
Bulletin of the World Health Organization, (2): 241-244( 1978 56)

Progress in the rapid diagnosis
of viral infections: a Memorandum*

This Memorandum reports the progress that has been made over the past year in the
development of laboratory techniques for the rapid diagnosis of viral infections. Progress
is reported in the use of the immunoperoxidase and immunofluorescence techniques for
detecting viruses in respiratory secretions, the use of the glutaraldehyde and periodate
methods for peroxidase conjugation, the application of enzyme immunoassay techniques in
the detection of viral antigens and antibodies, and training in the use of these techniques.
A number of recommendations for further research are made.

In a previous Memorandum (1), attention was
drawn to the existence of the immunofluorescence
and immunoperoxidase techniques for the detection
of viral antigens in human cell specimens and to the
enzyme immunoassay (EIA) technique, also known
as the enzyme-linked immunosorbent-assay (ELISA),
for the detection of viral antigens in clinical material
and viral antibodies in human serum (2). Radio-
immunoassay techniques were specifically omitted
from consideration. A number of recommendations
for future research were made, including a compara-
tive study of immunofluorescence and immunoper-
oxidase techniques for the detection of several com-
mon respiratory viruses in nasopharyngeal secre-
tions, the preparation and standardization of specific
antiviral sera for use in these techniques, a com-
parison of the glutaraldehyde and periodate methods
for peroxidase conjugation of anti-Ig preparations,
and further exploration of the application of these
techniques in the study of rabies and viral hepatitis.
In addition, it was suggested that training pro-
grammes in the above techniques should be estab-
lished to disseminate expertise to laboratories in
developing countries. Progress has been made in all
these areas, as detailed below.

COMPARISON OF THE IMMUNOPEROXIDASE AND
IMMUNOFLUORESCENCE TECHNIQUES FOR DETECTING

VIRUSES IN RESPIRATORY SECRETIONS

A comparative trial was performed using immuno-
peroxidase and immunofluorescent anti-(rabbit Ig)
conjugates, standard rabbit viral antisera, and
acetone-fixed slides of shed nasopharyngeal cells for
the detection of virus antigen. Influenza A and
respiratory syncytial viruses were chosen as examples

of nuclear and cytoplasmic viruses, respectively. Two
separate laboratories were involved, and all slides
were read " blind " by both groups. The results have
recently been published (3).

Immunofluorescence was, as has been amply dem-
onstrated before, accurate and sensitive in the detec-
tion of viruses in cells from nasopharyngeal secre-
tions. Moreover, the viral antisera used proved suit-
able for both the immunofluorescence and immuno-
peroxidase procedures. Difficulties in the application
of immunoperoxidase methods were, however, en-
countered in several areas. First, endogenous peroxi-
dases proved common and the method used for their
removal (acetic acid wash) was not always successful.
Moreover, most of the methods tested had a detect-
able destructive effect on viral antigens. Second, non-
specific reactions were sometimes difficult to inter-
pret. Many of these reactions, when encountered in
immunofluorescence, were either masked by a coun-
terstain or discounted on the basis of the readers'
previous experience of antigen distribution.

In the light of these results, more work needs to
be done in this area. Alternative methods of fixation,
such as the use of formaldehyde, should be explored.
Other treatments, particularly with phenylhydra-
zine (4), should be used to remove endogenous per-
oxidases. Finally, enzymes other than peroxidase
should be examined, particularly glucose oxidase (5)
(which is not an endogenous enzyme in human
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material) or alkaline phosphatase. It must be stressed
that this was a trial with clinical material and the
results can only be applied to nasopharyngeal secre-
tions.

COMPARISON OF THE GLUTARALDEHYDE AND

PERIODATE METHODS FOR PEROXIDASE CONJUGATION

A standard lot of sheep anti-(rabbit Ig) serum was
prepared and sent for peroxidase conjugation to two
centres, one of which used the glutaraldehyde two-
step method (6) and the other the periodate meth-
od (7). The conjugates thus prepared, in both liquid
and lyophilized form, were then distributed to four
laboratories for testing in various virus-cell systems
and in ELISA. Both conjugates were found to be
satisfactory in the systems used. Slight variations in
performance were ascribed to differences in the con-
centration of conjugated antibody in the final prep-
arations and to the purification methods employed
during the conjugation procedure. No significant dif-
ferences were detected between liquid and lyophilized
preparations.

