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Summary. - Out o f  485 h u m a n  sera tested b y  neutralization a n d  
e n z y m e  immunoassay  13 were  negative i n  b o t h  tests, w h i l e  a posi­
tive correlation was found in 457 samples (94.3 %). T h e  rest o f  sera 
(3.2 %) showed discordant results. Selected sera were examined, in 
addition, by Western blot and immunoprecipitation assays with the 
aim to  analyse the precipitation profile o f  discordant sera and corre­
late the ELISA titre with the precipitation profiles. High titre sera 
precipitated the main glycoproteins (gC, gB, gE, gD),  the capsid 
polypeptides (VP 5, V P  19, V P  21, V P  22) and several other struc­
tural and nonstructural proteins. T h e  ability o f  sera to precipitate 
viral structural proteins was related to their ELISA titre rather than 
to  their neutralizing activity. 
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Introduction 

Enzyme-linked immunosorbent assay (ELISA) has become the most  
powerful tool for viral antibody detection since its introduction for herpes 
simplex virus (HSV) antibody titration (Voller et al, 1976). Several approaches 
have been  adopted during the last decade, the simplest being the three layer 
solid phase enzyme-immunoassay, in which the antigen is directly absorbed to  
the microplate. Although the quality o f  antigen used for coating seems  essen­
tial, different procedures were used for antigen preparation ranging from 
a crude sonicated cell extract (Cremer et al., 1982; Gilljam et al., 1985), through 
solubilized detergent extracted membrane antigens (Jeansson et al., 1983; 
Ashley  et al., 1985; Lehtinen  et al., 1985) to a sucrose gradient-purified virus 
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suspension (Shillitoe et al., 1983). W e  describe o u r  experience, w i t h  a s i m p l e  
sonicated crude cell antigen u s e d  along w i t h  a non in fected  control cell antigen. 
T h e  results o f  ELISA and  neutralization tests (NT) w e r e  compared w i t h  t h e  
precipitation profi les  o f  selected sera in  W e s t e r n  b lot  analysis a n d  radio immu-
noprecipitation f o l l o w e d  b y  polyacrylamide ge l  electrophoresis. 

Materials and Methods 

Sera. T h e  sera  w e r e  collected f r o m  schizophrenic  pat ients  i n  t h e  Regional  Psychiatry  Hospital ,  
Pezinok a n d  f r o m  heal thy  d o n o r s  (Blood T r a n s f u s i o n  a n d  H a e m a t o l o g y  Clinic, Bratis lava).  T h e  
a g e  o f  t h e  d o n o r s  r a n g e d  f r o m  2 0  t o  7 0  years .  A l l  s e r a  w e r e  s t o r e d  a t  - 2 0°C .  

