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NOT ONLY PROTECTS AGAINST LETHAL VIRUS CHALLENGE, 

BUT ALSO MAY RESTRICT LATENCY AND VIRUS REACTIVATION 
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Summary. - A subunit vaccine containing the main antigenic components of herpes simplex virus 1 
(HSV-1) was tested in Balb/c mice and albino rabbits. The mice were completely protected against challenge 
with 10 LD5 0of the highly pathogenic SCI6 strain given by intraperitoneal (ip) route when immunized with 
1000 antigen units (ELISA) corresponding to 110 jj.g of protein. The animals were protected against lethal 
disease when immunized with 1 - 33 jig of protein per dose. Immunization of rabbits with 3000 antigen units 
prior to inoculation of strain Kupka into right scarified cornea limited the establishment of latency in the 
trigeminal ganglia. Both the number of animals in which latency had been established as well as the number of 
homolateral sensory ganglion cells which had become virus carriers were reduced. However, the effect of 
immunization was less striking at preventing HSV reactivation in rabbits vaccinated after infection. When 
shedding of reactivated HSV was elicited by repeated epinephrine iontophoresis to cornea, there was no quan­
titative diiference between the immunized and mock-immunized groups, only the period between stimulation 
and the onset of virus shedding was prolonged in immunized rabbits (from 3.6 to 5.6 days, p <0.05). But if the 
corneas were stimulated by a single iontophoresis procedure, the duration of virus shedding was significantly 
reduced from 5.6 days in the mock-immunized rabbits to 1.7 days in the immunized ones (p <0.025). In the 
latter experiment, the total number of positive swabs during 14 days of the post-stimulation period was higher 
in the mock-immunized animals (31 of 171, 18.1%) than in the immunized ones (12 of 162, 7.4%; p <0.025). 
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I n t r o d u c t i o n  

Dif ferent  antigen preparat ions o f  H S V  (subuni t  o r  virion 

envelope vaccines,  recombinant  glycoproteins o r  their  mix­

tures)  a s  we l l  as  genet ical ly  eng inee red  a t tenuated live 

vaccines have  been  tested in animals  (reviewed by Meignier,  

1985; Hal l  and  Katrak,  1986; Burke,  1991; Meignier,  1991). 

B o t h  t h e  s u b u n i t  e n v e l o p e  v a c c i n e s  a n d  t h e  v a r i o u s  

recombinant  glycoproteins have  been  repeatedly shown to  

protect  mice ,  rabbi ts  a n d  guinea  pigs  against  lethal chal­

lenge  by  intracerebral  (ic) o r  peripheral  routes  even i f  H S V  

strains o f  heterologous type had  been administered (reviewed 

in Table 1). W h e n  evaluating the  effect  o f  vaccination on  

the  establ ishment  o f  latent infection,  t he  interpretations o f  

different  investigators ranged  f r o m  signif icant  reduction o f  

t he  n u m b e r  o f  animals  that  developed latency (Hi l fenhaus  

a n d  M o s e r ,  1981; T h o m s o n  et al., 1983;  M e t c a l f  a n d  

Whitney, 1987; Crcmer  et al., 1985; Rooney  et al., 1988; 

Willcy  et al., 1988; Al -Ghamdi  et al., 1989; Manservig i  et 

al., 1990; Blacklaws  et al., 1990; Mishkin  et al., 1991) 

through a part ial  e f fec t  manifes ted  b y  reduced  f requency  o f  

virus-carrier gangl ion cells (Rajčáni  et al., 1980) to insig­

n i f icant  results (Schneweis  et al., 1981; Kle in  et al., 1981; 

Scriba, 1982; Sander  and  Sander,  1992).  Šlichtová  et al. 
(1982) found that immunization with a subunit vaccine re ­

duced  the  extent o f  latent infect ion in m i c e  w h e n  given be­

fo re  virus administration, b u t  d id  no t  inf luence recurrencies  

w h e n  pe r fo rmed  a f t e r  infection.  

T h e  effect  o f  vaccination w a s  m o s t  frequently assessed 

in t he  m o u s e  ea r  mode l  (Hill  et al., 1975), in t he  guinea  p i g  
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Table 1. Efficacy of HSV subunit vaccine and recombinant HSV glycoprotein preparations in animal models 

Effcct Reference Effect Reference 

Baculovirus-cxpressed gĽ provided protection Ghiasi el al., 1992 Long term protection after immunization with Rooney et al., 
against lethal ip and ocular challenge in mice recombinant gD reduced frequency o f  1988 

latent infection by 30% 
HSV-1 subunit vaccine did not prevent the Sander and Sander, 
establishment of latency in mice but decreased 1991 Treatment with HSV gB/gD reduced Myers et ul., 
the intensity of inflammation during recurrencies spontaneous ccrvico-vaginal virus shedding 1988 
as well as their frequency in guinea pigs 

Native purified gD from HSV-1 protected against Mishkin et al., Reconstituted mixtures of HSV gB,gD,gE and gC Megnier et al., 
lethal HSV-2 challenge and establishment 1991 protected mice and guinea pigs against ic or 1987 
of latency in mice intravaginal challenge 

HSV-1 ISCOM vaccine protected guinea pigs Ertiirk et al., 1991 HSV gD enhanced ear clearance in challenged Martin and Rouse, 
against intravaginal challenge with HSV-2 mice 1987 

HSV-1 gD fusion protein (but not gC) expressed Bróker et ul., 1990 Recombinant HSV g B  protected mice against Cantin el al., 
in E. coli protected mice against lethal challenge ip challenge with HSV 1987 
with HSV-1 as well as HSV-2 given id to hairless 
mice Immunization o f  outbrcd mice with F strain o f  Metcalf and 

HSV induced immune response and protection Whitley, 1987 
HSV-infccted vaccinces dcloped limited recurrent Bernstein et al.. against herpetic ocular disease and reduced the 
disease, the magnitude of initial virus shedding 1990 incidence of latent trigeminal ganglion 
was low in guinea pigs that did not react by infection 
detectable antibodies to non-viral polypeptides 

Immunization of mice with HSV-1 g B  was Kino e t al., 
From vaccinia virus recombinants expressing Blacklaws et ul.. protective against subsequent challenge with 1986 
gB,gD, gE,gH and gl ,  those producing g B  and gD 1990 HSV-1 and HSV-2 
induced NA and conferred highest protection 
against lethal challenge and establishment of Mice immunized with vaccinia virus expressing Cremer el al., 
latency; gE exerted partial protection only HSV gD protected against lethal and latent 1985 

infections with HSV-1 
Mice immunized with mouse L cells expressing Blacklaws and 
g B  and gD showed increased rate of virus Nash, 1990 Purified HSV gB/gC protected Balb/c mice Roberts et al., 
clearance from car pinna upon challenge into the car against ic lethal challenge 1985 

Recombinant gB-l expressed in human cells Manservigi el al., HS V gB protected mice against footpad challenge Chan et al., 1985 
protected mice against lethal challenge and 1990 
establishment of latency HSV gD protected against lethal challenge Long et ul., 

with HSV-1 and HSV-2 1984 
gD-1 vaccinia virus recombinants were protective Wachsman el ul., 
for mice against HSV-2 challenge 1989 Subunit virion envelope vaccine of HSV-1 Thomson ct al., 

protected labially infected mice from primary 1983 
HSV-1-infected cell extract mixed with ISCOM Erttirk et ul., lesion, encephalitis and reduced latent trigeminal 
had protective effect against ip challenge with 1989 ganglion infection 
HSV-1 as well as HSV-2 in Balb/c mice 

HSV-1 gC protected mice against ip Schrier et al., 
Zwitlcrionic dctcrgent-extractcd HSV-1 antigen Al-Ohamdi et ul., challenge 1983 
preparation protected against establishment 1989 
of latent infection and shortened the duration Guinea-pigs latently infected with HSV-2 were Scriba, 1982 
of car erythema immunized with HSV-2 vaccine derived from 

extracts of infected cells. The vaccination had no 
Recombinant gC protected mice against ic Weir et al., cITcct onthc course o f  recurrent herpes in these 
challenge with HSV 1989 animals 

Recombinant vaccinia virus expressing gB HSV Willy el al., In immunized mice the incidence of latent Tullo el al., 
protected Balb/c mice from acute and latent 1988 infection after ocular infection was limited in 1982 
infection after corneal challenge ophthalmic neurons 



RAJČÁNI, J. et al.: HSV-1 ENVELOPE SUBUNIT VACCINE 39 

Table 1 (continued) 

Subviral HSV-1 vaccine reduced latency and Šlichtová et al., 
lowered the frequency o f  recurrent disease when 1982 
administered before infection; when given post 
infection, the vaccine did not reduce recurrencies 

HSV-2 subunit vaccine was antigenic in guinea Thornton et al., 
pigs and protective against intravaginal challenge 1982 
with HSV-2 

HSV-l killed vaccine preparations protected from Schneweis et al., 
lethal challenge but had only moderate effect on 1981 
establishment o f  latency 

Immunization with HSV-1 envelope antigen did Klein el al., 
not prevent latent infection in nude mice but re- 1981 
duced reactivated virus titers in cultured ganglia 

Mice were protected by HSV-1 subunit vaccine Hilfenhaus and 
against acute lethal infection and establishment Moser, 1981 
of latency 

DNA-free HSV subunit vaccine did not prevent Cappel et al, 
establishment o f  HSV latency in mice 1980 

Immunization with a DNA-free HSV subunit Rajčáni et al, 
vaccine reduced the number of virus carrier 1980 
ganglion cells but did not completly prevent the 
establishment of latency in rabbits after corneal 
challenge 

genital model (reviewed b y  Stanberry, 1991), in the mouse 
or guinea p i g  footpad models,  and/or b y  a s imple ip  or 
intradermal (id) v i rus  challenge in mice. For demonstration 
o f  the protective vaccination e f fect  w e  used HSV-1 strain 
SCI6,  which regularly causes hind leg  paralysis.  The e f fect  
o f  immunization on the establishment o f  latency w a s  tested 
in the rabbit ocular model (Stevens  et al., 1972; Rajčáni  et 
al., 1975). Finally, to fo l low the possible e f fect  o f  vaccina­

t ion o n  virus  reactivation, epinephrine iontophoresis t o  cor­

n e a  w a s  p e r f o r m e d  in  rabbi ts  (Kwon  et al., 1981). 

