
Acta viroi 35 : 113 - 126, 1991 

S E R O L O G I C A L  R E S P O N S E S  T O  H E R P E S  S I M P L E X  V I R U S  T Y P E  1 
(HSV-1)  A N A L Y S E D  W I T H  E N Z Y M E - L I N K E D  I M M U N O S O R B E N T  

A S S A Y  ( E L I S A )  A N D  W E S T E R N  B L O T  ( W B )  

H. RABIE-FINGER, E. VALENTINE-THON*, J. STEINMANN*, A .  NEHRKORN 

University o f  Bremen, Department o f  Biology, Leobener  Strasse, D-2800 Bremen 33; and 
*State Hygiene Institute, St.-Jiirgen Strasse, D-2800 Bremen 1, Germany 

Received January 29, 1990 

Summary. - Sero log ica l  r e s p o n s e  o f  5 6  p a t i e n t s  t o  p r i m a r y  a n d  
r e c u r r e n t  h e r p e s  s i m p l e x  v i r u s  t y p e  1 (HSV-1)  i n f e c t i o n  w e r e  
s t u d i e d  b y  e n z y m e - l i n k e d  i m m u n o s o r b e n t  assay  ( E L I S A )  a n d  b y  
W e s t e r n  b l o t  a n a l y s i s  ( W B ) .  E L I S A  t e s t  s h o w e d  a h i g h  s e n s i t i v i t y  i n  
d e t e c t i n g  I g G ,  IgM, a n d  I g A  a n t i b o d i e s .  F r o m  2 7  p a t i e n t s  w i t h  
r e c u r r e n t  i n f e c t i o n ,  13 (48%) h a d  I g M  a n t i b o d y .  T h e  p e r c e n t a g e  o f  
p a t i e n t s  p o s i t i v e  f o r  I g A  w a s  s i m i l a r  a m o n g  t h o s e  w i t h  p r i m a r y  
(72.4%) o r  r e c u r r e n t  (81%) i n f e c t i o n .  T h e  b a n d  p a t t e r n  i n  W B  a l o n e  
d i d  n o t  a l l o w  t o  d i s t i n g u i s h  b e t w e e n  p a t i e n t s  w i t h  p r i m a r y  o r  r e c u r ­
rent  in fec t ions .  Furthermore ,  n o  correlation b e t w e e n  t h e  particular 
viral prote ins  a n d  clinical mani fes ta t ion  c o u l d  be-determined.  T h e  
k inet ics  o f  ant ibody  r e s p o n s e  c o u l d  b e  f o l l o w e d  w i t h  b o t h  m e t h o d s .  
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Introduction 

In fec t ion  w i t h  h e r p e s  s i m p l e x  v irus  t y p e  1 ( H S V - 1 )  or  type  2 ( H S V - 2 )  m a y  b e  
s y m p t o m a t i c  or  asymptomat ic .  I n  t h e  f o r m e r  case ,  t h e  l e s i o n s  usual ly  invo lve  
t h e  e p i t h e l i u m  only .  A f t e r  initial replication t h e  v irus  e n t e r s  a latent  s tate  i n  t h e  
gangl ia  o f  t h e  peripheral n e r v o u s  s y s t e m  ( S t e v e n s  a n d  C o o k ,  1971), f r o m  w h i c h  
it m a y  b e  periodically reactivated. S e v e r e  f o r m s  o f  primary or  secondary  H S V  
i n f e c t i o n  i n c l u d e  encephal i t i s ,  eczema herpeticum, a n d  keratitis ( N a h m i a s  a n d  
Norrl id,  1979). T h e  pathology ,  latency,  a n d  e p i d e m i o l o g y  o f  H S V  h a v e  b e e n  
repeatedly  d i s c u s s e d  i n  several  rev i ews  (Rawls ,  1973; N a h m i a s  a n d  R o i z m a n ,  
1973; Kle in ,  1982; Braun a n d  Reiser ,  1987). 

