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Summary 

Suboptimal dosage regimens of antivirals (acyclovir or bromovinyldeoxyuridine) 
and human immunoglobulin have been combined in the treatment of hairless mice 
infected with herpes simplex virus type 1. The aim of this study was to establish 
how late after infection human immunoglobulin could be given to still be effective 
and for how long would the protective effect last. The combination of acyclovir or 
bromovinyldeoxyuridine with passive immunization proved additive or even syn- 
ergistic depending on the time of immunoglobulin administration and the obser- 
vation period after infection. When the survival rate of the mice was followed for 
up to 20 days postinfection, synergistic action seemed to occur with immunoglob- 
ulin given as late as 2 or 3 days after infection. When the mice were followed for 
up to 100 days after infection, however, it turned out that only the immunoglob- 
ulin given 4 h after infection led to a synergistic effect with the antivirals. Most of 
the mice subjected to combined treatment, in contrast to mice treated with the an- 
tivirals only, did not develop anti-HSV antibodies. This lack of a specific humoral 
immune response possibly reflects the rapid inhibition of virus replication early after 
challenge by the combined treatment, thus preventing the production of a suffi- 
cient amount of viral antigen in the body needed for a measurable antibody in- 
duction. 

Chemotherapy; Immunization, passive; HSV 

Correspondence to." Dr. J. Hilfenhaus, Research Laboratories of Behringwerke AG, D-3550 Marburg, 
F.R.G. 

0166-3542/87/$03.50 © 1987 Elsevier Science Publishers B.V. (Biomedical Division) 



228 

Introduction 

From previous studies in animal models it is well known that passive immuni- 
zation with antisera or immunoglobulins shortly after infection may protect the host 
from the sequelae of a primary herpes simplex virus (HSV) infection [9,14]. On 
the other hand, chemical substances have also been shown to protect HSV-in- 
fected animals, provided treatment was again started shortly after infection [3-5,11]. 
Since passive immunization alone or chemotherapy alone often conferred only 
partial protection, the efficacy of combined treatment has been studied by several 
investigators [1,2,15]. In HSV-infected immunocompetent mice a synergistic effect 
of passive immunization and adenine arabinoside or acyclovir therapy was ob- 
served [1,2] and even in immunocompromised mice a synergistic effect of acyclo- 
vir and human immunoglobulin could be obtained [15]. The effect of combined 
immuno- and chemotherapy was less pronounced in immunocompromised mice 
than in immunocompetent  mice, which may not be unexpected in view of the role 
of cellular immunity, particularly of T lymphocyte, in the control of HSV infection 
[10]. In the combined immuno- and chemotherapy studies antibodies were admin- 
istered 1-3 h after infection. The effect of antibody administered at several days 
after infection has so far not been investigated as part of a combined immuno- and 
chemotherapy protocol. Moreover, most of the previous studies were based on 
observation periods of about 3 wk postinfection, for all animals of the untreated 
infected protocol groups died within about 2 wk. From our own studies on the 
protective effect of passive immunization we know, however, that HSV-infected 
mice treated with a single dose of human immunoglobulin (HIG) may eventually 
die up to 12 wk after infection. We have now investigated in immunocompetent 
HSV-infected mice the combined effects of acyclovir or bromovinyldeoxyuridine 
and passive immunization. In these studies we wanted to establish: (1), how late 
after primary infection passive immunization would still be effective as part of such 
a combined immuno- and chemotherapy regimen, and (2), how long the protec- 
tion offered by such combination therapy may last. 

Materials and Methods 

Virus and mouse model 
Immunocompetent  hairless mice were infected intradermally with the HSV-1 

strain Wal as described previously [6]. Briefly, mice were infected intradermally 
with 50 txl containing approximately 103 IDs0 of the challenge virus at 2 different 
sites each adjacent to the lumbar part of the spine. 

Chemotherapeutics 
(E)-5-(2-Bromovinyl)-2'-deoxyuridine (bromovinyldeoxyuridine, BVDU) was 

synthesized by R. Busson and H. Vanderhaeghe (Rega Instituut, Katholieke 
Universiteit Leuven, Belgium) following a modification of the procedure de- 
scribed in [7]. For acyclovir (ACV), commercial preparations, purchased as Zo- 
virax ® in the F .R.G. ,  were used. 
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Human immune globulin 
Beriglobin ®, the commercial HIG  of Behringwerke, was dialysed against 0.15 

M NaC1, then diluted to 50 mg HIG/ml and sterile filtered. The preparation (lot 
no. 401222) had an ELISA antibody titer of 1:8000 and a neutralizing antibody 
titer of 1:220 when assayed against 100 ID50 of HSV-1. 

