 3). Viral pro-
teins (antigens) within these samples may be detected  
by immunohistochemistry using specific antibodies.

Antigen tests are also available for the detection of 
viral proteins in blood or excretions using ELISAs or 
in-house immunochromatography tests. All antigen 
tests are limited by the availability of specific antibod-
ies to the desired viral proteins. Antibodies have to be 
raised in laboratory animals and may not always be 
available commercially. 

PCR allows the detection of viral DNA or RNA 
genomes. The only restriction for the development of 
diagnostic tests based on PCR is the availability of at 
least part of the sequence of the viral genome in order to 
design specific primers. Sequencing has become easier 
and cheaper in recent years and sequence data for the 
complete genomes of many viruses are now available. 

Detecting the host’s immune response
In some cases, it is preferable to detect antibodies to a 
virus in a host rather than the virus itself. Following 
an infection, the host will produce immunoglobulin 
M (IgM) within a few days (Fig 4). As the levels of 
IgM decline rapidly, its detection is a good indicator 
of a recent infection. Serological assays for the detec-
tion of IgM are useful for some infectious diseases 
such as canine distemper virus. However, one of the 
obstacles for the development of reliable IgM assays 
is interference from rheumatoid factors present in 
the patient’s serum, which may lead to false positive 
results (Champsaur and others 1988). 

During the first encounter of a host with a virus, the 
immunoglobulin G (IgG) response will usually take 
at least 10 days to reach detectable levels. Therefore, 
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Fig 4: Levels of virus and antibody during acute infection. Clinical signs coincide  
with peak virus production. Immunoglobulin M (IgM) is produced before 
immunoglobulin G (IgG) but the response is short lived, so detection of IgM  
indicates a current or recent infection. The level of IgG increases to detectable  
levels approximately 10 to 14 days after infection. The final concentration of IgG  
and the speed of the subsequent decline are variable and depend on the virus,  
the dose of infection and the individual’s immune response. If the same virus  
is encountered a second time, the IgG concentration rises more rapidly and to  
higher levels

Fig 3: Detection of virus in postmortem samples from  
a dog with a history of acute vomiting and diarrhoea. 
The liver showed multiple foci of hepatocellular necrosis.  
Fig 3a: Viral inclusion bodies (arrows) can be seen in  
the nuclei of hepatocytes. These, together with the 
clinical history and histopathological findings, strongly 
indicate an infection with canine adenovirus (canine 
infectious hepatitis virus). (Picture, Emma Rayner).  
Fig 3b: The diagnosis was confirmed using a canine 
adenovirus-specific PCR assay. Lane 1 Molecular weight 
marker, Lane 2 Positive control, Lane 3 Negative control, 
Lane 4 Liver sample. Fig 3c: Virus isolation on canine 
cells can also be used for further analysis. Cultured cells 
inoculated with a clinical sample show a cytopathic 
effect (‘rounding up’ of cells) and are identified by 
specific bright green staining on immunofluorescence

B

C

A

Erles layout.indd   306 18/7/11   15:47:19

 group.bmj.com on July 28, 2011 - Published by inpractice.bmj.comDownloaded from 

http://inpractice.bmj.com/
http://group.bmj.com/


Virology

307In Practice July/August 2011 | Volume 33 | 302–308

serological tests for IgG will often be negative during 
the acute phase of the clinical disease. Once IgG has 
been produced in response to a virus, its concentra-
tion may remain at a detectable level for months or 
even years. IgG antibodies to a virus may therefore be 
present due to a previous infection or vaccin ation. In 
addition, young animals may receive maternal anti-
bodies via the colostrum and these may remain in their 
systems for several months. Therefore, reliable diag-
nosis of an acute infection requires paired serum sam-
ples. The first sample should be taken during the acute 
illness and a second sample should be obtained two to 
three weeks later. The antibody titre should increase at 
least four-fold between the two samples to indicate a 
recent active infection. If the titre stays the same, any 
antibodies present may be from a previous infection or 
vaccination or derived maternally. 

