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Specific antisera against Herpes simplex virus 
(HSV) type 1 and type 2 have been produced by 
cross absorption of rabbit immune sera with 
heterologous virus antigen (1-4). This method is 
hampered by the fact that large amounts of virus 
antigen are necessary and often a nonspecific 
adsorption of heterologous antibodies may oc- 
cur. To circumvent these difficulties an alterna- 
tive method for producing type specific an- 
tibodies was applied. The use of passively ad- 
ministered antibody to inhibit an antibody re- 
sponse has been reported previously (for a re- 
view see Ref. 5) .  Using this technique efforts 
were made to produce type specific immune sera 
in HSV type 1 and type 2 infected guinea pigs. 

Materials and Methods. Tissue culture. BHK 
21 clone 13 (6) was kindly supplied by Flow 
Laboratories Ltd., Scotland, and was grown in 1 
liter roller bottles. Eagle's minimum essential 
medium (MEM), Glasgow modification with 
10% tryptose phosphate broth, 7% nonheated 
calf serum and 2% 0.1 M I-glutamine was 
employed for outgrowth and without serum for 
maintenance. GMK-AH- 1 cells were grown as 
previously described (2). Guinea pig embryo 
cell cultures were produced as follows: Guinea 
pig embryos 3-6 cm in length were minced and 
trypsinized. The cells were seeded into Roux 
bottles with the growth medium comprising 
Eagle's MEM with 10% heated (56", 60 min) 
guinea pig serum and 2% 0. I MI-glutamine. For 
maintenance the same medium without serum 
was used. All tissue culture media were 
supplemented with 100 units of penicillin and 
100 p g  of streptomycin/ml. 

Virus strains. HSV type 1, Herpes simplex 
virus Z was originally obtained from D. C. Gaj- 
dusek, National Institute of Neurological Dis- 
ease, Bethesda, MD and HSV type 2 from G. 

Plummer, Loyola University, Chicago, IL. The 
passage history and origin of these strains have 
been described previously (2). 

Preparation of virus stocks. HSV type 1 and 
type 2 were grown in guinea pig embryo cell 
cultures for five passages. Virus stocks to be 
used for inoculation of guinea pigs were pre- 
pared as follows. When a complete cytopathic 
effect had developed the material was frozen and 
thawed once. The infected tissue culture fluid 
was centrifuged at lS00g for 15 min. Finally 
10% dimethylsulfoxide (7) was added to the 
supernatant fluid and the virus material was kept 
frozen at -65". The titer values were 
TCID5o/O.l ml for HSV type 1 and lo5-' 
TCID5o/O. 1 ml for HSV type 2. For use in 
plaque neutralization tests HSV type 1 and type 
2 were grown in GMK-AH-1 cells. Two days 
after infection the cultures were harvested as 
described above. The titer values were 5.6 X lo6 
plaque-forming units (PFU)/O. 1 ml for HSV 
type 1 and 1.5 x lo6 PFU/O. 1 ml for HSV type 
2. 

Plaque titration of virus. Titration of infec- 
tious virus and virus-antiserum mixture were 
performed by a plaque count method with im- 
mune serum overlay. The procedure was similar 
to that of Wheeler et al. (8,9),  but tissue culture 
tubes with GMK-AH-1 cells and overlay with 
0.2% pooled human gamma-globulin (lo),  
(Gammaglobulin, Kabi, Stockholm) were used. 
Each tissue culture tube (1 I x I .6 cm) of 
GMK-AH-1 cells was exposed for 2 hr at 37" to 
0.20 ml of virus diluted in phosphace buffered 
saline (PBS), pH 7.2 containing 5% heat inacti- 
vated fetal bovine serum. The virus inoculum 
was aspirated and replaced with Eagle's MEM 
containing 2% heat inactivated fetal bovine 
serum and 0.2% pooled human gamma- 
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globulin. After 2 days incubation at 35" the over- 
lay was aspirated and the cells were fixed and 
stained (8). Plaques were counted with the aid of 
a stereomicroscope. 

