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Summary. — The  antigenic potency of t he  varicella skin test  
antigens was assayed b y  reversed passive haemagglutination 
(RPHA) test  using sheep red blood cells coated with zoster con­
valescent serum a n d  b y  enzyme linked immunosorbent assay 
(ELISA) using anti-VZV sera or monoclonal antibody t o  g p l  fol­
lowed b y  a n  anti-IgG (3-galactosidase conjugate. Three kinds of 
varicella skin test  antigens were compared: a soluble varicella skin 
tes t  antigen, a modified soluble varicella skin tes t  antigen, and  a 
crude varicella skin test  antigen. The R P H A  test  was suitable for  
the  soluble and  for  modified soluble varicella skin tes t  antigens 
b u t  i t  was no t  suitable for the  crude varicella skin test antigen. 
ELISA was applicable for all t he  three antigen types. I t  was 
possible to  assess quantitatively t he  content of viral antigens in 
the  same type  of t he  skin test  antigen, b u t  no t  b y  comparing 
the  different skin test  antigen types. E L I S A  was more efficient 
in the  quanti tat ive assay of t he  amount  of viral antigens t h a n  
t he  R P H A  test .  
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Introduction 

The sk in  test  antigen for testing varicella-zoster virus (VZV) was de­
veloped a n d  first characterized b y  Kamiya  et al. (1977) ;its clinical uti l i ty in 
predicting t he  immunity to  VZV lias been fur ther  documented (Baba  et al., 
1978; H a t a ,  1980; Asano et al., 1981; Shiraki et al., 1984; Tanaka  et al., 
1984; F lorman  et al., 1985; LaRussa  et al., 1985). Two types of skin test  
antigens have  been introduced. The  crude varicella skin test  antigen can be  
prepared f r o m  the  sonicated VZV-infected cells (Kamiya  et al., 197S; Baba  
et al.. 1978; Ha ta ,  1980; Asano et al., 1981; Shiraki et al., 1984; Florman  et 
al.. 1985; LaRussa  et al., 1985), while the  soluble varicella skin tes t  antigen 
was prepared f rom the  supernatant  of VZV infected culture which was 
found to  contain mainly two major  viral glycoproteins excreted f rom VZV-
infected cells (Asano et al., 1981; Shiraki  et al., 1982; Shiraki and Takahashi, 
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1982; Shiraki et al., 1984; Tanaka  et al., ]984; Baba  et al., 1987). Tlie anti-«<:"'(y,0
í
tenc-r °J CľU(J° K k ' n  t c s t  antigen was  assessed b y  complement fixation 

(ol<) test  and that  of the soluble skin test antigen was  established b y  RPHA 
test  (Shiraki et al., 1984). Although the latter is sensitive, the procedure is 
complicated and the value obtained i« n o t  dist inct  enough for  comparing 
t h e  antigenic potency of t h e  skin t es t  antigens because t h e  system assays 
t h e  antigens in two-fold serial dilutions. E L I S A  is easy a n d  more convenient 
t o  perform t h a n  R P H A  test .  Monoclonal antibodies t o  viral glycoproteins 
have  been prepared a n d  also anti-VZV polyclonal sera are available for  t h e  
serological assay. This  s t u d y  was designed t o  measure the  antigen content  
m the  skin t es t  ant igens b y  E L I S A .  

Materials and Methods 

<• trJlr ,'f. 1 ho crude varicel la skin t e s t  ant igen w a s  prepared f r o m  sonicated extracts  
(Oka s t r a m H n f e c t e d  MRC-5 cells  (Takahashi  et al., 1975; K a m i y a  et al., 1978- Asano  

et al., 1981; Shiraki  et al., 1984). Brief ly .  MRC-5 cells  were inoculated w i th  virus-infected cells 
a t  a rat io  of 1 t o  6 uninfected cells.  A f t e r  incubat icn for 4 8  hr  a t  :i7 C, VZV-infected cells in 
a R o u x  b o t t l e  wore washed three t imes  w i t h  phosphate-buffered sal ine ( P B S )  and s i  spended 
m .) m l  of I U.S. I lie cell suspension w a s  sonicated and centrifuged a t  1.500 x g  for  10 min  fol­
lowed b y  heat ing  a t  6 6  C for  3 0  min.  T h e  soluble  varicel la skin t e s t  ant igen  w a s  prepared a s  
fo l lows  (Asano  el al., 1981; Shiraki  et al.. 1984): b y  24 hr  post- inoculation t h e  VZV-infected 
MRC-5 ce l l s  were  washed three  t imes  w i t h  P B S  and  t h e n  refed w i th  enriched minimal essential 
m e d i u m  wi thout  foe ta l  bovine  serum and  phenol  red for  24  hr. Culture fluids were collected 
arid centrifuge,  a t  1,800 x g  for  10 m i n  a n d  t he n  at 100,000 x g  for 2 hr.  T h e  supernatants  were 
hea ted  a t  6 6  C for  3 0  m m .  T h e  modified soluble  varicel la skin test  ant igen w a s  prepared from 
t h e  culture fluids in t h e  s a m e  w a y  a s  t h e  soluble  varicel la skin test  ant igen but  a f t er  three 
t imes  freezing a n d  thawing.  T h e  control ant igens  were  prepared from noninfected cells. T h e  
protein concentrat ion of each preparation w a s  determined (Bradford, 1976). T h e  antigenic 
po tency  of t h e  skin t e s t  ant igen  w a s  examined  b y  intradermal injection in to  t h e  forearm. 