M a t e r i a l s  a n d  M e t h o d s  

Animals. Albino rabbits weighing 2500 - 3500 g were obtained 
either from the breed Velaz (Prague, Czech Republic) or Charles 
River (Sulzfeldt, Germany). The rabbits were infected at day 0 
into the right scarified cornea with 2 x 106PFU of HSV-1 strain 
Kupka in a volume of 0.05 ml. The animals were fed on standard 
synthetic diet and water ad libitum. 

Balb/c mice were purchased from the breed Velaz and held on 
a standard diet in a separated room avoiding contacts with other 
virus-infected animals. For lethality prevention tests, the mice were 
infected with HSV-1 strain SC16 in a volume of 0.1 ml containing 

different virus doses ranging up to 100 LD50(1 LD5 0= 5 x 103 

PFU). 
HSV-1 strains. To establish latency in rabbits the non-

encephalitogenic strain Kupka (passaged in rabbit lung embryo 
cells and Vero cells, stock titer 2 x 108PFU/ml) kindly provided by 
Dr. R. Benda, Prague, was used. For testing the HSV-1 lethality 
for Balb/c mice the strain SC16 highly virulent for mice (stock 
titer 6 x 10s PFU/ml, propagated in Vero cells) kindly provided by 
Dr. T. Hill, Bristol, England, was employed. For vaccine prepara­
tion the strain HSZP (adapted to chick embryo and quail embryo 
cells during more than 40 passages, stock titer 1 x 10" PFU/ml) 
was used. 

For virus neutralization tests the strain KOS (propagated in Vero 
cells, stock titer 1 x 10'PFU/ml), kindly provided by Dr. W o n k a ,  
Prague, was employed. 

Virus titrations. The spinal cord and adrenal glands removed 
from mice at days 2,4,  and 6 or 7 p.i. and/or the cultured trigeminal 
ganglion fragments were homogenized (10% organ suspensions 
in Basal Eagle's Medium (BEM)). The swabs from rabbit con­
junctival sacs were eluted for 1 hr in BEM supplemented with 5% 
foetal calf serum (FCS) and antibiotics, and stored at -70 'C  when 
not immediately inoculated. Testing of virus infectivity was made 
in 24-well microplates (Nunc) on which Vero cells were grown in 
monolayers for 24 - 48 hrs. 

The infected cells were incubated for 3 - 4 days p.i. in 5% C 0 2  

atmosphere at 37 'C  and CPE was read on days 2, 3 and 4 p.i. 
More exact plaque counts were made on 3 mm plastic Petri dishes 
(Nunc) under 0.9% methylcellulose overlay in BEM with of 10% 
newborn calf serum, glutamin and antibiotics. 

Blood samples for serologic examinations were drawn from 
mice and/or rabbits before immunization and, when not otherwise 
indicated, 7 or 10 days after the second antigen injection. From 
immunized and infected mice blood samples were drawn on days 
2, 4 and 6 after challenge. Blood samples from immunized and 
infected rabbits or conversely, from infected and immunized ones, 
were taken according to special schedules described in Results. 
Serum samples were stored at -20 'C. 

Virus neutralization test was made in 24-well microplates 
(Nunc). About 100 PFU of strain KOS was mixed with equal 
amount of inactivated serum diluted from 1:8 to 1:8,192 and di­
vided into two parts. One part of the mixture (0.2 ml) was incu­
bated with 0.1 ml of fresh guinea pig serum (diluted 1:16) as the 
source of complement. After 1 hr incubation, the virus-serum and 
the virus-serum-complement mixtures were inoculated onto the 
Vero cell monolayers. Each test was run with negative and posi-. 
tive serum controls; virus titer controls were prepared in the pres­
ence and absence of complement. After incubation in 5% CO, 
atmosphere at 37 'C, the endpoints were determined by days 3 and 
4 p.i. and scored according to prevention of CPE formation (con­
trol wells were inoculated with 100 PFU of virus). 

Subunit vaccine was prepared as described previously (Rajčáni 
et al., 1988). Briefly, quail embryo cells were infected with strain 
HSZP (0.2 PFU/cell). When showing complete giant cell forma­
tion, the cells were scraped off into buffer containing 10 mmol/1 
Tris-HCl pH 8.0 and 15 mmol/1 MgCl,, treated with the same 
buffer containing 1% NonidetNP-40 and 1 mmol/1 dithiothreitol, 
centrifuged at 1000 r.p.m. for 30 mins and then centrifuged at 



40 RAJČÁNI, J. et alHSV-I ENVELOPE SUBUNIT VACCINE 

100,000 x g for 3 hrs trough a 30% sucrosc cushion. The super­
natant was inactivated with formalin and precipitated with ammo­
nium sulphate at 60% concentration. The sediment was dissolved 
in PBS and thoroughly dialyzed.The protein content and antigenic 
activity of the vaccine were determined, and the antigen potency 
was expressed in EL1SA units per ng of protein. 

EL1SA of the antigenic potency of the vaccine was made in 
microplates coated with anti-KOS swine IgG. Serial dilutions of 
antigen were incubated with the bound antibody for 2 hrs at 37 'C, 
washed, incubated with swine antiserum diluted 1:1000, washed, 
incubated with rabbit anti-swine pcroxidasc-labellcd antibody and 
washed again. Finally, the antigen binding was vizualizcd with 
DAB solution in the presence of H,0 , .  

Scrum antibody titration was made in microplatcs coated with 
HSV-I antigen prepared in human embryo lung (HEL) cells in­
fected with strain KOS. The antigen was formalin-inactivated and 
semipurified by adsorption to activated CNBr-Scpharose bound 
anti-HEL IgG (prepared from a swine immunized with the 
uninfected HF.Lccll extract).The antigen was then dialyzcd through 
a Diaflo ultrafiltration membrane (YMI0, Amicon) and used for 
coating microplate wells (at concentration of 8 ng/ml o r 4  antigen 
units per 0.1 ml). The antigen-coated microplatcs were incubated 
with corresponding sera in different dilutions, washed, incubated 
with anti-human IgG, labelled peroxidase with (Sevac, Prague) 
and the antibody was vizualizcd with DAB solution as described 
above (for details see Hsiung, 1982). 

Immunization protocols. Mice were given subeutancously (sc) 
two doses of the subunit vaccine containing 10 (group A), 100 
(groupsBland B2), 300 (group C), and 1000 (groups Dl  and D2) 
ELISA units, respectively. In groups A, BI ,  C and Dl  the vaccine 
doses were mixed with aluminium hydroxide (1.5%) and 10% 
volume of mineral oil (Al-Span-oil adjuvant from SEVAC, Prague), 
while in groups B2 and D2 the vaccine doses were mixed with 
aluminium hydroxide (1.5%) and sodium dcoxycholate (0.25%). 
The rabbits were immunized intramuscularly (im)with 3000 ELISA 
units of the vaccine mixed with aluminium hydroxide. The mix­
ture of antigen and adjuvant was allowed to stand for at least I hr at 
4 'C at occasional mixing. 

Virus reactivation procedure was performed as described by 
Kwon et al. (198 I). In Rompun/Kctalar anacsthezia the cathode 
was attached to the wet right car and the anode was applied to 
corneal limbus. Epinephrine (0.1 %) was repeatedly dropped onto 
gently scarified right cornea and the iontophoresis was allowed 
to proceed for 8 mins under 2 mA current. In the first trial the 
iontophoresis was repeated daily within the next 3 days. In addi­
tion, the animals received daily 5 im injections of 0.4 ml of 
epinephrine (diluted 1:20). In the second trial a single ionto­
phoresis procedure was combined with a single epinephrine in­
jection. Conjuctival swabs were taken before starting the proce­
dure (day 0), then on day 2 (before the third iontophoresis) 3, 4, 
5, 7, 8, 9, 10, 11 and 14 since the beginning of the stimulation 
procedure. 

Explanation of regional sensory ganglia was done as described 
previously (Rajčáni et ill., 1975). Briefly, both trigeminal ganglia 
were minced into small fragments and cultured in RPMI-I640 
medium containing 10% FCS and antibiotics. For quantification 
purposes the minced ganglion fragments were kept separately in 

the wells of the 24-well microtitration plate. The medium from 
each well was tested for virus presence on days 3, 7 and 10 in 
culture. By the day 10 in culture, the minced fragments coming 
from 4 wells in a vertical line were collected to obtain 6 homog­
enized suspensions from each ganglion and tested for infectious 
virus content. 

Statistical analysis of results was done by use of the Student 
t-test, the Schcffe test, the Mann-Whitney U-test, the chi-square 
test and the median test (Sachs, 1984). 