Detection of antibodies is particularly useful for the 
diagnosis of persistent infections, in which the virus may 
be shed intermittently or produced at low levels only. 
Antibody tests may, for example, be used for the identi-
fication of potential carriers of herpesviruses, although 
this is only useful in unvaccinated animals. Cats infected 
with feline immunodeficiency virus (FIV) do not always 
produce sufficient virus to allow the detection of anti-
gen in blood samples, particularly during the subclini-
cal phase of infection, and even more sensitive methods 
such as PCR may not show the desired sensitivity. FIV  
is therefore currently diagnosed by antibody detection. 

Survival in the environment

Viruses cannot replicate outside their host; however,  
they may survive and remain infectious for hours 
to months, depending on their structure (Table 2). 
Enveloped viruses are very labile as the lipid envelope is 
easily destroyed by detergents and without the envelope 
they do not possess the surface proteins required for 
entry into a cell. However, if the virus is protected from 
heat, disinfectants and drying out (eg, in secretions), it 
may survive for several hours or even days.

Non-enveloped viruses, such as caliciviruses, are 
reasonably stable in the environment and may survive 
for months. Moreover, they have been shown to with-
stand inactivation by ethanol and some quaternary 
ammonium-based disinfectants (Doultree and others 
1999). Commercially available disinfectants for veter-
inary practice will state whether they are suitable for 
the inactivation of viruses. 

Precautions for sampling

While some viruses may be quite stable, it is never 
advisable to delay shipment of samples to a diagnostic 
laboratory. It is always sensible to contact the labora-
tory before collecting samples for advice on handling 
and transport as the tests on offer may vary for differ-
ent diseases and therefore require different samples.

Virus isolation
Adverse conditions such as heat, drying out, UV light 
and disinfectants affect all diagnostic tests but virus 
isolation is particularly dependent on optimal sample 

collection and shipment. Viruses are best transported 
in a buffered medium containing antibiotics to prevent 
bacterial overgrowth. Tissue samples should therefore 
be placed in this type of transport media and dedicated 
viral transport swabs should be used rather than plain 
swabs or swabs containing bacterial transport media. 
Shipment is best carried out on ice or, if not available, 
freezer packs. It is important to avoid freezing of the 
sample because freeze-thawing damages viruses, thus 
reducing infectivity. Freezing is therefore only recom-
mended if long-term storage (more than 24 hours) is 
unavoidable before shipment.

PCR
Samples prepared as for virus isolation are also suit-
able for PCR assays. Although PCR does not require 
live virus, some virus-inactivating treatments, particu-
larly heat and UV light, are likely to affect the integrity 
of the nucleic acid. Nucleic acids are also degraded by 
enzymes released from damaged tissue. These enzymes 
are inhibited to a degree by cold storage but freezing  
of samples and shipment on dry ice (if available) is 
preferable for PCR. 

Care must be taken when collecting samples for 
PCR analysis from several animals to avoid cross- 
contamination. Cleaning of surfaces or blades used to 
trim tissue samples with ethanol will not completely 
remove DNA. Disposable instruments and dishes 
should be used to process multiple samples if possible.

Viral antigen detection
The recommendations for collection and storage of 
samples for the detection of viral proteins by specific 
antibodies, again depend on the type of test to be car-
ried out. Viral antigen may be detected in liquid samples 
such as serum or respiratory washes, or in suspen-
sions of faecal samples, and, as viral proteins degrade  
during prolonged storage at ambient temperatures, the 
precautions discussed for virus isolation should also be 
applied for these samples. 

Immunohistochemistry
If virus detection is going to be by immunohistochem-
istry, the tissue samples will usually need to be fixed 
in formalin before submission. It is important to add a 
sufficient quantity of formalin to allow complete fixa-
tion of the tissue. Nevertheless, excessive fixation may 
inhibit the detection of some viral proteins by antibod-
ies because the formalin-induced crosslinking of pro-
teins may mask antigenic epitopes (parts of the viral 
protein that are recognised by the immune system). 

Table 2: Survival times of viruses in the environment

Example Envelope Environmental survival

Feline calicivirus No 1 month

Foot-and-mouth disease virus No 3 months

Bovine viral diarrhoea virus Yes 2 hours to 4 days

Influenza virus Yes 1 to 2 days

Bovine rotavirus No 2 months

Canine parvovirus No 1 year

Bovine papillomavirus No 7 days

Equine herpesvirus Yes 2 to 4 hours
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Formalin-fixed samples may also be used for PCR 
if an unfixed sample is not collected. However, the 
extraction of DNA or RNA from fixed tissue is more 
challenging and yields are much lower compared with 
those obtained from fresh tissue.

