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Summary 

A recombinant murine interferon -/3 (rMuIFN-/3) was used to suppress the de- 
velopment  of skin lesions and death of mice after challenge with herpes simplex 
virus (HSV) type 1 (HSV-1). 

Depilated female BALB/c mice were inoculated intradermally with HSV-1, 
Hayashida strain, and were administered various concentrations of interferon (IFN) 
intraperitoneally 3 h later. The treatment with IFN was given once a day for 10 
successive days. Under  the conditions in which almost all control mice died after 
development  of severe zosteriform skin lesions, the mortality of mice treated with 
IFN (8 x 105 or 8 x 104 U/mouse) was less than 50% (9/20 and 4/10, respectively), 
though all mice treated with a lower dose of IFN (8 x 103 U/mouse) died. Titra- 
tion revealed that there was no significant suppression of virus growth by IFN in 
the skin or dorsal root ganglia, but it was significantly suppressed in the brain. 

The protective effect of IFN was enhanced when it was used in combination with 
human anti-HSV antibody having a neutralizing titer (NT) of 1:16. All mice treated 
with 1FN (8 x 105 U/mouse) and antibody (NT, 1:16) survived, and only 40% of 
them developed slight zosteriform skin lesions. The effect of the combination was 
observed even when both IFN and antibody were diluted 1:10. 

The protective effect of IFN was also observed when athymic nude mice were 
used as the host. In this system, though the IFN-treated nude mice survived sig- 
nificantly longer than the controls, they finally died. In antibody- or acyclovir 
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(ACV)-treated nude mice, there was also a prolongation of survival time as com- 
pared with control mice. The effect of antibody was enhanced by the addition of 
IFN, but IFN did not potentiate the effect of ACV. 

Herpes simplex virus; Recombinant interferon; Interferon-/3; Antibody; Acyclovir 

Introduction 

The effects of exogenous interferon (IFN) on infection with herpes simplex vi- 
rus (HSV) have been investigated in animal models and patients [4,5,19,22,26]. 
However ,  in general, good antiherpetic effects have not been obtained. Until re- 
cently, most studies with interferons (IFNs) were conducted with relatively impure 
preparations generated by infecting leukocytes or fibroblasts with viruses, or stim- 
ulating lymphocytes with mitogens. Therefore the antiviral effect of exogenous IFN 
has not yet been sufficiently evaluated. Because of recent advances in genetic en- 
gineering, recombinant IFN has become available in large quantities, and it should 
be worthwhile to study the antiviral effect of the recombinant IFN in animal models. 
There are several reports of the use of human recombinant IFN in HSV-infected 
mice [8,17]. However ,  as 1FN is species specific, homologous murine IFN should 
be used to determine the antiviral effect in mice. Studies using homologous mu- 
rine recombinant IFN in mice are rare [9], and the antiviral effect of recombinant 
IFN-/3 has also not yet been studied. 

Recently, the effects of combinations of two or more antiviral agents against HSV 
infection have been investigated in vitro and in vivo [1,3,9,14,18,20]. It has been 
shown that the use of IFN in combination with acyclovir (ACV) enhances the an- 
tiviral effect in HSV-infected mice. We have also shown that the combined use of 
ACV and antibody is highly effective against HSV infection in nude mice [27]. 

In the present study, we evaluated the antiviral effects of recombinant murine 
IFN-/3 (rMuIFN-/3) in depilated mice or athymic nude mice infected intradermally 
with HSV. Intradermal infection of depilated or nude mice was used to assess the 
efficacy of antiherpes drugs, because this system has the advantage that skin le- 
sions are readily visible and, to a certain extent, can be assessed quantitatively 
[21,24]. Fur thermore,  combinations of IFN with other antiviral agents having dif- 
ferent mechanisms of action, i.e., antibody or ACV, were investigated. 