Antigens. S t r a in  K O S  o f  t h e  h e r p e s  s i m p l e x  v i r u s  ( H S V )  t y p e  1 w a s  u s e d  t o  p r e p a r e  t h e  a n t i g e n s  
f o r  E L I S A ,  W e s t e r n  b l o t  ( W B )  a n d  r a d i o i m m u n o p r e c i p i t a t i o n  ( R I P )  ana lys is .  F o r  E L I S A ,  V e r o  
cells  w e r e  i n f e c t e d  a t  M O I  o f  1 - 2  P F U / c e l l ,  s c r a p e d  o f f  a t  2 4  h r  p o s t - i n f e c t i o n  (p.i.),  i n t o  h y p o t o n i c  
re t i cu locy te  b u f f e r  p H  7.2,  f r o z e n  a n d  t h a w n  a n d  s o n i c a t e d  (3 t i m e s  2 0  sec ,  c o o l e d  o n  ice) ,  a n d  
clar i f ied b y  c e n t r i f u g a t i o n .  T h e  s u p e r n a t a n t  w a s  inac t iva ted  w i t h  f o r m a l i n  a n d  d ia lyzed  a g a i n s t  
p h o s p h a t e  b u f f e r e d  sa l ine  (PBS) .  T h e  a n t i g e n  w a s  t i t r a t ed  i n  a 4 l a ye r ed  E L I S A  u s i n g  s w i n e  an t i -
H S V - 1  I g G  c o a t e d  m i c r o p l a t e s  a n d  i t s  act ivi ty w a s  e x p r e s s e d  i n  a n t i g e n  u n i t s  p e r  n g p r o t e i n .  F o r  
W B  a b o u t  3 - 4  P F U  o f  K O S  v i r u s  w a s  i n o c u l a t e d  p e r  V e r o  cell ;  a t  2 4  h r  p.i . ,  t h e  cel ls  w e r e  w a s h e d  
w i t h  co ld  B P S ,  s c r aped  o f f  i n t o  S n o w d e n ' s  b u f f e r  (1.6 m m o l / 1  M g C l 2 , 6  m m o l / 1  K C 1 , 1 0  m m o l / 1  
T R I S  p H  8 , 1  m m o l / 1  D T T ,  1 % N P - 4 0 , 0 . 5  % D O C ,  0.5 m m o l / 1  P M S F ) .  A f t e r  2 0  m i n  e x t r a c t i o n  a t  
r o o m  t e m p e r a t u r e ,  t h e  cell  d e b r i s  w e r e  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  t h e  s u p e r n a t a n t  w a s  s t o r e d  
a t  - 7 0 ° C .  F o r  R I P  t h e  K O S - i n f e c t e d  V e r o  cel ls  (5  P F U  p e r  cel l )  w e r e  i n c u b a t e d  f o r  15 h r  i n  t h e  
p r e s e n c e  o f  185 k B q  p e r  m l  o f  1 4 C  a m i n o  a c i d s  ( l abe l l ed  f r o m  5 - 1 5  h r  p.i .) .  T h e  m e d i u m  w a s  
d e c a n t e d ,  ce l l s  w a s h e d  i n  P B S  a n d  s c r aped  o f f  i n t o  a s m a l l  v o l  o f  P B S ,  s e d i m e n t e d ,  t r e a t e d  w i t h  
t h e  e x t r a c t i o n  b u f f e r  (0.15 m o l / l  N a C l ,  1 % s o d i u m  d e o x y c h o l a t e ,  1 % T r i t o n  X-100,  0 .1  °/o S D S ,  
0.01 m o l / 1  T R I S  p H  7.4, 0 .001 m o l / 1  P M S F )  f o r  6 0  m i n  a n d  c e n t r i f u g e d .  T h e  s u p e r n a t a n t  w a s  
s t o r ed  a t  - 7 0 ° C  t i l  u s e .  

ELISA. D o m e s t i c  96-well  i m m u n o p l a t e s  ( U M G  Č S A V  Prague)  w e r e  coated w i t h  t h e  viral  
antigen (10 /zg/ml, a b o u t  2 0  ant igenic  uni t s )  and/or  control  ant igen  (prepared f r o m  n o n i n f e c t e d  
V e r o  cel ls  a s  d e s c r i b e d  a b o v e )  u s i n g  carbonate  b u f f e r  p H  9.6. T h e  w e l l s  w e r e  sa tura ted  w i t h  0.5 % 
B S A ,  w a s h e d  a n d  t h e n  s e r u m  w a s  a d d e d  i n  increas ing  di lut ions.  A f t e r  w a s h i n g  w i t h  PBS-
Tween-20 t h e  c o n j u g a t e  w a s  a d d e d  (SwaHuIg/PxSevac,  Prague)  d i lu ted  1:1000. F o l l o w i n g  
washing,  t h e  reaction p r o d u c t  w a s  v i sua l ized  w i t h  o r t h o p h e n y l e n e d i a m i n e  (OPD) i n  citrate b u f f e r  
p H  5 in t h e  p r e s e n c e  o f  H2O2 f o r  3 0  m i n  i n  t h e  darkness .  T h e  react ion w a s  s t o p p e d  w i t h  2 M 
H 2 S O 4 .  T h e  O D 4 9 2  rat ios  in t h e  w e l l s  coated w i t h  v ira l  a n d  control  a n t i g e n s  e x c e e d i n g  2.1 w e r e  
calculated t o  r e e d  t h e  e n d p o i n t s  u s i n g  a Dynatech  minireader .  