Serological  r e s p o n s e  t o  H S V  in fec t ion  h a s  b e e n  intens ive ly  s t u d i e d  (Jordan 
a n d  Ryte l ,  1981; K i i h n  et al., 1 9 8 $ .  H o w e v e r ,  several  aspects  r e m a i n  unclear,  
f o r  e x a m p l e ,  t h e  i m m u n e  s tatus  o f  pat ients  w i t h  recurrent i n f e c t i o n  a n d  t h e  
contr ibut ion  o f  t h e  recent ly  in troduced  W e s t e r n  b lo t  procedure  ( W B ) .  T h e r e ­
fore ,  i n  t h e  present  s tudy  w e  ana lysed  t h e  s e r u m  I g M  a n d  I g A  i n  pat ients  w i t h  
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recurrent  HSV-1 i n f e c t i o n  a n d  t h e  s ign i f i cance  o f  W B  w i t h  regard t o  a) d ist inc­
t ion be tween  primary and recurrent H S V  infection,  b) t h e  correlation be tween  
various clinical manifestat ions and antibody production t o  different viral 
proteins, and c) t h e  kinetics o f  antibody response fol lowing infection. 

Materials and Methods 

Human sera. Sera and ,  in o n e  case, cerebrospinal fluid (CSF)  coming f rom 56 patients were 
taken at d i f ferent  stages of HSV infection in clinical diagnosis o f  stomatitis aphthosa (32 patients),  
eczema herpeticum (17 patients),  encephalit is  (3 patients),  meningit is  (1 patient),  and  herpes geni­
talis (3 patients)  (HSV-2). All sera were  stored at - 2 0  °C  until  use.  O n e  HSV-negative and o n e  
HSV-positive commercially available sera (Behringwerke A G ,  Marburg,  Germany) ,  a s  well as  o n e  
s e rum f r o m  a patient with n o  history o r  symptoms  of HSV infection,  were  included as  controls.  
T h e  C S F  spec imens  were  obtained f rom o n e  patient with HSV encephalitis.  All sera were  routi­
nely tested fo r  t h e  presence o f  ant ibodies  against HSV by complement  fixation test (CFT) ,  neutra­
lization test  (NT) ,  indirect immunof luorescence  test (IFT),  enzyme-linked immunosorben t  assay 
(ELISA), and  Western  blot  (WB). Only ELISA and  W B  data  are shown here .  

Enzyme-linked immunosorbent assay (ELISA). Detect ion o f  IgG,  IgM, and  IgA class-specific 
ant ibodies  t o  HSV was m a d e  by t h e  microti tre system (Enzygnost ,  Behringwerke A G ,  Marburg,  
Germany) .  H S V  antigen-coated microtitre plates were used,  t he  ant ibodies  were detected by alka­
line phosphatase (AP)  - conjugated rabbit ant i -human-IgG (y-chain-specific), IgM ( / / -chain-
specific), a s  well as  IgA (a-chain-specific) ant ibody (DAKOPATTS,  Glos t rup ,  Denmark) .  F o r  
de terminat ion  of IgM antibodies  all sera were pretreated with rheumatoid  factor  ( R F  adsorbents ,  
Behringwerke A G ,  Marburg,  Germany) .  Positive results were def ined by a titre of  1/44 fo r  IgG 
and  IgA, a n d  1/42 fo r  IgM. T h e  absorbance was determined by spectrophotometry  (Microelisa 
System, Dynatech,  Denkendorf ,  Germany) ,  using a control  buf fer  a s  blank. A n  absorbance diffe­
rence  (A A 405) of 0.200 was regarded as  cut-off.  