Plaque neutralization test. In the neutraliza- 
tion test a constant dose of virus and a varying 
serum dose were used. It has been shown that 
this test measures the same antibody activity as 
in the neutralization kinetics test (11) and that 
antibodies to the two herpes viruses in the same 
serum can be quantitated by this technique (1 1).  

Type 1 and type 2 Herpes virus stocks were 
diluted to give 3000 PFUlml, and 0.50 ml of 
HSV was mixed with 0.50 ml of diluted an- 
tiserum. Antisera were inactivated for 30 min at 
56" prior to use in the neutralization test. After 
incubation for 1 hr in a water bath at 37" the 
virus-serum mixture was diluted one in three in 
cold PBS (0") and assayed for surviving virus on 
GMK-AH- 1 cells. For each virus-serum mixture 
three tissue culture tubes were inoculated. Con- 
trols consisting of the virus mixture in PBS were 
included in all tests. In the neutralization test the 
plot of log percent surviving virus against the 
quantity of antiserum used yielded a straight 
line. The least square method was used to fit the 
best straight line through the experimental 
points. The degree of neutralization was 
expressed as a K value calculated from the fol- 
lowing formula: log V/Vo = -0.43 Kc, where 
V/Vo is the proportion of virus surviving neut- 
ralization and c is the antibody concentration 
expressed as the amount of original serum per 
unit volume of reaction mixture (12). The rela- 
tive potency of each serum is indicated by the 
numerical value of the slope of the straight line. 
The relative specificity of each serum, however, 
is best expressed as the ratio of the slopes of lines 

Antigens. For use in immunoelectroos- 
mophoresis (IEOP) and complement fixation 
(CF), viruses were grown in roller bottle cultures 
of BHK 21 cells as previously described (2). 
Antigens for IEOP were made by suspending 0.2 
ml of packed cells in 1.8 ml of 0.075 A4 barbital 
buffer, pH 8.6 with 1% Nonidet P 40. This 
antigen was frozen and thawed three times, cen- 
trifuged at l500g for 15 min and the supernatant 
kept at -25". Antigens for CF were made by 
suspending 2 ml of packed cells in 15 ml of 
barbital buffer (14). This antigen was frozen and 
thawed three times, heat inactivated at 56" for 20 

(13). 

min, centrifuged at 15Wg for 15 rnin and the 
supernatant kept at -65". 

For immunization of guinea pigs HSV type 1 
and type 2 at the fifth passage in guinea pig cells 
were grown in Roux bottles with embryonal 
guinea pig cell cultures. When a complete 
cytopathic effect had develaped the infected 
cells were shaken off the glass and separated 
from the medium by centrifugation at lSOOg for 
15 rnin. The packed cells from two Roux bottles 
were suspended in 3 ml serum free medium and 
stored at -65". 

Production of hyperimmune serum. Ten 
guinea pigs (Group A) of both sexes weighing 
30&500 g were immunized by infection of the 
shaved and scarified skin bilaterally on the trunk 
with HSV type 1 or type 2 virus suspension. 
HSV type 1 and type 2 were grown in guinea pig 
cells as outlined above. About two months after 
the primary infection sc booster injections of 
HSV antigen grown in guinea pig cells were 
given to the animals. One week after the booster 
injection the animals were bled from the ear, and 
thereafter once or twice each week (15). On each 
occasion 6-7 ml blood was collected. Sera from 
animals with high titers in the CF test were 
pooled. These pools of serum were used €or 
antibody suppression. 

Production of type specific antiserum by anti- 
body suppression. Twenty guinea pigs (Group 
B) of both sexes weighing 300-500 g were di- 
vided into four groups and treated as follows. 
Groups 1 and 2 were infected with HSV type 1 as 
outlined above. Groups 3 and 4 were infected 
with HSV type 2. Hyperimmune serum against 
the heterologous virus type was given intramus- 
cularly in a dose of 1 ml to animals in groups 1 
and 3 on the first and second days after infection. 
The animals were bled 5,12,26,35 and 42 days 
after infection. 

