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A laboratory test for determination of im- 
mune status to varicella-zoster (V-Z) virus is 
essential for rational management of pa- 
tients exposed to this infection. Individuals 
at high-risk to severe varicella include sus- 
ceptible immunocompromised patients, 
newborn infants, and adults who may be 
protected from severe varicella by passive 
immunization with zoster immune globulin 
(ZIG; 1) or  high-titered immune serum 
globulin (ISG; 2) within 72 hr of exposure. 
Since supplies of ZIG and ISG are limited, 
it is important to assess the immune status of 
individuals shortly after exposure in order 
to plan rational therapy for them. 

The fluorescent antibody to membrane 
antigen (FAMA; 3) test is an effective assay 
for evaluation of immunity to V-Z virus. 
This sensitive, specific test is not practical 
for managing patients, however, since it is 
not generally available. 

The technique of immune adherence he- 
magglutination (IAHA) is useful both for 
the study of bacterial and viral pathogens 
and for the immune response of the host 
directed against them (4-7). This assay may 
be used to detect either antigen or  antibody; 
it seems to be sensitive, relatively free of 
nonspecific reactions, and simple to per- 
form. This report describes an adaptation of 
the IAHA test for the detection of V-Z 
antibody in serum specimens obtained from 
patients before and after onset of varicella 
and zoster. 

Materials and methods. Reagents. Gelatin 
veronal buffer (GVB) was prepared by mix- 
ing one part of 5 X  barbital buffer to four 
parts of 0.1% gelatin in water. Two liters of 
5 X  barbital buffer contains 83 g NaC1, 
10.19 g Na 5,5-diethyl barbiturate, 34.6 ml 
1 N hydrochloric acid, and 5 ml of a solu- 
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tion containing 1 M MgC1, and 0.3 M CaCl, 
(20.33 g MgC1,-6H2O and 4.4 g 
CaC12.2H,0 in 100 ml H 2 0 ) .  The pH of this 
solution was 7.4. VB was a similar solution 
with gelatin omitted. DTT-VB-EDTA was 
prepared by mixing 200 ml of 0.10 M 
EDTA, 300 ml VB, and 1.5 g dithiothreitol 
(DTT; Sigma Chemicals). Alsevers solution 
was prepared by adding 20.5 g glucose, 8 .O 
g Na citrate, and 4.2 g NaCl to 1000 ml of 
H 2 0 .  The pH was adjusted to 6.1 with citric 
acid if necessary. All solutions were stored 
at 4" and were stable indefinitely with the 
exception of solutions containing gelatin 
which were stable for up to 1 week. 

Cells, virus, and antigen. The Ellen strain 
of V-Z virus was propagated in human em- 
bryonic lung fibroblasts (HELF) grown in 
modified Eagle's medium (3). V-Z antigen 
was prepared by scraping infected cells into 
Hanks solution, disrupting the cells by soni- 
cation, and clarifying the solution by low- 
speed (1OOOg) centrifugation. Generally, a 
32-oz bottle of infected HELF (90% cyto- 
pathic effect) was used to prepare 1 ml of 
antigen. Antigen was stored frozen at  -70" 
until ready for use. A control preparation 
was made by sonication of a similar concen- 
tration of uninfected cells. The optimal dilu- 
tion of V-Z antigen in GVB was determined 
by a standard checkerboard titration of dilu- 
tions of antigen against dilutions of V-Z 
antiserum. Usually a 1:16 dilution of anti- 
gen was optimal and was therefore used. 
The control preparation was used in a simi- 
lar dilution with each serum to be tested. 

Sera. The initial serum tested for V-Z 
antibody by I A H A  was the laboratory's ref- 
erence antiserum. This serum was obtained 
from a patient several weeks after onset of 
zoster. The V-Z FAMA titer of this serum 
was 1 :5 12 and the V-Z C F  titer was 1 : 128. 
The cytomegalovirus (CMV) C F  titer was 
1 :4, the herpes simplex virus I (HSV I)  C F  
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titer was 1:16 and the herpes simplex virus 
I1 (HSV 11) CF titer was 1:4. The V-Z 
IAHA titer was 1:1024. 