Western blot. African G r e e n  monkey  cells RC-37 provided by Braun and  Kiihn, Heidelberg,  
(1988) were grown in Basal Med ium Eagle (BME) supplemented  with 10% inactivated foetal  calf 
se rum (FCS)  t h e  cells were infected with t h e  HSV-1 strain Maclntvre  ( A T C C  Nr.  VR 539) at a 
multiplicity o f  approximately 5 PFU/cel l  and  incubated fo r  1 h r  at  37 C. Af te r  washing t h e  m o n o ­
layers were  supplemented  with fresh B M E  containing 5% inactivated FCS.  T h e  cells were incu­
bated fo r  exactly 36 hr.  T h e  supernatants  f rom infected cultures were  collected and  centr ifuged at 
low speed (1,500 x g) fo r  20 min .  Subsequent ly ,  virions f rom t h e  supernatant  were pelleted by high 
speed centr ifugation (100,00 x g) for  60 min  in a S W  28 rotor  (Beckman Ins t ruments ,  Munich ,  
Germany)  and  resuspended in 1.5 ml Tris-buffered saline (TBS) with 1 mmol /1  phenylmethyl-
sulphonyl  f louride (PMSF)  f r o m  Sigma (Munich,  Germany) .  HSV proteins were  purified accor­
ding t o  t h e  m e t h o d  o f  Kiihn  et al., (1987). Purified HSV-1 proteins were separated by P A G E  as  
described ( T h o m a s  and Kornberg,  1975) and  t hen  transferred t o  nitrocellulose shee ts  (Towbin  et 
al., 1979) as  later modif ied  by Braun and Reiser (1987). Following incubation with patient 's  se rum,  
the  reaction was detected with horseradish peroxidase (HRPO)-conjugated affinity purified goat 
an t i -human IgG ( H + L )  (Bio-Rad, Munich ,  Germany)  and visualized using 4-chloro-l-naphthol 
(Sigma, Munich ,  Germany)  as  substrate.  T h e  general procedure was similar as  described by Kiihn 
et al. (1987), except that  ail s teps  were performed a t  room temperature .  

Results 

ELISA s h o w e d  a high sensitivity in detecting IgM, IgG,  and IgA antibodies.  
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Table 1. Summary of patients with primary and recurrent HSV-1 infection 

Symptoms ^ Primary infection Recurrent infection 
(n == 29) (n = 27) ^ 

Stomatitis aphthosa 23 9 
Eczema herpeticum 6 11 
Encephalitis - 3 
Meningitis - 1 
Herpes genitalis - 3 

T h e  IgG including positive controls ranged between 1/44 - 1/180, 224, the 
IgM titres between 1/42 - 1/5,376, while the  IgA antibody response was  quali­
tatively de te rmined  us ing  a pat ient  s e r u m  in  dilution 1/44. Both  negative 
controls  were  negative.  Based o n  ELISA resul ts  o n  o the r  serological tes ts  
(CFT,  IFT ,  N T )  as well as  t h e  clinical history (data n o t  shown) ,  29 pat ients  
could b e  identif ied as  having a primary H S V  infect ion while  27 h a d  recurrent  
infect ion (Table 1). 

T h e  IgM antibody response  could b e  detected as  early as o n  day 3 a n d  lasted 

Table 2.  IgM positive patients with recurrent HSV-1 infection 

Pat ient  A g e  D a y s  a f t e r  Reciprocal 
N u m b e r  (YR)  o n s e t  o f  o f  t h e  t i ter  Clinical man i fes t a t ion  
( n = 1 3 )  s y m p t o m s  I g M  

N 

3 46 4 84 Stomatitis aphthosa 
4 31 11 168 Stomatitis aphthosa 
9 3 9  7 42 Stomatitis aphthosa 

13 23 4 168 Eczema herpeticum 
15 168 

15 20  18 168 Eczema herpeticum 
16 23 3 42 Eczema herpeticum 
12 21 11 84 Eczema herpeticum 
10 20 11 672 Eczema herpeticum 
20 17 20 42 Eczema herpeticum 
21  19 , 11 336 Encephal i t i s  