Serological tests. CF tests were performed 
according to Svedmyr et al .  (14) IEOP was per- 
formed as previously described (2). 

Results. Guinea pigs in group A were 
hyperimmunized with HSV type 1 or type 2. 
Sera from animals inoculated with the same 
virus type were pooled. The anti HSV type 1 
pool was tested in CF and had a titer of 512 
against HSV type 1 and type 2 antigen. The 
anti-HSV type 2 pool had a titer of 128 against 
HSV type 1 and type 2 antigen in CF. 

The results obtained in CF tests of sera from 
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animals io group B are summarized in Table I. 
For HSV type 1 ,  nine out of 14 sera from anti- 
body suppressed animals showing any titer to the 
homologous antigen, and three out of 17 sera 
from controls showing any titer to the homolo- 
gous antigen showed no reaction to heterologous 
antigen in CF. The sera represent bleeding at 
different times from the individual animals 
within each group. The difference is almost sig- 
nificant (P < 0.05) (16). For HSV type 2, seven 
out of seven sera from antibody suppressed ani- 
mals and three out of 17 sera from controls 
showed no reaction to heterologous virus antigen 
in CF. The difference is highly significant 
(P < 0.001). Sera showing type specificity from 
antibody-suppressed and control animals were 
selected and pooled. These pools were tested in 
checker-board titrations, the results of which are 
shown in Table 11. In CF the antibody- 
suppressed serum pools gave no reaction for 
anti-HS V type 1 serum and only minor reactions 
for anti-HSV type 2 serum with heterologous 
antigen. When tested in CF control serum pools 
reacted both with HSV type 1 and type 2 anti- 
gens although the titers against heterologous an- 
tigen were relatively low. 

These four serum pools were also tested in 
IEOP (Table 111) and plaque neutralization tests 
(Fig. 1). Before use in IEOP, aliquots of the 
serum pools were concentrated four times with 
“Lyphogel” (Gelman Instruments, Ann Arbor, 
MI). When tested prior to concentration the 
antibody-suppressed serum pools only reacted 
with homologous antigen, the anti-HSV type 1 
serum giving one and the anti-HSV type 2 
serum, two precipitin lines with homologous 
antigens. The concentrated anti-HSV type 2 
serum cross reacted with heterologous antigen, 
whereas concentrated anti-HS V type 1 serum 
did not. Serum pools from control animals 
reacted to the same extent with both the 
homologous and heterologous antigens. 

In plaque neutralization tests the antibody- 
suppressed serum pools did not show increased 
specificity in comparison with serum pools from 
control animals (Fig. 1). The relative specificity 
of each serum pool can be expressed as the ratio 
of the slopes of lines. The ratio between K values 
for homologous and heterologous virus for 
anti-HSV type 1 were 15.6 and 14.9 for serum 
pools from antibody suppressed and control 
animals respectively. The corresponding figures 
for anti-HSV type 2 were 7.1 and 5.6. 

Discussion. Preliminary attempts to produce 
type specific antisera in rabbits by antibody sup- 
pression were unsuccessful. This is in agreement 
with findings of Uhr and Baumann (17). How- 
ever, in guinea pigs it was possible by means of 
antibody suppression to produce antisera against 
HSV type 1 and type 2 of enhanced specificity as 
measured in CF and IEOP, although in plaque 
neutralization tests no significant difference in 
specificity could be demonstrated between an- 
tisera made with and without antibody suppres- 
sion. The guinea pig antisera were highly 
specific in neutralization tests even without anti- 
body suppression and any modification induced 
by passive administration can only be of minor 
order. These antisera can be used in IEOP (2) 
without absorption procedures for the typing of 
HSV strains. The precipitin patterns observed in 
IEOP indicate the presence of at least one HSV 
type 1 and two HSV type 2 specific antigens. 
Using absorbed antisera other invzstigators (1, 
2, 18) have found that HSV type 1 has two to six 
and HSV type 2 one specific antigen. These 
discrepancies might be explained by the use of 
antisera produced by different techniques and in 
different animals. In particular, the anti-HSV 
type 1 serum produced by antibody suppression 
showed a high degree of specificity and potency 
while the specificity of anti-HSV type 2 serum 
was increased but to a lower degree than for 
anti-HSV type 1 serum. 