Materials and Methods 

Virus 

HSV type 1 (HSV-1), strain Hayashida, an isolate from a vesicular skin lesion 
of herpes labialis, was passaged 7 times in Vero cells and used for inoculation. Vero 
cells grown in Eagle's minimal essential medium (MEM) supplemented with 5% 
calf serum were used for virus propagation. 
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Mice 

Euthymic female BALB/c mice were obtained from the Kyudo Co., Ltd.,  Ku- 
mamoto,  Japan and were used as immunocompetent  mice. Female athymic nude 
mice with BALB/c genetic background were purchased from the Central Labo- 
ratory of Experimental  Animals, Co., Ltd.,  Osaka, Japan. They were infected at 
5-7 wk of age. 

Inoculation of mice 

The right midftank of each BALB/c mouse was clipped and depilated with a 
chemical depilatory, Hair Remover  (Shiseido, Co., Ltd.,  Tokyo,  Japan). Ten 
scarifications were made with a 26 gauge hypodermic needle at the midflank of the 
depilated mice or nude mice and 20 ~1 containing 1 x 106 plaque-forming units 
(pfu) of HSV-1 was dropped on the scarified area. Development  of the skin le- 
sions was observed and scored every day. Scores of skin lesions are as follows: O, 
no lesion; 2, local lesion (vesicle or erosion);6, mild zosteriform lesion; 8, mod- 
erate zosteriform lesion; 10, severe zosteriform lesion; and death. 

Interferon 

rMuIFN-/3 was provided by Basic Research Laboratories,  Toray Industries Inc., 
Tokyo,  Japan. The activity of rMuIFN-/3 was assayed by the cytopathic effect in- 
hibition method using vesicular stomatitis virus and mouse L cells, and the titer 
was expressed in international reference units (U) based on the international 
standard MuIFN-a//3 (G-002-904, 511, National Institutes of Health,  Bethesda, 
MD, U.S.A.) .  The activity of the preparations of rMuIFN-/3 was 1.0 x 10 7 U/ml. 

Antibody 

Heat-inactivated human serum was used as antibody and had a neutralizing titer 
(NT) of 1:16 against HSV-1. The neutralizing activity of serum was measured by 
the microplate method described previously [21], where the neutralizing antibody 
titer was expressed as the highest dilution which showed 80% plaque reduction. 

Acyclovir 

ACV was brought in suspension in phosphate-buffered saline, pH 7.2, at a con- 
centration of 5 mg/ml. 

Cocultivation of dorsal root ganglia with Vero cells 

Mice that survived 50 days after inoculation were sacrificed. The dorsal root 
ganglia (thoracolumbar area) were removed and were put onto monolayers of Vero 
cells. The cultures were examined daily for 4 wk for the appearance of viral cy- 
topathic effect. 
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Virus titrations 

At various intervals after virus inoculation, three mice from each group were 
sacrificed and viral titers in their tissues were determined as described previously 
[27]. The mice were exsanguinated by cutting the femoral  vessels before the tis- 
sues were removed.  Tissue samples included the skin (the minimum area encom- 
passing the inoculated site and the whole lesion), dorsal root ganglia (thoracol- 
umbar  area) ,  and brain. Homogena tes  of the tissues were inoculated onto Vero 
cell monolayers  in 24-well tissue culture plates and overlaid with MEM containing 
2% calf serum and 2% methylcellulose. After  incubation for 3 days, plaques were 
counted. The titers of virus recovered from the various homogenates  were ex- 
pressed as pfu per  tissue. 

Statistical analyses 

To compare  the mortali ty of control and IFN-treated mice, the data were eval- 
uated using the Fisher exact test. Statistical evaluations of differences between the 
mean survival times and differences in virus titers between control and IFN-treated 
mice were evaluated using the Student 's  t-test. A p value of 0.05 or less was con- 
sidered as significant. 
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Fig. 1. Effect of IFN on the development of skin lesions in euthymic BALB/c mice inoculated intra- 
dermally with HSV-1. (a) Control mice: (b) IFN-treated mice. 
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Res u l t s  