14 1344 
23 62 27 42 Encephal i t i s  

22 C S F  2688 
24  30 31  168 Herpes genitalis 
2 6  19 19 42 Herpes genitalis 

C S F  = Cerebrospina l  f luid 
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at least up to 4 weeks  since the onset o f  symptoms. All patients with primary 
infection were positive for IgM. From the 27 patients with recurrent infection, 
13 (48%) had IgM antibody (Table 2). On the other hand, the percentage of 
patients positive for  IgA was similar for  those with primary (21/29 •= 72.4%) or 
recurrent (22/27 •= 81%) infection (data not shown). T h e  IgG antibody 
response as  determined by ELISA appeared in the serum at the same time as 
IgM or may b e  followed within a f e w  days by the production of HSV-IgM anti­
body. Thir ty- two patients  had  significant rises of  specific IgG titre, t h e  highest  
be ing 1/11,264 in primary infection and  1/90,112 in recurrent  infection.  

T h e  I g G  antibody responsé from 51 of  the 56 patients was followed by W B .  
Antibodies to viral proteins VPI/2, VP4/5, gC, gB, pgB, gE, gD, VP20, VP22a, 
and VP23 were  detected in the tested sera during various stages of  clinical 
manifestation (Tables 3 and 4). No bands were observed with the negative 
control serum obtained from a patient who  had no history and symptoms of 
HSV infection. T h e  band pattern alone did not provide a criterion for distin­
guishing pat ients  with primary and  recurrent  infection t h e  IgG response  in 
general showed a s t ronger  and  broader  reactivity pattern as compared t o  t he  
response  in primary infection (Fig. 1). O u t  o f 2 7  pat ients  with primary infection 
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Reactivity o f  sera  f r o m  27 pat ients  with pr imary ( empty  co lumns )  and  24 pat ients  with recur­
rent  HSV-I  infect ion (ha tched c o l u m n s )  against var ious  HSV-1 viral p ro te ins  a s  tes ted in WB 
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Table 3 .  Detection of IgG antibody response to HSV-1 using Western blot in 2 9  patients with 
primary infection 

Pat ien t  D a y s  a f t e r  g £ V I R A L  P R O T E I N S  o 3 ^ 
N u m b e r  o n s e t  o f  C l i n i . í a l  

(n — 29) s y m p t o m s  í> manifestation 

1 1 
6 

neg.  
X X 

Stomatitis aphthosa 

2 4 
7 

neg.  
X X X 

Stomatitis aphthosa 

3 7 X X X Stomatitis aphthosa 
4 8 

16 
neg.  

X 
Stomatitis aphthosa 

5 4 
9 

17 
X 
X 

X 
X 

X 
X 
X 

X 
X 

Eczema herpeticum 

6 7 
12 

neg.  
X X 

Stomatitis aphthosa 

7 2 
17 X 

X 
X X X 

X Eczema herpeticum 

8 5 
12 

neg.  
X X X X 

Stomatitis aphthosa 

9 8 
13 

neg.  
X 

Eczema herpeticum 

10 5 
10 

N.d. 
X X 

Stomatitis aphthosa 
\ 

11 8 N.d. Stomatitis aphthosa 
12 8 N.d. Stomatitis aphthosa 
13 5 

14 
neg.  
N.d. 

Eczema herpeticum 

H 21 
27 

neg.  
X X 

Stomatitis aphthosa 

15 4 
12 

neg.  
X X X X 

Stomatitis aphthosa 

16 11 
16 

X 
X 

Stomatitis aphthosa 

17 6 
12 

neg.  
X X 

Stomatitis aphthosa 

18 1 
6 

10 

X 
X 
X 

Eczema herpeticum 

19 2 
8 

neg.  
X X X 

Stomatitis aphthosa 

20 4 
11 

N.d. 
X X X 

Stomatitis aphthosa 

21 4 
14 

neg.  
X X X 

Stomatitis aphthosa 

22 5 X X X X X 
23 7 neg.  Eczema herpeticum 

15 X X X X X 
24  5 neg.  Stomatitis aphthosa 
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Table 3 continued 

11 X X X — 
25 3 N.d. 

9 X X 
26 3 

19 
neg.  
N.d. 

27 4 X X 
28 3 

11 
neg.  

X 
29 3 neg.  

