
Laboratory techniques for rapid diagnosis
of viral infections: a Memorandum*

This Memorandum evaluates rapid laboratory techniques for the diagnosis of viral
infections, especially with a view to their use in developing countries. These techniques
comprise the detection of viral antigens by immunofluorescence and immunoperoxidase
techniques and methods of viral antibody and antigen determination by the enzyme immu-
noassay technique. A number ofgeneral and specific recommendations are made.

The purpose of this Memorandum is the evaluation
of rapid laboratory techniques for the diagnosis
of viral infections, especially with a view to their use
in developing countries. These techniques take the
form of (a) simple, reliable, and rapid methods
based on the detection of viral antigens by im-
munofluorescence and immunoperoxidase techniques
and (b) rapid and convenient methods of viral
antibody and antigen determination by the enzyme
immunoassay technique (EIA); this technique is
also known as enzyme-linked immunosorbent assay
(ELISA).
For a diagnosis to be termed "rapid ", the

antigen of the causal virus should be demonstrated
in biopsy material, exudates, secretions, or scrapings
within 3-4 hours of their collection. The EIA
technique is considered suitable for the detection of
antibodies in large numbers of sera from epidemio-
logical surveys.

DIAGNOSIS BY ANTIGEN DETECTION

Techniques under consideration for the detection
of viral antigens are the immunofluorescence,
immunoperoxidase, and enzyme immunoassay pro-
cedures. For the first two, the indirect or sandwich
technique is the sole procedure suitable for wide-
spread application by laboratories because (a) a
wider range of viruses can be examined with one
antispecies conjugate; (b) the sensitivity is approxi-
mately 10 times greater; and (c) viral antisera can
be used for both tests.

* This Memorandum was drafted by the signatories
listed on page 36 on the occasion of a Consultation held
at the Institut Pasteur, Paris in December 1976. Requests
for reprints should be addressed to: Virus Diseases, Division
of Communicable Diseases, World Health Organization,
1211 Geneva 27, Switzerland. A French translation of the
Memorandum will appear in a future issue of the Bulletin.

Supplies of adequately purified immunological
reagents (viral antisera plus fluorescein-labelled or
peroxidase-conjugated anti-(rabbit Ig) and anti-
(human Ig) sera) should preferably be made available
through commercial sources, and these reagents
should be such that they should require no additional
purification. Slides of human clinical specimens and
tissue culture material showing positive and
negative reactions for each virus should also be
available as control material for laboratories
practising these techniques. Provided that these
conditions are met, immunofluorescence techniques
could be executed effectively and reproducibly.
The same might apply to the immunoperoxidase
technique when it has been fully assessed for different
virus systems. The immunoperoxidase test requires
only a standard light microscope using transmitted
light. The immunofluorescence test requires a
microscope with fluorescent illumination, preferably
by incident light through a dichroic prism. At
present, fluorescent microscopes are not available
everywhere.
The main aims of the rapid techniques in diagnosis

are:

(a) to give a rapid diagnosis within 3-4 hours of
admission to hospital;

(b) to help restrict the use of antibiotics;
(c) to assist in the assessment of antiviral therapy;
(d) to provide a method for the control of virus

cross-infection;
(e) to assist in the diagnosis of the viral causes

of sudden death;
(f) to help diagnose virus infection in the late

stage of illnesses;
(g) to assist in the diagnosis of unusual illnesses;
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(h) to give a diagnosis in virus infections where
the causal agent is difficult to culture; and

(i) to examine specimens sent from a distance.
At present, immunofluorescence has been the

main technique used, but it is anticipated that the
immunoperoxidase test could also fulfil these
criteria; it has been applied to the diagnosis of
rabies (A. Atanasiu, personal communication, 1976)
and has also been used for the detection of arbo-
viruses in the salivary glands of mosquitos (1) and
of herpesviruses from superficial human herpetic
lesions (2). Further evaluation of this technique for
these and other viruses is required.

Viruses to which the immunofluorescence test has
been applied regularly are:

Influenza A
Influenza B
Parainfluenza 1, 2, 3, 4a, 4b
Respiratory syncytial virus
Measles
Adenovirus (group antigen)

Rabies
Rubella
Mumps
Herpesvirus hominis
Varicella zoster
Cytomegalovirus

However, there is no limit to the range of viruses
that could be detected if the need arose.

The successful execution of immunofluorescence
and immunoperoxidase tests requires accurate
attention to the details of the collection and prepara-
tion of cellular exudates or tissues from patients.

Antigen detection in human cell specimens
The selection and preparation of specimens are of

great importance for a reliable result. Samples
should be collected early from the principal site of
infection and should consist of undamaged, intact
cells in sufficient amounts. Substances such as

mucoprotein, inflammatory cells, and cell debris
should be avoided as far as possible or removed
during cell preparation, e.g., by gentle washing.
The specimen should be transported immediately
to the laboratory or cell-spreads should be prepared
at once in the local ward. Failure to achieve reliable,
reproducible results is not infrequently due to
problems connected with the collection of the cell
specimens.

