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HERPES SIMPLEX VIRUS TYPE 1 ENVELOPE SUBUNIT VACCINE
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 |
(HSV-1) was tested in Balb/c mice and albino rabbits. The mice were completely protected against challenge
with 10 LD, of the highly pathogenic SC16 strain given by intraperitoneal (ip) route when immunized with
1000 antigen units (ELISA) corresponding to 110 pg of protein. The animals were protected against lethal
disease when immunized with 1 — 33 ug 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 cffect 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 difference 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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Introduction

Different antigen preparations of HSV (subunit or virion
envelope vaceines, recombinant glycoproteins or their mix-
tures) as well as genetically enginecered attenuated live
vaccines have been tested in animals (reviewed by Meignicer,
1985; Hall and Katrak, 1986; Burke, 1991; Meignier, 1991).
Both the subunit envelope vaccines and the various
recombinant glycoproteins have been repeatedly shown to
protect mice, rabbits and guinea pigs against lethal chal-
lenge by intracercbral (ic) or peripheral routes even if HSV
strains of heterologous type had been administered (reviewed
in Table 1). When evaluating the effect of vaccination on

the establishment of latent infection, the interpretations of
different investigators ranged from significant reduction of

the number of animals that developed latency (Hilfenhaus
and Moser, 1981; Thomson et al., 1983; Metcalf and
Whitney, 1987; Cremer ef al., 1985; Rooney et al., 1988;
Willey et al., 1988; Al-Ghamdi er al., 1989; Manservigi et
al., 1990; Blacklaws er al., 1990; Mishkin er al., 1991)
through a partial effect manifested by reduced frequency of
virus-carrier ganglion cells (Rajéini ef al., 1980) to insig-
nificant results (Schneweis ef «l., 1981; Klein e al., 1981;
Scriba, 1982; Sander and Sander, 1992). Slichtova et al.
(1982) found that immunization with a subunit vaccine re-
duced the extent of latent infection in mice when given be-
fore virus administration, but did not influence recurrencies
when performed after infection.

The effect of vaccination was most frequently asscssed
in the mouse car model (Hill ef /., 1975), in the guinea pig
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Table 1 (continued)

Subviral HSV-1 vaccine reduced latency and Slichtové et al.,
lowered the frequency of 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-1 killed vaccine preparations protected from  Schneweis et al.,
lethal challenge but had only moderate effect on 1981
establishment of latency

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

Hilfenhaus and
Moser, 1981

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

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

Immunization with a DNA-free HSV subunit Rajcani 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 by Stanberry, 1991), in the mouse
or guinea pig footpad models, and/or by a simple ip or
intradermal (id) virus challenge in mice. For demonstration
of the protective vaccination effect we used HSV-1 strain
SC16, which regularly causes hind leg paralysis. The effect
of immunization on the establishment of latency was tested
i the rabbit ocular model (Stevens ef al., 1972; Rajcani et
al., 1975). Finally, to follow the possible eftect of vaccina-
tion on virus reactivation, epinephrine iontophoresis to cor-
nea was performed in rabbits (Kwon er al., 1981).

Materials and Methods

Animals. Albino rabbits weighing 25003500 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 10° PFU 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 LD
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 10° PFU/m) kindly provided by
Dr. R. Benda, Prague, was used. For testing the HSV-1 lethality
for Balb/c mice the strain SCI6 highly virulent for mice (stock
titer 6 x 10°P PFU/mI, 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/mI)
was used.

For virus neutralization tests the strain KOS (propagated in Vero
cells, stock titer 1 x 10°PFU/ml), kindly provided by Dr. V. Vonka,
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 | 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% CO,
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
(Nune) 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 18 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 | 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 (Rajéani
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/l
Tris-HCI pH 8.0 and 15 mmol/l MgCl,, treated with the same
buffer containing 1% Nonidet NP-40 and 1 mmol/I dithiothreitol,
centrifuged at 1000 r.p.m. for 30 mins and then centrifuged at

(1 LD, =5x 10°
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Table 4. Serum antibody titers in immunized Balb/c mice after challenge with SC16 virus

Days post immunization
Animal group 2 4 6
ELISA NTC* NTC ELISA NTC NTC ELISA NTC* NTC

A (10U 640 16 4 2560 4 4 20 480 64 16
BI(100 ) 2560 32 8 20 480 64 16 40 960 2048 64
B2(100 U) 640 16 4 640 16 4 10 240 64 16
C (300 W) 2560 32 8 20 480 64 16 40 960 2048 64
D1(1000 U) 40 960 128 16 81920 256 64 160 000 2 048 128
D2(1000 U) 2560 64 4 2560 64 4 10 240 1024 16
2 (300 U) 640 16 8 640 64 16 2 560 1024 64
F2 < 640 <4 <4 <640 <4 <4 <640 <4 <4
G < 640 <4 <4 <640 <4 <4 <640 <4 <4

For the legend sce Table 2.