Antisera to VAX I. Zoster  convalescent  serum (1 : 512 a s  determined b y  t h e  complement  
fixation tes t )  (Slurak,  et al.. 1982), 2. ant i -VZV guinea  p i g  s e i u m  (1 : > 400  a s  determined b v  
t h e  neutral izat ion te s t )  (Shiraki and  H y m a n ,  1987), and 3.  monoclonal ant ibody  t o  g p l  (Okuno 
et al 1983; D a v i s o n  et al., 1986). T h e  monoclonal  ant ibody  (CI 12) reacted w i th  viral  glyco­
protein (gpl )  and w i t h  glycoproteins  o f  molecular we ight  o f  55 k D  and 45 k D  T h e  soluble 
varicella ant igen  contained t h e  4 5  k l )  g lycoprotein derived from the  6 5  k l )  glycoprotein- it is 
o n e  o f  t w o  major  g lycoprote ins  excreted from infected cells  (Shiraki et al.. 1982; Shiraki a n d  
lakahash i ,  1982; Okuno  et al., 1983). 

Serological assay of the skin test antigens. T h e  R P H A  test  w a s  performed a s  described previ­
ous ly  (Shiraki  el al., 1984). Brief ly ,  formalin-fixed sheep red blood cells  (K-RBC) were treated 
ion/' 'ľ,/","' w i t h  z 0 H t 0 r  c o n v a l e s c e n t  s e r u m .  A n t i g e n s  w e r e  p r e i n c u b a t e d  w i t h  
, < l  final 1 % A n t i g e n s  w e r e  s u b j e c t e d  t o  t w o  f o l d  serial 

d i l u t i o n  a n d  i n c u b a t e d  w i t h  a n t i b o d y  coated  F - R B C .  A n t i g e n i c  t i t res  o f  t h e  s k i n  test  a n t i g e n s  
w o r e  d e t e r m i n e d  b y  t h e i r  H A  p a t t e r n .  

A n t i g e n i c  p o t e n c y  w a s  assessed b y  t w o  m e t h o d s  (direct  a n d  s a n d w i c h )  o f  a n t i g e n  c o a t i n g  
o n  t h e  E L I S A  p l a t e .  A 100 \x\ a l i q u o t  o f  t h e  a n t i g e n s  w a s  d i s t r i b u t e d  t o  t h e  w e l l s  o f  t h e  ELISA. 
p l a t e  (Gremer)  a n d  i n c u b a t e d  a t  4 C o v e r n i g h t  (direct m e t h o d ) .  T h e  w e l l s  w e r e  w a s h e d  a n d  t h e  
s u r f a c e  w a s  b l o c k e d  w i t h  1 %  b o v i n e  s e r u m  a l b u m i n  (BSA)  in P B S .  Zoster  conva lescent  s e r u m  
o r  asci tes  of m o n o c l o n a l  a n t i b o d y  w a s  d i l u t e d  1 : 50  w i t h  1 %  B S A  i n  P B S  a n d  t h e n  u s e d  a s  
a n t i - V Z V  s e r u m  A f t e r  w a s h i n g  t h e  w e l l s ,  100 ,xl o f  a n t i - V Z V  s e r u m  w a s  a p p l i e d  a n d  i n c u b a t e d  
o r  I h r  at, .17 0 .  A f t e r  w a s h i n g  t h e  we l l s ,  a n t i - h u m a n  IgO fi-galaotosidase c o n j u g a t e  (Amers-

fiairi) o r  a n t i - m o u s e  IgO (3-galafltosidaso c o n j u g a t e  ( A m e r s h a m )  a n d  nitrophenyl-B-D-galacto-
pyranoHide w e r o  u s e d  according  t o  t h e  m a n u f a c t u r e r ' s  ins t ruct ion .  