Stomatitis aphthosa 

Stomatitis aphthosa 

Stomatitis aphthosa 

Stomatitis aphthosa 

n = 8 9 8 12 - 13 5 11 2 6 
neg.  — negative, N.d. — not done.  

tested, 3 were  negative, 10 were  positive, and 14 were  negative in the  first 
serum but  positive in the  second (Table 3). Patients with primary infection 
responded in average to 2.7 bands. Patient's sera reacted most  frequently to g E  
(28.2%) followed by gB (26%), VP20 (23.9%), VP4/5 (19.5%), g C  and VP1/2 
(both 17.3%), g D  and VP23 (both 10.8%), and VP22a (4.3%); pgB was not 
detected in the tested sera. 

Out  of  24 patients with recurrent infection tested in W B ,  2 were negative and 
21 positive. In contrast to patients with primary infection, only one  patient's 
first serum w a s  negative and became positive in the second sample. (Table 4). 
Patients with secondary infection responded on the average to 5.8 bands. T h e  
highest reactivity was  found to b e  against g B  (87.5%), followed by g C  (85%), g D  
(82.5%), g E  (75%), VP1/2 (72.5%), VP23 (47.5%), VP4/5 (42.5%), VP20 (40%), 
VP22a (20%), and pgB (5%) (Fig. 1). Reactivity against pgB was detected only in 
sera from patients with recurrent infection. 

Patients with both primary and secondary infections could b e  classified 
according to a variety of  clinical manifestations (Table 1). It was  of  interest to 
determine whether particular clinical symptoms could b e  correlated with the 
presence o f  antibody to particular viral proteins. From W B  results obtained 
with these  patients, however (Tables 3 and 4), no such correlation could b e  
observed. Out  o f  56 patients in this study, 3 had clinically confirmed herpes 
genitalis (HSV-2). T w o  o f  these patients (patients No. 24 and 25) were tested in 
W B  and responded to the HSV-1 viral proteins gC, gB, and gE, and either 
VP1/2 or g D  (Table 4). 

Both methods, ELISA and W B ,  allowed to follow the kinetics of  antibody 
response. Sera f rom two patients (Table 5) showed an increase in titre paralle­
ling t h e  increase in n u m b e r  of  bands  f r o m  first t o  t h e  second,  and  in o n e  case, 
t o  t h e  third se rum.  In patient  No .  5 (Table 5) t h e  titre of  IgG antibody in t h e  
second s e rum was 4 t imes  higher,  in t h e  third se rum 8 t imes  higher  t h a n  in t h e  
first s e rum.  In  addit ion,  t h e  IgM antibody titre in t h e  third s e rum was twice o f  
tha t  seen  in t h e  first and  t h e  second sera. N o  change was seen  in t h e  IgA 
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Fig. 2 
Recognition o f  HSV-1 viral proteins in 
W B  by IgG antibodies in three serum 

samples (IS, 2S, 3S) from Patient No. 5 
with primary eczema herpeticum 
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Fig. 3 
Recognition o f  HSV-1 viral proteins in 
W B  by IgG in two cerebrospinal f luids 

(1 and 2 CSF) in patient No. 23 with 
encephalitis after reactivation 
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Table 4. Detection of IgG antibody response HSV-1 using western blot i n  27 patients with 
recurrent infection 

Patient 
N u m b e r  

Days af ter  
onset  o f  

<N 1— 

Cu a .  ( J  

V I R A L  P R O T E I N S  
CO PfS f 11 

o ÍN 
e .  

ea 
r s  CM 
a .  

