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ELISA- a simple test for detecting and differentiating
antibodies to closely related orthopoxviruses

S. S. MARENNIKOVA,1 N. N. MALCEVA,2 & N. A. HABAHPASEVA3

In this paper, the results are reported of experiments to investigate the optimum
conditions for determining, and differentiating between, the antibodies against closely
relatedpoxviruses using theELISA technique. This assay wasfound to be considerably more
sensitive than the virus neutralization, haemagglutination inhibition, passive haemag-
glutination, and indirectfluorescent antibody testsfor detecting antibodies, but has notyet
been compared with radioimmunoassay. The use ofELISA made itpossible to differentiate
between antibodies to vaccinia, whitepox, and monkeypox viruses.

With the successful conclusion of the programme of
smallpox eradication in the world further investi-
gation of the ecology of other poxviruses such as
whitepox and monkeypox is of paramount import-
ance, since the latter causes human infection that is
clinically indistinguishable from smallpox. Such
studies could be used to investigate the natural reser-
voirs of monkeypox virus and perhaps give a final and
unambiguous answer to the question of whether or
not such a reservoir exists for variola virus.
One way of investigating these issues is by deter-

mination sof poxvirus antibodies in wild animals.
However, in these studies, it is necessary not only to
determine the poxvirus antibodies but also to differ-
entiate between the antibodies to closely related pox-
viruses (variola virus, monkeypox virus, etc.). Since
radioimmunoassay (RIA) is a rather complex method,
we have investigated the application of the ELISA
technique (1) to this problem and our results are
reported in this paper.
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MATERIALS AND METHODS

Viruses

The investigation was performed using the
following viruses: monkeypox (strain Copenhagen),
whitepox (strain Chimp-9), and vaccinia (strain
L-IVP). Monkeypox and whitepox viruses were used
as 10%7o chorioallantoic suspensions in 0.04 mol/litre
McIlvaine buffer, pH 7.2 (17-18 and 7 passages,
respectively, on chick embryos) with a potency of
1.3-2.2 x 108 pfu/ml. Vaccinia virus was used either
as a dry preparation of a smallpox dermovaccine with
a potency of 1.3 x 109 pfu/ml or as the infected fluid
of a pig embryo kidney (PEK) cell line with a potency
of 1.5-8.6 x 107 pfu/ml.

Sera

Hyperimmune rabbit sera prepared to vaccinia,
monkeypox, and whitepox viruses were assayed. To
prepare antisera to vaccinia and monkeypox viruses,
cultures of these viruses grown on rabbit skin were
used as antigen for animal immunization. Whitepox
virus was cultured for this purpose in the Vero con-
tinuous cell line. The same sera were assayed after
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being adsorbed with monkeypox and variola (strain
Harvey) viruses. The adsorption of sera was carried
out according to the technique described by Gispen&
Brand-Saathof (3). In addition to hyperimmune
rabbit sera, sera from individuals with primary vaccin-
ation against smallpox and also revaccinated indi-
viduals were studied. Sera from human subjects and
rabbits containing no poxvirus antibodies were used as
controls. Before examination, the sera were diluted
with distilled water 1: 10 and heated-those from
rabbits at 65 °C for 20 min and those from human
subjects at 56 °C for 30 min.

ELISA technique

Macro- and micro-modifications of ELISA were
performed on polystyrene plates (Flow Laboratories,
England) 0.5 and 0.2 ml in volume respectively. The
test was carried out in 4 phases: (a) adsorption of the
antigen, (b) titration of the serum, (c) detection of the
antigen-antibody complex using the appropriate anti-
species immunoperoxidase conjugate, and (d) demon-
stration of enzyme activity with the aid of the enzyme
substrate-0.01% solution of orthophenylene-
diamine in methanol with the addition of a 3%7o
solution of hydrogen peroxide up to a final concen-
tration of 1: 1000. The enzyme substrate was prepared
as required.
The plates were coated using the virus suspensions

diluted in 0.06 moUlitre carbonate-bicarbonate
buffer, pH 9.6, up to the optimal dilution selected by
preliminary titration.
The test sera and the peroxidase conjugates were

diluted with 0.01 mol/litre phosphate-buffer solution,
pH 7.2, containing 5 ml of Tween 20 and 10 g of
bovine serum albumin per litre.
The selection of the most suitable conditions for the