The vaccine batch used had the activity of 9 ELISA units
per | ug of protein. Positive controls were immunized with
a crude formalin-inactivated virus (HSZP strain, cell ex-
tract), the mock-immunized mice were given adjuvant only.
Another control group (G) consisted of non-immunized
mice. All animals were challenged with 10 LD, of SC16
strain by ip route.

A satisfactory antibody response, which was compara-

after challenge of the high antigen dose-vaccinated mice
differed from that of the mock-vaccinated as well as of the
low dose-vaccinated animals (Table 7).

Table 5. Mortality of immunized Balb/c mice after challenge
with 10 LD, of SC16 virus

. . - . L . . - . Animal Days p.i Total
ble with the titers found in mice immunized with the formalin flll]q] Y %7 b1 o
) ! T . ; ) ) group 35 6 7 8 9 10 11 12
vaccine developed in mice immunized with 100 ELISA units
o~ . . . . . ] i
of the subunit vaccine (Table 3). All the immunized ani- A(10U) o2 13
N . BI(100 U) 1 4 510
mals showed a booster response after challenge; the rapid B2(100 U) I 24
antibody increase between days 4 — 6 post challenge was € (300 U | 3 4/ 8
clearly different from the primary post-infection antibody D1{1000 U) 1 1/10
response {group G, Table 4). As expected, the booster re- D2(1000 U) 0738
sponse in challenged mice was most intensive in animals, E1(300 L) : 1710
. . . . . . E2 (300 U) 2 2 4/19
which had been immunized with the highest antigen dose F 2 s a 10/10
(1000 ELISA units). The lethality of SC16 infection, which 2 3 03 4 10/10
was 100% in mock-immunized and in non-immunized ani- G 304 2 1 10/10

mals, decreased to 50% in mice protected with the low and
medium vaccine doses and to nil in mice protected with the
high vaccine dose (Table 5). In randomly sclected animals
examined between days 2 — 6 p.i., the unprotected mice regu-
larly had high virus titres in both lumbal cord and adrenal
glands. In partially protected mice (immunized with the low
and medium antigen doses) infectious virus was occasion-
ally found in the adrenal glands but not in the spinal cord
(with the exception of one mouse in group A). Thus, HSV
antigen doses ranging from 10 to 300 ELISA units (1 - 33 pg
of protein) provided partial protection against neural spread
and paralytic discase (Table 6).

The high antigen dose was fully protective enabling a
complete clearence of the virus from target tissues. A statis-
tical analysis of the lethality data (chi-square test) confirmed
the significant difference between mock-immunized to 1m-
munized mice (groups A, D2, E2). The lethality rate seen

For the legend see Table 2.

Antibody response in inununized rabbits

The mean neutralizing antibody (NA) titer from infected
rabbits (group A) was compared with that in rabbits that
had been first immunized and later infected (group B, la-
tency protection test) and with that in rabbits that had been
first infected and later immunized (group C). If challenged
after immunization (group B), the mean NA titer increased
by at least twofold (p <0.05, Fig. ). The mean NA titers
from rabbits that had been infected first and then immu-
nized (3000 ELISA units, group C) showed a higher in-
crease (in average threefold, p <0.05). The two booster ef-
fects also differed (p <0.05) in the impact on the NA titer
increasc.
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be helperT cells (Lyt-1*) 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 and prevention {rom neural spread was mediated pre-
dominantly by Lyt-17 cells (Nagafuchi ef a/., 1982; Nash
and Gell, 1983). This protective effect may be enhanced by
simultaneous transfer of cytotoxic Lyt-2"cells (Wildy and
Gell, 1988). Thus, while Lyt-1*¢cells are more important for
virus clearance at the inoculation site, Lyt-2* cells act more
cfficiently at destroying virus antigen-producing cells in the
regional sensory ganglion (Nash et al., 1987). Target anti-
gens for T cell-mediated cytotoxicity are HSV glycoproteins
such as gB, gD and probably also gC (McLaughlin-Taylor
ef al., 1988; Johnson et al., 1990; Martin et al., 1989), as
well as nonstructural proteins ICP4 and ICP27 (Martin et
al., 1989). The latter phenomenon may be of great interest
in preventing the replication of reactivated virus. Conse-
quently, recent data provide evidence that MoAbs are pro-
tective by different mechanisms which depend on their
epitope specificity (Eis-Hilbinger et al.,, 1991). MoAb to
gB would act more effectively at preventing local replica-
tion of HSV after intracutane challenge or at virus inocula-
tion to mucous membranes, while non-neutralizing anti-gC
MoAb would prevent ganglionic infection.