Western blots. T h e  ant igen  w a s  b o i l e d  f o r  2 m i n  in SDS-electrophoresis  s a m p l e  b u f f e r  (Spear  
a n d  R o i z m a n ,  1972) e lec t rophoresed  o n  a n  8 % polyacry lamide  ge l .  T h e  s l a b s  w e r e  t r a n s f e r r e d  
onto  ni trocel lulose  filters in  t h e  b l o t t i n g  b u f f e r  (6 g TRIS-HC1,28.85 g glycin,  0 . 4 1  m e t h a n o l ,  2 g 
SDS, 1.61 redist i l led H2O) u n d e r  150 m A  a n d  4 0  V current  in a b lot t ing  apparatus .  T h e  filter s t r ips  
w e r e  i n c u b a t e d  i n  t h e  t e s t e d  s e r u m  di luted  in P B S  p H  7.2 i n  t h e  p r e s e n c e  o f  m i l k  p o w d e r  f o r  2 h r  
u n d e r  c o n t i n u o u s  shaking.  A f t e r  w a s h i n g ,  t h e  s tr ips  w e r e  t reated  w i t h  S w A H u I g / P x  R-1:50 c o n j u ­
ga t e  f o r  2 h r ,  w a s h e d ,  i n c u b a t e d  i n  D A B  s o l u t i o n  f o r  3 - 5  m i n ,  w a s h e d  a n d  d r i e d .  

Immunoprecipitation and SDS polyacrylamide gel electrophoresis. A b o u t  5 0  H1 H S V - 1  a n t i g e n  
w a s  i n c u b a t e d  w i t h  50 f i \  u n d i l u t e d  t e s t e d  s e r u m  ( o r  m o n o c l o n a l  a n t i b o d y  o r  i m m u n e  r a b b i t  
s e r u m )  f o r  2 h r  a t  37°C  t h e n  w i t h  1 0 0 / / l  o f  10 % s u s p e n s i o n  o f  fo rma l in - inac t iva t ed  Staphylococcus 
aureus f o r  3 0  m i n .  A f t e r  c e n t r i f u g a t i o n ,  t h e  pe l l e t  w a s  w a s h e d  200  /ul l i t h i u m  c h l o r i d e  (3  t i m e s ) ,  
bo i l ed  i n  e l e c t r o p h o r e s i s  s a m p l e  b u f f e r  a n d  a f t e r  c la r i f i ca t ion  s u b j e c t e d  t o  e l e c t r o p h o r e s i s  (8 % 
po lyac ry lamide  gel) .  T h e  d r i e d  ge l  w a s  e x p o s e d  t o  X - r a y  R a p i d  film a t  - 7 0 ° C  f o r  2 1  days .  
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Virus neutralization test w a s  performed with the  KOS strain by incubation of 100 PFU virus-
serum mixtures f o r  2 hr in the  absence a s  well  a s  presence of complement (properly diluted f resh  
guinea pig serum). T h e  sera were  inactivated before  use.  Endpoints were  read according to 
obvious reduction o f  semiconfluent CPE in the Leighton tubes  between incubation days 2-4 p.i. 