In t h e  s a n d w i c h  m e t h o d ,  a n t i - V Z V  s e r u m  w a s  c o a t e d  first- o n  t h e  p l a t e .  Zoster  s e r u m  o r  
g u i n e a  p i g  s u r u m  w a s  d i l u t e d  I ; 50  w i t h  I'BS a n d  100 ,xl o f  d i l u t e d  s e m m  w a s  d i s t r i b u t e d  t o  
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each  w e l l .  A f t e r  o v e r n i g h t  i r .cubat icn  a t  4CC', t h e  w e l l s  w e r e  w a s h e d ,  100 (j.1 o v e r n i g h t  i n c u b a t i o n  
a t  4 C, t h e  w e l l s  w e r e  w a s h e d ,  100 :j.l o f  a n t i g e n  w a s  a d d e d  a n d  i n c u b a t e d  f o r  1 Jir a t  37  eC. 
A f t e r  w a s h i n g  t h e  wel ls ,  f u r t h e r  react ions  w e r e  p e r f o r m e d  i n  t h e  s a m e  w a y  a s  b y  d i i e c t  m e t h o d .  

Results 

Table 1 shows the protein concentration, the RPHA titre, and the anti­
genic potency assessed in vivo b y  the  skin reaction. Each  antigen possessed 
enough potency t o  induce t he  skin reaction. The antigenic potency of skin 
test  antigens was well correlated with the  R P H A  ti t re  except for  the  crude 
varicella antigen. The number of antigen molecules or particles determined 
t h e  t i tre in t he  R P H A  test.  Although the  crude varicella skin tes t  antigen 
contained a higher protein concentration and a comparable skin test  reac­
t ivi ty ,  the viral antigens were present as large aggregated forms. I n  R P H A  
test this m a y  have resulted in a lower antigenic t i t re  t h a n  with other 
antigens. 

Table 2 shows the comparative antigenic potency of the  skin test  antigens 
assessed b y  the  ELISA test .  Antigens were coated on the  ELISA plates and 
reacted with zoster convalescent serum and monoclonal antibody (CI 12) (dir­
ect method). The soluble varicella antigen was well assessed b y  zoster serum 
and b y  monoclonal antibody. I n  repeated experiments the  modified soluble 
skin test  antigen was not efficiently detected b y  the  zoster serum. The  
reason is no t  clear, b u t  this might occur possibly due t o  less efficient antigen-
fixation on the  plate or due to  poor antigenic presentation in this type of 
preparation t o  the  antibody in zoster serum. The crude varicella antigen 
exhibited higher antigenic content in the  sandwich method t han  in the  
direct method. This m a y  be due t o  bet ter  antigen fixation on the  E L I S A  
plates coated with anti-VZV serum. Both  the  soluble and modified soluble 
varicella antigens were low in antigenic value b y  the  sandwich method. 
Viral antigens in these preparations may  be present as single molecules or 

i 
Table 1. Antigenic- potency of skin test antigens 

Antigens  Prote in  concentration R P H A  Skin reaction at  24  hours 
(jJ-g/ml) titre (mm) 

Soluble control 9.5 1 < 1  N D  
Soluble varicella 8.5 1 •2:1.7 15 x 15 
Modified control  48.2 1 < 1  N D  
Modif ied var ice l la  52.8 1 2 4 16 X 16 
Crude control  85.4 1 < 1  N D  
Crude var ice l la  92.8 1 o 15 X 18 

N D  = n o t  d o n e  
T h e  R P H A  t i tres  o f  t h e  s k i n  t e s t  a n t i g e n s  w e r e  t h e  m e a n s  o f  three  assays.  
One o f  t h e  a u t h o r s  w i t h  a h i s t o r y  o f  var ice l la  u n d e r w e n t  s k i n  tests.  T h e  s k i n  tes t  a n t i g e n s  
(0.1 m l )  w e r e  i n j e c t e d  i n t r a d e r m a l l y  i n t o  t h e  forearm.  T h e  c u t a n e o u s  react ion  w a s  e x a m i n e d  
at 8, 24, a n d  48  h r  a f t e r  in jec t ion .  
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Tnlilc  1!. AII|I(JCMIC assay of Hic s k i n  iinli{jciis liy Í-LIS A lest 

A n t i g e n s  Direct  m e t h o d  
S a n d w i c h  m e t h o d  

(monoclonal  a n t i b o d y )  

ZoHtor s e r u m  Monoclonal  Zoster s e r u m  G u i n e a  p i g  
a n t i b o d y  (Cl 12) c o a t i n g  s e r u m  c o a t i n g  

Solub le  control  
Solub le  var ice l la  
Modif ied  contro l  
Modif ied var ice l la  

29 
248 

34 
95  
38 

•lit) 

105 
207 
121 
1S1 
(H 

035 

H 
88 
24 

121 
5!) 

