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The importance of diagnostic virology in India
B. LALITHA RAO

INTRODUCTION
Viruses cause a wide variety of human and zoonotic diseases
which result in considerable morbidity, mortality and
economic loss. The diagnosis of every minor and non-specific
viral illness, however, is not an achievable goal. If viral
infections remain undiagnosed or are misdiagnosed, there is
a failure to learn from experience, and management is based
on conjecture rather than reason. Diagnostic virology is
considered to be costly, time consuming, non-beneficial to
the individual patient and of no general value, especially
when there is so little specific antiviral treatment available.
However, these statements are not entirely valid. I believe
that diagnostic virology is important and must be used
whenever and wherever it is necessary. The possible benefits
which will accrue to our country are great.

A knowledge of the epidemiology and aetiology of viral
diseases is a major aid to clinical diagnosis. But, the study
of only symptomatic patients may underestimate the pre-
valence of viral diseases, as most of them exist in the form of
subclinical infections. The scope of diagnostic virology,
therefore, ranges from understanding the cause of an acute
infection with clinical manifestations to retrospective
serological surveys and determining the extent of spread of
such infections in a population. Besides, epidemics caused by
different viruses follow particular patterns with regard to
morbidity, mortality, the affected age group and periodicity. I

In the individual patient as well as in outbreaks the know-
ledge of a viral aetiology helps in reducing the number of
unnecessary investigations and in curbing the abuse of
antibiotics. During epidemics, an accurate diagnosis provides
information for monitoring vaccination and other control
programmes as well as for making policy decisions on health
problems.

Diagnostic virology has resulted in great benefits.
Smallpox has been eradicated and yellow fever, rabies and
poliomyelitis have been controlled in many countries.
Smallpox eradication was achieved because it was a
monotypic virus and there were no reservoir hosts. However,
rabies has animal reservoirs and hence its eradication may
not be feasible.

As a result of technological advancement, several rapid
virological tests are now available which have provided

National Institute of Virology, 20-A, Dr Ambedkar Road,
Post Box No 11, Pune 411001, Maharashtra, India

B. LALITHA RAO Influenza Section

© The National Medical Journal of India 1992

speed, simplicity and economy in the diagnosis of viral
diseases.?

APPLICATIONS
The following is a broad classification of viral diseases which
may require laboratory diagnosis:

Diagnosed easily on the basis of clinical features
In diseases such as measles, chickenpox and mumps, confirma-
tion of the diagnosis by laboratory tests is not essential. The
help of a laboratory test is necessary only when complications
occur. In countries where vaccination has markedly reduced
the incidence of measles and rubella, patients are rarely seen
and doctors may not be familiar with their manifestations.
Further, the symptomatology may be atypical in non-immune
adults and immunosuppressed individuals. Viral diagnosis is
therefore indicated in these situations. To ensure accuracy of
laboratory diagnosis, samples obtained from classical cases
without complications should also be tested.

Difficult to diagnose on clinical grounds, but where a strong
presumptive clinical diagnosis can be made
Many febrile and exanthematous, hepatic, respiratory
and gastrointestinal diseases caused by viruses fall into this
category. A number of cases, representing different age
groups, seasons and geographical areas need to be diagnosed
with laboratory confirmation. Arthropod and zoonotic
studies should also be conducted to assess their involvement
whenever indicated. After the initial thorough studies,
limited follow up laboratory diagnostic tests should be
continued. These might indicate a need to institute timely
control measures as well as help in assessing the current
prevalence of these viral diseases.

Difficult to diagnose on clinical grounds
Laboratory diagnosis is essential in understanding and
controlling disorders affecting the nervous, circulatory and
other systems as well as congenital infections caused by a
variety of viruses.

Ill-understood and newly emerging viral diseases
Diagnostic virology is crucial and has played a major role in
the understanding of this group of diseases which include the
acquired immunodeficiency syndrome (AIDS) and newer
forms of hepatitis. 3
,
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Diseases where establishment of a viral aetiology is important
1. Identification of a viral aetiology is important in patients

with jaundice in areas where yellow fever and the hepatitis
viruses co-exist. Identification of the aetiology defines the
choice of control methods which are entirely different.

2. Screening blood before transfusion to detect and
exclude the hepatitis B surface antigen (HBsAg) and AIDS
positive samples helps to reduce and prevent post-transfusion
hepatitis and AIDS. .