Virus evolution

The main challenge for preventing, diagnosing and 
treating viral diseases is that viruses never stand still. 
Their genomes are very small compared with those of 
higher organisms and a small number of mutations can 
lead to a considerable change in the behaviour of the 
virus, which can potentially affect the host range, rec-
ognition by the immune system or severity of disease.

Small changes, such as single nucleotide muta-
tions, occur due to errors in genome replication. DNA 
replication generally has a greater fidelity (accuracy) 
than RNA replication, as DNA polymerases employ a 
‘proofreading’ function that is able to correct errors. 
RNA polymerases lack this function and the error rate 
when replicating RNA genomes is consequently much 
higher. The vast majority of newly emerging viruses 
therefore have RNA genomes, although there are some 
emerging DNA viruses, such as canine parvovirus. It 
is believed that this virus evolved from feline parvo-
virus or a parvovirus in a wild carnivore species. The 
virus has acquired the ability to bind to a receptor on 
the surface of canine cells through mutations that have 
changed the structure of the viral capsid protein. 

Sudden alterations within viral genomes, whereby 
whole segments of viral nucleic acid are changed, are 
due to recombination. This requires coinfection of 
one host cell with two viruses having different genome 
sequences. Whole segments can be exchanged between 
these viruses during replication. Influenza viruses 
possess a segmented  RNA genome, in which each of 
the eight segments codes for different viral proteins. 
Coinfection of a host with two subtypes of influenza 
virus allows the viruses to shuffle the segments and 
produce progeny viruses carrying a newly assorted 
genome. The recent H1N1 ‘swine flu’ strain, for exam-
ple, contains genes derived from porcine, human and 
avian influenza virus strains. 

Generally, virus evolution is driven by the need to 
escape the host’s immune response. Small changes such 
as the substitution of a single amino acid may be suffi-
cient to alter an epitope and avoid detection by antibod-
ies or T lymphocytes directed to this specific epitope. 
However, the host’s immune response is always based on 

a variety of different epitopes and a number of changes 
are required to produce an escape mutant.

The rate at which viruses evolve varies greatly 
between different virus families (Table 3). Double-
stranded DNA viruses such as herpesviruses have the 
lowest mutation rate, so antigenic differences will 
accumulate very slowly. The same vaccine strains 
may therefore be protective over many decades. In 
contrast, most RNA viruses show very high mutation 
rates (Bolin and Grooms 2004). Vaccines against RNA 
viruses may therefore have to be frequently updated 
as the viral antigens change more rapidly. Diagnostic 
tests also need to be assessed regularly as they may  
not detect new viral strains. Some antigen tests are 
based on monoclonal antibodies that recognise only 
one single epitope and so may fail to bind to a mutant 
virus, and mutations of the viral genome at the primer 
binding site may lead to the failure of PCR assays. 

In addition to the emergence of new viral vari-
ants by genome mutation, new viruses may also be 
introduced into domestic animal populations from 
wildlife reservoirs (eg, Hendra virus, which has been 
transmitted to horses from fruit bats in Australia). 
This occurs with increasing frequency as the expan-
sion of human settlement leads to unprecedented close  
contact between domestic and wildlife species. 
Climate change and increased trade across borders may  
also lead to the emergence of novel viruses or viruses 
previously considered exotic. 

Veterinary practitioners are likely to be the first  
to recognise unexpectedly severe clinical signs or  
disease outbreaks within vaccinated populations. 
Reports of unusual disease outbreaks in the veterinary 
press are invaluable and may lead to the more rapid 
identification of novel pathogens.
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Table 3: Mutation rates of viruses

Example genome Mutation rate

Feline calicivirus Single-stranded RNA High

Foot-and-mouth disease virus Single-stranded RNA High

Bovine viral diarrhoea virus Single-stranded RNA High

Influenza virus Single-stranded, segmented RNA High

Bovine rotavirus Double-stranded, segmented RNA High

Canine parvovirus Single-stranded DNA Moderate

Bovine papillomavirus Double-stranded DNA Low

Equine herpesvirus Double-stranded DNA Low
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