Resu l t s  

Protection test in Balb/c mice 

T h e  lethality o f  S C 1 6  virus  fo r  Balb /c  m i c e  was  deter­

mined in 2 experiments  using 4 d i f ferent  dilutions o f  stock 

virus; it was  found that 1 LD50  in unprotected mice  corre­

sponds  to  about  5 x 10 3 PFU.  M i c e  infected ip  died with  

signs o f  hind leg paralysis s ince day 6 p.i .  A t  immunizat ion 

according to  each o f  the schedules  shown in Table 2 ,  t he  

mice  received different  doses  o f  ant igen ranging  f r o m  10 

ELISA units (group A )  to  1000 ELISA units  (group D).  

Table 2. The experimental schedule for protection test 

in Balb/c mice 

Day 0 : immunization with first vaccine dose, first scrum sample 

Day 28: immunization with second vaccine dose, second serum sample 

Day 38: postimmunization serum sample 

Day 50: challenge with 10 LD J 0of  SC16 virus by i.p. route 

Animal groups: A - immunization with 10 ELISA units of  the vaccine 

B - immunization with 100 ELISA units of  the vaccine 

C - immunization with 300 ELISA units o f  the vaccine 

D - immunization with 1000 ELISA units of  the vaccine 

E - immunization with 300 ELISA units o f  the crude 

antigen extract from strain HSZP-infected cells 

F - "immunization" with the adjuvant only 

G - no immunization 

Tulili' 3. Scrum antibody levels ill mice immunized with different 

doses of the suhunit vaccine 

Animal Antigen S c r u m a n t i b o d y  t i t e r  
group dose ĽLISA NT C'  NT C 

A" 10 U 640 64 16 
1)1 100 U 10 240 64 8 
CI 300 U 20 480 128 16 
Dl 1000 u 40 960 256 32 
El 300 U 2 560 64 8 
F1 none < 160 <16 <4 

Sera from 5 animals in each group were pooled. NT C \  NT C : virus 
neutralization tests in the presence or absence of complement, respectively. 
"No oil used as adjuvant. For the legend see Table 2. 
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Tabic 4. Seruin antibody titers in immunized Balb/c mice af ter  challenge with SC16 v i rus  

D a y s  p o s t  i m m u n i z a t i o n  
Animal group 2 4 

ELISA N T C  NTC ELISA NTC+ NTC ELISA NTC* NTC~ 

A (10 U) 640 16 4 2 560 4 4 20 480 6 4  16 
B 1(100 U) 2 560 32 8 20 480 64 16 40 960 2 048 64 
B2(100 U) 640 16 4 640 16 4 10 240 64 16 
C (300 U) 2 560 32 8 20 480 64 16 4 0  960 2 048 64 
D1 (1000 U) 4 0  960 128 16 81 920 256 64 160 000 2 048 128 
D2(1000 U) 2 560 64 4 2 560 64 4 10 240 1 024 16 
Ľ2 (300 U) 640 16 8 640 64 16 2 560 1 024 64 
F2 < 6 4 0  <4 <4 <640 <4 <4 <640 <4 <4 
G < 640 <4 <4 <640 <4 <4 <640 <4 <4 

For the legend see Table 2. 

The vaccine batch used  had the activity o f  9 ELISA units 
per  1 (ig o f  protein. Positive controls were  immunized with 
a crude formalin-inactivated virus  (HSZP strain, cell ex ­

tract), the  mock- immunized  m i c e  were  given adjuvant  only. 

Ano the r  cont ro l  g r o u p  ( G )  consis ted o f  non- immunized  

mice. Al l  an imals  we re  chal lenged wi th  10 LD J 0  o f  S C I 6  

strain b y  ip  route.  

A sat isfactory ant ibody response,  which  was  compara­

ble with the  titers found  in mice  immunized with  the  formalin 

vaccine developed in mice  immunized with  100 ELISA units 

o f  t h e  subuni t  vaccine (Table 3). A l l  t he  immunized ani­

mals  showed a booster  response af ter  challenge; the  rapid 

ant ibody increase be tween days  4 - 6  pos t  challenge w a s  

clearly d i f ferent  f r o m  the  p r imary  post-infection antibody 

response  (group G ,  Table 4). A s  expected, t he  booster  re ­

sponse  in chal lenged m i c e  w a s  m o s t  intensive in animals,  

which  had  been  immunized  wi th  the  highest  antigen dose  

(1000 E L I S A  units).  T h e  lethality o f  S C I  6 infection, which 

was  100% in  mock- immunized  and  in  non- immunized  ani­

mals ,  decreased t o  5 0 %  in  m i c e  protected with the  low and  

m e d i u m  vaccine doses  and to  ni l  in  mice  protected with the  

high vaccine dose  (Table 5). In  randomly selected animals  

examined between days 2 - 6  p.i., the  unprotected mice  regu­

larly h a d  h igh  v i rus  titres in  bo th  lumbal  cord and  adrenal  

glands.  In  partially protected mice  ( immunized with the  low 

a n d  m e d i u m  antigen doses)  infectious vi rus  was  occasion­

ally found  in  t he  adrenal  glands b u t  no t  in the  spinal cord 

(with the  except ion o f  o n e  m o u s e  in  g roup  A) .  Thus,  H S V  

antigen doses ranging f r o m  10 to 300  ELISA units (1 - 3 3  | i g  

o f  protein) provided partial protection against neural spread 

and paralytic disease (Table 6). 

T h e  h igh  antigen dose  w a s  ful ly  protective enabling a 

comple te  clearance o f  t he  vi rus  f r o m  target t issues. A statis­

tical analysis o f  the lethality data (chi-square test) conf i rmed  

the  s ignif icant  d i f ference  between mock- immunized  t o  im­

munized  m i c e  (groups A ,  D 2 ,  E2). T h e  lethality rate seen 

af ter  chal lenge o f  t he  h igh  antigen dose-vaccinated m i c e  

dif fered f r o m  that  o f  t he  mock-vaccinated a s  wel l  as  o f  the  

low dose-vaccinated animals  (Table 7). 

Table 5. Morta l i ty  of immunized Balb/c mice a f t e r  challenge 

with 10 L D 5 0 o f S C 1 6  v i rus  

Animal D a y s p. i. Total 

group 3 5 6 7 8 9 10 11 12 

A (10 U) 2 1 2 5/13 

B1 (100 U) 1 4 5/10 
B2( 100 U) 1 1 2 / 4  

C (300 U) 1 3 4 / 8  

Dl(1000 U) 1 1/10 

D2(1000 U) 0 / 8  
E1 (300 U) 1 1/10 

E2 (300 U) 2 2 4/19 

F1 1 2 5 2 10/10 

F2 3 3 4 10/10 

G 3 4 2 1 10/10 

For the legend see Table 2. 

Antibody response in immunized rabbits 

T h e  mean  neutralizing ant ibody (NA)  t i ter  f r o m  infected 

rabbits (group A )  w a s  compared  wi th  that  i n  rabbi ts  that  

h a d  been f i r s t  immunized  a n d  later infected  (group  B ,  la­

tency protection test) a n d  wi th  that  in  rabbi ts  that  h a d  been  

f i r s t  infected a n d  later immunized  (group  C).  I f  chal lenged 

af ter  immunizat ion (group  B) ,  t he  m e a n  N A  ti ter  increased 

by at  least twofold ( p  <0.05,  Fig.  1). T h e  m e a n  N A  titers 

f r o m  rabbits that  h a d  been  infected  f i r s t  a n d  then  i m m u ­

nized (3000 E L I S A  units ,  g r o u p  C )  showed a h igher  in­

crease (in average threefold, p <0.05) .  T h e  two  booster  e f ­

fects  a lso dif fered ( p  <0.05)  in  t he  impact  o n  the  N A  titer 

increase. 
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Table 6. V i rus  titration (PFU/ml) in adrenal  glands and  spinal cord 
o f  protected mice  challenged w i th  10 L D M o f  SC16  strain 

Animal D a y s  p. i. 
group 2 4 6 

AdG SpC AdG SpC AdG SpC 

A 6x10* n n n n n 
n n n n n n 
n n 6x10 4  n n n 
n n 6x10 4  6x10°  n n 

B1 l x l  O4 n n n n n 
n n n n n n 
n n n n n n 

B2 5x10 4  n n n 2x10 2  n 
n n n n n n 

2x10 J  n n n n n 
n n n n n n 

C 1 x 103 n n n n n 
1 x 103 n n n n n 

Dl n n n n n n 
1x104  n n n n n 

n n n n n n 
n n n n n n 
n n n n n n 
n n n n n n 
n n n n n n 

El  n n 1 x 104 n n n 
n n n n n n 
n n n n n n 
n n n n n n 

F1 3x10 4  n 5x10 5  n n 1x10' 
5x10 4  n 5x10 4  2x10 4  2x10 J  5x10 3  

F2 6x10 J  n > 105 n 6x10 2  n 
2x10 4  n > 105 n 2x10 2  6x10 2  

2x10 3  l x l  O2 > 105 n 3x10 '  6x10 2  

6x10 '  n n n 3x10 2  n 

G IxlO 4  n 1 x 105 n l x l  0 3  3x10 4  

l x l  O4 n l x l  0 5  n 1 x 103 3x10 2  

5x10 5  n l x l  0 5  n 3x10 2  3x10 2  

n = negative; AdG = adrenal gland; SpC = spinal cord. 

Tahle 7. Significance o f  di f ferences between the mortality of mice 
in experimental  groups A-F f rom Table 5 

Mortality of mice in groups 

Experimental A B2 D2 Ľ2 F2 
groups 5/13 2/4 0/8 4/13 10/10 

3 8 %  5 0 %  31% 100% 

A (10 U) NS p<0.05 NS p<0.005 

B2(100 U) NS NS NS NS 

D2( 1000 U) p<0.05 NS NS pcO.OOl 

E2 NS NS NS pcO.OOl 

F2 P <0.005 NS pcO.OOl pO.OOl 

Summing up, in immunized rabbits the mean serum N A  
titers were similar even i f  they seemed slightly higher than 
in infected ones (p >0.05). In preimmunized rabbits the 
booster e f fect  o f  infection caused a s ignif icant  increase o f  
the the mean NA level similarly as  did the booster e f fec t  o f  
vaccination in previously infected rabbits; however, in the 
latter case, this increase w a s  more marked than in the former 
one (compared b y  the Schef fé  method, di f ference s igni f i ­

cant  a t  p <0.05).  