Therapeutic treatment 
Infected mice were treated intraperitoneally with either BVDU of ACV (each 

at 40 mg/kg body weight per day) dissolved in phosphate-buffered saline. Treat- 
ment was initiated 3 h after infection followed by a second administration 5 h later 
and then continued twice daily for 4 consecutive days. A single dose of H I G  (1.0 
ml per mouse) was administered intraperitoneally at either 4, 24, 48 or 72 h after 
infection. Combined immuno- and chemotherapy consisted of either the BVDU 
or the ACV treatment protocol combined with a single H IG  dose administered at 
either 4, 24, 48 or 72 h after infection. Infected, but not treated mice were in- 
cluded as virus control group. Any controls regarding the toxicity of the antivirals 
were omitted, because of the well-documented low toxicity of these drugs [3]. 

ELISA antibody determination The ELISA method was performed exactly as 
described previously [12]. 

Statistical analysis The significance of differences between the results of different 
groups was examined by use of Fisher's exact test. 

Results 

From previous studies we knew that a single administration of a potent H IG  
preparation 4 h after HSV-1 infection completely protected hairless mice for a pe- 
riod of 20 days (data not shown). For the present series of experiments we se- 
lected a H I G  preparation which conferred only partial protection at 20 days pos- 
tinfection. As can be seen from the results of 2 separate experiments, the protection 
achieved by H I G  continued to decline after the 20th postinfection day (Fig. 1A). 
Apparently, single HIG treatment did not completely eliminate infectious HSV but 
merely reduced the virus burden and thus delayed the development of disease in 
most of the mice treated. In HSV-1 infected mice treated with suboptimal doses 
of ACV or BVDU (40 mg/kg/day) for 5 days (Fig. 1B), mortality rates did not 
change beyond the 10th postinfection day (except for a single mouse in the BV D U  
group which died at the 51st day). The sub-optimal dosages of H I G  or the chem- 
otherapeutics as used in Fig. 1 were also used in the combined therapy experi- 
ments described below. 

Table 1 summarizes the results of an experiment in which mice were treated re- 
peatedly with ACV or BVDU alone or combined with a single dose of H IG  given 
4, 24, 48 or 72 h postinfection, respectively. At 20 days after infection combined 
treatment resulted in an at least additive effect for all groups, including the group 
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Fig. 1. Efficacy of passive immunization (A) or chemotherapy (B) in hairless mice infected intrader- 
mally with HSV-1. (A) HIG was injected intraperitoneally at 4 h postinfection; the results of 2 inde- 
pendent experiments are shown. Exp. 1: untreated, virus-infected mice (o); HIG-treated, virus-in- 
fected mice (i). Exp. 2: untreated, virus-infected mice (o); HIG-treated, virus-infected mice (•). (B) 
Virus-infected mice were treated with ACV or BVDU (see Materials and Methods), beginning 3 h pos- 
tinfection: untreated, virus-infected mice (o); ACV-treated, virus-infected mice (A); BVDU-treated, 
virus-infected mice ( t) .  

t rea ted  with H I G  a't 72 h post infect ion.  However ,  because of  some variat ion in 
pro tec t ion  observed  20 days post infect ion it would  be difficult to decide whether  
synergistic effects really occurred.  Fur the rmore ,  the results of  different groups  on 
post infect ion day 20 seem to be difficult to interpret .  For  example,  the protec t ion 
rate in the g roup  t rea ted  only with H I G  at 48 h post infect ion was higher than in 
the g roup  t rea ted  only with H I G  at 24 h postinfection.  Also,  protect ion was higher 
in the g roup  t rea ted  with B V D U  plus H I G  at 24 h post infect ion than in the group 
treated with B V D U  plus H I G  at 4 h postinfection. These variations, however,  may 
be a t t r ibuted to the delayed deve lopment  of  the disease under  H I G  t rea tment  and 
thus to the too short  observat ion  per iod (20 days). The  situation became much 
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TABLE 1 

Protection rate on the 20th day postinfection of HSV-l-infected mice subjected to chemotherapy with 
ACV or BVDU and/or passive immunization. 

Chemotherapy Rate of protection (survivors/mice infected) 

No HIG treatment time of postinfection treatment with 
HIG 

4 h 24 h 48 h 72 h 

None 0/20 7/20 2/20 6/20 0/20 
40 mg ACV/kg/day* 7/20 17/20 17/20 13/20 11/20 
40 mg BVDU/kg/day* 2/19 10/20 16/20 10/20 4/20 

* For 5 days; see Materials and Methods. 

clearer when the observation period was extended to 100 days postinfection. 
The results for a 100-day observation period are presented in Fig. 2 showing those 

of combined treatment of ACV plus HIG  administered 4 h or 24 h after infection 
in Fig. 2A and those of combined treatment of BVDU plus HIG in Fig. 2B. The 
data for the combination of chemotherapy with HIG administered at 48 or 72 h 
postinfection are not shown, because these combinations did not confer better 
protection than ACV or B V D U  alone when followed over a 100-day observation 
period. From the data presented in Fig. 2A and B it is clear that in our study only 
the combination of A C V  or B V D U  with HIG administered at 4 h postinfection 
caused a long-term protection, while in the case of combined therapy with HIG  
administered at 24 h postinfection, the protection rate remained for several weeks 
higher than that of ACV, B V D U  or HIG alone, but eventually the results of the 
combined treatment approximated that of ACV or BVDU alone. 