:S8 
9 6  
4 4  
97 
82  

961 
Crude control 
Crude varicella 1,071 

T h e  values  o f  t h e  K LISA as s ay  were expressed a s  t h e  absorbanee x 1,000. 
Monoclonal an t ibody  (ĽI 12) w a s  u s e d  a s  t h e  second  s e r u m  t o  d e t e c t  v i r a l  a n t i g e n s  i n  t h e  s a n d ­
wich method.  

oligomeric fo rms ,  a n d  n o t  a s  large aggrega ted  f o r m  of v i r a l  an t i gens ,  wh ich  
resu l t ed  in a l imi ted  n u m b e r  of  an t igen ic  s i tes  in a single v i ra l  an t igen .  T h i s  
m a y  cause  compet i t ion  o r  b locking of  t h e  reac t ive  s i te  b y  polyclonal  a n t i ­
b o d y  ve r sus  monoclonal  a n t i b o d y .  

Table U shows the  results o f  comparative antigenic assay o f  soluble var­
icella skin tes t  antigens assessed b y  direct method using zoster serum. 
Antigen H w as  the  soluble control skin test  antigen. The  titres of  the  anti­
gens  in the  R P H A  test  ranged from 1 : 4 t o  I : 8, and all antigens had  enough 
reactivity t o  induce skin reaction (more than  15 m m  in diameter). The  
value o f  the  E L I S A  reading of  the  antigens ranged from 130 t o  411 cor­
responding t o  a I : 4 titrc in the R P H A  test,  and 548 and  795 for a 1 : 8 
titre in t h e  R P H A  test .  The  values between the  R P H A  and E L I S A  tests  
were correlated. The  E L I S A  test determined the amount  of  viral antigens 
in the skin test  antigens more precisely than  the  R P H A  test .  

Table Comparative aiiti]|cnic assay of the soluble varicella skin (esl antigens 

Ant igons  A 1! C 1) E 1'' G H 

1 'rotein concentra-
1 ion (|xg/ml) 
It I'll A 
K LISA 

IH.I 
1 : 4 
384 

24 
1 : 4 

I <1.8 
1 : 4 
130 

10.2 
1 : 8 
795 

11.5 
1 : 4 
1 7(1 

13.1 
1 : 4 
250 

9 .6  
1 : 8 
548 

0.4 
1 : - ;  1 
2 9  

Antigens  A, H, (', I), ľ), ľ', (} were  l i m  so lub le  var ice l la  s k i n  test ant igens .  A n t i g e n  H w a s  t h e  
s o l u b l e  contro l  s k i n  test  a n t i g e n .  A n t i g e n i c  v a l u e  i n  t h e  HLINA tost  w a s  d e t e r m i n e d  b y  d i rect  
m e t h o d .  Tl io  v a l u e  o f  t h e  I0LISA test  w a s  expressed a s  t h e  a b s o r b a n e e  X 1,000. 
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Discussion 

The varicella skin test antigens were examined for their antigen content 
b y  the RPHA and ELI8A tests. The soluble varicella skin test antigen with 
the RPHA titre of 1 : 4 or higher could induce skin reaction (Shiraki et al., 
19S4). Although RPHA test is useful in evaluating the antigen content, i t  
is not suitable for quantitative comparison of the antigenic value of each 
preparation because of the rather rough titration as shown in Table 3. This 
study was designed to quantify then antigen amount b y  ELIS A. I t  is dif­
ficult t o  compare the  antigen content of skin test  antigens in a single assay 
because of their diversity in the  antigenic form, b u t  i t  is possible t o  compare 
antigen amount  of each preparation b y  t he  same assay method.  

The soluble varicella skin test antigen contains two major  soluble viral 
glycoproteins, and  this antigen can be assessed b y  direct method b y  zoster 
serum or monoclonal antibody. The crude varicella skin test  antigen can be 
assessed b y  both  the direct and sandwich methods. The modified skin tes t  
antigen m a y  contain two major  glycoproteins and the  other viral proteins 
degraded from viral particles and  infected cells b y  freezing and thawing. 
This antigen seems to  be less efficient for  ELISA b u t  can be assessed b y  
combination of the  direct and  sandwich methods. ELISA is technically f a r  
easier and  cheaper t han  the  R P H A  test .  Antigenic assay b y  ELISA makes 
i t  possible t o  compare quantitatively t he  amount  of viral antigen of the  
soluble varicella antigens as shown in Table 3. ELISA test  can be used for  
standardization of the  amount  of skin test  antigen content. 
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search from t h e  Japanese  Mininsty c f  Educat ion,  Science, a n d  Culture. 

R e f e r  e n  c e s 
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