3. Laboratory diagnosis of herpes virus encephalitis and
other herpetic infections helps in the choice of antiviral
therapy. Confirmation of a viral aetiology in other forms of
encephalitis and poliomyelitis helps in instituting appropriate
control measures.

4. Laboratory confirmation of rubella infection in the first
10 weeks of pregnancy may indicate the need for a therapeutic
abortion to prevent the birth of a child with congenital
anomalies.

5. Commercial and World Health Organization (WHO)
kits are available for the rapid diagnosis of infections caused
by hepatitis B, respiratory syncytial virus (RSV), influenza
and parainfluenza viruses, adenovirus, rotavirus, human
immunodeficiency virus (HIV), herpes simplex virus (HSV)
and varicella-zoster virus (VZV). Several of these kits
contain monoclonal antibodies.

Other applications
Dia~nostic virology has important applications in t~e field of
vaccine development-the isolation and selection of strains
for vaccine manufacture (e.g. influenza vaccines), field trials
and post-vaccination surveillance (e.g. measles, hepatitis B
and rubella vaccines). It is needed for trials which evaluate
antiviral therapy. The association of viruses in causing some
forms of cancer in animals and birds has opened up a new and
important field for viral research. Although the viral origin
of cancer has not been firmly established in humans, there is
emerging evidence that such a possibility exists.

DIRECT METHODS OF DIAGNOSIS
Virus detection

Histology. Histological examination of infected tissue,
from fatal cases of humans and animals suspected of rabies
infection, was previously used to establish the diagnosis.
However, currently, more specific and rapid diagnostic
techniques such as immunofluorescence and electron micro-
scopy have replaced the histological methods.

lmmunofluorescence tests (IF). Rapid detection of viral
antigen by employing a fluorescence labelled antibody can be
performed on. clinical specimens such as nasopharyngeal
secretions (containing exfoliated cells), sputum, skin, con-
junctival scrapings, brain biopsy and autopsy specimens.
Infections that may be diagnosed by this technique include
those caused by RSV, influenza and parainfluenza viruses,
cytomegalovirus, enteroviruses, measles, mumps, adenovirus,
VZV, HSV and rabies.

Enzyme linked immunosorbent assay (ELISA). Rapid
detection of the viral antigen, e.g. hepatitis A virus and
rota virus by direct examination of faecal samples can be
c.arried out using ELISA. Besides the rapid diagnosis, detec-
tI~~ by this metho~ is useful for these viruses as they are
difficult to culture m the laboratory. Viral diseases which
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have a relatively large amount of antigen in the clinical
samples can be diagnosed by ELISA. This technique is also
used for antigen detection in infections by the viruses of
hepatitis B, Norwalk agent gastroenteritis, adenovirus
gastroenteritis, RSV, influenza, parainfluenza and HIV.

Latex agglutination test. This simple, rapid and fairly
sensitive test can be used for detecting viral antigen when the
specimen contains it in large amounts. The test is based on
the agglutination of small latex beads coated with viral anti-
body reacting with viral antigen present in the specimen. The
agglutination reaction can be read macroscopically. Such
tests have been developed for the detection of rotaviruses
and adenoviruses in stool samples. These tests are useful in
dispensaries, hospitals and for field studies .

.El~ctron microscopy. This method provides a diagnosis
within hours when the specimen examined contains a
sufficiently large number of virus particles (e.g. 106 or more
particles per millilitre. It detects rotavirus in stool samples of
patients suffering from gastroenteritis).

N~~leic acid ~y?ridization. This procedure is highly
sensitrve and specific and employs dot hybridization of viral
nucleic acid by radio labelled or enzyme labelled nucleic acid
probes." It is used for rapid detection of a virus in common
b~dy ~ecret~ons. Thus, it is used to detect the cytomegalo-
VIruS. m ~nne, adenovirus in nasopharyngeal aspirates,
rotavirus m stool samples, enterovirus, hepatitis B surface
antigen, papilloma virus and HSV in various other clinical
specimens. For the rotavirus which has a double stranded
RNA, complementary DNA probes may be labelled and
used in dot hybridization. This test is useful not only for
diagnosing acute viral infections but also for detecting DNA
sequences in tissue samples from chronic and latent infec-
tions from which virus isolation is difficult, e.g. chronic
hepatitis and primary hepatocellular carcinoma, latent
varicella-zoster in sensory ganglia, AIDS, cervical neo-
plasms, nasopharyngeal carcinoma and Burkitt's lymphoma.
Enzyme (Biotin) labelled DNA probes can also be used and
are detected by their action on a substrate. 5