Sera in most instances had been obtained 
from patients from 1-17 years previously; 
sera were stored at -20". Serum had been 
obtained from 19 persons at or prior to their 
exposure to varicella, from 23 patients 1-15 
weeks following the onset of varicella, from 
15 patients during the first week of zoster 
and again while recovering from zoster, and 
from 19 adults with a history of varicella 
many years previously. 

Sera were inactivated by heating to 56" 
for 30 min. Dilutions were made in GVB in 
tissue culture grade microtiter V plates (Lin- 
bro) . 

Complement. Guinea pig complement 
(C') (Cordis Laboratories) was stored at 
-70". It was diluted for use in GVB. Each 
new lot was titered to find the optimal dilu- 
tion of C' to produce 4+ agglutination of 
RBC with optimal dilutions of V-Z antigen 
and antibody. Usually a dilution of 1 : l O O -  
1 : 120 was used. Complement was kept in an 
ice bath after dilution and prior to addition 
to plates. 

Red blood cells (RBC). Human type 0 
positive whole blood was collected in twice 
the volume of Alsever's solution and kept at 
4". RBC could be kept for up to 1 week. 
Prior to use RBC were washed three times 
with GVB and adjusted to a 1.5% suspen- 
sion in GVB. Not all RBC are said to be 
suitable for the test ( 5 ) .  A donor whose cells 
gave 4+ agglutination with V-Z antigen and 
antibody (but not with the control prepara- 
tion) was used. Of three 0 positive donors 
tested all gave good results with the V-Z 
IAHA technique. 

Fluorescent antibody to membrane antigen 
( F A M A )  test. This assay was performed as 
described previously (3) using unfixed 
HELF infected with V-Z virus as antigen. 

Complement fixation. This assay was per- 
formed as described previously (3) utilizing 
five 50% hemolytic endpoint units of com- 
plement. 

Performance of the V-Z I A H A  test. 
1. Serial dilutions of 1:2-1:256 of serum 
were made in GVB in microtiter plates 
(0.025 ml/well) . Only tissue culture grade 
plates could be used for the test. Two sets of 
dilutions of serum were made for each test, 

one to which V-Z antigen would be added 
and one to which control antigen would be 
added. 

2. V-Z antigen, 0.025 ml (or control 
preparation, 0.025 ml), at the previously 
determined optimal dilution in GVB was 
added to each well containing serum dilu- 
tions. Plates containing sera and antigen 
were mixed on a vibrator at room tempera- 
ture for 10 seconds and then incubated at 
37" for 1 hr . Timing was critical and incuba- 
tion times had to be exactly as noted in 
order to avoid low (decreases of up to three 
dilutions) or nonspecific "positive" reac- 
tions (i .e . , 4  + agglutination with the control 
uninfected antigen). 

3. Complement at the appropriate dilu- 
tion in GVB (0.025 ml) was added to all 
wells. The plates were again mixed for 10 
sec and incubated at 37" for 40 min. 

4. D T T - V B - E D T A  (0 .025  ml )  was 
added to all wells and the plates were mixed 
on the vibrator. 

5 .  A 1.5% suspension of RBC in GVB 
(0.025 ml) was added to each well. The 
plates were mixed for 5 min and left at room 
temperature for 3 hr for hemagglutination 
to develop. 

6. Observed reactions ranged between a 
well-demarcated button of RBC (no agglu- 
tination) read as 0 and a uniform pattern of 
agglutination in which there was no button 
of RBC visible, read as 4 + .  Only a 4+ 
reaction was read as positive. Occasionally a 
nonspecific reaction was observed with cer- 
tain sera (4+ agglutination in wells contain- 
ing control uninfected antigen). This type of 
reaction was more common in sera that had 
been stored for 8-10 years at -20". 