FURTHER APPLICATION OF ELISA TECHNIQUES IN

THE DETECTION OF VIRAL ANTIGENS AND ANTIBODIES

In the field of viral hepatitis, substantial progress
has been made during the past year in the detection
of antigens in serum and faecal extracts by the ELISA
tc e Both hepatitis B surface antigen (HBsAg)
and hepatitis A virus (HAV) can now be detected
with a sensitivity and specificity approaching or
equal to that obtained by radioimmunoassay. In
addition, the ELISA method has made possible the
detection of the e antigen (HBeAg) with greater
sensitivity than by means of the immunodiffusion
test. The problems of specificity inherent in the use
of human sera have to some extent been solved by
the inclusion of a blocking technique.

Other viral antigens detected by ELISA tech-
niques in clinical material have been herpes simplex
virus and rotavirus. Other viruses may eventually
be detected, and research efforts in this area should
be encouraged.
Numerous viral antibodies can now be reliably

measured by ELISA (8). Tests have been described
for rubella, herpes simplex, influenza, rabies, cyto-
megalovirus, several arboviruses, measles, mumps,
enteroviruses, and hepatitis A. In some of these,
particularly measles, rubella, and herpes, it appears
likely that ELISA will replace older methods as the
technique of choice for antibody titration. In rabies,

both IgG and IgM antibodies are detected with a
sensitivity exceeding that of the neutralization test (9).
Moreover, the presence of anti-rabies IgM during
encephalitis appears to constitute a sensitive and
reliable method for the rapid diagnosis of rabies
when vaccine has not been administered.

Certain problems in the widespread application of
the ELISA technique persist and require emphasis.
First, variation exists in the behaviour of plastic
materials, particularly in certain batches. Second,
as in all immunological tests, standardization in dif-
ferent laboratories is clearly a necessity and is prob-
ably best achieved by the use of standard positive
and negative sera in each test series (see below). For
some viruses, negative human serum is difficult to
obtain. Third, virus antigens useful in the comple-
ment fixation or haemagglutination procedures may
not be suitable for ELISA systems, and each antigen
must be assessed separately and adequate control
assured. The latter may be achieved either by includ-
ing uninfected cell preparations in the test as con-
trols or by the use of highly purified antigens. Finally,
reliability and standardization of conjugates must
be assured. To this end, a committee was recently
appointed by the International Union of Immuno-
logical Societies to prescribe minimum specifications
for enzyme and antibody activity in anti-Ig peroxi-
dase conjugates.

TRAINING PROGRAMMES

A number of training programmes have been estab-
lished during the past year and others are planned
for 1978. Instruction on ELISA methods has been
conducted on both an individual and a group basis
by investigators in several countries, under the
sponsorship of the World Health Organization and
other bodies. Courses in immunofluorescence diag-
nosis are planned in Europe and America, using
clinical material as a basis for instruction. Exchange
of technical personnel has taken place among several
laboratories.

In all these training programmes, a number of
helpful principles have emerged. First, trainees should
be those persons actually performing the tests and
should be of the highest calibre so that, if possible,
satellite teaching programmes can be established.
Second, training should take place at the site of its
application; although it is often best to introduce
a technique by arranging for professional personnel
to visit an established laboratory, this must be fol-
lowed by supervision at the laboratory where the
work is actually to be carried out. Third, a supply of
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reliable, standardized reagents must be assured for
a suitable period. Finally, since the transportation
of technical personnel is usually the most expensive
part of such training programmes, efficiency requires
that training programmes be as thorough and diverse
as is possible under the circumstances. In this regard,
courses conducted by WHO in immunological tech-
niques might, with small additional expense, be adapt-
ed to the teaching methods for rapid viral diagnosis.

