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Summary

Recombinant herpes simplex virus type 1 (HSV-1) glycoproteins B (gB) and D
(gD) were used as immunotherapeutic agents for the treatment of recurrent gen-
ital herpes in guinea pigs. Administration of a gBgD vaccine eight to 21 days after
intravaginal HSV-2 inoculation significantly increased the titer of anti-HSV anti-
bodies (P<<0.005) while significantly reducing the frequency of subsequent her-
petic recurrences (P <0.05). The effectiveness of gBgD immunotherapy was influ-
enced by both the co-administration of adjuvant, the type of adjuvant, and by the
timing and route of administration. These data demonstrate that recurrent HSV
disease in animals with established latent infection may be favorably altered by the
administration of immunogenic viral proteins.
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Introduction

Initial herpes simplex virus (HSV) infection results in a host immune response
which limits the primary disease but does not prevent the establishment of latency
(Corey and Spear, 1986). Recurrent disease, a consequence of reactivation of la-
tent virus, occurs despite measurable anti-HSV humoral and cellular immune re-
sponses (Stanberry, 1986). It has been suggested that augmentation of anti-HSV
immunity in the latently infected host might result in a reduction in the frequency
and/or severity of herpetic recurrences. Indeed, anecdotal reports and uncon-
trolled human studies have suggested that the administration of immunogenic viral
components can reduce recurrent HSV infections (Meignier, 1985; Hall and Ka-
track, 1986). Using the guinea pig model of recurrent genital herpes (Stanberry et
al., 1985a) we recently reported the first controlled experimental evidence that the
administration of HSV glycoproteins to animals with established HSV latency not
only augmented the host immune response but also reduced the frequency and se-
verity of recurrent HSV disease (Stanberry et al., 1988) and genital virus shedding
(Myers et al., 1988). In these earlier studies we emulsified the HSV antigens with
complete Freund’s adjuvant and immunized animals in the hind footpad. In this
study we examined the influence of adjuvant as well as the timing and the route
of administration upon the efficacy of HSV glycoprotein immunotherapy in order
to explore therapeutic regimens which may be used in human clinical trials.

Methods
Virus

Clarified pools of the MS (ATCC VR-540) strain of HSV-2 were prepared in
rabbit kidney cells and stored frozen at —70°C as previously described (Stanberry
et al., 1985b).

Animals

Female Hartley guinea pigs (Charles River Breeding Laboratories, Wilmington,
Mass, USA) weighing 350450 g each were used. As previously described (Stan-
berry et al., 1982), the vaginal closure membrane was ruptured and the vaginal
vault swabbed with a pre-moistened calcium alginate tipped swab (Spectrum Di-
agnostics, Glenwood, IL, U.S.A.). One hour later the guinea pigs were inoculated
with 10°7 pfu MS strain HSV-2 instilled into the vaginal vault via a syringe and 20-
gauge plastic catheter. No antivirals were administered. During the initial infec-
tion the severity of genital skin disease was assessed daily by means of a previously
described lesion score (Stanberry et al., 1982). The severity of initial clinical dis-
ease (severity score) was estimated by calculating the area under the lesion
score—day curve. Control and vaccinated groups had similar mean severity scores.
After recovery from initial infection animals were evaluated daily for evidence of
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recurrent herpetic disease as previously described (Stanberry et al., 1985a). Eval-
uation was by observers blinded as to treatment.

Glycoproteins and adjuvants

HSV-1 gB and gD were prepared as previously described (Stanberry et al., 1988;
Pachl et al., 1987; Sanchez-Pescador et al., 1988). Briefly, the glycoproteins were
produced by cloning truncated gB and gD genes into mammalian cell expression
vectors with subsequent expression in Chinese Hamster Ovary cells. A mixture of
gB (12.5 pg) and gD (6.25 pg) (gBgD) was administered without adjuvant or com-
bined with an equal volume of complete Freund’s adjuvant (CFA) or an experi-
mental adjuvant. CFA was obtained from Gibco (Grand Island, NY, U.S.A.). Ribi
triple mix was kindly provided by Ribi Immunochem (Hamilton, Mont, U.S.A.)
and contained per dose 50 pg of detoxified monophosphoryl lipid A, 50 pg of tre-
halose dimycolate and 50 pg of bacterial cell wall skeleton presented in 2% squal-
ene and 0.008% Tween 80 (Ribi et al., 1976). The synthetic muramyl dipeptide
N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (MDP) was obtained from Ciba-
Geigy Corp. (Basel, Switzerland) and emulsified with 40% squalene and 10% Ar-
lacel A (50 pg/dose) (Sigma Chemical Co., St. Louis, MO, U.S.A.). Animals re-
ceived the gBgD mixture on two occasions 21 days apart. The glycoprotein was
administered either via the hindlimb footpad (100 wpl per footpad) or intramus-
cularly into the thigh.