It is well known that passive administration of 
antibodies is an effective means for suppression 
of antibody production against a variety of anti- 
gens and antigen mixtures ( 5 ) .  The effect of the 
immune response to active bacteria or virus has 
been less extensively studied. Corbel (19) has 
described passive administration to guinea pigs 
of homologous antiserum of high titer to 
Brucella abortus prior to vaccination with B.  
abortus. Complete suppression of the primary 
serological response was reported as measured 
by CF and other serological tests, In the present 
study the effect of antibody suppression in 
guinea pigs infected with HSV type 1 and type 2 
was incomplete. 

After HSV type 1 infection and passive ad- 
ministration of heterologous antibody HS V type 
1 antibodies of high specificity were produced in 
two animals. After HSV type 2 infection and 
passive administration of heterologous anti- 
body, two out of four animals produced moder- 
ately specific HSV type 2 antibodies. The anti- 
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\ 
\ 10 - 
9\ \ 

\ 

b 
Serumpool a 1- 

TABLE 111. Titrations of Antigen and Antiserum in Immunoelectroosmophoresis. 

\ 

\a 
\ 
\ 
\ 
\ 
\ 
\ 

\\ 

Serumpool p ’ 

Antibody suppressed serum pools” 

HSV type 1 serum HSV type 2 serum 

Antigen dilution 
4 times con- unconcen- 4 times con- unconcen- 

centrated trated centrated trated 

BHK 21 uninfected 
control antigen 
111 0 0 0 0 

0 0 0 0 
0 0 0 0 

1 I4 
1/16 
HSV type 1 antigen 
111 ++ + ++ 0 
1 I4 + (+) + 0 
1/16 0 0 0 0 
HSV type 2 antigen 
111 0 0 ++ + 
114 0 0 0 (+) 
1/16 0 0 0 0 

a 0, no precipitate; (+), very faint precipitate visible only by fluorescence (2); +, very faint precipitate; + +, distinct 
precipitate. Precipitin reactions read after staining. 

body production of all animals was followed for 
several months. With increasing time the 
specificity of the antibodies diminished. Five to 
6 mo after infection no animal produced anti- 
body with increased specificity as compared 
with controls. A changing pattern of antibody 
production with time from specific to 
nonspecific might be explained by a continuous 
or intermittent antigenic stimulation of the im- 

\ 

t: 
\ 

I I I I I  I I I I I  
5 10 15 20 25 5 10 15 20 25 

x 1 0 ~ ~ ~ 1  of serum 

munological system. Such an antigenic stimula- 
tion might be caused by the well known persis- 
tence of HSV after infection. It is known that 
priming or sensitization of the immune system is 
more difficult to inhibit by passive antibody ad- 
ministration than the primary antibody response 
( 5 ) .  By immunizing guinea pigs with noninfec- 
tive HSV antigen and passive administration of 
heterologous antibody the difficulties outlined 
above might be avoided and type specific anti- 
sera of more complete specificity and higher 
potency could possibly be produced. 

An increase of antibody affinity and a de- 
crease of specificity is well known to occur dur- 
ing the immune response. This might be an al- 
ternative explanation to the appearance of 
heterologous antibody. 