ÍN 
cu Clinical 

( n -  29) s y m p t o m s  > > oo 00 Q> 00 00 > > > manifestation 

1 7 X X X X x Stomatitis aphthosa 
2 6 X X X X X X x X Stomatitis aphthosa 
3 2 X X X X X X Stomatitis aphthosa 

4 X X X X X X 
Stomatitis aphthosa 

11 X X X X X X x 
4 1 X X X X X X x x Stomatitis aphthosa 

11 X X X X X X x x 
Stomatitis aphthosa 

5 3 X X X X X X Stomatitis aphthosa 
20 X X X X X X 

Stomatitis aphthosa 

6 5 X X X X x Stomatitis aphthosa 
7 3 X X X X X X x x Stomatitis aphthosa 

9 X X X X X X x 
Stomatitis aphthosa 

11 X X X X X X X x x 
8 732 N.d. Stomatitis aphthosa 
9 7 X X Stomatitis aphthosa 

10 11 X X X X X x x Eczema herpeticum 
11 5 N.d. Eczema herpeticum 
12 1 X X X X X X x Eczema herpeticum 

11 X X X X X X x 
13 4 X X X X x Eczema herpeticum 

15 X X X X X X x 
14 11 neg.  Eczema herpeticum 
15 7 X X X X Eczema herpeticum 

18 X X X X X X x # 

16 3 X X X X X x x Eczema herpeticum 
17 5 neg. Eczema herpeticum 

13 X X X X X x x 
18 4 X X X X X x x Eczema herpeticum 

15 X X X X X x x 
19 3 X X X X X x x Eczema herpeticum 
20 2 0  X X X X Eczema herpeticum 
21 4 

11 X X 
X 
X 

X 
X 

x 
x 

Encephalitis 

14 X X X X x x 
22 3 

16 
neg. 
N.d. 

Encephalitis 

23 4 N.d. Encephalitis 
27 X X X X x x 

4 CSF X X X 
22 CSF X X X X X x x 

24 31 X X X Herpes genitalis 
25 165 X X X X X Herpes genitalis 
26 19 

24 
N.d. 
N.d. 

Herpes genitalis 

27 18 X X X x x Meningitis 
34 X X X X x x 

n — 28 18 34 35 2 30 33 16 8 19 
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response. In W B  the  first serum of this patient reacted only to one protein 
(VP20), while the second and third sera reacted to 4 proteins (Fig. 2). Further­
more ,  t h e  IgG antibody t i tre in  t h e  second s e r u m  of  pat ient  N o .  23 (with HSV-
encephalitis) was 4 t imes  higher  t h a n  in  t h e  first s e rum.  T h e  IgM ant ibody was 
negative in t h e  first s e r u m  b u t  positive in t h e  second,  while t h e  IgA response  
remained  positive. T h e  first s e rum was n o  longer  available f o r  test ing in  W B ,  
b u t  t h e  second s e r u m  was f o u n d  t o  react with  6 viral proteins  (Fig. 3). I n  addi­
t ion  t o  se rum,  C S F  f r o m  t h e  latter pat ient  was.tested in  ELISA and  W B .  T h e  
ant ibody response  in t h e  first C S F  in ELISA was negative b u t  became  positive 
f o r  all immunoglobul in  classes in t h e  second sample  (Table 5). O n  t h e  o the r  
hand ,  ant ibodies could b e  detected in t h e  first C S F  by W B  (3 bands) ;  t h e  bands  
became  m o r e  intensive in t h e  second C S F  sample (7 bands)  (Fig. 3). O f  interest  
was t h e  m u c h  higher  IgM response  in  t h e  second C S F  (1/2,688) as  compared  t o  
t h e  second s e r u m  (1/42). 