Protective effect of  rMulFN-~ in euthymic BALB/c mice 

In the first experiment,  the protective effect of IFN was studied in euthymic 
BALB/c mice (20 per group). Treatment  with IFN was initiated at 3 h after infec- 
tion. IFN (0.08 ml, 8 × 105 U/mouse) was administered intraperitoneally (i.p.) once 
a day for 10 successive days, while mice given 0.15 M NaC1 instead of IFN served 
as controls. Fig. 1 shows the time course of the development of skin lesions. In 
the control group, all mice developed zosteriform skin lesions by day 4, and al- 
most all mice finally died. In the IFN-treated group, the development of zosteri- 
form lesions was not significantly different from that of the control mice, but the 
mortality was significantly reduced (p < 0.05) and half of the mice survived through 
the 50-day observation period. Even for the dead mice, the survival time of IFN- 
treated mice was significantly prolonged (P < 0.01), the survival time for the con- 
trol and IFN-treated mice being 8.0 _+ 1.0 and 11.3 + 1.9 days, respectively. 

Effect of rMulFN-fl on virus growth in euthymic BALB/c mouse tissues 

The virus titers of tissue homogenates of the skin, dorsal root ganglia and brain 
from each group of mice at various intervals after infection are shown in Fig. 2. 
In the control mice the virus titer in the skin rose as the skin lesions evolved to 
zosteriform lesions 5 days postinfection, and decreased when specific immunity was 
acquired, i.e. 7 days postinfection. The virus could be recovered from the homog- 
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Fig. 2. Effect of IFN on virus growth in tissues of euthymic mice inoculated intradermally with HSV- 
1. At various intervals after infection, three mice from each group were sacrificed and the virus titers 
in their tissues were determined. (a) Skin (the minimum area encompassing the inoculated site and the 
whole lesion); (b) dorsal root ganglia; (c) brain. Symbols: ©, control mice; Q, IFN-treated mice. The 
hatched portion of each panel indicates the threshold of virus detection. 
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enates of dorsal root ganglia as early as 3 days after infection. In the brain, the 
virus was first recovered 5 days after infection. 

In IFN-treated mice, the virus titer in the skin and dorsal root ganglia was slightly 
lower than that of control mice, though the difference was not significant. In the 
brain, however,  the difference was significant (p < 0.05); at day 5 postinfection, 
when virus could not be detected in IFN-treated group, the virus titer reached its 
maximum in the control group. 

Effect of the combination of rMulFN-[3 and antibody in euthymic BALB/c mice 

A protective effect of IFN was shown in the above experiments. However,  since 
45% of the IFN-treated mice finally died, the use of IFN and antibody in combi- 
nation was tried, to achieve further antiviral effect. In this experiment, IFN and/or 
antibody treatment was initiated 3 h after infection. IFN (0.08 ml) was adminis- 
tered i.p. once a day for 10 successive days, and 0.5 ml of antibody was injected 
i.p. only once,  3 h after infection. The dose response was also studied. 

The results are summarized in Table 1. In the control group, all mice developed 
zosteriform skin lesions beginning on day 4, and almost all mice died, as observed 
in the first experiment. Administration of 1:10 diluted IFN (8 × 104 U/mouse)  as 
well as undiluted IFN (8 × 105 U/mouse)  lowered the mortality to half of that of 
the control group. However,  a lower dose of IFN (8 x 103 U/mouse)  alone was 

T A B L E  1 

Protective effect of rMuIFN-I3 and antibody in euthymic BALB/c mice infected with HSV-1. 