Latency protection test 

To demonstrate  t he  e f fec t  o f  immuniza t ion  o n  establish­

m e n t  o f  latency, the  animals  we re  divided into 2 groups .  In  

o n e  group,  latency w a s  established with  t h e  K u p k a  strain 

inoculated into the  r ight  scar i f ied cornea .  In  another  group,  

rabbits were  f i r s t  immunized  wi th  two  vaccine  doses  (days 

Immunization Infection Immunization 

Course of time — ^  

X Infected only; C- + Infected only; C+ 

• Infected, then Immunized; C- • Infected, then Immunized; C+ 

o Immunized, then Infected; C- • Immunized, then Infected; C+ 

For the legend see Table 2. NS = non-significant (p >0.05). 

Fifi- 1 
T h e  neutralizing antibody  (NA) response in infected 

and  i m m u n i z e d  rabbits 
The mean NA titers as measured in the presence and absence o f  comple­

ment were calculated for 12 sera of infected rabbits (group A), for 25 sera 

of immunized rabbits which were later infected (group B), and for  10 

sera of rabbits which had been first infcctcd and later immunized (group 

C). The mean NA titers in these groups fulfilled the homogeneity of vari­

ance test at p <0.05. Analysis o f  variance showed that the mean titer val­

ues for individual groups differ significantly p <0.01. Contrasts were evalu­

ated for significance according to the Scheffé method, comparing the C '  
and C mean values in each group. The mean NA titer was  slightly higher 
in 25 immunized rabbits (if compared to the infected ones, the difference 
was not significant, p >0.05); it increased by at least twofold (p <0.05) 
when the animals were infected during the latency protection test (group 
B). In the other 10 infected rabbits (group C), the mean NA titer resem­

bled that found in group A (p >0.05) and increased by at least three dilu­

tion steps after immunization (significant at p <0.05). 
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0 and 28, 3 0 0 0  ELISA units each) and then (22 days  later, 
i.e. on day 5 0  o f  the experiment) the v irus  w a s  inoculated 
into the right scari f ied cornea. Swabs  were  taken from both 
conjunctival sacs  in 3 - 4 day intervals f o r  14 days; v i rus  
replication w a s  detected in the cornea o f  each previously 
immunized rabbit f o r  at least 7 - 1 0  days. In these animals 
blood w a s  drawn on days  0, 3 8  and on the autopsy day; 
autopsies w e r e  performed 6 0  - 8 0  days  later, i.e. 105 - 125 
days since the beginning o f  the experiment. 

Table 8. Establ ishment o f  latency in  control a n d  i m m u n i z e d  rabbits 

Rabbits Positivity 
rate o f  
rabbits 

Tissue Positivity rate 
of fragments 

Positivity rate 
of medium 
samples 

Control 11/12" RTG 52/66 (79%) 75/264 (28.4%) 
52/72 (72%)'b  75/288 (26%)° 

5/12 LTG N.D. 11/60 

Immunized 3/10" RTG 6/18 (33.3%) 8/72 (11.1%) 
6/60 (10%)"b 8/240 (3.3%)' 

0/10 LTG N.D. 0/50 

"Related to all the rabbits examined including negative ones. RTG = right 
trigeminal ganglion; LTG = left trigeminal ganglion, "difference significant 
at p <0.005;  bdifference significant at p <0.001. ND = not done. 

In non-immunized controls blood w a s  drawn on the day 
o f  corneal infection (day 0 )  and 5 0 - 7 0  days  later on the 
day  o f  autopsy. Table 8 shows  that 11 o f  12 non-immu-
nized rabbits  developed latent infection in the homolateral 
trigeminal ganglion, and 5 o f  them a l so  in the contralateral 
ganglion. Quantitation o f  the gangl ion fragments  y ie lding 
v i rus  in culture showed that 7 5  o f  2 8 8  minced right g a n ­

gl ion f r a g m e n t s  (28 .4%)  or ig inat ing f r o m  control  rabbi ts  

h a s  re leased  t h e  react ivated v i rus  f r o m  explanted  gangl ion  

fragments in to  t h e  m e d i u m .  O u t  o f  a total  o f  7 2  p o o l e d  

a n d  h o m o g e n i z e d  gang l ion  f r a g m e n t s  c o m i n g  from these  

rabbi ts  5 2  ( 7 9 % )  b e c a m e  infect ious  in  t h e  course  o f  cult i ­

vation. D i f f e r en t  resul ts  w e r e  ob ta ined  in  immun ized  r ab ­

bits .  La t ency  w a s  establ ished in  3 o f  10 rabbi ts  only;  this  

d i f f e rence  w a s  s ign i f ican t  a t  p <0 .005 .  Fur the rmore ,  ou t  

o f  2 4 0  m i n c e d  gang l ion  fragments c o m i n g  f r o m  t h e  i m ­

m u n i z e d  rabbi t s  on ly  8 ( 3 . 3 % )  re leased vi rus .  N o  la tency 

w a s  f o u n d  i n  t h e  contralateral  gangl ia .  O f  t h e  total  o f  6 0  

suspens ions  p r epa red  f r o m  t h e  p o o l e d  r ight  gangl ion  f r ag ­

m e n t s  b y  d a y  10 i n  cul ture ,  on ly  6 ( 1 0 % )  h a d  reactivated 

v i rus  ( p  <0 .001) .  

T h e  extent  a t  which  immuniza t ion  migh t  have  prevented 

the  establ ishment  o f  latency was  calculated b y  compar ing  

the  propor t ion o f  v i rus  yielding f ragments  t o  t he  total in  

each  o f  t w o  animal  groups .  Resul ts  we re  s ignif icant  even if 

t he  di f ferences  were  calculated f o r  t h e  n u m b e r  o f  fragments 

coming  f r o m  rabbits which  h a d  b e c o m e  v i rus  carr iers  (Ta­

ble 8). Thus ,  a pa r t  o f  immunized  rabbi ts  w a s  complete ly  

protected, while in the  rest  o f  immunized animals  t he  number  

o f  gangl ion cells, which  ha rboured  t h e  latent  g e n o m e  w a s  

reduced.  

Reactivation prevention test 

I n  t h e  f i r s t  trial o f  this  series, a l t o g e t h e r  5 3  rabbi ts  we re  

infected t o  t h e  right scar i f ied  co rnea  w i t h  t h e  K u p k a  strain 

(day 0 o f  the  experiment).  T h e n  the  animals  we re  i m m u ­

nized either wi th  the  H S V  vaccine in doses  o f  3 0 0 0  E L I S A  

uni ts  each  o n  days 3 0  a n d  5 8  (22  rabbits),  o r  w i t h  a m o c k -

antigen (noninfected quail  e m b r y o  cell  extract) at  t h e  s a m e  

intervals. T h e  animals  were  subjected t o  t he  epinephrine 

iontophoresis f r o m  day 70 .  T h e  corneas  we re  s t imulated f o r  

3 consecutive days a n d  t h e  conjunctival  sacs  w e r e  swabbed  

daily f o r  a per iod o f  14 days  in  order  t o  detect  shedding o f  

reactivated virus.  U n d e r  g iven condit ions,  t h e  n u m b e r  o f  

rabbits wi th  established latent infect ion w h o  shed  H S V  a f ­

te r  reactivation d id  n o t  d i f fe r  i n  bo th  groups. A l s o  m e a n  

period o f  vi rus  shedding w a s  the  s ame  ( p  >0.1) .  S igni f icant  

w a s  only  the  prolonged l ag  per iod  be tween s tar t ing corneal  

st imulation and  the  onse t  o f  v i rus  shedding  i n  vaccinated 

rabbits (Table 9). 

To test the  possibili ty that  less  potent  s t imulat ion o f  the  

cornea  in  rabbits subjected t o  a s ingle iontophoresis  p roce­

dure  would  demonstra te  t he  desired vaccinat ion effect ,  w e  

examined the  o ther  3 7  rabbits .  T h e  results  o f  th is  experi­

m e n t  are  shown in  Table 10. T h e  reactivation occur red  i n  8 

o f  19 mock- immunized  a n d  in  7 o f  18 vaccinated animals .  

However,  t h e  m e a n  per iod o f  v i rus  shedding  w a s  reduced  

in immunized animals  (p  <0.025).  A l so  the  ra te  o f  v i rus  

shedding as  related t o  the  total n u m b e r  o f  conjunctival  swabs 

decreased a f te r  vaccination (p  <0.025) .  

