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A Gel-Precipitin Test for the Diagnosis of Varicella*
PHILIP A. BRUNELL,1 BERNARD H. COHEN' & MIRIAM GRANAT3

Varicella may be difficult to distinguish clinically from smallpox. Because of this
difficulty, much anxiety has occurred when cases ofchickenpox are misdiagnosed as small-
pox in areas where smallpox is not endemic. Surveillance ofsmallpox has also been compli-
cated in areas where eradication programmes are in progress. A gel-diffusion test has
been developed that can detect varicella-zoster (V-Z) antigen in vesicular fluid. This
simple test, which can be performed in the field, identified V-Z antigen in vesicular fluid
in all 14 cases of varicella or zoster that were tested. No reactions were observed with
vaccinia precipitin antigen. The production of V-Z precipitin antigen in tissue culture
provided a positive control that yielded lines of identity with vesicle fluid. This material
was also used to screen human sera for suitable antisera for the test.

It is often difficult to differentiate smallpox from
varicella on clinical grounds. For this reason, great
anxiety may occur when a visitor from areas where
smallpox is endemic develops an illness characterized
by vesicular skin lesions while travelling in Europe
or North America. The difficulty in differentiating
smallpox from varicella may also create problems in
evaluating the effectiveness of smallpox eradication
programmes.

Electron-microscopy, virus isolation and serolo-
gical methods have been used to elucidate the
etiology of vesicular rashes. Unfortunately, facilities
for these techniques may not always be available and,
for this reason, the gel-precipitin test for the identi-
fication of variola antigen in skin lesions of patients
with smallpox has enjoyed great popularity. A
similar test for the identification of varicella-zoster
(V-Z) antigen has not been generally available.
The following investigation was undertaken to

produce a gel-precipitin test that could be used in
the field for the diagnosis of varicella. The develop-
ment of this technique was facilitated by the pre-
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paration of a precipitating antigen from virus
propagated in tissue culture. This antigen was used
to identify human sera that would react with vesicular
fluid in the precipitin test. The precipitin test that
was developed was found to provide a very accurate
and sensitive method of diagnosing varicella by
testing vesicular fluid.

METHODS

Vesicular fluid
Vesicular fluid was obtained by means of capillary

tubes from skin lesions of patients who were clini-
cally diagnosed as having varicella or zoster. In
most cases, laboratory confirmation was provided
by virus isolation or serological studies. In addition,
smallpox vaccine 1 and known positive smallpox
precipitin antigens 2 were tested against V-Z-
immune serum.

Tissue-culture-propagated antigen
Human embryonic lung fibroblasts were inoculated

with whole cells infected with the Ellen strain of
V-Z virus. An inoculum sufficient to produce a
nearly confluent cytopathic effect in 2-3 days was
used. At this time, the monolayers from 32-US fl oz
(approx. 960 ml) prescription bottles were removed
by scraping each into 2 ml of Hank's balanced salt

1 Dryvax, Wyeth Laboratories, P.O. Box 8299, Philadel-
phia, Pa., USA.

' Kindly provided by Dr Anne Yeager, University of
Colorado School of Medicine.
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solution. The cells from the infected monolayer
were then disrupted by ultrasonic treatment (Brunell,
1967).

Antiserum
Tissue-culture-propagated antigen was used to

screen convalescent sera from patients with vari-
cella or with zoster, serial specimens from patients
being tested for precipitin activity. These sera had
all been tested previously for complement-fixing
antibody by the method described by Brunell &
Casey (1964). Serum that was selected for testing
vesicular fluids was lyophilized and its antibody
was concentrated by reconstitution to one-fifth of
the original volume.

Agar gel
Precipitin lines were most satisfactorily detected

in gel prepared in 0.5% lonagar No. 2 1 in Sorensen's
phosphate buffer at pH 8.2 containing 1 ,tg/ml of
free protamine and 0.1 % of sodium azide. The final
pH of the agar was 8.5. Wells 2 mm in diameter
were prepared so that their centres were 5 mm
apart. A gel layer approximately 1 mm in thickness
was obtained by pouring 2.5 ml of molten agar on
each 75 by 25 mm microscope slide. Incubation was
routinely carried out at 250C, although lines could
frequently be detected earlier if the incubation
temperature was 37°C.