Treatment " Deve lopment  of 
zosteriform 
skin lesions b 

Mortality ~ Latency d 

No. % No. % No. % 

Control 40/40 (100) 36/40 (90) 3/4 (75) 
IFN (8 x 10sU ¢) 20/20 (100) 9/20 (45) 11/11 (100) 
IFN (8 x 104U) 10/10 (100) 4/10 (40) 6/6 (100) 
IFN (8 x 103U) 10/10 (100) 10/10 (100) 
Ab  (1:16 f) 7/10 (70) 2/10 (20) 6/8 (75) 
Ab (1:1.6) 10/10 (100) 7/10 (70) 3/3 (100) 
Ab  (1:0.16) 9/9 (100) 9/9 (100) 
IFN (8 x 105U) + Ab  (1:16) 4/10 (40) 0/10 (0) 6/10 (60) 
IFN (8 x 10sU) + Ab (1:1.6) 10/10 (100) 0/10 (0) 10/10 (100) 
IFN (8 x 105U) + Ab (1:0.16) 10/10 (100) 4/10 (40) 5/6 (83) 
IFN (8 x 104U) + Ab  (1:1.6) 10/10 (100) 0/10 (0) 9/10 (90) 
IFN (8 x 103U) + Ab (1:1.6) 9/10 (90) 5/10 (50) 3/4 (75) 

" IFN and/or antibody (Ab) treatment was initiated at 3 h after infection. 
b Number  of mice with zosteriform skin lesions/number of mice tested (%).  

Number  of dead mice / number of mice tested (%).  
d Number  of mice with infected ganglia / number of mice tested (%). 

A dose of 8 x 105 Units  per mouse given once a day for 10 successive days. 
f 0.5 ml of Ab (NT, 1:16) per mouse given only once. 
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Treatment" Mortality b Mean survival time 
No. f.~ (days + SD) 

Control 7/8 (88) 8.1 -+ 0.69 
IFN ~ 8/8 (100) 8.6 + 1.60 
Ab d 9/9 (100) 8.9 -+ 1.17 
IFN c + Ab d 7/8 (88) 8.4 _+ 0.98 

~' IFN and/or antibody (Ab) treatment was initiated at 5 days after infection. 
" Number of mice dead/number of mice treated (%). 

IFN (8 × l0 s) Units/mouse) was administered i.p. once a day for 10 successive days. 
~l 0.5 ml of Ab (NT, 1:16) was administered i.p. only once. 

not  ef fect ive;  all mice d e v e l o p e d  zos t e r i fo rm skin lesions and all d ied.  Since the  
a d m i n i s t r a t i o n  of  rMuIFN- /3  a lone  r e d u c e d  the mor t a l i t y  by a p p r o x i m a t e l y  50% at 
mos t ,  the  c o m b i n a t i o n  of  IFN and a n t i - H S V  a n t i b o d y  was t r ied .  

The  use of  | F N  (8 x 105 U / m o u s e ,  10 successive days)  c o m b i n e d  with only  a 
single dose  of  und i lu t ed  h u m a n  se rum a n t i b o d y  (NT,  1:16) 3 h af ter  virus chal-  
lenge resu l t ed  in m a r k e d  suppress ion  of  the d e v e l o p m e n t  of  skin les ions,  i .e . ,  only  
4 of  10 mice d e v e l o p e d  sl ight  zos t e r i fo rm skin lesions and all mice surv ived ,  while 
a f te r  a d m i n i s t r a t i o n  of  und i lu t ed  h u m a n  se rum a n t i b o d y  a lone  7 of  10 mice de- 
v e l o p e d  the  zos t e r i fo rm skin les ions  and 2 of  the 10 mice died.  The  c o m b i n a t i o n  
was still e f fec t ive  when  bo th  I F N  and a n t i b o d y  were  d i lu ted  1:10 but  not  when  di- 
lu ted  1:100. 

Effect of rMulFN-~ treatment on the establishment of latent infection 

In o r d e r  to d e t e r m i n e  if the  I F N  t r e a t m e n t  cou ld  affect the e s t ab l i shmen t  of  la- 
tency  of  the  infect ing H S V ,  the  dorsa l  roo t  gangl ia  were  r e m o v e d  f rom the mice 
that  su rv ived  50 days  or  longer  af ter  infect ion and cocu l t iva ted  with V e r o  cells. A s  
shown in Tab le  1, the re  were  no significant d i f fe rences  within each g roup  in the  
number  of  mice in which latent  infection was detec ted ,  though in mice t rea ted  with 
h igh- t i t e r  I F N  (8 x 105 U / m o u s e )  and  a n t i b o d y  (NT,  1:16) the ra te  of  l a tency  was 
sl ightly lower  than  in the  o t h e r  groups .  