Table 9. Comparison of ocular shedding after repeated epinephrine 

iontophoresis in control and vaccinated rabbits 

Control Vaccinated 

Number of rabbits 

Number o f  shedders 

Positive swabs of total 

Duration of shedding 

(days) 
Onset o f  shedding (the day) 

31 

17 (55%)* 

54/279 (19%)b 

4.0 ± 1.5' 

3.6J  

22 
11 (50%)" 

30/198 (15.2%)b 

3.2 ±2 .35 '  

5.6d  

Epinephrine iontoforesis performed daily for 3 consecutive days. 
•A 'Non-significant differences (p >0.1).  dSignificant difference (p <0.05, 

the median test). 
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Table 10. Reactivation o f  latent IISV-I after  a single 
ep inephr ine  iontophoresis procedure 

A n i m a l  
Vaccinated 
(A) 

g r o u p  
Controls 
(B) 

Significance 
of difference 
between A and B 

Number o f  rabbits 
which reactivated 
virus out o f  total 
tested 7/18 (38.8%) 8/19(42%) NS 

Number o f  positive 
swabs out of total 
tested" 12/162 (7.4%) 31/171(18.1%) <0,025' 

Number of positive 
swabsout o f  total 
(corrected)1' 12/63 (19%) 31/72 (43%) <0.05' 

Duration o f  virus 
shedding (days) 1.7 ŕ 1.2 4.9 ± 1.6 <0.025J 

"Swabs taken on days 2,3,4,5,6,8,9,10, and I I  since the iontophoresis 

procedúre, 'Calculated for the total number of swabs coming from rabbits 
which shed virus. 'Chi-squarc test. dMann-Whitney U-tcst. NS = nonsig ­

nificant. 

Latency in non-shedders 

T h e  presence o f  non-productive (latent) infection a m o n g  

non-sheddcrs ,  which did not  release infectious virus upon 

epinephrine iontophoresis  was  tested in 12 randomly se­

lected animals .  Each o f  these  reactivated latent virus in the  

right (homolateral )  t r igeminal  ganglion f ragments  in the  

course  o f  explantation.  

Discussion 

T h e  i m m u n e  response to  H S V  has been mostly analyzed 

in the mouse  model (Mester  and Roousc,  1991), though mice  

may show dif ferences  as  compared  to  humans  such as  less 

potent  ant ibody dependent  ccllular  cytotoxicity and  a less 

evident  M H C  class-II restricted cytotoxic cell-mediated re­

sponse.  Passive immunizat ion with a hyper immune poly­

clonal s c rum o r  with monoclonal  antibodies against  gB ,  gC ,  

g D  and g B  reduces lethality af ter  peripheral virus challenge 

(Tabic I I). NA would limit the extent  o f  neural spread t o  

the  regional sensory  ganglion in the  course o f  pr imary  in­

fection (Walz  et al., 1976) and may  reduce the extent o f  

latency (McKcndal l  etal., 1979; Rajčáni  et al., 1980; Table 
I); however, the latter e f fect  can di f fer  according to the con­

di t ions o f  t he  exper iment  (Klein,  1980; Schncwcis  et al., 

1981; Scriba,  1982; Sander  a n d  Sander,  1991). N A s  sup­

press t he  reactivation o f  latent v i rus  in culture (Rajčáni  et 
al., 1977; Oakcs  and Lausch, 1984) or in the ganglion tis­

sue  transplanted t o  peritoneal cavity o f  passively immunized 

recipients (Cook  a n d  Stevens, 1974). Passive immunizat ion 

prevents acute  ganglionic infection in normal  outbred mice  

bu t  not  in nude  m i c e  (Openshaw  et al., 1979), suggest ing 

the  involvement o f  a cell-associated de fense  mechanism.  In 

addition, Oakes  and  Rosemond-Hornbeak  (1978)  demon­

strated the  participation o f  a radiosensitive componen t  in 

protection f r o m  neural spread o f  H S V  by  passive immuni ­

zation; Rager-Zisman and  Bloom (1974)  showed that  pas ­

sive scrum transfer was  no t  suff icient  t o  prevent virus spread 

in cyclophosphamide-trcatcd mice.  T h e  cellular component  

which determines  the  natural resistance a re  mononuclear  

killer cells.  T h e  ability o f  low, subneutral izing doses  o f l g G  

to  interact with killer cells and  mononuclear  phagocytes w a s  

demonstrated in antibody-dependent cytotoxicity test, which 

is more  effect ive in the  presence o f  whole  I g G  than in the  

presence o f  F(ab) ,  f ragments  (McKendal l  et al., 1985)! 

Table II .  Overview of passive MoAb protection and lymphocyte 

transfer protection against HSV challenge in mice 

Model Reference 

MoAbs to gB2, gC2, gD2, gE2 Balachandran et al.. 

protect mice against footpad challenge with 1982 
HSV-2 

Passive immunization with g B l ,  g C l ,  gDI in Ktimel et al., 1985 
mice protected against i.e. challenge 

MoAbs against gCl  and gDI  protected Dix el al., 1981 
mice against footpad challenge 

MoAbs to gB  1, gC 1, gD 1 and gE 1 Rector el al., 1982 
protected mice against ocular challenge 

MoAbs to gBl  and gDI protected nude mice Simmons and Nash, 
from zostcriform spread of HSV-I 1985 

Protection against herpetic ocular disease Metcalf el al., 
with MoAbs to gB  1, gC 1, gD 1 and gE 1 1988 

Protection against zostcriform spread with Mester et al., 
MoAbs to g B l ,  gCl  and gDI 1990 

CD4 (Lyt-I) lymphocytes identified as the Nash and Gell, 

effector cells involved in delayed 1993 
hypersensitivity and car tissue clearance 
from HSV-I 

Recovery from lethal HSV-I infection was Larsen et al., 

mediated by cytotoxic T lymphocytes 1983 

T h e  protective role o f  T lymphocytes  in H S V  clearance 

was  demonstrated by  adopt ive t ransfer  o f  splenocytes  to  

syngeneic  recipients,  which  b c c a m e  resis tant  t o  ic v i rus  

chal lenge (Ennis ,  1973). T h e  active cells  we re  suggested to  



RAJČÁNI, J. etal.: HSV-1 ENVELOPE SUBUNIT VACCINE 45 

be helperT cells ( L y t - ľ )  but also cytotoxic Lyt-2+cells (Nash 
et al., 1981; Howes  et al., 1979). In the ear model and in 
nude mice with zosteriform herpes the local virus clear­

ance  a n d  prevention f r o m  neura l  spread was  media ted  pre­

dominantly b y  L y t - ľ  cells (Nagafuchi et al., 1982; Nash 
and Gell, 1983). This protective e f fect  may  b e  enhanced b y  
simultaneous transfer o f  cytotoxic Lyt-2+ cells (Wildy and 
Gell, 1988). Thus, while  L y t - ľ c e l l s  are more important for  
virus clearance at the inoculation site, Lyt-2+ cells act more 
efficiently at  destroying v i rus  antigen-producing cells in the 
regional sensory ganglion (Nash et al., 1987). Target anti­
gens  f o r T  cell-mediated cytotoxicity are  H S  V glycoproteins 

such  as  gB,  g D  a n d  probably also g C  (McLaughlin-Taylor 

et al., 1988; Johnson  et al., 1990; Mart in  et al., 1989), as  

well  as  nonstructural  proteins  I C P 4  a n d  I C P 2 7  (Martin  et 

al., 1989). T h e  latter phenomenon  may  b e  o f  g rea t  interest 

in  prevent ing the  replicat ion o f  reactivated virus.  Conse­

quently, recent  data  provide evidence  that  M o A b s  are pro­

tect ive b y  d i f f e ren t  m e c h a n i s m s  wh ich  d e p e n d  o n  thei r  

epitope specif ici ty (Eis-Hiibinger  et al., 1991). M o A b  t o  

g B  would  act  m o r e  effectively at preventing local replica­

t ion o f  H S V  af te r  intracutane chal lenge o r  a t  v i rus  inocula­

t ion to  m u c o u s  membranes ,  whi le  non-neutral izing anti-gC 

M o A b  would  prevent  ganglionic infection.  

H o w  i m m u n e  mechan i sms  could inf luence the  establish­

m e n t  o f  latency is m o r e  unclear.  Because  local v i rus  repli­

cation in t he  co rnea  o f  immunized  rabbits is no t  reduced 

(Rajčáni  et al, 1980), antibodies may possibly prevent - or 
rather r e d u c e -  the neuritic uptake (Walz  etal., 1976; Klein, 
1980; Openshaw  et al., 1979). When reducing the extent o f  
neural spread antibodies interact with  the cell-mediated 
immune r e s p o n s e  at  the  porta l  o f  entry  (Nash, 1985).  
Sekizawa  et al. (1980) found that antibodies are not needed 
f o r  the maintenace o f  the latent state, but other observa­

tions (Rajčáni  et al., 1977; Oakes  et al., 1984) showed that 
polyclyonal as  wel l  as  some M o A b s  may influence the re­

activation rate o f  latent H S V  in  gangl ion explants. T h e  ex­

act  mechan i sm o f  this e f fec t  is unknown.  
T h e  presented results showed that  (1) t he  immunizat ion 

w a s  effect ive in  protect ing m i c e  f r o m  lethal ou tcome  o f  vi­

r u s  chal lenge dur ing  acute  infect ion (high vaccine dose  led 

to  a n  enhanced  clearance result ing undetectable vi rus  lev­

els i n  target organs),(2) the  immuniza t ion  reduced the  ex­

tent  o f  latency established in t he  tr igeminal ganglia o f  rab­

bits inoculated into scar i f ied  cornea,  and  (3)  t he  immuniza­

tion o f  infected rabbits  inf luenced the  replication o f  reacti­

vated virus  by  prolonging the  lag phase  between stimulation 

a n d  v i rus  shedding  and, under  favourable  conditions, t he  

therapeutic vaccination o f  previously infected rabbits l im­

ited the  durat ion a n d  extent  o f  reactivated virus  shedding.  