RESULTS

Identification of antiserum
Multiple serum specimens from 21 patients with

zoster and 36 patients with varicella were tested
with tissue-culture-propagated V-Z antigen. Only
one of the 76 varicella-convalescent sera yielded a
precipitin line. In contrast, 31 of the 91 zoster sera
that were tested yielded precipitin lines. Although
zoster-convalescent sera with high complement-fixing
antibody titres were more likely to yield positive
reactions, some sera with complement-fixation as
low as 1:16 yielded precipitin lines while others
with titres of 1 : 1024 did not (see accompanying
table). Sera obtained 7-28 days after the onset
of zoster were most likely to produce precipitin
reactions. After 28 days the proportion of reactive
sera decreased. Reactive sera were found in 2
patients as late as 8 and 10 weeks after the onset
of zoster.

1 Supplied by Colab Laboratories Inc., Box 66, Chicago
Heights, Ill., USA.

Comparison of results of testing zoster-convalescent
sera by complement-fixation and by precipitin tests

Comple- TNo. of No. of No. of IPercentagement-fixing sera sera sera Iof seraantibody te ted positive nsative positive
titre

1:8 16 0 16 0

1:16 6 2 4 33

1:32 6 1 5 17

1:64 14 3 11 21

1 :128 15 3 12 20

1: 256 11 6 5 55

1:512 7 3 4 43

1:1024 10 7 3 70

1: 2 048 6 6 0 100

Tissue-culture-propagated antigen
Tissue-culture antigen was prepared from clari-

fied, ultrasonically treated material by centrifu-
gation in a Spinco L-2 ultracentrifuge at 30 000
rev/min for 24 hours. The pellet was reconstituted
in one-tenth of its original volume. Altogether, 10 of
the 11 antigens that were prepared in this fashion
were reactive. Antigens prepared from the pellet
varied considerably in titre; lines were detected with
some lots in dilutions of 1: 32 while in others they
could be detected only in dilutions not exceeding
1: 2. The most concentrated antigen preparations
yielded 5 separate lines. Supernatant fluid above
the pellet was found to contain smaller amounts of
antigen that yielded 1 line, which was identical with
one of the lines obtained with the pellet antigen.

Ultrasonically treated antigen was concentrated
to one-tenth of its original volume by vacuum
dialysis. When tested, these preparations contained
one-half to one-quarter of the antigenic concen-
tration of samples that were prepared from pellets.
Reconstitution of lyophilized, ultrasonically treated
antigen in one-tenth of the original volume yielded
preparations slightly higher in titre than samples
prepared by vacuum dialysis but still lower in
titre than samples prepared from pellets by ultra-
centrifugation.

Vesicular fluid specimen
Vesicular fluids obtained from all 10 cases of

varicella and 4 cases of zoster yielded precipitin



GEL-PRECIPnTIN TEST FOR THE DIAGNOSIS OF VARICELLA

Fig. 1. Precipitin test positive for varicella-zoster. The
line between the centre well containing vesicular fluid
from a patient with zoster and the well containing V-Z
antiserum (V-Z/s) is continuous with the line between
V-Z/s and tissue-culture-control-positive V-Z antigen
(V-Z/A). No line appears between V-Z/s and vaccinia
antigen (VAC/A). A line appears between VAC/A and
vaccinia antiserum VAC/s

Fig. 2. Gel-precipitin test using vesicular fluid from the
West Indian patient referred to in the text against various
dilutions of known positive V-Z antiserum. The
vesicular fluid was placed in the centre well, the anti-
serum in the peripheral wells, serial 2-fold dilutions
being arranged with increasing dilutions in a counter-
clockwise direction. The undiluted serum yielded
2 lines

reactions, as many as 3 lines being obtained with
some specimens. Lines of identity were found with
tissue-culture antigens but no lines were produced
when this serum was used to test vaccinia antigens
(Fig. 1).
A diagnosis of smallpox was considered in a

patient who had lived in the West Indies prior to
coming to the USA (Fig. 2) but lines were produced
with zoster antiserum within 4 hours (Fig. 2).

