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Indirect fluorescent antibody to varicella-zoster membrane antigens (FAMA) was
measured by a new technique. The procedure gives rapid, sensitive and accurate
results and is suitable for use in diagnosis or screening of susceptibility to varicella-
zoster virus (VZV) infection. The test procedure was simplified by using Terasaki
tissue culture plates for the reaction and for direct observation by fluorescence
microscopy. Preparations of VZV-infected Vero cells stored in liquid nitrogen
could be used as antigen in this FAMA-test.

Rapid determination of susceptibility to var-
icella-zoster virus (VZV) is essential when sub-
jects at high risk of severe varicella are in-
cluded in a population in which an index case
is diagnosed as having varicella or herpes-
zoster. An outbreak of virus in such a com-
munity produces a crisis, with the prospect of
increased morbidity and mortality (Weller,
1983). Prompt use of a live varicella vaccine
in such a community is effective for reducing
the size of the outbreak (Baba et al. 1978;
Asano et al. 1982).

Routine use of some sensitive test for anti-
body such as the FAMA (fluorescent antibody

to membrane antigen) test has long been re-
quired for screening for susceptibility. This
test, is not however, generally available as a
routine test, like the complement fixation (CF)
test, because it requires many troublesome
procedures, such as preparation of VZV-in-
fected cells for each test. In this work, VZV-
infected cells stored in liquid nitrogen could
be used as antigen in the FAMA-test. We
used Terasaki tissue culture plates (60 flat
bottom wells, Falcon, 1950 Williams Dr.,
Oxnard, Ca., 93030) as a site for reaction of
antibody with membrane antigens of cells in-
fected with VZV. Moreover, the cells could

23



be stained on the plate, and examined directly
in a Nikon inverted microscope model TMD,
fitted with an Epi-fluorescence attachment and
a B excitation module which contains a 470~
490 nm band pass excitation filter, a 520 nm
long pass barrier filter and a 510 nm dichroic
mirror.

Monolayers of human embryonic lung fi-
broblasts (HEL) and Vero cells were pro-
pagated in medium (a mixture of equal vol-
umes of Eagles’ MEM and 199 medium con-
taining 400 units of penicillin/ml and 200 mg
of streptomycin/ml, and 109% heat-inactivated
fetal calf serum). Medium with 29 fetal
calf serum was used for cell maintenance.
Fibroblasts infected with the Kawaguchi
strain of VZV were placed on fresh mono-
layers of Vero or HEL cells. The cultures
were maintained for about 48 h until a CPE
(cytopathic effect) was observed in about 80%
of the monolayer. Then the monolayers were
beaded off into Hanks’ balanced salt solution
(HBSS), pH 7.4, and centrifuged at 1,000 g for
5min. The supernatant was discarded and
the pelleted cells were resuspended at a den-
sity of over >2x10¢ cells/ml in HBSS sup-
plemented with 109 fetal calf serum plus 7%
DMSO (dimethyl sulfoxide). Aliquots of
1.0 ml of cell suspensions were stored in
liquid nitrogen until use. Noninfected cells,
prepared in a similar manner, were used as
controls. Aliquots of 0.005ml of test sera
diluted in microtiter plates (U plates, Cooke
Engineering, Alexandria, VA) were transferred
to Terasaki tissue culture plates and incubated
with an equal volume of VZV-infected cell
suspension in a humidified atmosphere. The
plastic plates were dipped into 180 ml of
HBSS to remove the supernatant of the cells
adhering to the bottom of the plastic. The
washed cells were incubated at 37 C for 30 min
with 0.005 ml per well of a dilution of fluor-
escein-conjugated goat antisera to heavy-chain
human IgG, IgA and IgM (Meloy Chemical
Co., Springfield, VA). The plates were dip-
ped into HBSS to remove the remaining con-
jugates from the cells, and then the cells were
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examined in a fluorescence microscope for
fluorescent antibody to VZV. In each test
run, coded preparations including dilutions of
known positive and known negative sera were
examined as additional controls.

Fluorescent cells obtained by the specific
reaction of antibody with membrane antigens
of cells infected with VZV were seen as cells
with bright fluorescent rings around their sur-
face adhering to the plates. No fluorescence
was observed, when infected cells were treated
with conjugate but not antibody or when un-
infected cells were examined. No autofluor-
escence of uninfected or infected cells was ob-
served. Findings were similar with HEL cells
and with Vero cells. A positive or negative
reaction for specific antibody could be judged
by examining hundreds of cells in one field of
the fluorescence microscope (300 x), as seen in
Fig. 1.