To understand the  s ignif icance  o f  latter observation,  it is 

usefu l  t o  consider  briefly t he  molecular  mechanisms  o f  la­

tent  infect ion i n  neurons.  Dur ing  latency the  H S V  D N A  is  

present  as  a circularized episomal  non-integrated molecu le  

harboured in  t he  nuclei  o f  neurons  (Rock  a n d  Fraser,1985; 

Efstathiou  et al., 1986). T h e  dispute  o n  t h e  extent  o f  t he  

transcription o f  non-structural  v i rus-speci f ic  m R N A s  dur­

ing  H S V  latency w a s  settled b y  the  discovery o f  latency-

associated transcripts (LAT) (Deatly  et al., 1987; R o c k  et 

al., 1987; Puga  and Notkins ,  1987; Croen  et al., 1987). T h e  

protein specif ied by L A T  has  been  expressed as  a recombin­

ant  fus ion  protein a n d  the  ant ibody prepared against  i t  rec­

ognized a n  ant igen in  latently infected  neurons  (Doerig  et 

al., 1991). LAT is n o t  needed  f o r  the  establ ishment  o f  la­

tency b u t  is related t o  H S V  reactivation a n d  t o  t he  control  

o f  latency within neurons  (Hill  et al., 1990; N s i a h  and  Rapp,  

1991; Steiner  et al., 1989; Tenser  etal., 1993). T h e  reacti­

vation o f  latency is a mult is tep process.  I t  prec ludes  the  

overcoming o f  cellular regulatory mechan i sms  prevent ing 

t r ansc r ip t ion  a n d  t r ans l a t ion  o f  H S V  i m m e d i a t e  ea r ly  

polypeptides which  transactivate t he  v i rus  reproduct ion cy­

cle (Mackem a n d  Roizman ,  1982; O ' H a r e  a n d  Hayward,  

1985; E s  tridge  etal., 1990). T h e  reactivated virus  m a y  spread 

t o  sk in  o r  m u c o u s  membranes  b y  re t rograde axonal  trans­

por t  and  can  replicate there  (Klein,  1982, 1985). I m m u n e  

mechanisms should restrict  t he  g rowth  o f  reactivated virus  

in the  neuron as  well  as  at  t h e  si te o f  recurrent  lesion. T h e  

e f fec t  o f  prolonged l ag  p h a s e  between st imulat ion o f  t he  

cornea  and  v i rus  shedding in  immunized  rabbi ts  seems  t o  

c o n f i r m  the  two-step reactivation event  initiated a f te r  l if t­

o f f  o f  t he  blockade which  h a d  mainta ined the  carr ier  state. 

This  is fol lowed b y  retrograde t ransport  a n d  replicat ion o f  

reactivated virus  a t  t he  site o f  recurrent  lesion. Sh imomura  

et al. (1985)  f o u n d  that  2 4  h r s  a f t e r  s t imulat ion o f  t he  cor­

n e a  in  rabbits wi th  established latency the  infect ious  v i rus  

was  present  in  100% o f  homolatera l  t r igeminal  gangl ion 

homogenates  bu t  no t  in  the  homogenates  o f  cornea.  

T h e  f ind ing  that  previous  immunizat ion r educed  the  du­

ration o f  recurrent  shedding only i f  t h e  reactivation s t imu­

lus was  no t  t oo  intensive, is n o t  necessari ly discouraging.  

Possibly, repeated adrenergic s t imulat ion combined  wi th  

repeated systemic epinephrine administrat ion elicited such  

an  extensive reactivation o f  latent H S V  tha t  subsequent  v i ­

r u s  shedding could no t  b e  prevented.  T h e  benef i t ia l  e f fec t  

o f  vaccination w a s  observed only a f te r  a mi ld  epinephrine 

iontophoresis procedure.  A similar  therapeutic  e f fec t  w a s  

observed wi th  the  s a m e  vaccine in t he  m o u s e  ear  m o d e l  

(Sanders and  Sanders,  1991). 

Acknowledgements. This study has been sponsored by Immuno 
AG, Vienna, Austria. The authors thank Prof.F.Dorner and 
Dr.N.Barrett from Biomedical Research Centre, Immuno AG, Orth/ 
Donau, Austria, for the encouragement and useful discussions. 



46 RAJČÁNI, J. et al.: HSV-1 ENVELOPE SUBUNIT VACCINE 

References  

Al-Ghamdi,A., Jennings,R., Bcntlez,!!., and Potter,C.W. (1989): 
Latent HSV-1 infection in mice immunized with a 
zwittcrionic detergent-extracted HSV-1 antigen prepara­
tion. Arch. Virol. 108, 19-31. 

Balachandran.N., Bacchctti, S., and Rawls, W.E. (1982): Protec­
tion against lethal challenge of Balb/c mice by passive 
transfer of monoclonal antibodies to five glycoproteins 
of herpes simplex virus type 2. Infect. Immun. 37, 
1132-1137. 

Broker,M., Abel,K.J., Hilfenhaus.J., and Amann,E. (1990): 
Escherichia coli-derived envelope protein gD but not gC 
antigens of herpes simplex virus protect mice against a 
lethal challenge with HSV-1 and HSV-2. /VW. Microbiol. 
Immunol. 179, 145-159. 

Bernstein,D.I., Ashley,R.L., Stanberry,L.R., and Myers,M.G. 
(1990): Detection of asymptomatic herpes simplex in­
fections in animals immunized with subunit HSV glyco­
protein vaccincs../. Clin. Microbiol. 28, 11-15. 

Blaeklaws,B., and Nash,A.A. (1990): Immunological memory to 
herpes simplex virus type 1 glycoproteins B and D in 
mice../. Gen. Virol. 71, 863-871. 

Blacklaws.B.A., Krishna,S., Minson,A.C., and Nash,A.A. (1990): 
Immunogcnic i ty  o f  hepes  s implex virus  type  I 
glycoproteins expressed in vaccinia virus recombinants. 
Vimlogy 177, 727-736. 

Burke, R.L. (1991): Development of a herpes simplex virus subunit 
glycoprotein vaccine for prophylactic and therapeutic use. 
Rev. Inf. Dis. 13, Suppl.l I, S906-911. 

Cantin, E.M., Ebcrle, R., Baldick, J.L., Moss, B., Willey, D.E., 
Notkins, A.L., and Opcnshaw, H. (1987): Expression of 
herpes simplex virus glycoprotein B by a recombinant 
vaccinia virus and protection of mice by against lethal 
herpes simplex virus infection. Pmc. Nail. Acad. Sci. USA 
84, 5908-5912. 

Chan.W.L., Lukig, M.L., and Licw, FY. (1985): Helper T cells 
induced by an immunopurified herpes simplex virus 
type 1 115 kilodalton glycoprotein (gB) protect mice 
against HSV-1 infection../ Exp. Med. 162, 1304-1308.. 

Cook, M.L., and Stevens, J.G. (1974): Maintenance of latent 
herpetic infection: apparent role for anti-viral IgG. ./. 
Immunol. 113, 1685-1693. 

Crcmcr, K.J., Mackctt, M., Wohlcnbcrg, C., Notkins, A.L., and 
Moss.B. (1985): Vaccinia virus recombinant expressing 
herpes simplex virus type I glycoprotein D prevents la­
tent herpes in mice. Science 228, 737-740. 

Croen.K.D., Ostrove,L.J., Dragovic.L.J., Smialek.J.E., and 
Straus,S.H. (1987): Latent herpes simplex virus in hu­
man trigeminal ganglia. Detection of an immediate-early 
gene "antisense" transcript by in silu hybridization. New 
Engl../. Med. 317, 1427-1432. 

Dcatly.A.M., Spivack.J.G., Lavi,E., and Frascr.N.W. (1987): RNA 
from an immediate early region of the type 1 herpes 
simplex virus genome is present in the trigeminal gan­
glia of latently infected mice, ľ roc. Nail. Acad. Sci. USA 
84, 3204-3208. 

Dix,R.D., Pereira.L., and Baringer.J.R. (1981): Use of monoclonal 
antibody directed against herpes simplex virus glyco­
proteins to protect mice against acute virus-induced neu­
rological disease. Infect. Immun. 34, 192-199. 

Docrig,C.H., Pizer.L.L, and Wilcox,Ch.L. (1991): An antigen en­
coded by the latency-associated transcript in neuronal 
cell cultures latently infected with herpes simplex virus 
type I. J. Virol. 65, 2724-2725. 

Efstathiou.S., Minson,A., Field,H„ Anderson,J.R., and Wildy,P. 
(1986): Detection of herpes simplex virus-specific ĎNA 
sequences in latently infected mice and humans .J. Virol. 
57, 446-455. 

Eis-Hiibinger,A.M., Mohr.K., and Schneweis,K.E. (1991): Dif­
ferent mechanisms of protection by monoclonal and 
polyclonal antibodies during the course of herpes simplex 
virus infection. Inlervirology 32, 351-360. 

Ennis.F.A. (1973): Host defense mechanisms against herpes 
simplex virus.II. Protection conferred by sensitized 
spleen cells. J. Infect. Dis. 127, 632-638. 

Erturk, M., Jennings, R., Hockley D., and Potter, C.W. (1989): 
Antibody to herpes simplex virus type I antigen immune-
stimulating complex preparations../ Gen. Virol. 70,2149 
-2155. 

Erturk,M., PhilIpotts,R.J., Welch,M.J., and Jennings,R. (1991): 
Efficacy of HSV-1 ISCOM vaccine in the guinea pig 
model of HSV-2 infection. Vaccine 9, 728-723. 

Estridgc,J.K., Kemp.L.M., and Latchman,D.S. (1990): The her­
pes simplex virus protein Vmw65 can trans-activate both 
virus and cellular promoters in neuronal cells. Biochem. 

J. 271, 273-276. 
Evans,C.A., Slavin.H.B., and Berry,G.P. (1964): Studies on 

herpetic infections in mice. IV. The effect of specific 
antibodies on the progression of virus within the nerv­
ous system of young mice. J. Exp. Med. 84, 4 2 9 ^ 4 7 .  