Results. Sera from patients susceptible to 
varicella. Serum that had been obtained 
from 19 normal individuals prior to onset of 
varicella were tested by tine V-Z IAHA 
method. As indicated in figure 1 the IAHA 
V-Z antibody titer of all 19 specimens was 
<1:2. 

Sera from persons convalescing from vari- 
cella. Serum that had been obtained from 23 
otherwise normal individuals from 1-1 5 
weeks following the onset of varicella were 
tested for V-Z IAHA antibody. Most of 
these sera were convalescent specimens 
from those persons from whom the prevari- 
cella bloods had been obtained. As indi- 
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FIG. 1 .  Graph depicting varicella-zoster (V-Z) im- 
mune adherence hemagglutination (IAHA) antibody 
titers in 22 patients before and after the onset of vari- 
cella. Prior to onset all individuals had titers of < 1 :2. 
During convalescence from varicella all had detectable 
V-Z IAHA antibody with titers ranging from 1:32- 
1:2048. 

cated in Fig. 1, V-Z IAHA antibody was 
detected in each of the 23 specimens tested; 
the titer ranged between 1 :32 and 1 :2048. 

Sera from persons immune to varicella. 
Serum had been obtained from 19 adults 
with a history of varicella 10-20 years prior 
to sampling. As indicated in Fig. 2, all 19 
sera had detectable V-Z IAHA antibody 
with titers ranging from 1:4 to 1:512. 

Patients with zoster. Sera had been ob- 
tained from 15 individuals early and late in 
the course of zoster. As indicated in Fig. 2, 
V-Z IAHA antibody was detected in all 
sera. The antibody titers ranged from 1 :8 to 
1:128 in the acute sera, and 1:128 to 1:8192 
in convalescent sera. In each instance, the 
diagnosis of zoster had been confirmed by 
virus isolation or by a fourfold increase in V- 
Z CF titer, or both. 

Sera from patients with herpes simplex vi- 
rus (HSV)  and cytomegalovirus (CMV)  in- 
fections. These sera were tested to deter- 
mine whether a rise in V-Z titer by IAHA 
occurs during infection with other herpesvi- 
ruses closely related to V-Z virus. In four of 
four cases of CMV infection and in four of 
four cases of HSV infection in which a sig- 
nificant rise in antibody to the homologous 
agent could be detected by CF, there was no 
change in V-Z IAHA titer. Of the patients 
with HSV infections three had a previous 
history of varicella and had positive FAMA 
titers with no increase in V-Z titer between 
acute and convalescent titers as measured 
by FAMA and CF as well as IAHA. 

Comparison of I A H A ,  FAMA,  and CF 
titers. Representative samples of these titers 
are presented in Table I. In serum obtained 
prior to the onset of varicella antibody to V- 
Z virus was not detected by any of these 
techniques. During convalescence from var- 
icella antibody to V-Z virus was detected by 
all of the techniques. With all techniques a 
fourfold increase in V-Z titer was noted. 
Generally IAHA and FAMA titers were 
within one dilution of each other; CF titers 
were often three or more dilutions below 
IAHA and FAMA titers. V-Z antibody ti- 
ters in immune adults were similar with both 
IAHA and FAMA tests. In contrast only 
25% of immune adults had detectable anti- 
body by CF and only at low dilutions. Fol- 
lowing onset of zoster, V-Z antibody was 
detectable by all three techniques. Again 
IAHA and FAMA titers were within one 
dilution of each other and often three or 
more dilutions higher than CF titers. In pa- 
tients with zoster a fourfold or greater rise in 
V-Z antibody titer between acute and con- 
valescent sera was detected by each method. 