FIG. 1. Multiplicity analysis of neutralizing polency of 
anti-HSV type 1 and type 2 serum pools from animals to 
which heterologous antibody was administered and from 
controls. The neutralization tests were performed as de- 
scribed under “Materials and Methods.” Each point is an 
average for triplicate tissue culture tubes. The same virus 
preparations were used in all tests. ---------, neutralization of 
HS V type 1 ; . neutralization of HSV type 2. 
Serum pool a: anti-HSV type 1 serum pool from antibody 
suppressed animals. Serum pool p: anti-HSV type 1 control 
serum pool. Serum pool y :  anti-HS V type 2 serum pool from 
antibody suppressed animals. Serum pool 6: anti-HS V type 2 
control serum pool. 



794 HERPES SIMPLEX ANTISERA 

Summary. Passive administration of 
heterologous antibody to guinea pigs infected 
with Herpes simplex virus type 1 and type 2 
allowed a production of antisera of enhanced 
specificity. The anti Herpes simplex virus type 1 
serum produced was of high specificity and po- 
tency and showed only minor reactions with 
Herpes simplex virus type 2. The anti-Herpes 
simplex virus type 2 serum produced was of 
moderate specificity, but clearly differentiated 
between Herpes simplex virus type 1 and type 2 
in different immunological reactions. The pro- 
cedure described is a simple method whereby 
relatively specific antisera for typing of Herpes 
simplex virus type 1 and type 2 strains can be 
produced. 

This investigation was supported by grants from founda- 
tions of Jorgen Schaumann, Finsen and Edward Welander. I 
thank Gun Carlstrom, Aberra Demissie, and Erling Norrby 
for valuable help, comments, and advice. 

1. Schneweis, K .  E., and Nahmias, A. J . ,  Z. Im- 

2. Jeansson, S., Appl. Microbiol. 24, 96 (1972). 
3. Sim, C., and Watson, D. H. ,  J. Gen. Virol. 19, 217 

4. Geder, L., and Skinner, G. R. B., J. Gen. Virol. 12, 

munitaetsforsch. 141, 471 (1971). 

(1973). 

179 (1971). 

5 .  Uhr, J. W., Jr., and Moller, G., in “Advances in 
Immunology” (F. J. Dixon and H. G. Kunhel, eds.), Vol. 8, 
p. 81. Academic Press, New York (1968). 

6. MacPherson, I. A., and Stoker, M. G. P., Virology 
16, 147 (1962). 

7. Wallis, C., and Melnick, J. L., J. Virol. 2, 953 
( 1968). 

8. Wheeler, C. E., Jr., Briggaman, R. A., andHender- 
son, R. R., Proc. SOC. Exp. Biol. Med. 127, 814 (1968). 

9. Wheeler, C. E., Jr., Briggaman, R. A., and Hender- 
son, R. R. ,  J. Immunol. 102, 11.79 (1969). 

10. Hoggan, M. D., Roizman, B., and Turner, T. B., J .  
Immunol. 84, 152 (1960). 

1 1.  Rawls, W. E., Iwamato, K., Adam, E . ,  and Melnick, 
J. L., J. Immunol. 104, 599 (1970). 

12. Mcbride, W. D., Virology 7, 45 (1959). 
13. Savage, T., Roizman, B., and Heine, I. W., J. Gen. 

Virol. 17, 31 (1972). 
14. Svedmyr, A., Enders, J. F., and Hollobay, A., 

Amer. J. Hyg. 57, 60 (1953). 
15. Entel, H. J.,  Zentr. Bacteriol. Parasitente, Abt. I 

Orig. 175, 159 (1959). 
16. Snedecor, G.  W., “Statistical Methods.” Iowa State 

College Press, Ames, IA (1956). 
17. Uhr, J. W., and Baumann, J. B., J. Exp. Med. 113, 

935 (1961). 
18. Honess, R. W., Powell, K. L., Robinson, D. J., Sim, 

C., and Watson, D. H., J. Gen. Virol. 22, 159 (1974). 
19. Corbel, M. J.,  Brit. Vet. J. 128, xlvii (1972). 

Received April 9, 1974. P.S.E.B.M., 1974, Vol. 147. 