Therapeutic effect of rMulFN-[3 and antibody in euthymic BALB/c mice 

Since a sufficient  p ro t ec t ive  effect  was o b t a i n e d  by admin i s t r a t ion  of  IFN and 
a n t i b o d y ,  the  t h e r a p e u t i c  effect  of  the  c o m b i n a t i o n  of  IFN and a n t i b o d y  was de-  
t e r m i n e d  in B A L B / c  mice.  T r e a t m e n t  with IFN and a n t i b o d y  was in i t i a ted  5 days  
pos t in fec t ion ,  when  zos t e r i fo rm skin lesions began  to deve lop .  IFN (8 x 105 
U / m o u s e )  was a d m i n i s t e r e d  dai ly  for  10 successive days  and 0.5 ml of  und i lu t ed  
ant ibody (NT, 1:16) was adminis te red  once,  together  with the first injection of  IFN.  

The  resul ts  shown in Tab le  2 ind ica te  that  ne i the r  suppress ion  of  fu r the r  deve l -  
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TABLE 3 

Effect of combination of rMulFN-[3 and antibody in athymic nude mice infected with HSV-I. 

Treatment ~' Mortality h Mean survival time 
No. % (days -+ SD) 

Control 10/10 (100) 9.2 -+ 0.9 
IFN c 9/9 11//0) 11.5 -4- 2.3 
Ab d 10/111 (100) 12.4 + 2.2 
IFN ~ + Ab d 10/10 (1001 16.5 -+ 3.3 

~' IFN and/or antibody (Ab) treatment was initiated at 3 h after infection. 
tl Number of mice dead/number of mice treated (%). 

IFN (8 x 105 Units/mouse) was administered i.p. once a day for 10 successive days. 
d 0.5 ml of Ab (NT, 1:16) was administered i.p. only once. 

o p m e n t  o f  sk in  l es ions  n o r  r e d u c t i o n  o f  m o r t a l i t y  was  o b t a i n e d  w h e n  t r e a t m e n t  

w i t h  I F N  a n d  a n t i b o d y  was  i n i t i a t ed  5 days  a f t e r  i n j e c t i o n  o f  v i rus .  O n c e  zos t e r i -  

f o r m  skin  l e s ions  h a d  d e v e l o p e d ,  no  t h e r a p e u t i c  e f fec t  c o u l d  be  a c h i e v e d .  

Effect of the combination of rMulFN-[3 and antibody in athymic nude mice 

T h e  e f f ec t  o f  I F N  in c o m b i n a t i o n  wi th  a n t i b o d y  was  s t u d i e d  by us ing  a t h y m i c  

n u d e  m i c e ,  an  a n i m a l  m o d e l  o f  an  i m m u n o c o m p r o m i s e d  hos t .  T r e a t m e n t  was  in- 

i t i a t e d  3 h p o s t i n f e c t i o n .  I F N  (8 × 105 U / m o u s e )  was  a d m i n i s t e r e d  i .p .  o n c e  a day  

fo r  10 s u c c e s s i v e  days  a n d  0.5 ml  o f  u n d i l u t e d  a n t i b o d y  ( N T ,  1:16) was  admin i s -  

t e r e d  i .p .  o n l y  o n c e  3 h p o s t i n f e c t i o n .  