Ghiasi.H., Kaiwar,R., Nesburn,A.B., Slanina,S., and Wechsler,S. 
(1992): Baculovirus-exprcsscd glycoprotein E of herpes 
simplex virus type 1 protects micc against lethal intra­
peritoneal challenge and lethal ocular challenge. Virol­
ogy 188, 469^476. 

Hall,M. J., and Katrak.K. (1986): The quest for a herpes simplex 
virus vaccine: background and recent developments. Vac­
cine 4, 138-150. 

Hill,T.J., Ficld,M.J., and Blyth.W.A. (1975): Aeutc and recurrent 
infection with herpes simplex virus in the mouse : a model 
for studying latency amd recurrent disease../ Gen. Viml. 
39, 341-353. 

Hill.J.M., Sedarati.F., Javier,R.J., Wagner,E.K., and Stevens,J.G. 
(1990): Herpes simplex virus latent phase transcription 
facilitates in vivo reactivation. Virology 174, 117-125. 

Hilfenhaus,J., and Moscr,H. (1981): Prospects for a subunit vac­
cine against herpes simplex virus infections. Behr. Inst. 
Mitt. 69, 45-56. 

Howes, E.L.,Taylor, W., Mitchison, N.A., and Simpson,E. (1979): 
MHC matching shows that at least two T cell subsets 
determine resistance to HSV Nature 277, 67-68. 

Hsiung,G.D. (1982): Enzyme-linked immunoassay. In Diagnostic 
Virology. Yale University Press, New Haven, London. 



RAJČÁNI, J. et cil.: HSV-1 ENVELOPE SUBUNIT VACCINE 47 

Johnson,R.M., Laski,D.W., Fitch.F.W., and Spear,P.G. (1990): 
Herpes simplex virus glycoprotein D is recognized as 
antigen by CD4+and CD8+T lymphocytes from infected 
mice. J. Immunol. 145, 702-710. 

Kino,Y., Eto,T., Nishiyama,K., Ohtomo,N., and Mori,R. (1986): 
Immunogenicity of purified glycoprotein g B  of herpes 
simplex virus. Arch. Virol. 89, 69-80. 

Klein.R.J. (1980): Effect of the immune serum on the establish­
ment of  herpes simplex virus infection in trigeminal gan­
glia of  hairless mice. J. Gen. Virol. 49, 401-405. 

Klein,R.J., Buomovici-Klein,E., Moser,H., Moucha,R., Hilfen-
haus, J. (1981): Efficacy of  a virion envelope herpes sim­
plex virus vaccine against experimental skin infections 
in hairless mice. Arch. Virol. 68, 73-80.  

Klein.R.J. (1985): Initiation and maintenance of latent herpes simplex 
virus infections: the paradox of perpetual immobility and 
continuous movement. Rev. Inf. Dis. 7 ,21-30.  

McKendall .R.R.,  Klassen.T., and Baringer,J.R. (1979): Host  
defenses in herpes simplex infections of  the nervous sys­
tem: effect of antibody on disease and viral spread. In­

fect. Immun. 23, 305-311. 
McKendall,R.R. (1985) : IgG mediated viral clearance in experi­

mental infection with herpes simplex virus type 1 : role 
for  neutralization and Fc-dependent functions but no 
C'cytolysis and C5 chemotaxis. J. Infect. Dis. 151, 4 6 4 -
470. 

Kwon,B.S., Gangarosa,L.P., Burch,K.D., deBack,! ,  and Hill,J.M. 
(1981): Induction of ocular herpes simplex virus shed­
ding by iontophoresis of  epinephrine into rabbits cor­
nea. Invest. Ophthalm. Vis. Sci. 21, 142-149. 

Kiimel,G., Kaerner,H.C., Levine,M., Schroder,C.H., and Glo-

rioso,J.C. (1985): Passive immune protection by herpes 

simplex virus-specific monoclonal antibodies and mono­

clonal antibody-resistant mutants altered in pathogenicity. 

J. Virol. 56, 930-937. 
Larsen,H.S., Russwel,R.G., and Rouse,B.T. (1983): Recovery 

f r o m  lethal herpes simplex virus type 1 infection is 
mediated by cytotoxic lymphocytes. Infect. Immun. 41, 
197-204.  

McLaughlin-Taylor,E., Wi!ley,D.E., Cantin,E.M.,  Eberle,R.,  
Moss,B., and Openshaw,H. (1988): A recombinant vac­
cinia virus expressing herpes simplex virus type 1 glyco­
protein B induces cytotoxic T lymphocytes in mice. J. 

Gen. Virol. 69, 1731-1734. 
Long,D., Madara,T, Ponce deLeon.M., Cohen,G.H., Montgo­

mery,P.C., and Eisenberg,R.J. (1984): Glycoprotein D 

protects mice against lethal challenge with herpes simplex 

virus types 1 and 2.  Infection Immun. 37, 761-764. 
Mackem,S., and Roizman,B. (1982): Regulation of  herpesvirus 

macromolecular synthesis : transcription initiation sites 
and domains o f  alpha-genes. Proc. Natl. Acad. Sci. USA 

77, 7122- 7126. 
Manservigi,R., Grossi,M.P., Gualandri,R., Balboni,P.G., Mar-

chini,A., Rotola,A., Rimessi,P., DiLuca,D., Cassai,E., and 
Brabanti-Brodano,G. (1990): Protection f rom herpes 
simplex virus type 1 lethal and latent infections by se­
creted recombinant glycoprotein B constitutively ex­

pressed in human cells with a B K  virus episomal vector. 
J. Virol. 64, 431-436. 

Martin,S., Courtney,R.J., Fowler,G., and Rouse,B.T. (1989): Her­
pes simplex virus type 1-specific cytotoxicT lymphocytes 
recognize virus nonstructural proteins. J. Virol. 62,1359— 
1370. 

Martin,S., and Rouse,B.T. (1987): The mechanisms of antiviral 
immunity induced by vaccinia virus recombinant express­
ing herpes simplex virus type 1 glycoprotein D clear­
ance of  local infection. J. Immunol. 138, 3431—3437. 

Martin,S., Cantin,E., and Rouse,B.T. (1989): Evaluation o f  anti­
viral immunity using vaccinia virus recombinants ex­
pressing cloned genes for  herpes simplex virus type 1 
glycoproteins. J. Gen. Virol 70, 1359-1370. 

Meignier,B. (1985): Vaccination against herpes simplex virus in­
fections. In B. Roizman (Ed.) : The Herpesviruses. Part 
IV Plenum Press, New York-London, pp. 265-296.  

Meignier.B., Jourdier,T.M., Norrild,B., and Roizman,B. (1987): 
Immunization of  experimental animals with reconstituted 
glycoprotein mixtures of herpes simplex virus 1 and 2: 
protection against challenge with virulent virus. J. In­
fect. Dis. 155, 921-930. 

Meignier,B. (1991): Genetically engencered attenuated herpes 
simplex viruses. Rev. Inf. Dis. 14, Suppl. 11, S895-897. 

Mester,J.C., Glorioso,J.C., Rouse,B.T. (1990): Protection against 

the zosteriform spread of  herpes simplex virus glyco­

proteins. J. Infect. Dis. 163, 263-269. 
Mester,J.C., and Rouse,B.T. (1991): The mouse model and under­

standing immunity to herpes simplex virus. Rev. Inf. Dis. 

13, Suppl 11, S935-S945. 

Metcalf,J.F., Chattcrjee,S., Koga,J., and Whitley, R.J. (1988): Pro­
tection against herpetic ocular disease by immunotherapy 
with monoclonal antibodies to  herpes simplex virus 
glycoproteins. Intervirology 29, 39-49.  

Metcalf.J.F., and Whitley,R.J. (1987): Protective immunity against 
herpetic ocular disease in an outbred mouse model. Curr. 

Eye Res. 6, 167-171. 

Mishkin,E.M., Fahey, J.R., Kino,Y., Klein,R.J., Abramovity,A.S., 
and Mento,S.J. (1991): Native herpes simplex virus 
glycoprotein D vaccine :immunogenicity and protection 
in animal model. Vaccine 9, 147-153. 

Myers.M.G., Bernstein,D., Harrison,Ch., and Strawberry,L.S. 

(1988): Herpes simplex virus glycoprotein treatment o f  
recurrent genital herpes reduces cervicovaginal virus 
shedding in guinea pigs. Antiviral Res. 10, 83-88.  

Nagafuchi,S., Hayashida,I., Higa ,K,  Wada,T., and Mori,R. (1982): 
Role of  Lyt-1 positive immune T cells in recovery f rom 
herpes simplex virus infection in mice. Microbiol. Im­

munol. 26, 359-362. 
Nash,A.A., Phelan,J., and Wildy,P. (1981): Cell-mediated immu­

nity in herpes simplex virus-infected mice: H-2 map­
ping of  the delayed-type hypersensitivity response and 
the antiviralT cell response. J .  Immunol. 126,1260-1262. 

Nash,A.A. (1981): Antibody and latent herpes simplex virus in­
fections. Immunol. Today February 1981, 19-21. 

Nash,A.A., Jayasuriya,A., Phelan,J., Cobbold,S.P., Waldmann,H., 
and Prospero,T. (1987): Different roles for L3T4 + and 



48 RAJČÁNI, J. et al.: HSV-1 ENVELOPE SUBUNIT VACCINE 

Lyt-2+T ccll subsets in the control of an acute herpes 
simplex virus infection of the skin and nervous system. 
./. Gen. Virol. 68, 825-833. 