Discussion. These data suggest that the 
IAHA technique is a serologic tool that may 
be useful for the diagnosis of varicella or 
zoster. High titers of V-Z antibody appear 
following varicella and the magnitude of the 
response is even higher following the sec- 
ondary V-Z infection, zoster. The V-Z anti- 
body titers are greater than those obtained 
by complement fixation and similar to those 
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FIG. 2. Graph depicting varicella-zoster (V-Z) im- 
mune adherence hemagglutination (IAHA) antibody 
titers in 15 patients early and late in the course of zoster 
(0). In all patients initial sera contained detectable V- 
Z IAHA antibody. In all patients convalescent sera 
revealed a fourfold or greater rise in V-Z IAHA anti- 
body titer. V-Z IAHA titers of 19 normal adults with a 
history of varicella years ago are also shown (A). 
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TABLE I" 

Reciprocal of titer 

Patient IAHA FAMA CF 

1 .  Prevaricella 
2 .  
3 .  
4 .  
5 .  Convalescent varicella 

6 .  (2 weeks post) 
7.  (2 weeks post) 
8.  (2 weeks post) 
9. Immune adult 

(1 week post) 

10. 
1 1 .  
12. 
13. Convalescent zoster 

(1.5 weeks post) 
14. (2 weeks post) 
15. (2 weeks post) 
16. (4 weeks post) 

<2 
<2 
<2 
<2 

256 

1024 
128 
512 

4 
8 
8 

16 
2048 

2048 
1024 

128 

<2 
<2 
<2 
<2 

128 

1024 
128 
256 

4 
4 
4 

16 
512 

1024 
512 

64 

<4 
<4 
<4 
<4 
32 

128 
64 

4 
<4 

4 
<4 
<4 
64 

128 
256 

64 

a Comparison of V-Z antibody titers obtained by 
immune adherence, fluorescent antibody to membrane 
antigen, and complement fixation techniques. The for- 
mer two techniques yielded similar titers which were 
frequently at least three dilutions higher than titers 
obtained by complement fixation. In patients with vari- 
cella and zoster fourfold or greater differences in V-Z 
titer were demonstrated using all three techniques. 

obtained by FAMA technique. High titers 
of specific antibody to hepatitis virus have 
been demonstrated similarly following hep- 
atitis A and B infection using the IAHA test 
(6,7). The mechanism underlying this test is 
that when antigen and antibody combine, 
the third component of complement (C'3)  
is activated causing RBC to agglutinate due 
to their C'3 receptor (4). 

Thus far, the V-Z IAHA antibody test 
appears to be specific since heterologous 
rises in antibody titer to other herpesviruses 
were not found in the sera which were 
tested. The only technical problems noted 
with the IAHA technique were occasional 
nonspecific reactions against control anti- 
gens, particularly with serum that had been 
stored for 10 or more years. 

Most important, the V-Z IAHA assay is a 
very practical test. It appears to be sensitive, 
and sera can be tested in low dilutions so 
that low levels of antibody may be detected. 
The test is simple enough to be performed in 
any routine laboratory and thus within 
hours one could determine the immune sta- 

tus of an individual with regard to varicella. 
If an exposed person is susceptible, and is at 
high-risk to severe varicella, passive immu- 
nization may be promptly administered. 

The other sensitive method to demon- 
strate V-Z antibody, the FAMA test, also 
may be used to determine immune status to 
varicella ( 3 ) .  However, this test has the seri- 
ous drawback of limited availability; it uti- 
lizes live tissue culture cells infected with V- 
Z virus as antigen so that it can only be 
performed in a laboratory in which the virus 
is being propagated. In contrast, the V-Z 
antigen used for IAHA is stored frozen at 
-70°, and it may be shipped to any labora- 
tory for use. The V-Z IAHA antibody assay 
requires little in the way of equipment 
whereas equipment for fluorescence micros- 
copy is required for the FAMA test as well 
as a tissue culture laboratory. 

Summary. A serologic test for measure- 
ment of antibody to V-Z virus by immune 
adherence hemagglutination is described. 
Initial evaluation of the test has shown it to 
be highly sensitive, specific, rapid, and sim- 
ple to perform. The V-Z antigen may be 
stored at -70°, and the test could be per- 
formed in any routine serology laboratory. 
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