A s  s h o w n  in Fig .  3 a n d  s u m m a r i z e d  in T a b l e  3, t he  su rv iva l  t i m e  was  signifi-  

c an t ly  p r o l o n g e d  (p < 0 .01)  in m i c e  t r e a t e d  wi th  I F N  a l o n e ,  as c o m p a r e d  wi th  t he  

c o n t r o l  m i c e .  T h e  c o m b i n a t i o n  o f  I F N  and  a n t i b o d y  was  m o r e  e f f e c t i v e ,  a l l o w i n g  

l o n g e r  su rv iva l  (p < 0 .01)  t h a n  I F N  o r  a n t i b o d y  a l o n e ,  t h o u g h  the  m o r t a l i t y  was  

n o t  d e c r e a s e d .  

TABLE 4 

Effect of combination of rMulFN-13 and ACV in athymic nude mice infected with HSV-1. 

Treatment " Mortality b Mean survival time 
No. % (days +- SD) 

Control 8/8 1100) 9.1 _+ 1.6 
ACV c 8/8 (100) 18.6 _+ 5.0 
IFN d + ACV c 8/8 (100) 20.5 +- 5.0 

~' Treatment was initiated at 3 h after infection. 
b Number of mice dead/number of mice treated (%). 
c ACV (25 mg/kg of body weight) was administered i.p. every 12 h for 10 successive days. 
d IFN (8 × 105 Units/mouse) was administered i.p. once a day for 10 successive days. 
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Fig. 3. Effect of IFN and antibody on the development of skin lesions of athymic nude mice inoculated 
intradermally with HSV-1. (a) Control mice; (b) IFN treated mice. IFN (0.08 ml, 8 x 105 U/mouse) 
was administered i.p. once a day beginning at 3 h after infection for 10 successive days; (c) antibody- 
treated mice. Five-tenths ml of antibody with a titer of 1:16 against HSV-1 was administered i.p. only 
once at 3 h after infection; (d) IFN- plus antibody-treated mice. IFN (0+08 ml 8 x 105 U/mouse) was 
administered i.p. beginning at 3 h after infection for 10 successive days and 0.5 ml of antibody (NT, 
1:16) was administered i.p. only once at 3 h after infection. 

Effect of the combination of rMulFN-13 and ACV in athymic nude mice 

Final ly ,  we invest igated whether  IFN could po ten t ia te  the protect ive effect of 
A C V  in a thymic nude  mice. T r e a t m e n t  was ini t ia ted 3 h post infect ion.  IFN (8 x 
105 U /mouse )  was admin i s te red  i.p. once a day for 10 successive days and  A C V  
was admin i s t e red  i.p. (25 mg/kg of body weight) every 12 h for 10 successive days. 

As shown in Table  4, A C V  was effective when  given alone and the survival t ime 
was significantly (p < 0.01) p ro longed  as compared  with the control ,  though the 
mor ta l i ty  was not  reduced.  However ,  the effect of A C V  was not  significantly en-  
hanced  by the addi t ion  of IFN.  
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Discussion 

There  are a number of reports on the efficacy of IFN in HSV-infected mice. En- 
dogenous IFN produced during experimental HSV infection is largely responsible 
for eventual spontaneous cures [10]. Zawatzky et al. [31] reported that mice sus- 
ceptible to HSV infection, such as BALB/c mice, are low producers of IFN in re- 
sponse to HSV as compared with resistant C57BL/6 mice. They suggested that the 
magnitude of early IFN responses upon HSV infection correlated with resistance. 
Their  subsequent experiments [30] demonstrated that i.p. inoculation of 250 LDs0 
of HSV resulted in a high titer of IFN in the peritoneal cavity of C57BL/6 mice 
followed by the survival of almost all mice. On the other hand, injections of 25 or 
2.5 LDs0 of HSV did not induce measurable amounts of IFN. 

In our laboratory,  preliminary experiments indicated that mouse embryo fibro- 
blast cells pretreated with rMulFN-/3 were protected against subsequent challenge 
with HSV-1. The present studies were then designed to determine whether ex- 
ogenous IFN exerted a favorable effect on HSV-infection in BALB/c mice. 