first three phases of the test was the subject matter of
this investigation and the data obtained are presented
in the "Results" section below.
During phase 4 the mixture was kept at room tem-

perature for 30 min. The reaction was stopped by add-
ing 0.025 ml of 16 mol/litre H2SO4 into every well.
The results were recorded visually and spectrophoto-
metrically (wave length 490 nm). With visual record-
ing, the endpoint was taken as the dilution that gave a
yellow-brown colour of an intensity that considerably
exceeded that produced by the most concentrated
dilution of normal serum. With the spectrophoto-
meter, the extinction value was selected as being
higher than that of the most concentrated dilution of
normal serum. This method gave titres that were, as a
rule, 2-4 times higher than the visual endpoint. Anti-
human and anti-rabbit IgG peroxidase conjugates
were prepared using the method described by Kurstak
& Kurstak (6).
The sensitivity ofELISA was compared with that of

haemagglutination inhibition and indirect haemag-
glutination tests, the precipitation test, and virus-
neutralization and indirect fluorescent antibody tests.
The above tests were performed according to conven-
tional techniques (4, 8). The titration of virus suspen-
sions was carried out by pock counting on the chorio-
allantoic membrane (CAM) of 12-day-old chick
embryos.

RESULTS

The results in Table 1 show that concentrations of
anti-rabbit peroxidase conjugate of 1: 500 and 1: 1000
ensured detection of the immune complex. At higher
dilutions, its activity decreased sharply and did not
permit visual estimation of the test results. Although
the titre of poxvirus antibodies in the assayed immune
rabbit serum was the same at both the 1:500 and
1: 1000 dilutions of peroxidase conjugate, at 1:500 a
non-specific reaction was observed with normal rabbit
serum. The 1:1000 dilution did not cause colouring
even in wells with the most concentrated dilutions of
control serum, and thus this dilution was used rou-
tinely. The optimal dilution (1: 250) of the anti-human
immunoperoxidase conjugate was selected in a similar
way. Cross-titration of anti-vaccinia rabbit serum
with different dilutions of antigen revealed that the
highest serum titre occurred when virus suspensions

Table 1. Effects of different concentrations of reagents on
the results of ELISA

Dilutions of Titre of anti-
Dilution of anti-rabbit vaccinia Non-specific
the adsorbed peroxidase rabbit serum colouring in
antigen" conjugate under studyb controlc

1:500 1:500 80 000 1280

(1.0 x 106) 1:1000 80 000 < 8
1:2000 20 000 < 8
1:5000 < 80 < 8

1:1000 1:1000 20 000 < 8

(5.0 x 105)
1:5000 1:1000 10000 < 8

11.0 x 105)

1:10000 1:1000 10 000 < 8

(2.0 x 104)

a The antigen dose is given in pfu/0.2 ml in parentheses.
b Serum titres are given as reciprocals of the dilution.
c Rabbit serum containing no poxvirus antibodies.
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with a potency of 106 pfu/0.2 ml were used. Halving
the dose of adsorbed antigen led to a 4-fold decrease in
antibody titre. Doses of antigen not lower than 106
pfu/0.2 ml were therefore used routinely for coating.

In other experiments, the influences of antigen sub-
strate and the period of antigen adsorption were
studied. These tests showed that poxviruses prepared
on different substrates (reconstituted commercial
smallpox vaccine, CAM suspension, cell-culture fluid)
could be used. The maximum antigen adsorption on
polystyrene plates was observed with 3 hours'
incubation at 37 'C. Prolongation of this period did
not result in any change. Special tests showed that the
plates with adsorbed antigen could be kept at4- 10 IC
for at least 3 months without influencing the ELISA
results.
Examination of sera from individuals who had

received primary vaccination and of hyperimmune
rabbit sera showed that poxvirus antibody titres by
ELISA were higher than by the other serological tests
(Table 2). The sensitivity of ELISA was compared
with that of the HI test in a parallel assay of 188 sera
from adults revaccinated against smallpox from 1 to

10 years previously. ELISA resulted in the detection of
poxvirus antibodies in all cases, whereas with the HI
test only 26.8% were positive. The geometric mean of
the ELISA antibody titres was 140 (with variations in
certain sera from 8 to 5120), whereas with the HI test
the value was 1.6 (with variations from 2 to 20).