Discussion 

I n  th is  work sera of  56 pat ients  were  tes ted  fo r  ant ibodies  t o  HSV-1  in  E L I S A  
a n d  W B .  Approximately t h e  half of  pat ients  (29) were  f o u n d  t o  have  primary 
H S V  infect ion,  in which IgG a n d  IgM antibodies e i ther  appeared in t h e  s e r u m  
at t h e  s ame  t ime ,  o r  I g G  antibodies were  followed within  a f ew  days by  t h e  
product ion of  H S V  IgM, as observed by  K u r t z  (1974). T h e  IgM ant ibody 
persisted f o r  at least 4 weeks  (Enders ,  1984; van  Loon  et al., 1985). O u r  finding 
tha t  HSV-IgM antibodies were  present  in pat ients  with recurrent  H S V  infec­
t ions  as well has  b e e n  previously repor ted (Kurtz,  1974; Kal imo  et al., 1977; van  
L o o n  et al., 1985; J u t o  and  Set tergren,  1988). T h e y  suggested tha t  t h e  presence  
of  HSV-IgM m a y  b e  related t o  t h e  severity o f  t h e  infection.  IgM ant ibodies  
have also b e e n  detected in pat ients  with recurrent  infect ions by o the r  he rpes  
viruses,  such  as V Z V  (Cradock-Watson  et al., 1979) o r  C M V  (Cappel  et al., 
1978; van  L o o n  et al., 1981). O n  t h e  o the r  hand ,  K i m m e l  et al. (1982) f o u n d  n o  
HSV-IgM in the i r  pat ients  with recurrent  infect ion.  I n  bo th ,  the i r  a n d  o u r  
studies,  all sera were  pretreated with RF-adsorbent  t o  avoid false-positive IgM 
results.  However ,  K immel  et al. (1982) tes ted  only 20 patients ,  6 of  w h o m  h a d  
recurrent  infect ion,  compared  t o  t h e  5 6  patients  (27 with recurrent  infect ion) 
tes ted  in th i s  s tudy.  

T h e  presence a n d  func t ion  of  HSV-specific IgA in s e r u m  remains  unclear .  
A s  such ant ibodies have been  repor ted  t o  b e  presen t  in  pat ients  with b o t h  v 

primary or  recurrent  HSV-infect ion,  a distinction be tween  t h e s e  t w o  groups  
based o n  IgA response  a lone  may  n o t  b e  possible (El Falaky  et al., 1977). W e  
f o u n d  n o  difference iri IgA response  of  pat ients  with primary o r  secondary 
infect ion.  O n  t h e  o the r  hand ,  F r i edman  and  Kimmel  (1982) f o u n d  IgA ant ibo­
dies  only in pat ients  with primary infect ion,  whereas  Doe r r  and  Rentschler  
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(1987) and Juto and Settergren (1988) only in patients with secondary infection. 
Furthermore, in some cases of primary or severe recurrent HSV infections with 
specific IgM antibody, a significant rise o f  HSV IgG and IgA antibodies has 
been observed (Kalimo et al., 1977; Kimmel  et al., 1982; Hadar and Sarov, 
1984). W e  could not confirm the latter, as  IgA was  determined only qualitati­
vely in  th i s  s tudy.  

IgG ant ibodies  directed against various viral structural  proteins  could b e  
demons t ra ted  by W B  soon  af ter  t h e  onse t  of  clinical symptoms.  T h e  prote ins  
recognized by IgG antibodies (gC, gB, pgB, gD,  gE,  V P I / 2 ,  VP4/5 ,  VP20, 
VP22a,  and  VP23) were  also described (Kiihn  et al., 1987). A s  compared  t o  
primary HSV-1 infections,  t h e  IgG response  in recurrent  infect ions showed a 
s t ronger  a n d  broader  spec t rum of  reactivity. T h e  pat tern  of  glycoprotein bands  
in recurrent  infect ions revealed a s t rong reactivity with nearly all viral proteins.  
O n  t h e  o the r  hand ,  n o  correlation could b e  observed in HSV-1  infected 
pat ients  be tween  clinical manifes ta t ions  a n d  particular viral proteins.  T h e  
latter has  n o t  b e e n  s tudied elsewhere in  t h e  l i terature.  Var ious  da ta  have  b e e n  
publ ished o n  t h e  appearance of  ant ibodies against g C  a n d  gE. Ant ibodies  
against g C  could b e  demons t ra ted  in t h e  majority of  sera tes ted  by  Zweer ink 
a n d  S tan ton  (1981) us ing  W B ,  as well as  by Ashley  et al. (1985) us ing  radioim-
munoprecipi tat ion followed by polycarylamide gel electrophoresis  (RIPA-
P A G E ) .  O u r  data,  particularly f r o m  patients  with recurrent  infect ion,  conf i rm 
th is  f inding.  O n  t h e  o the r  hand ,  Leh t inen  et al. (1985) f o u n d  only min imal  
i m m u n e  response  t o  g C  using W B .  Similarly, Ki ihn  et al. (1987) repor ted anti­
bodies  t o  g C  in only a l imited n u m b e r  of  cases tes ted,  apparently d u e  t o  t h e  
presence  o n  g C  of  epi topes sensitive t o  denatura t ion  dur ing  W B .  T h i s  is, 
however ,  unlikely t o  b e  t h e  only explanation,  as o u r  viral prote ins  were  also 
dena tu red  prior t o  electrophoretic separation. 