In euthymic mice infected intradermally with HSV-1, viral replication was de- 
tectable 3 days after infection in the dorsal root ganglia. Subsequently, all mice 
developed zosteriform skin lesions and almost all mice died at or prior to day 10 
due to encephalitis, as evidenced by limb paralysis and virus growth in the brain. 
It has been reported that when mice are given a single large dose of IFN i.p., serum 
IFN levels peak at about 1 h postinjection and are virtually reduced to zero after 
8 h [13]. HSV-infected mice were treated i.p. with rMuIFN-/3 (8 x 10 5 U/dose) 
for 10 successive days. In IFN-treated mice, the development of zosteriform skin 
lesions was not significantly different from that of control mice, but the mortality 
was significantly reduced. Viral replication in the brain was not detectable in IFN- 
treated mice at 5 days after infection, at which time the virus titer was maximum 
in the control-infected mice. From the results it was inferred that rMuIFN-/3 ad- 
ministered i.p. did not significantly inhibit virus growth at the site of inoculation 
or prevent invasion of the central nervous system, but exerted an effect on the 
outcome of the infection by inhibiting virus replication in the brain. In fact, when 
the t reatment  was started at day 5 after infection, the IFN did not protect the mice 
any longer. The same inference was also made from the experiment using athymic 
nude mice, where rMulFN-/3 prolonged the survival time, though it failed to re- 
duce the mortality. 

The mechanism(s) by which IFN inhibits HSV infection are poorly understood 
[2,7]. The antiviral mechanism of IFN in vivo is considered to be due in part to 
direct induction of an antiviral state in the host cells. Kirchner et al. [16] suggested 
that in vivo IFN would predominantly exert a direct antiviral effect on the target 
cells infected by HSV. Especially, their data stress the important role of the IFN 
produced at the site of infection. On the other hand, Kohl [17] reported that 
whereas recombinant human IFN-a or human leukocytes alone did not protect mice 
from lethal challenge with HSV, a combination of them afforded significant pro- 
tection. He speculated that the mechanism of this protection probably involved in 
vivo stimulation of human natural killer cytotoxicity by IFN. It is well known that 
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IFN indirectly suppresses virus infection by enhancement of the host immune sys- 
tem [6,19]. IFNs enhance natural killer cell activity, T-cell-mediated cellular cy- 
totoxicity and antibody-dependent cell-mediated cytotoxicity (ADCC) [12,23, 
25,29]. Since there is evidence that it is rather difficult for exogenous interferon to 
gain access to some organs, in particular the brain [13], we favor the interpretation 
that rMulFN-/3 suppresses virus growth in the brain indirectly by enhancing the 
host immune system. 

We also studied the combined effect of IFN and antibody. The treatment by a 
combination of rMulFN-/3 and heterologous antiserum resulted in a stronger an- 
tiviral effect than was achieved with either agent used alone. Although the estab- 
lishment of latent infection was not completely inhibited, the combined treatment 
appeared to be very effective in limiting the extent of subsequent tissue involve- 
ment (data not shown). In the experiment using athymic nude mice, the animals 
finally died even if they were treated with antibody or ACV combined with IFN. 
However  significant increase in survival of antibody-treated mice was obtained by 
the addition of IFN. We suggested previously, on the basis of experiments with 
athymic nude mice, that ADCC might play an important role in protection from 
HSV infection [11,15,28]. It has also been shown that IFN augments ADCC in vi- 
tro [12]. Accordingly, the present findings show that IFN might augment ADCC 
in vivo. 

Herpesvirus encephalitis is now regarded as the most frequently fatal endemic 
virus infection of the central nervous system. The morbidity and mortality asso- 
ciated with herpesvirus infections is markedly enhanced in immunosuppressed pa- 
tients. Thus, herpesviruses have become prime targets for prospective therapeutic 
agents. Although we could not clearly determine the mechanisms of the antiher- 
petic effect of rMulFN-/3, it protected the mice from HSV infection and its effect 
was enhanced by antibody. Therefore,  the possibility of the clinical use of recom- 
binant human IFN-/3, either singly or combined with antibody, against HSV in- 
fection should be considered. 
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