Several methods have been described for the
collection of specimens. Detailed instructions are

given in the literature (4).
In respiratory infections, e.g., influenza, measles,

respiratory syncytial virus, adenovirus, and para-
influenza virus infections, it has been shown that
nasopharyngeal secretions are superior to other
specimens (4).

In skin infections, the difficulties in interpreting
cell scrapings containing necrotic material might be
overcome by examining skin biopsy material (9) if
facilities for sectioning are available.

In infections of the conjunctiva and the genital
tract, as well as those of the brain, liver and kidney,
relatively simple techniques have been described (4).

Nonspecific binding of immunoglobulins to, the
cells can be a source of false results in both immuno-
fluorescence and immunoperoxidase staining. In
cells infected with viruses of the herpesvirus group,
the nonspecific binding of the Fc fragments (5) of
IgG antibodies, especially rabbit IgG, is a matter of
great concern. This binding is not species-specific,
and even heterologous, highly purified animal
antibodies bind to these Fc receptors to give positive
reactions that are easily misinterpreted as positive
virus-specific results.

Reactions between the specimen and the reagent
used for visualization may also confuse the result.
Thus, endogenous peroxidase mainly occurring in
living cells, including leucocytes, can produce a
positive reaction. Methods need to be perfected for
the removal of these reactions (11). Likewise, tissue
preparations can display a pronounced autofluores-
cence: elastic tissue, superficial layers of the skin,
and leucocytes give bright autofluorescence (7).

Attention to detail is also required for the prepara-
tion of specific antiviral antibody Sand for the
removal of unwanted antibodies.
The quality of the antiserum prepared to detect

the viral antigens is of fundamental importance and
every effort should be made to ensure its complete
specificity. The avoidance of extensive absorption
programmes for the antiserum can be achieved by:

(a) infection of a susceptible animal; it is a great
advantage to use gnotobiotic animals since mono-
specific antisera of high quality can be obtained;

(b) using purified virus or a purified viral antigen
for immunization;

(c) using an entirely homologous system for the
preparation of the antiserum, e.g., the infected cells,
the serum for cultivation, and the immunized animal
should all belong to the same species;

(d) purifying the antibodies by affinity chromato-
graphy on viral antigen.

Laboratories introducing a new technique should
use it in parallel with a standard technique for about
100 positive specimens and the results of both
techniques should show close overall agreement.
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Viral antisera are usually prepared in animals
such as rabbits; human sera are unsuitable for this
purpose owing to the presence of antibody to more
than one virus.
For conjugated anti-(rabbit Ig) or anti-(human Ig)

sera prepared in goats or sheep, adequate absorption
with a variety of materials is necessary to eliminate
nonspecific reactions.
Methods for the preparation of immunofluores-

cence reagents (7) and immunoperoxidase reagents
(3, 8) have been described recently. The advantages
of horseradish peroxidase over other enzymes are:

(a) its cytochemical staining under both the light
and the electron microscope is easy to perform and
it gives satisfactory and reproducible results;

(b) most of the coupling methods have been
developed on the basis of the use of peroxidase as
the label;

(c) because peroxidase has few free amino acid
groups, two-step coupling procedures are feasible;
and

(d) because of the relatively low molecular weight
of peroxidase (40 000), the penetration of peroxidase
conjugates to the interior of fixed cells is more
easily obtained.
Of the various coupling procedures reported,

only those using either glutaraldehyde (3) or sodium
periodate (8) are still widely employed. Covalent
binding of an enzyme to an antibody using glutaral-
dehyde is carried out by a one-step or two-step
procedure. The one-step procedure is applicable
to a variety of enzyme-protein systems but the
two-step procedure is employed only for the prapara-
tion of peroxidase-labelled proteins. A heterogeneous
population of enzyme-protein conjugates is obtained
by the one-step procedure and a homogeneous
population of enzyme-protein conjugates with a
molar ratio of protein to peroxidase of 1: 1 is
obtained w'ith the two-step method. The residual
enzymatic and immunological activity is relatively
high in the conjugates obtained by the two-step
method, but the yield of conjugates is low.

Periodate-treated peroxidase can also be linked to
an antibody by a two-step coupling procedure (8).
The method is applicable both to peroxidase and to
enzymes containing polysaccharide chains. A hetero-
geneous population of high-molecular-weight enzy-
me-antibody conjugates is obtained with this
procedure. The enzymatic and immunological
activity of the conjugates is not high, despite a high
yield of conjugate.

ENZYME IMMUNOASSAY

Antibody detection
The detection of antibodies to a range of viruses

is feasible using the enzyme immunoassay system,
employing anti-Ig serum conjugated with alkaline
phosphatase or horseradish peroxidase (10). Good
correlation has been shown to exist in the frequency
of detection of antibodies to rubella virus, Japanese
B encephalitis virus, and cytomegalovirus by
haemagglutination inhibition, complement fixation,
and enzyme immunoassay (12).
Advantages of the enzyme immunoassay technique

in viral diagnosis are its ability to detect any antibody
and its ready adaptation to a large number of
samples.