COMMENTS

A rapid and specific gel-diffusion test has been
developed for the diagnosis of varicella by testing
vesicular fluid. This test appears to be far more
sensitive than that described by Macrae et al. (1969)
who found that only 4 of 7 vesicle fluids from
patients with varicella reacted in the precipitin
test.
The development of this new test was facilitated

by the preparation of precipitating antigen in tissue-
culture. The availability of the antigen made it
possible to screen sera in order to identify those that
reacted; the small amounts of vesicular fluid that
can usually be obtained from patients with zoster
or varicella are insufficient for this purpose. In
addition, lyophlized tissue-culture-propagated anti-
gen, which has been shown to produce lines of
identity with vesicle fluid, can be used as a stable
positive control antigen in the field.
Although it would be desirable to produce in

animals antisera that would yield precipitin reac-
tions with vesicle fluid, this has not yet been repor-
ted. Our finding that unconcentrated varicella
convalescent sera are usually nonreactive is in
agreement with the results reported by Taylor-
Robinson & Rondle (1959). These workers and
Trlifajova et al. (1969) demonstrated that reactions
could be obtained if varicella sera were concentrated.
This observation suggests that the greater reactivity
of the zoster sera may be due to their higher anti-
body titres. The finding that precipitin antibody
titres may not correspond in every case with comple-
ment fixation titres (Taylor-Robinson & Ronde
1959) was confirmed in these studies.

Selected zoster sera were found to provide a
satisfactory source of antiserum for the precipitin
test. Reactive sera were obtained most frequently
from patients 1-3 weeks after the onset of rash.
These patients can be screened for reactive sera with
tissue-culture-propagated antigen. In our study, a
large amount of reactive serum was obtained from
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a single donor. This serum was then concentrated
and used for subsequent testing of vesicle fluids for
V-Z antigen. Although sera may be used undiluted,
reactions can be detected sooner if the antiserum
is concentrated. Lyophilization of antiserum pro-
vides a means of both concentration and preser-

vation. Although no reactions were obtained with
vaccinia precipitin antigens, some antisera may
possibly give high titres for variola antibody. It
must be determined, therefore, that each antiserum
used to test vesicle fluid will not react with vaccinia-
variola antigen and thus yield misleading results.

R1sSUMt
tPREUVE DE PRECIPITATION EN MILIEU GELIFIE POUR LE DIAGNOSTIC DE LA VARICELLE

II est souvent difficile de distinguer cliniquement la
variole de la varicelle. Pour faciliter le diagnostic diffd-
rentiel, les auteurs ont conqu une epreuve de pr6cipi-
tation en milieu g6lifie qui a permis de confirmer le
diagnostic dans les 10 cas de varicelle et les 4 cas de
zona etudi6s par identification de I'antigene varicelle-
zona (V-Z) dans le liquide des vesicules.
La mise au point du test a ete facilitee par la production

d'antigene V-Z en culture de tissu. Les cellules infect6es
ont 6te d6sint6gr6es par traitement aux ultrasons et
l'ultracentrifugation de ce materiel a permis d'obtenir
l'antigene. On a 6galement pr6par6 un antig6ne d'activit6
moindre, mais n6anmoins satisfaisante, par dialyse sous
vide ou par lyophilisation.

L'antigene de culture cellulaire a servi a tester de

multiples echantillons de serum pr6leves chez des con-
valescents de varicelle ou de zona afin d'identifier les
serums utilisables comme source d'antis6rum pour le test
de pr6cipitation. Sur 76 echantillons recueilhis chez
36 convalescents de varicelle, 1 seul a donn6 une ligne
de precipitation. En revanche, 31 echantillons sur les
91 foumis par 21 convalescents de zona ont reagi. II est
apparu que les serums preleves 7 k 28 jours apres le
d6but de l'eruption zost6rienne donnaient le maximum
de r6actions de precipitation, la positivite 6tant en g6neral
fonction des titres d'anticorps fixant le compl6ment.

L'antigene pr6pard sur culture cellulaire permet de
contr6ler la sp&cificit6 des r6actions de pr6cipitation.
Aucune reaction positive n'a ete observ6e en presence
de l'antigene vaccinal.
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