Since none of the HSV-1 infected mice treated only with HIG  survived postin- 
fection day 100, the question of whether combined treatment resulted in a syn- 
ergistic effect is reduced to the question of whether combined treatment is signif- 
icantly better than chemotherapy alone. Thus the significance of the difference 
between the 100 day mortality rates of mice (data shown in Fig. 2) subjected to 
chemotherapeutic or combined treatment was assessed using Fisher's exact test, 
resulting in P <0.05 for HIG  treatment 4 h postinfection combined with ACV,  or 
in P <0.1 for H I G  treatment 4 h postinfection combined with BVDU.  Similar re- 
sults were obtained in three independent experiments, showing that combination 
of chemotherapy with HIG  administration 4 h postinfection resulted in an une- 
quivocally reproducible synergistic effect. In 2 of these experiments (data not 
shown) the survival curves of the group ACV plus HIG  at 24 h postinfection re- 
sembled that of the group B V D U  plus HIG at 24 h postinfection as shown in Fig. 
2B, i.e. decline of protection during the first 50 days after infection. A number of 
very late deaths (80--100th day postinfection) as observed in the group ACV plus 
HIG  at 24 h postinfection of the experiment shown here (Fig. 2A) was rather a 
rare event. 

From the delay in death, however, the question arose as to whether the survi- 
vors had developed antibodies to the cha!lenge virus. Therefore, anti-HVS-1 an- 
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Fig. 2. Combined immuno- and chemotherapy of HSV-I infected hairless mice, consisting of (A) ACV 
treannent plus a single dose of HIG ill either 4 h or 24 h after infection or (B) BVDU treatment plus 
a single dose of }fIG at either 4 h or 24 h after infection. All combinations were evaluated in the same 
experiment. The results for the virus-infected control group and the groups treated only with HIG at 
4 h or 24 h postinfection arc shown only in graph A. Graph A: untreated, virus-infected mice (o): 
virus-infected mice treated with HIG at either 4 h (~ e) of 24 h (:: ..... cJ) after infection: virus- 
infected mice treated with ACV (~):  virus-infected mice treated with ACV plus HIG at 4 h (/x z~) 
or with ACV plus HIG at 24 h postinfection (A ..... /~). Graph B: BVDU treatment only (0); BVDU 
combined with a single HIG injection at 4 h postinfection (~ (~): BVDU combined with a single 
HIG iniection at 24 h postinfection ((} ..... ()). 

t i b o d y  t i t e rs  w e r e  d e t e r m i n e d  by E L I S A  in the  sera  o f  the  su rv ivo r s  for  the  ex-  

p e r i m e n t  s h o w n  in Fig.  2 A  and  B. F r o m  the  d a t a  p r e s e n t e d  in T a b l e  2, it is c l ea r  

tha t  6 o u t  o f  7 a n i m a l s  s u b m i t t e d  to c h e m o t h e r a p y  a l o n e  ( A C V  or  B V D U )  had  

d e v e l o p e d  a n t i b o d i e s  to H S V - 1 .  O n  the  c o n t r a r y  30 o f  37 m i c e  su rv iv ing  a c o m -  

b i n e d  c h e m o -  and  i m m u n o t h e r a p y  did no t  d e v e l o p  d e t e c t a b l e  a m o u n t s  of  ant i -  

bod i e s .  T h o s e  7 o f  37 which  d e v e l o p e d  a n t i b o d i e s ,  h o w e v e r ,  had  t i ters  o f  the  s a m e  

r a n g e  as t he  m i c e  t r e a t e d  wi th  A C V  or  B V D U  a lone .  T h e  ra te  o f  a n t i b o d y - p o s i -  

t ive mice  t r e a t ed  with a c h e m o t h e r a p e u t i c  only was significantly d i f ferent  f rom that  

o f  m i c e  s u b j e c t e d  to c o m b i n e d  t r e a t m e n t  ( P  <0.0(}5).  