Antigen detection

Enzyme immunoassay has not yet been described
for viruses other than herpesvirus hominis (6). How-
ever, the detection of HBsAg in human serum by
enzyme immunoassay has been achieved with a
sensitivity comparable to that of radioimmuno-
assay (13).

Technical difficulties in the application of the
enzyme immunoassay procedure include:

(a) the quality of the polystyrene plates that are
used for coating;

(b) the coating of plates, for example with rubella
antigen, which has been suboptimal in the hands
of some investigators; fewer problems have been
encountered in coating with antibodies;

(c) inefficient procedures for the preparation of
antibody-enzyme conjugates;

(d) incomplete information on the assessment of
specificity profiles of the enzyme immunoassay
technique; and

(e) standardization of the test procedure.

GENERAL RECOMMENDATIONS

Assessment of conjugation
A comparison should be made of enzyme-labelling

methods for anti-Ig preparations, using a number
of peroxidase conjugates prepared by means of
(a) glutaraldehyde and (b) periodate. Labelled
materials should be sent to at least three laboratories
for evaluation by immunoperoxidase and enzyme
immunoassay procedures.
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Trials of antisera

1. The preparation of suitable specific viral
antisera against commonly encountered viruses
should be encouraged, so that antiserum will function
equally satisfactorily in immunofluorescence, im-
munoperoxidase, and enzyme immunoassay systems
when developed. Selection of the adequate working
dilution of antiserum requires careful titration using
known positive and negative controls from tissue
culture and human clinical sources.

2. Standard lots of fluorescein-conjugated and
peroxidase-conjugated anti-(bovine Ig) and anti-
(rabbit Ig) sera should be prepared for use in
indirect tests.

3. When an antiserum is found that fulfils
requirement 1, it should be considered for establish-
ment as a working/reference serum.

4. Collaboration with organizations such as the
European Group for Rapid Laboratory Viral
Diagnosis and other interested parties would assist
in the assessment of these reagents.

Clinical comparison of immunofluorescence and
immunoperoxidase techniques

It is recommended that a collaborative study on the
relative merits of immunofluorescence and immuno-
peroxidase in clinical material for influenza A virus
and respiratory syncytial virus should be organized
and implemented between at least two laboratories
collaborating with WHO, the results to become
available in 1977.

Rabies system

1. Antiserum to nucleocapsid antigen of rabies
should be prepared.

2. The indirect techniques for the immunofluo-
rescence and immunoperoxidase tests in the rabies
system have not yet been evaluated and require
further attention.

3. Control of vaccine efficacy should be evaluated
in parallel with neutralization tests and enzyme
immunoassay techniques.

Recommendations for enzyme immunoassay use in
virology

1. It is recommended that studies be undertaken
for the detection of antiviral antibodies to influenza

A, respiratory syncytial, rubella, and measles
viruses as a first stage in applying the enzyme
immunoassay procedure to a wider range of viruses.

2. It is recommended that the performance of
enzyme immunoassay tests be standardized through
the use of reference reagents when available.

3. It is suggested that the enzyme immunoassay
technique be evaluated for the detection of HBsAg
by the most sensitive currently available techniques
as part of the worldwide WHO collaborative study
on hepatitis B. Studies should be encouraged for
the detection of antibodies to hepatitis B surface
antigen and to human rotaviruses. Research into
the diagnosis of hepatitis A infections by the detec-
tion of virus and antibody should be envisaged.

Training programmes

1. Visits to laboratories in WHO member states
should be carried out by experts in immunofluores-
cence, immunoperoxidase, and enzyme immunoassay
techniques to teach laboratory personnel in their
own regions, using clinical samples drawn from local
patients.

2. Senior laboratory personnel should be en-
couraged to visit centres expert in relevant techni-
ques. The organization of training courses in the
practical use of these techniques is stressed.

3. A practical manual on the techniques covered
in this Memorandum should be prepared.

* *

P. Atanasiu, Institut Pasteur, Paris, France.
S. Avrameas, Institut Pasteur, Paris, France.
P. S. Gardner, Royal Victoria Infirmary, Newcastle-

upon-Tyne, England.
M. Grandien, State Bacteriological Laboratory, Stock-
holm, Sweden.

E. Kurstak, Universite de Montreal, Montreal, Canada.
D. M. McLean, University of British Columbia, Van-

couver, Canada.
A. Schuurs, Organon Scientific Development Group,

Oss, Netherlands.
0. Sobeslavsky, Virus Diseases, Division of Com-

municable Diseases, World Health Organization,
Geneva, Switzerland.

A. Voller, Nuffield Institute of Comparative Medicine,
Zoological Society of London, London, England.
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