The neutralization (NT) test was performed
as described previously (Baba et al. 1978).
Briefly, the Kawaguchi strain of varicella virus
containing approximately 200 PFU/0.1 ml was
mixed with equal volumes of serial dilutions of
the test serum. After incubation at 37 C for
30 min, 0.2 ml portions of the mixtures were
placed on HEL monolayers in plastic trays
(Linbro, Hamden, Conn.) of 35 mm diameter
and incubated at 37 C for 90 min to allow
absorption of the virus. Then fresh medium
was added, and the cultures were incubated at
37 C for five to six days until viral lesions were
large enough to be counted. Neutralizing an-
tibody titers were expressed as the highest
dilution of the serum producing 509% or more
reduction in the focal count observed with
virus control.

The immune adherence hemagglutionation
(IAHA) test was carried out by a modification
of the technique of Gershon et al. (1976).
Briefly, serial dilutions of heat-inactivated
serum were made in Linbro microtiter U
plates (0.025 mljwell). Dilutions were made
in duplicate for VZV antigen and the antigen
control (Flow Laboratories, Inc. U.S.A.) with
0.19% gelatin in veronal buffer, pH 7.4. Vol-
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Ficure 1. Fluorescent positive Vero cells for antibody against varicella-zoster membrane antigen (X 300).

umes of 0.025 ml of VZV antigen or antigen
control were added to dilutions of serum.
Plates were placed on a microshaker for 10 sec
and then incubated for 1h at 37 C. Subse-
quently, 0.025ml of guinea pig complement
was added, usually at a dilution of 1:100.
The plates were agitated for 10 sec and then
incubated for 40 min at 37 C. DTT-VB-
EDTA (0.025 ml, consisting of 1.5g of di-
thiothreitol in 500 ml of 0.04 M EDTA in
veronal buffer without gelatin) was added to
all wells and the plates were shaken for 10 sec.
Then a 1.5% suspension of human O-type
RBC in GVB (0.025 ml) was added to each
well, and the plates were mixed to allow de-
velopment of hemagglutination. The serum
specimens used in this work were selected
from those of 95 subjects obtained before,
during and after 4 epidemics of varicella over
a 6-year serveillance period in an institution.
The reactivities of VZV-infected HEL or
Vero cells to antibody in sera obtained in the
acute to convalescent phases of varicella infec-
tion were compared for class-specific antibody
titers to VZV. The individual and geometric

mean titers obtained with either the HEL or
Vero cell system were not significantly differ-
ent despite differences in the phases when sera
were collected (Table 1). Vero cells were
used as indicator cells in following experi-
ments because they were readily available and
were easy to maintain.

Serial dilutions of 10 representative sera
from the previous experiment were incubated
with different concentrations of cells at differ-
ent temperatures (Table 2). The individual
and geometric mean titers indicated that the
reaction was most sensitive when carried out
with 8x10% cells per well at 37 C. Use of
32x 103 per well or more appeared to result in
some false negative reactions; the reason for
this is unknown but a presumably similar
phenomenon has been described previously
(Williams et al., 1974).

Twenty replicate tests on the same serum
(No. 7 in Table 1) were performed to com-
pare the re-producibility of the FAMA test
with those of the NT and TAHA test (Fig. 2).
The coefficient of variation (CV), i.e., the ratio
of the standard deviation (SD) to the geometric
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TaBLE 1. Reactivities of HEL and Vero cells infected with varicella-zoster virus to antibodies

Acute stage sera incubated with

Days S
Serum after HEL cells infected with VZV Vero cells infected with VZV
’ onset
e G Ig A Ig M Ig G Ig A Ig M
1 2 4 2 <2 4 2 <2
2 5 8 4 4 8 4 4
3 5 3 4 4 3 4 4
4 6 64 8 <2 64 8 2
5 7 3 4 4 64 8 4
6 7 256 3 8 128 32 8
7 7 256 16 4 256 16 4
8 7 128 16 8 256 16 4
Mean+SD  5.8+1.6  42.3+4.3  7.542.5  4.0+1.6 48.5+4.3  8.042.3  3.741.5

Incubation was done for 60 min at 37 C.