Results 

Comparison of virus neutralization tests and ELISA 
Table  1 s h o w s  that the  h igher  neutralizing ant ibody ( N A )  levels  as detected 

i n  t h e  presence o f  c o m p l e m e n t  were  i n  g o o d  agreement  w i t h  t h e  ELISA titres. 
T h e  s e r u m  N A  titres w e r e  scored as l o w  i n  t h e  range o f  2-64 a n d  h i g h  in  the  
di lut ion range o f  128-4,096. T h e  ELISA titres were  scored as l o w  i n  t h e  range o f  
160-5,120 a n d  h i g h  b e t w e e n  10,240 to  160,000. In groups  1, 3 a n d  5 there w a s  
a g o o d  agreement  i n  b o t h  tests (98.4 %). F r o m  these, b o t h  tests w e r e  negative 
i n  13 cases (2.7 %). In f o u r  sera the  N A  levels  w e r e  h i g h  w h e n  tested i n  the  
presence o f  complement ,  b u t  l o w  i n  its absence; t h e  ELISA titres w e r e  relati­
vely low (2,560-5,120). Three sera showed low ELISA titres in  the absence o f  
N A .  

Western blot analysis of selected sera 
Group 1 sera did not precipitate any virus-specific polypeptides. Group 2 sera 

Table 1. Comparison of neutralization tests and ELISA to HSV-1 in haman sera 

N T  ELISA Patient  Se rum 
titre t i tre N o .  react ion type 

negat  negat  13 2 . 7 %  group 1 
( <  2) ( <  160) 
negat  low 3 0 . 6 %  group  2 

(160-5,120) 
low low 1 0 . 2 %  group 3 
(2-64) (160-5,120) 
low high 8 1 .6% group 4 
(2-64) (10,240-160,000) 
high high 456 94.1 % group  5 
(128-4,096) (10,240-160,000) 
high* l o w "  4 0 . 8 %  group  6 
(128-4,096) (2,560-5,120) 

Total  485 

* in  t h e  absence  o f  complemen t  t h e  ti tre was low (not  exceeding 64) bu t  definitely positive 
** definitely positives a t  di lutions 2,560-5,120 
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Fig. 1 
W e s t e r n  b lot  wi th  selected h u m a n  sera 
against  HSV-1 (KOS) antigen extracted 

f r o m  infected V e r o  cells 
1 - lanes  1, 9 , 2 , 2 7  sera  f r o m  group 1 (as 

indicated in T a b l e  1). 
2 - lanes  11, 12 sera f r o m  group 2 
3 - lane  2 1  se rum group  3 
4 - sera  f r o m  group 4 (lanes 3, 4 , 1 3 , 1 4 ,  

15, 23) 
5 - sera  f r o m  group 5 (lanes 5 ,6,7,16,17,  

18, 4, 20) 
6 - sera  f r o m  group 5 (lanes 2 2 , 1 0 , 8 , 2 4 )  

precipitated t w o  faint  glycoprotein b a n d s  (gC and  gB) a n d  t h e  m a i n  capsid poly­
peptide 155 k D  (VP 5). Sera from groups 4 and 5 with ELISA titres higher than 
5,120 precipitated at least 12 polypeptides, namely the main glycoproteins (gB, 
gC, g D  and gE), several capsid polypeptides (VP 5, V P  19, V P  21, V P  22) and 
further structural and nonstructural virus-coded proteins (the completely 
negative reactions o f  the individual sera with the noninfected cell extracts are 
not shown). Group 6 sera with a relatively lower ELISA titre (2,560-5,120) 
precipitated about 10 polypeptides, but the bands were less intensive than 
those formed with the group 5 sera (Fig. 1). 

Immunoprecipitation and Immunoelectrophoresis 
Fig. 2 shows the polypeptides precipitated by the sera o f  individual groups, as 

well as by immune rabbit serum and a monoclonal antibody to  gB (Bystrická et 

Fig. 2 
RIPA-PAGE o f  1 4 C-labelled KOS-infec-
ted and noninfected V e r o  cells wi th  d i f fe ­

r e n t  ant isera  
A - 1 s e r u m  f r o m  g r o u p  1 ( infec ted  cells) 

- 5 , 6  s e r u m  f r o m  g r o u p  3 ( infec ted  a n d  
cont ro l  cells); s e r u m  t i t res:  
N T , C +  64; N T ,  C -  32; E L I S A  2,560 