RECOMMENDATIONS FOR FURTHER STUDIES AND
ACTIVITIES IN RAPID VIRAL DIAGNOSIS

The application of immunoenzyme staining for the
detection of viral antigens in cells from clinical
material
Attempts should be made to improve methods

for the detection of viral antigens in clinical material
by enzyme immunoassay techniques. These should
focus on methods offixation other than with acetone,
particularly with formaldehyde, on the exploration
of new techniques for the removal of endogenous
peroxidases when peroxidase conjugates are used,
and on the use of novel enzymes in anti-immuno-
globulin conjugates. Such studies should focus on
the development of reliable methods for clinical
specimens that approach in sensitivity and specifi-
city the existing immunofluorescence technique. After
these preliminary investigations, a further multi-
centre controlled comparison with immunofluor-
escence could be undertaken.
Wider application ofELISA techniques in the detection
ofantigens in clinical material
The success of ELISA in detecting viruses in viral

hepatitis and gastroenteritis (10) suggests the possible
broader application of this technique for the rapid
detection of a variety of viruses and chlamydia,
including cytomegalovirus, genital herpes, genital and
ocular chlamydia, dengue, measles, and respiratory
myxoviruses and paramyxoviruses. Research in these
areas should be encouraged.
Standardization of ELISA reagents

1. Human serum, faeces, and other materials should
be made available to serve as positive standards for
ELISA antibody and antigen measurement. The
virus systems for which such standard preparations
appear most appropriate and useful at the present
time are measles, rubella, cytomegalovirus, and viral
hepatitis.

2. It is suggested that the committee recently
formed by the International Union of Immunological

Societies add to its present charge (namely, the stan-
dardization of anti-Ig peroxidase conjugates) the
standardization of conjugates made with other en-
zymes and of conjugates made against other Ig
species.

3. The need exists for rigidly standardized, com-
mercially prepared antigen-coated carriers. The devel-
opment, manufacture, and control of such reagents
for a range of viruses should be encouraged.

4. The recommendation of theWHO Expert Com-
mittee on Viral Hepatitis (11) that reference prepar-
ations for hepatitis A and B be developed is endorsed.

Quality control ofserological reagents
The sensitivity and reliability of all the newer tech-

niques for rapid viral diagnosis depend on the qual-
ity of reagents. Standards of purity and minimum
requirements for the content of active ingredients
can be set, but the final quality must be monitored
by judgement of performance under field conditions.
The importance of such quality control is empha-
sized and the formation of monitoring groups at
the consumer, governmental, and industrial levels
is strongly encouraged.

Practical notes on standardization and quality control
A series of practical notes on the standardization

and quality control of reagents for enzyme immuno-
assay and immunofluorescence detection systems
should be prepared. The existing manual a should
be updated and amalgamated with notes recently
prepared on the standardization and quality control
of reagents.

Pilot studies in developing countries
It seems both desirable and feasible at the present

time to extend collaborative studies to several selec-
ted developing countries. On the basis of the ex-
pressed need of these countries and the high degree
of reliability of certain techniques, the following two
investigations are envisaged.

First, immunofluorescence staining of cells in
respiratory secretions should be tested by labora-
tories in two developing countries for the diagnosis
of selected viral diseases. The most appropriate infec-
tions to include in such a trial are those by measles,
influenza A and respiratory syncytial viruses. Speci-
mens would be obtained from patients or local
clinics and hospitals and interchanged among col-
laborating laboratories. Plans should be drawn up

a McLEAN, D. M. ET AL. WHO manual for rapid labora-
tory viral diagnosis. Unpublished document VIR/77.8 (1977).
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for the training of local technicians and for quality
control. The rapid laboratory diagnosis of rabies by
immunoperoxidase staining of clinical material and
by detection of antiviral IgM in ELISA tests could
also be included in this collaborative investigation.

Second, a trial of ELISA methods for the detec-
tion of HBsAg in two 7eveloping countries is envis-
aged. A similar protocol, including training, moni-
toring, and testing of duplicate samples by experi-
enced collaborating laboratories, should be designed.

It is hoped that, by beginning these two collabo-
rative investigations during 1978, several of the most
promising new methods of rapid viral diagnosis will
be introduced into developing countries and the
experience gained will facilitate wider dissemination
of this potentially valuable technology in the future.

* *
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