TaBLE 2. Sensitivities of the FAMA (fluorescent antibody to membrane antigens) test with dif-
Sferent numbers of VZV-infected Vero cells at different temperatures

VZV-infected

Ver o 8 10° 83 10° 85108 16 % 108 32108 64 %108
t;“m‘:;‘e‘igtti‘ie 4C 20C 37¢C 37¢C 37¢C 37¢C
Serum No.

2 <2 4 8 8 <2 <2
3. 4 32 32 32 <2 <2
4, 16 32 64 64 <2 <2
8 64 256 256 128 128 <2
9. 64 128 128 128 <2 <2
10. 32 128 256 128 128 <2
1. 128 128 512 512 512 <2
13, 64 64 256 256 256 <2
14. 32 128 128 256 128 <2
16. 32 64 64 64 <2 <2
GMT=+SD 26.043.5  64.043.0  104.043.2  97.0+3.0  19.7+10.6 <2

Incubation was done for 60 min.
Serum numbers correspond to those of Table 1.

mean titer (GMT) multiplied by 100, was able even when obtained in different test runs.
1.1% in the FAMA test, 2.5% in the N'T' test The serological responses of patients after
and 0.3% in the IAHA test, indicating that the onset of varicella were examined by three
the expected reproducibility of this FAMA methods as shown in Fig. 3. The antibody
test is moderate and that results are compar- responses detected by the FAMA test and the
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in sera of patients in actute to convalescent phases of wvaricella infection

Convalescent stage sera incubated with

Serum Days 4 . . . .
No. (?rfltsirt HEL cells infected with VZV Vero cells infected with VZV
Ig G Ig A Ie M Ig G IgA Ig M
9. 10 256 16 128 16 4
10. 14 512 16 8 256 64 8
11, 15 128 8 8 512 16 8
12. 21 256 16 4 512 16 8
13. 28 64 8 2 256 16 4
14. 28 128 4 128 8 4
15. 35 128 16 4 128 8 4
16. 40 64 8 2 64 8 2
Mean+SD 23.9+10.0 157.6+2.0 11.3+1.4 4.0£1.6 194.0+2.0 14.9+1.9 4.941.6
12r EAMA — NT test were remarkably similar; the re-
10k GMT=+SD sponses reached a peak within 2 to 3 weeks
gt 147.0%1.6 after the onset of a rash, and specific antibody
6k persisted at a moderate level for over 6
months. In contrast, IAHA antibody showed
ar a rapid rise within one week and rapid decline
9 2r within 2 months after the onset of varicella
§ O3 & 1% =5 572 1024 1nfe.ct10n. Thf?se ﬁn.dmgs suggest that FAMA
© ) antibody remains high during the convales-
1 12r NT cent phase and may persist at a comparable
L 10r GMT=£SD level to NT antibody for a long time.
g st 78.8%2.0 The standardized technique for the FAMA
- 6F test was as follows: aliquots of 0.005 m! of test
8 4t sera diluted in microtiter plates were transfer-
c ot red to Terasaki tissue culture plates and in-
; 0 1 cubated with an equal volume of VZV-infect-
Q 8 16 32 64 128 256 512 1024 ed Vero cells (8x 103/well) for 60 min at 37 C
L o - in a humidified atmosphere. The cells were
| IAHA %“;'Tﬁ?% washed by dipping the plate in HBSS and
I 8 e then stained with 0.005ml of a dilution of
i fluorescein-conjugated antiserum and exam-
6r ined for FAMA antibody to VZV.
4t This technique requires only a small quant-
2t ‘ _-I ity (0.005 ml) of serum for detection of each
0 class-specific antibody to VZV. Vero cells

8

6 32 64 128 256 512 1024
VZV antibody titer

Figure 2. Distribution and frequency of antibody
titers of the same serum obtained in 20 replicate
tests by each of the indicated methods.

are easier to grow and maintain than HEL
cells. Storage of infected Vero cells in liquid
nitrogen did not appear to decrease their abil-
ity to adhere to the flat bottom of Terasaki tis-
sue culture plates and did not appear to in-
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Figure 3. Antibody titers of individuals who developed varicella obtained by the three indicated methods.

crease their nonspecific fluorescent reactions.
By dipping the whole plate into HBSS, the
process of centrifugation for washing cells was
avoided. Direct examination of the cells on
plates with a fluorescence microscope does not
involve troublesome techniques, such as scal-
ing cells under a coverglass with nail polish.
In addition, it is easier to judge whether the
serum dilution is positive or negative for anti-
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