Polymerase chain reaction (PCR).The discovery of this
new technique in recent years has had a major impact on
molecular biology. The most noticeable impact has been in
the field of diagnostic virology. PCR has immediate and
important applications in instances where traditional viral
isolation techniques are difficult to perform or have not
yielded the virus, in chronic and latent viral infections
wherein the virus genomes have integrated into the host
genome and primary liver cancers in patients negative for the
hepatitis B surface antigen. Viruses for which diagnostic
PCR tests have been reported are the hepatitis B virus
c~tomegalovirus, ~pstein-Barr virus, HSV, human herpe~
VIruS6, human papilloma virus, parvo virus, rotavirus, HIV-I,
HIV-II, human T-cell Iymphotropic virus-I, human T-cell
Iymphotropic virus-Il, enteroviruses, rhinoviruses, hepatitis
A, C and E viruses, and the influenza and mumps viruses.vs

Although PCR has revolutionized the field of molecular
di.a~nosis in. a re!atively short time, further laboratory and
cl.Imc~1~tudies will be required for validating the technique.
Simplified and less expensive formats will have to be
improvised for its wider application."

Virus isolation
Isolation of the virus in living hosts such as animals, chick
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embryos and cell cultures still remains the gold standard for
viral diagnosis, although several rapid virological diagnostic
techniques are presently available.'? Many viruses can be
isolated from specimens collected from patients during the
acute phase of an illness. The isolated virus has to be further
identified by anyone of the methods of detection described
above or by employing appropriate serological tests; the
haemagglutination inhibition test (HI), ELISA, the comple-
ment fixation test (CF), IF and the neutralization test (NT).
Virus isolation is important in a number of situations. In the
diagnosis of a new viral disease (e.g. AIDS) or of epidemics
caused by novel strains (e.g. influenza), when differentiation

. between two viruses is difficult as the serological tests over-
lap, when similar clinical illnesses are caused by different
microorganisms (e.g. encephalitis, meningitis, respiratory
and diarrhoeal diseases), to confirm a presumptive diagnosis
and as a source of antigen for laboratory procedures and
vaccine production. When only early acute phase serum is
available, virus isolation becomes imperative although a
presumptive diagnosis can sometimes be made by demonstrat-
ing an IgM antibody.

INDIRECT METHODS OF DIAGNOSIS
Although both cellular and humoral immune responses
usually develop after virus infection, the humoral immune
responses which result in antibody production are of major
diagnostic importance. IgM antibodies appear early and
are followed by IgG antibodies. While the IgM antibodies
disappear after a few weeks, the IgG antibodies persist for
many years. Traditionally serological diagnosis consists of
collecting two specimens of sera, one in the acute phase and
the other in the convalescent phase of an illness and demonst-
ration of a four-fold or greater rise in the antibody titre to the
viruses under investigation. Sometimes a four-fold or more
fall in antibody titre observed between the convalescent
serum and the serum taken some weeks later also indicates a
positive diagnosis. The same principle can be applied for
rapid diagnosis during an epidemic. It can be done at one
time by comparison of the geometric mean antibody titre in
sera collected early in the illness from one group of patients
with the titre in sera from another group of patients in the
convalescent phase. Presently a rapid presumptive diagnosis
can be made by the demonstration of a virus specific IgM
antibody in the acute or early convalescent serum sample
taken within the first or second week of the onset of illness.
However, it is not always of diagnostic significance such
as in persistent infections where IgM antibodies remain for
several months.

Demonstration of IgM antibody is of considerable diagnostic
value in congenital infections because it does not cross the
placenta as does IgG. Therefore the presence of IgM anti-
body to viruses in the serum of a newborn infant indicates
in utero infection.

Acute viral infections in which an IgM response is of
diagnostic importance are hepatitis A, rubella, measles and
a number of arboviral infections.

Demonstration of an IgG antibody in a single serum
specimen indicates a past infection. Such detection is useful
in the serological epidemiology of viral agents that have
infected a particular population group in the past.

Antibody detection tests are more readily performed at a
lower cost than virus isolation. However, they can be carried
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out only for those diseases with an established aetiology
where the causative virus is grown in the laboratory or is
available from carriers which can be used as a source of
antigen.