Discussion 

In this  s tudy  we  s h o w  tha t  c o m b i n a t i o n  o f  A C V  o r  B V D U  and  pass ive  i m m u -  

n i z a t i o n  ( H I G )  m a y  h a v e  a synerg i s t i c  e f fec t  in i m m u n o c o m p e t e n t  mice  i n f e c t e d  
in t r ade rma l ly  with HSV-1 .  A C V  or  B V D U  were  admin i s t e r ed  twice daily for 5 days 

and  H I G  was  a d m i n i s t e r e d  as a s ingle  d o s e  at 4, 24, 48 o r  72 h p o s t i n f e c t i o n .  A t  

20 days  p o s t i n f e c t i o n ,  all c o m b i n a t i o n s  r e s u l t e d  in a h i g h e r  p r o t e c t i o n  ra te  t han  

any  s ing le  t r e a t m e n t .  W h e n  f o l l o w e d  for  a l o n g e r  o b s e r v a t i o n  p e r i o d  o f  100 days ,  
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TABLE 2 

Anti-HSV-1 ELISA antibody titers in the sera of mice on the 100th day after infection". 

Treatment Numbers of sur- Reciprocals of anti-HSV-1 No. of seroposi- 
vivors b (100 days ELISA antibody titers rive to total no. of 
postinfection) survivors 

ACV 5 
ACV + HIG 4 h postinfection 12 
ACV + HIG 24 h postinfection 7 
ACV + HIG 48 h postinfection 5 
BVDU 2 
BVDU + HIG 4 h postinfection 7 
BVDU + HIG 24 h postinfection 4 
BVDU + HIG 48 h postinfection 2 

< 10, 80, 640, 1600, 3200 4/5 ~ 
<11) (11) d, 400 1/12 
< 11) (7) 0/7 
<10 (4), 320 1/5 

800/800 2/2 ~ 
<10 (5), 160, 11(/0 2/7 
<10 (3), 1600 1/4 

400, 800 2/2 

" Blood was taken from the surviving mice presented in Fig. 2A and B. 
b Number of mice treated was 2(1 in each group. 

In total 6 of 7 mice treated with a chemotherapeutic only were seropositive. 
~ The number of sero-negative mice is indicated in parentheses. 

however,  H I G  administered at 48 or 72 h postinfection, did not appear effective 
in increasing the protective effects of BVDU or ACV, whereas the combination 
of ACV or BVDU with a single HIG  dose administered at 4 h postinfection con- 
siderably increased the protection rate resulting in a synergistic effect. 

HIG given at 24 h postinfection did not significantly enhance the protection 
achieved by chemotherapy,  as based on the survival rates at the 100th postinfec- 
tion day. However ,  HIG  administered at 24 h postinfection caused a marked delay 
in mortality during the 100-day observation period. The deaths which eventually 
occurred in this group may be due to the lack of anti-HSV-1 antibodies and the 
failure of combined chemo- and immunotherapy to completely eradicate infectious 
HSV-1 in the host. Mice which became seropositive may have been protected, since 
our previous studies on active immunization with an experimental HSV-1 glyco- 
protein vaccine in the same mouse model have indicated that an ELISA antibody 
titer of at least 1:160 at the time of virus challenge is fully protective [6]. 

Although the majority of surviving mice treated with ACV or BVDU and HIG 
at 4 h postinfection did not develop anti-HSV-1 antibodies, these mice survived 
presumably because chemotherapy plus early passive immunization supported by 
non-specific immune factors may have completely eliminated the challenge virus. 

From the results presented here we therefore conclude that: (1), as already shown 
by others for short-term observation periods [1,2,15], combination of chemother- 
apy and passive immunization 4 h after infection has a synergistic protective effect 
on primary HSV infection even over an observation period of 100 days; (2), com- 
bination of chemotherapy with a late passive immunization is effective over a 20- 
day, but not over a 100-day observation period; (3), because of the short duration 
of this effect and the half-life of human immunoglobulins (about 20 days in the 
homologous host [13]) repeated immunoglobulin administration might be superior 
to a single dose; and (4), combined chemo- and immunotherapy started immedi- 
ately after primary HSV infection is the most effective procedure,  although it pre- 
vents seroconversion in most of the infected animals. 
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Although the present results were obtained in a primary HSV infection model,  
they argue in favor of the combined use of chemotherapy and passive immuniza- 
tion in humans infected with HSV, including those patients that suffer from re- 
current HSV infections. In patients suffering from recurrent HSV infections such 
combined chemo- and immunotherapy will, of course, not eliminate latent virus 
or prevent further recurrences [8], but probably will efficiently inhibit virus rep- 
lication and thus mitigate the clinical symptoms of the acute outbreak of the dis- 
ease. Furthermore, in case of primary HSV infection such combined therapy may 
be effective in completely eradicating the virus when started sufficiently early after 
a primary HSV infection. Although the consequence of a rapid and complete 
eradication of any infectious HSV could be that no specific immune response will 
develop, the advantage of such a therapy would be that no latent HSV infection 
will establish in the infected host. To find out whether this hypothesis is true, we 
will investigate in the near future whether mice protected by combined therapy and 
lacking any specific immune response are also free of any latent HSV. 
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