Ant ibodies  t o  gE  were  f o u n d  by Ashley  et al. (1985) b u t  only se ldom in sera 
tes ted  by Eber le  et at. (1984) o r  by Ki ihn  et al. (1987) Using b o t h  W B  a n d  RIPA-
P A G E .  T h e  low response  t o  g E  in t h e  latter t w o  s tudies  could b e  explained by 
an  extensive blocking with calf s e r u m  a n d  t h e  u s e  of  peroxidase-conjugated 
F(ab)2-fragments in W B .  Whi l e  w e  also used  calf s e r u m  fo r  blocking, f o r  detec­
t ion  w e  u s e d  peroxidase-conjugated,  affinity-purified goat  an t i -human  IgG 
(H+L) .  T h e  majori ty of  o u r  pat ients  was positive fo r  antibodies t o  gE.  T h e  
demonst ra t ion  of  ant ibody reactivity directed against g C  is of  diagnostic a n d  
pathogenic  interest ,  s ince g C  is a predominately type-specific protein  (Spear, 
1976; Kiihn  et al., 1987), which would allow serotyping of  t h e  infect ion by W B .  
In  o u r  s tudy antibodies t o  g C  were  detected,  b u t  their  presence  was n o t  infor­
mative as  only HSV-1 proteins  were  tested.  Similarly, ant ibodies  t o  g G  can b e  
usefu l  fo r  serotyping of  H S V  infect ion (Braun a n d  Reiser, 1987). Ant ibodies  t o  
g G ,  however,  were  n o t  identified in th is  s tudy,  n o r  were  they  repor ted  by Buck-
mas te r  et al. (1984) and  Richman  et al. (1986). 

I n  addit ion t o  W B  it is possible t o  distinguish be tween  HSV-1  and  HSV-2 
infection by immunoprecipi ta t ion assay. T h e  latter tes t  detects  a variable 
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response to gC, as well as  another 4 glycoproteins of  lower molecular weight 
with HSV-1 as  with HSV-2 antigen (Eberle and Courting, 1981; Bernstein  etal., 
1985). 
• T h e  kinetics of  antibody response was studied with both W B  and ELISA. A n  
increase in titre in ELISA was paralleled by an increase in number  of  bands in 
W B  in sequéntial serum probes. Occasionally W B  detected antibodies to 
HSV-1 proteins prior to their detection in ELISA. This tributes to the higher 
sensitivity of  W B  compared to ELISA. In analysing the kinetics of  antibody 
response in the serum and CSF of the one adult patient with HSV-encephalitis, 
it was found that the  IgM titre was much higher in the second CSF as  compared 
to the second serum. Lerner  et al. (1972) also found IgM antibody in the CSF of 
a neonate with encephalitis, not in the adult. In contrast, Connolly  et al. (1971) 
and Kurtz  et al. (1974) found no IgM in CSF in their patients with subacute 
sclerosing panencephalitis and HSV encephalitis, respectively. W h e n  present, 
IgM antibody in the CSF may b e  due  to local antibody production, as  IgM is 
incapable of  penetrating the  blood brain barrier (Kurtz, 1974; Jordan and Rytel, 
1981). Detection o f  such antibodies in CSF could b e  of  diagnostic value for  
HSV encephalitis. 
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