Nash,A. A., and Cell,P.O.11. (1983): Membrane phenotype of 
murine effector and suppressor T cells involved in de­
layed hypersensitivity and protective immunity to her­
pes simplex virus. Cell Immunol. 75, 348-355. 

Nsiah.Y.A., and Rapp,F. (1991): Role of  latency-associatcd tran­
script in herpes simplex virus infection. lntervirology32, 

101-115. 
OakesJ.E. (1975): Role for cell-mediated immunity in the resist­

ance of  mice to subcutaneous herpes simplex virus in­
fection. Infect. Immun. 12, 166-172. 

Oakcs,J.E., and Roscmond-Hornbeak,H. (1978): Antibody-medi­
ated recovery from subcutaneous herpes simplex virus 
type 2 infection. Infect. Immun. 21 ,489-495.  

Oakes.J.E., and Lausch,R.N. (1984): Monoclonal antibodies sup­
press replication of herpes simplex virus type I trigeminal 
ganglia. . /  Virol. 51, 656-661. 

0 'Ha re ,P ,  and Hayward,G.S. (1985): Evidence for a direct role 
for both the 175,000 and 110,000-molccular-weight im­
mediate early proteins of  herpes simplex virus in the 
transactivation of  delaycd-carly promoters. ./. Virol. 53, 
751-760.  

Openshaw.H., Asher.L.V.S., Wohlcnberg.Ch., Sckizawa.T., and 
Notkins,A.L. (1979): Acute and latent infection of  sen­
sory ganglia with herpes simplex virus: immune control 
and virus reactivation../ Gen. Virol. 44, 205-215. 

Puga,A., and Notkins,A.L. (1987): Continued expression of  a 
poly(A')  transcript of  herpes simplex virus type I in 
trigeminal ganglia of  latently infcctcd mice. J .  Virol. 61, 
1700-1703. 

Rager-Zisman,B., and Bloom,B.R. (1974): Immunological destruc­
tion of  herpes simplex virus 1 -infected cells. Nature 251, 
542-543.  

Rock,D.L. ,  Nesburn,  A.B., Ghiasi ,  H. ,  Ong,J.,  Lewis, T.L., 
Lockensgrad, J.R., and Wcchslcr, S.L. (1987): Detection 
of  latcncy-relatcd viral RNAs in trigeminal ganglia of 
rabbits latently infected with herpes simplex virus type 
I../ .  Virol. 61, 3280-3286. 

Rajčáni,.!., Čiampor.E, and Sabó,A. (1975): Experimental latent 
herpesvirus infection in rabbits, mice and hamsters: ultra-
structure o f  the virus activation in cxplanted Gasscrian 
ganglia. Acta virol. 19, 19-18. 

Rajčáni,J., Čiampor.E, Sabó,A., Líbiková.f L, and Roscnbcrgová.M. 
(1977): Activation of latent herpesvirus hominis in 
cxplants of rabbit trigeminal ganglia: the influence of 
immune serum. Arch. Virol. 53, 55 -69. 

Rajčáni,J., Kutinová.K., and Vonka,V. (1980): Restriction of la­
tent herpes simplex virus infection in rabbits with subviral 
herpes simplex virus vaccine. Acta virol. 24, 183-193. 

Rajčáni,J., Matis,J., Kúdelová,M., Leško,J., Reichel,M., Fuchs-
bcrger,N. and Leššo, J. (1988) : A simple novel proce­
dúre for preparation o f  herpes simplex virus subunit vac-
cinc. Acta virol. 32, 317-328. 

Rcctor, J.T., Lausch, R.N., and Oakes, J.E. (1982): Use of mono­
clonal antibodies for analysis of  antibody dependent 

immunity to ocular herpes simplex virus type 1 infec­
tion. Infect. Immun. 38, 168-174. 

Rock,D.L., and Fraser, N.W. (1985): Latent herpes simplex virus 
type 1 DNA contains two copies of  the virion DNA joint 
region. J. Virol. 55, 849-852. 

Rooney J.F., Wohlenberg,C.H.,  Cremer,  K.J., Moss,B. ,  and  
Notkins.A.L. (1988): Immunization with a vaccinia vi­
rus recombinant expressing herpes simplex virus type 
gD: long term protection and effect o f  revaccination. J .  
Virol. 62, 1530-1534. 

Roberts, PL. ,  Duncan, B.E., Raybould, G.J, and Watson, D.H. 
(1991): Purification o f  herpes simplex virus glyco­
proteins B and C using monoclonal antibodies and their 
ability to protect mice against lethal challenge. J. Gen. 

Virol. 66, 1073-1085. 

Sachs, L. (1984): Angewandte Statistik. 6.Auflage. SpringerVerlag, 
Berlin - Heidelberg - New York - Tokyo. 

Sander,G., and Sander,U. (1991): Untersuchung einer Subunit-
Vakzine an der rezidivierenden kutanen Herpes-simplex-
VirusTyp-1 Infektion der Maus. Diplomarbeit, Medizi-
nische Akademie Erfurt ,  Institut fú r  Medizinischen 
Mikrobiologie, Erfurt. 

Schncweis,K.E., Gruber,J., Hilfcnhaus,J., Moslein,A., Kayser,M., 
and Wolff,M.II. (1981): The influence of different modes 
o f  immunization on the experimental genital herpes 
simplex virus infection of mice. Med. Microbiol. Im­

munol. 169 ,269-279.  

Schrier, R.D., Pizer,L.L, and Moorhead J.W. (rok?):Type-specific 

delayed hypersensitivity and protective immunity induced 

by isolated herpes simplex virus glycoprotein. J .  Immun­

ol. 130, 1413-1418. 
Scriba,M. (1982): Animal studies on the efficacy of  vaccination 

against recurrent herpes. Med. Microbiol. Immunol. 171, 
33-42.  

Sckizawa,T., Opcnshaw, H., Wohlcnberg.Ch., and Notkins.A.L. 
(1980): Latency of herpes simplex virus in the absence 
of  neutralizing antibody: model for reactivation. Science 
2 1 0 ,  1026 -1028 .  

Shimonura.Y., Dudley, J.B., Gangarosa, L.P., and Hill, J.M. (1985): 
HSV-1 quantitation from rabbit tissues after epinephrine-
induced reactivation. Invest. Ophthalmol. Vis. Sci. 26, 
121-125. 

Simmons, A., and Nash,A.A. (1985): Role of  antibody in primary 
and recurrent herpes simplex virus infection../. Viivl. 53, 
944-948.  

Stanberry.L.R. (1991): Evaluation o f  herpes simplex virus vaccines 
in animals: the guinea pig vaginal model. Rev. Inf. Dis. 

13. S920--S923. 
Stcincr.I., Spivack.J., Brown,M., MacLcan,A.R., Subak-Sharpe, J.H. 

and Fraser,N.W. (1989): Herpes simplex virus type 1 la-
tcncy-associatcd transcripts arc evidently not essential for 
latent infection. EMBOJ. 8, 505-511. 

Stevens, J.G., Nesburn,A.B., and Cook.M.L. (1972): Latent her­
pes simplex virus from trigeminal ganglia of  rabbits with 
recurrent eye infection. Nature 235, 216-217. 

Slichtová,V, Kutinová,L., and Vonka,V (1982): Immunogenicity 
of subviral herpes simplex virus type 1 preparation: re­



RAJČÁNI, J. et alHSV-1 ENVELOPE SUBUNIT VACCINE 49 

duction of  recurrent disease in mic s. Arch. Virol. 71, 7 5 -
78. 

Tenser,R.B., Edris,W.A., and Hay,K.A. (1993): Neuronal control 
of herpes simplex virus latency. Virology 195, 337-347. 

Thomson,T.A., Hilfenhaus,J., Moser,H., and Morahan,P.S. (1983): 
Comparison of effects of adjuvans on efficacy of virion 
envelope herpes simplex virus vaccine against labial in­
fection of Balb/c mice. Infection Immun. 41, 556-562. 

Thornton,B., Griffiths,J.B., and Walkland,A. (1982): Herpes 
simplex virus vaccine using cell membrane associated 
antigen in an animal model. Develop. Biol. Standard. 
50, 201-206. 

Tullo,A.B., Shimeld,C., Blyth,W.A., Hill,T.J., and Easty,D.L. 
(1982): Spread o f  virus and distribution of latent infec­
tion following ocular herpes simplex in the non-immune 
and immune mouse. J. Gen. Virol. 63, 95-101. 

Wachsman,M., Luo,J.H., AureIian,L., Perkus,M.E., and Paoletti,E. 
(1989): Antigen presenting capacity of epidermal cells 
infected with vaccinia virus recombinants containing the 

herpes simplex virus glycoprotein D and protective im­
munity. J. Gen. Immunol 70, 2513-2520. 

Walz,M.A.,Yamamoto,H., andNotkins.A.L. (1976): Immunologi­
cal response restricts number of cells in sensory ganglia 
infected with herpes simplex virus. Nature 264, 554— 
556. 

Weir,J.P, Bennett,M., Allen,E.M., Elkins,K.L., Martin,S., and 
Rouse,B.T. (1989): Recombinant vaccinia virus express­
ing the herpes simplex virus type glycoprotein C pro­
tects mice against herpes simplex virus challenge. J. Gen. 
Virol. 70, 2587-2594. 

Wildy.P., and Gell,P.G.H. (1985): The host response to herpes 
simplex virus. Br. Med. Bull. 41, 86-91. 

WiIley,D.U., Cantin,E.M., Hill,L.R., Moss,B., Notkins,A.L., and 

Openshaw,H. (1989): Herpes simplex virus type 1 vac­

cinia virus recombinant expressing glycoprotein B : pro­

tection from acute and latent infection. J .  Infect. Dis. 158, 
1382-1386. 