There are several serological tests for estimating IgG and
IgM antibodies. These tests can broadly be classified into
three groups:

1. Tests that measure the antigen-antibody interaction
directly: radioimmunoassay (RIA), ELISA, IF and
Western Blot.

2. Tests that measure the antigen-antibody interaction
which leads to some non-virus related functions: CF,
passive haem agglutination test and the latex agglutination
test.

3. Tests that directly measure the capacity of an antibody to
block some virus specific function such as haemagglutina-
tion or neutralization-the NT and HI tests.

Tests classified under the first group (RIA, ELISA, IF and
Western Blot) are generally more sensitive than tests in the
second or third groups. Tests from the first group measure
any antigen-antibody interaction and several commercial
kits are available for performing them rapidly. Many newer
ELISA kits with various combinations are available. These
are versatile, efficient, relatively economical and have made
viral diagnosis convenient and rapid. As the use of isotope
labelled reagents in RIA involves certain hazards, these tests
are being replaced by ELISA.

Traditional serological tests like CF, HI, passive haem-
agglutination and the fairly recent ELISA tests are commonly
employed in public health and' clinical laboratories.
Although, neutralizing antibody is the most important
antibody for resolution of infection and demonstration of
immunity, NT tests are not routinely carried out because
they are expensive, time consuming, and require standardi-
zation for each virus. They are particularly useful in
serological epidemiology as neutralizing antibodies persist
for many years.

MONOCLONAL ANTIBODIES
An animal responds to a single antigen by producing
polyclonal antibodies which are formed by several clones
of cells of the immune system. Antibodies that are produced
from a single clone of cells, e.g. in a plasma cell tumour
(myeloma) are homogeneous, and are called monoclonal
antibodies. They can be made by fusing a myeloma cell
with an antibody producing lymphocyte. Such hybridomas
produce unlimited quantities of monoclonal antibodies.
They can also be obtained from tissue culture supernatant
fluid or more conveniently by growing the hybridoma in mice
as ascites tumours. This development has had a major impact
on diagnostic virology and has led to the development of
numerous commercial viral diagnostic kits. These tests are
relatively simple to perform and evaluate, and provide highly
specific results. However, the disadvantages are the
restricted specificity which may necessitate the use of a
pool of two or more monoclonal antibodies and that only
advanced laboratories are able to produce their own
reagents. 11-14

VlRUS ISOLATION AND DEMONSTRATION OF
AN ANTIBODY RESPONSE
The detection and isolation of a virus from a patient with
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clinical disease and the demonstration of an antibody
response-a rise in antibody titre and the detection of IgM
antibody-are important criteria for diagnosis. On occa-
sions, a virus may be isolated or an antibody rise may be
demonstrated that is not actually related to the disease.
Sometimes, two or three viruses are implicated in the infec-
tion and interpretation of the result poses problems. Many
infectious agents are often widely disseminated in different
population groups causing inapparent or minor infections as
well as clinically manifest disease. Some viruses persist in
human hosts for long periods' of time (e.g. the herpes viruses,
poliomyelitis virus, echoviruses, coxsackie viruses and
adenoviruses). Therefore isolation of any of these viruses
from a case with undiagnosed disease does not establish the
diagnosis. A virus excreted by a patient with a particular
syndrome can be regarded as causing the syndrome only if it
has previously been recovered from a significantly larger
number of cases than from the normal population. Thus a
number of factors have to be taken into consideration during
interpretation such as the site from which the specimen was
taken should be the probable site ofthe pathological process.
For example, an enterovirus recovered from a patient with
meningitis would be of aetiological importance if isolated
from the cerebrospinal fluid rather than from the faeces.
Sometimes serological testing for an antibody response may
aid in establishing the diagnosis. When new viruses are inves-
tigated, a period of time has to be allowed to elapse until
sufficient cases have been studied supported by viral isolation
and seroepidemiology.

Conversely, failure to recover a virus or demonstrate
an antibody response in a patient does nor rule out a viral
aetiology. Some obvious infections are not associated with
high antibody levels whereas many asymptomatic infections
show a rise in antibody levels. It has not been possible, even
under the best circumstances, to cultivate all human viruses.
Besides, the inability to recover them may be due to
improper collection and storage of specimens. Considering
these pitfalls in the laboratory procedures, it is perhaps
best to report failed attempts at virus isolation by stating that
no virus was isolated rather than virus was not present. 15

With the advent of newer methods for the diagnosis of viral
diseases which are often easy to perform, sensitive and
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specific it is time that we paid more attention to the diagnosis
of viral diseases in India.
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