How immune mechanisms could influence the establish-
ment of latency is more unclear. Because local virus repli-
cation in the cornea of immunized rabbits is not reduced
(Rajéani et al.,1980), antibodies may possibly prevent — or
rather reduce - the neuritic uptake (Walzeral., 1976; Klein,
1980; Openshaw ef al., 1979). When reducing the extent of
neural spread antibodies interact with the cell-mediated
immune response at the portal of entry (Nash, 1985).
Sekizawa et al. (1980) found that antibodies are not needed
for the maintenace of the latent state, but other observa-
tions (Rajéant et af., 1977; Oakes et al., 1984) showed that
polyclyonal as well as some MoAbs may influence the re-
activation rate of latent HSV in ganglion explants. The ex-
act mechanism of this effect 15 unknown.

The presented results showed that (1) the immunization
was effective in protecting mice from lethal outcome of vi-
rus challenge during acute infection (high vaccine dose led
to an enhanced clearance resulting undetectable virus lev-
cls In target organs),(2) the immunization reduced the ex-
tent of latency established in the trigeminal ganglia of rab-
bits inoculated into scarified cornea, and (3) the immuniza-
tion of infected rabbits influenced the replication of reacti-
vated virus by prolonging the lag phase between stimulation
and virus shedding and, under favourable conditions, the
therapeutic vaccination of previously infected rabbits lim-
ited the duration and extent of reactivated virus shedding,

To understand the significance of latter observation, it is
useful to consider briefly the molecular mechanisms of la-

tent infection in neurons. During latency the HSV DNA is
present as a circularized episomal non-integrated molecule
harboured in the nuclei of neurons (Rock and Fraser,1985;
Efstathiou er al., 1986). The dispute on the extent of the
transcription of non-structural virus-specific mRNAs dur-
ing HSV latency was scttled by the discovery of latency-
associated transcripts (LAT) (Deatly et al., 1987; Rock et
al., 1987, Puga and Notkins, 1987; Croen et al., 1987). The
protein specified by LAT has been expressed as a recombin-
ant fusion protein and the antibody prepared against it rec-
ognized an antigen in latently infected neurons (Doerig et
al., 1991). LAT is not needed for the establishment of la-
tency but is related ro HSV reactivation and to the control
oflatency within neurons (Hill ez a/., 1990; Nsiah and Rapp,
1991; Steiner et al., 1989; Tenser ef al., 1993). The reacti-
vation of latency is a multistep process. It precludes the
overcoming of cellular regulatory mechanisms preventing
transcription and translation of HSV immediate carly
polypeptides which transactivate the virus reproduction cy-
cle (Mackem and Roizman, 1982; O’Hare and Hayward,
1985; Estridge et al., 1990). The reactivated virus may spread
to skin or mucous membranes by retrograde axonal trans-
port and can replicate there (Klein, 1982, 1985). Immune
mechanisms should restrict the growth of reactivated virus
in the neuron as well as at the site of recurrent lesion. The
effect of prolonged lag phase between stimulation of the
cornea and virus shedding in immunized rabbits seems to
confirm the two-step reactivation event initiated after lift-
off of the blockade which had maintained the carrier state.
This is followed by retrograde transport and replication of
reactivated virus at the site of recurrent lesion. Shimomura
et al. (1985) found that 24 hrs after stimulation of the cor-
nea in rabbits with established latency the infectious virus
was present in 100% of homolateral trigeminal ganglion
homogenates but not in the homogenates of cornea.

The finding that previous immunization reduced the du-
ration of recurrent shedding only if the reactivation stimu-
lus was not too intensive, is not necessarily discouraging.
Possibly, repeated adrenergic stimulation combined with
repeated systemic epinephrine administration elicited such
an extensive reactivation of latent HSV that subsequent vi-
rus shedding could not be prevented. The benefitial effect
of vaccination was observed only after a mild epinephrine
iontophoresis procedure. A similar therapeutic effect was
observed with the same vaccine in the mouse ear model
(Sanders and Sanders, 1991). ‘
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