- 7 , 8  s e r u m  f r o m  g r o u p  4 ( infected a n d  
cont ro l  cells); s e r u m  t i t res:  
N T , C +  256; N T , C -  64; E L I S A  10,240 

- 9 ,  10 s e r u m  f r o m  g r o u p  5 ( infec ted  
a n d  cont ro l  cells); s e r u m  t i t res :  
N T , C +  256; N T , C -  64; E L I S A  81,920 

- 11 s e r u m  f r o m  g r o u p  5 ( infec ted  cells 
only) ;  s e r u m  t i t res:  N T . C + 2 5 6 ;  
N T , C -  64; E L I S A  10,240 

B - 7,8 i m m u n e  rabbi t  s e r u m  agains t  
in fec ted  a n d  cont ro l  cells 

- 9 ascitic f lu id  (monoc lona l  an t ibody)  
t o  gB 

*> 11 7 • 9 

A B 
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VP 21 
VP 22 

Fig. 3 
Precipitation of  KOS-infected and control V e r o  cells with human sera 

A - 1, 2 ELISA titre o f  2,560 (infected and control cells) 
- 3 ELISA titre o f  2,560 (infected cells) 
- 4 ELISA titre o f  1,280 (infected cells) 
- 5, 6 ELISA titre o f  10,240 (infected and control cells) 
- 7 ELISA titre o f  10,240 (infected cells) 

B - 1, 2, 3, 5 f o u r  sera  with  an ELISA titre o f  81,920 (infected cells) 
- 4 se rum  a s  in lane 3, b u t  control cells 
- 6 nonprecipitated infected cells 

al., 1991, M o A b  No.  170). G r o u p  3 and  4 sera (neutralization titre l o w  b u t  def i ­
nitely positive) precipitated the main envelope glycoproteins including g D  and 
at least three capsid polypeptides (VP 5, V P  21, and V P  22). T h e  sera o f  group 6, 
which showed lower ELISA titres, precipitated less intensive polypeptide 
bands than those o f  group 5 (not shown). T h e  group 5 sera reacted with the 
same viral proteins as did the immune rabbit serum (Fig. 2-B, lane 7). 

T h e  relationship between the ELISA titre and the number and intensity o f  
precipitated protein bands is demonstrated o n  Fig. 3. A batch o f  sera with 
ELISA titres from 2,560 to  160,000 (10 o f  each titre) was used to precipitate the 
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KOS-infected a n d  n o n i n f e c t e d  1 4 C-labelled cells. Most a b u n d a n t  b a n d s  w e r e  
precipitated b y  sera s h o w i n g  t h e  h i g h e s t  ELISA titre. I n  addi t ion  to t h e  m a i n  
glycoproteins (gC, gB, g E  a n d  g D )  a n d  capsid proteins  (VP 5, V P  19,20,21,22, 
23); f u r t h e r  structural as w e l l  as s o m e  nonstructural  v irus-coded proteins  
(ICP8), altogether 16-18 b a n d s  reacted w i t h  t h e s e  sera. In  contrast, sera w i t h  
lower  titres (2,560 t o  5,120) precipitated t h e  gB/gC complex,  V P  5, V P  21 a n d  
faintly t h e  gD.  Intens ive  precipitation o f  V P  5 b a n d  w a s  probably  m e d i a t e d  b y  
a hetero logous  reaction; it w a s  present  at all sera inc lud ing  t h e  ascitic fluid 
(MoAb) ,  b u t  n o  s e r u m  precipitated th is  b a n d  f r o m  t h e  n o n i n f e c t e d  cel l  extract. 