Because of the high sensitivity of ELISA, this
method was tested for the differentiation of pox anti-
bodies. For this purpose, hyperimmune rabbit sera to
different poxviruses, as well as the same sera after pre-
liminary adsorption with some of these viruses, were
used. Table 3 shows that with this test it was possible
to differentiate pox antibodies in the initial sera and
especially after their adsorption with heterologous
viruses.

DISCUSSION

Our investigations have shown that it is possible to
use ELISA for the detection and quantitative deter-
mination of pox antibodies and that the plates with the
adsorbed antigen could be prepared beforehand and

Table 2. Titres of poxvirus antibodies by ELISA and other serological tests

Passive Indirect
Sera under study ELISA Neutralization HI HI Precipitation IF

Hyperimmune anti-vaccinia rabbit serum

series 1 80 000 20 000 80 2560 > 64 2560
series 2 20 000 1 280 40 640 < 2 640
series 3 20000 2 560 40 640 4 640

Sera of individuals with primary vaccination

No. 1 5 120 5 120 1024 n.d. 2 2560

No. 2 2 560 1 280 512 n.d. < 2 1280
No. 3 2 560 1 280 128 n.d. < 2 640

Sera of revaccinated individualsa

No. la 640 640 4 < 20 < 2 40

No. lb 5120 1 280 4 160 2 320

No. 2a 2 560 320 2 < 20 < 2 80
No. 2b 20 000 5 120 < 2 160 2 320
No. 3a 320 20 2 < 20 < 2 40

No. 3b 1 280 320 2 80 < 2 160

No. 4a 640 < 20 2 < 20 < 2 20
No. 4b 640 20 < 2 < 20 < 2 40
No. 5a 640 80 2 < 20 < 2 20
No. 5b 2 560 2 560 2 20 < 2 80

a "a" denotes sera taken before revaccination; "b" denotes sera taken from the same individual 3 weeks after revaccination.
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Table 3. Application of ELISA to the differentiation of antibodies to closely related poxviruses

Titre in ELISA with:

Hyperimmune vaccinia virus whitepox virus monkeypox virus
serum Adsorbed with (L-IVP) (Chimp-9) (Copenhagen)

Vaccinia - 80 000 10 000 10 000
Monkeypox - 640 1 280 5 120
Monkeypox variola

(Harvey) < 8 < 8 320
Whitepox - 10 000 10 000 640
Whitepox monkeypox 640 320 < 8
Whitepox vaccinia < 8 320 < 8

kept for up to 3 months if required. This might be
valuable to accelerate the process of investigation in
case of need. ELISA is much more sensitive than
haemagglutination inhibition, virus neutralization
and other serological tests conventionally used for this
purpose. We have not yet compared ELISA with
radioimmunoassay (RIA), which at present is recog-
nized to be the most sensitive test (11). However,
ELISA has the advantage that it combines high sensi-
tivity with simplicity and is thus suitable for use even in
field conditions. The high sensitivity of ELISA has

also been demonstrated in studies of antibodies to
other viruses (2, 9, 10).
ELISA is particularly valuable for the differenti-

ation of antibodies of closely related poxviruses. This
is also possible with RIA (5). However, the simplicity
ofELISA makes it suitable for retrospective diagnosis
and also for ecological investigations using animal
sera. Such studies of animal sera have shown that
poxvirus antibodies are detected in animal sera much
more frequently than poxviruses can be isolated from
them (7).
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RLSUMt

ELISA - UNE TECHNIQUE SIMPLE POUR DETECTER
ET DIFFtRENCIER LES ANTICORPS ANTI-ORTHOPOXVIRUS tTROITEMENT APPARENTtS

Cette etude expose les resultats des essais entrepris en vue
de determiner les meilleures conditions pour la detection et
la differenciation d'anticorps anti-poxvirus ttroitement
apparentes, au moyen de la technique ELISA. Cette tech-
nique s'est reve1le nettement plus sensible que les epreuves
de neutralisation du virus, d'inhibition de l'hemagglutina-

tion, d'htmagglutination passive et d'immunofluorescence
indirecte pour la detection des anticorps, mais il reste A la
comparer avec le dosage radio-immunologique. L'emploi de
la technique ELISA a egalement permis de differencier sero-
logiquement les virus de la vaccine, du monkeypox et du
whitepox.
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