Discussion 

Sera reveal ing ELISA titres o f  20,480 or h igher  ( N A  ant ibody  titres i n  t h e  
presence o f  c o m p l e m e n t  o f  at least 128 o r  h igher,  g r o u p  5 i n  T a b l e  1) reacted 
w i t h  t h e  e n v e l o p e  glycoproteins  gB, gC, g E  a n d  gD,  a n d  w i t h  t h e  capsid po ly ­
peptides V P  5, V P  19, V P  21, V P  22, V P  23 as wel l  as with at least o n e  nonstruc­
tural polypeptide, the  ICP8. T h e  precipitation pattern o f  such human sera 
resembled t o  that o f  immune  rabbit serum. T h e  same precipitation pattern was 
found with m o u s e  serum at late intervals post-infection (McKendall  et al., 
1988), the  number o f  precipitated polypeptides being different at early and late 
post-inoculation intervals or after antigenic booster. H u m a n  sera tested s o  far 
showed similar reactivity, i.e. with the  envelope glycoproteins and with the  
capsid polypeptides (Ashley  et al., 1985; Bernstein  et al., 1985; Rabie et al., 
1991). For  designation o f  viral proteins w e  used  the  conventional nomencla­
ture o f  HSV-1 glycoproteins: g C  - 125-9 kD,  gB - 115-9 k D  (Spear, 1976; 
Eberle and Courtney, 1980), g D  - 59-60  k D  (Spear, 1976; Adler Stortz et al, 
1983), g E  - 75 -80  k D  (Baucke and Spear, 1979; Ashly  et al., 1985). T h e  nomenc­
lature o f  HSV-1  capsid proteins has b e e n  adopted from H o n e s s  and Roizman 
(1973) and from C o h e n  et al. (1980). T h e  high M r  polypeptide V P  1 (ICP 1-2,  
Bookout and Levey) was no t  precipitated by our sera, although others found 
that it may b e  precipitated by human serum (Rabie et al., 1991). 

T h e  sera, which did no t  neutralize the  virus but showed  definitely positive 
low ELISA titres (up t o  2,560) precipitated at least three H S V  proteins, namely 
the g B / g C  complex and V P  5 (155 kD). It is known that neutralization o f  the  
HSV infectivity is predominantly associated with the anti-gD antibody (Eing  et 
al., 1989). Apparent g D  bands were precipitated with sera showing satisfactory 
neutralization titres (groups 4 and 5). Group 6 sera, which showed a low N A  
titre in the  absence o f  complement  and contained predominantly complement  
requiring neutralizing antibodies (Yoshino  et al., 1965; Taniguchi and 
Yoshino,  1965) reacted more weakly with the  glycoproteins, s o m e  o f  t h e m  
precipitated a very faint g D  band only while other did no t  precipitate this band 
at all (Fig. 1). 



258 M U R A N Y I O V Á ,  M .  et al. 

W e  conclude  that, i n  accordance w i t h  Norrild (1981, 1985), h u m a n  s e r u m  
reacts w i t h  at least t w o  HSV-1 glycoproteins, t h e  intensity o f  the  reaction b e i n g  
d e p e n d e n t  o n  the  ELISA titre. T h e  reaction w i t h  g D  m a y  b e  related to  t h e  N A  
titre. Sera w i t h  l o w  ELISA titres react faintly w i t h  t h e  gB/gC complex  only.  
T h i s  reaction occurs probably d u e  to  the  IgG class antibody, as class IgM a n d  
I g A  antibodies react predominant ly  w i t h  the  l o w  M r  capsid polypeptides a n d  
w i t h  a 80 k D  structural protein (Lehtinen  et al., 1989). T h e  l o w  grade ELISA, 
posit ive non-neutralizing or slightly neutralizing antibodies (sera groups 2 a n d  
3, Tab le  1) probably persisted f r o m  a pr imoinfect ion experienced a long  t i m e  
ago, w h i c h  w a s  n o t  b e e n  boostered b y  secondary reinfection or  recurrencies. 
Our observations, however,  br ing n o  support f o r  t h e  not ion  that precipitation 
pattern o f  a g i v e n  s e r u m  w o u l d  dist inguish t h e  primary and  recurrent infec­
tions. 
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