Serology

Antibody to HSV was measured by an ELISA using the recombinant HSV-1 gB
or gD as a coating antigen at 5 pg/ml. Samples were evaluated in duplicate using
a three-fold dilution series (Pachl et al., 1987). The titer was considered to be the
reciprocal of the 20% endpoint. Sera collected prior to infection showed no meas-
urable HSV specific antibody (<3).

Data analysis

Analysis of variance for repeated measures (i.e., lesion days over various time
intervals) was done using the multivariate approach (Nelter and Wasserman, 1974).
Multiple comparisons among group means were done using Duncan’s multiple
range test. All the analyses were performed using the Statistical Analysis System
(SAS Institute, Raleigh, NC, U.S.A.).

Results

Timing of glycoprotein administration

We explored whether the efficacy of immunotherapy was influenced by the in-
terval between intravaginal HSV-2 challenge and the administration of the gly-
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coprotein mixture (Fig. 1 and Table 1). Animals were immunized with the gBgD
mixture emulsified with complete Freund’s adjuvant and delivered via the footpad
during initial infection (day 8), early after recovery from initial infection (day 15)
or after the onset of recurrent disease (day 21). A second dose of vaccine was ad-
ministered 21 days after the first dose. Early initiation of immunotherapy pro-
duced the greatest reduction in recurrent disease. Animals treated with gBgD on
day 8 exhibited a 45% reduction in recurrences (lesion days) during the first 3-week
observation period compared to untreated controls. When these animals were
boosted on day 29 the herpetic recurrences were reduced 68% over the second 3-
week observation period compared to controls. The number of herpetic recur-
rences were also significantly decreased (P<<0.05) when immunotherapy was ini-
tiated later after HSV-2 challenge (day 15 or day 21) (range of reduction of re-
currences: 33-52%). While early initiation of therapy tended to produce a greater
reduction in recurrent disease, the differences between the day 8 versus day 15 or
day 21 treatment groups were not significant. After discontinuing glycoprotein
therapy (third 3-week observation period), recurrent disease continued to occur at
a reduced frequency in all three groups of treated animals, but the rate was not
significantly less than that observed among the untreated controls.

Animals treated with gBgD developed significantly higher antibody titers than
those observed in the untreated controls (Table 2). However, after discontinuing
glycoprotein treatment elevated antibody titers were not sustained but began to
decline by day 100. Early initiation of glycoprotein immunotherapy (day 8) re-
sulted in higher anti-gB and anti-gD titers on days 20 and 41 post HSV-2 challenge
than were seen in either untreated animals or in guinea pigs treated on days 15 or
21 post infection.

Adjuvant and route of glycoprotein administration

The adjuvant employed and the route of administration influenced both the
clinical and humoral response to glycoprotein immunotherapy administered 21 and
42 days post infection. As shown in Figs. 2 and 3 and Tables 3 and 4, intramus-
cular or footpad administration of gBgD without adjuvant failed to affect herpetic
recurrences. Glycoproteins co-administered with adjuvants reduced the frequency
of recurrent genital herpes but the efficacy of the adjuvants was dependent upon
the route of administration. Thus, footpad administration of gBgD with either CFA
or the Ribi adjuvant on days 21 and 42 significantly decreased the number of days
animals exhibited recurrent HSV disease over a 9-week period (P<0.0S), while the
MDP adjuvant given by this route was ineffective (Table 3). In contrast, the MDP
adjuvant was effective (P<<0.05) by the intramuscular route but the Ribi adjuvant
was not (Table 4). Successful immunotherapy after footpad administration oc-
curred . in the first two study periods but did not persist, whereas successful
suppression of recurrent disease after intramuscular vaccine administration oc-
curred later.

Both the type of adjuvant and route of administration affected the magnitude
of humoral immune responses to both gB and gD (Table 5). Footpad administra-
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DAYS AFTER NTRAVAGINAL HSV-2 INOCULATION

Fig. 1. The cumulative mean number of days when recurrent herpetic lesions were noted. These ex-

perimental groups were immunized twice with a vaccine containing gBgD + CFA administered via the

hind footpad as follows: Day 8 and 29; day 15 and 36; day 21 and 42. The control group received no
treatment. Animals were evaluated daily from day 8 through day 84.

TABLE 1

Glycoprotein immunotherapy of recurrent genital herpes: effect of the timing of gBgD administration

Treatment?* Time® N Mean lesion days per three-week observation period®
st 3 wks 2nd 3 wks  3rd 3 wks 9 wks total
Days 9-29  Days 30-50 Days 51-71 Days 9-71

Untreated control - 19
7.3x0.8 7.4x0.8 3.6+0.6 18.2+1.8
gBgD + CFA 8,29 > 40%1.0°  2.4%0.6° 32211  9.6%2.3
Days 16-36 Days 37-57 Days 58-78 Days 16-78
Untreated control - 19
9.1+x1.0 6.320.6 4.3+0.7 19.7%1.7
gBgD + CFA 15.36 9 6.1%1.7  3.0£1.0° 24209  11.6=3.3
Days 22-42 Days 43-63 Days 64-84 Days 22-84
Untreated control - 19 N N 0 N
¢BgD + CFA 21.42 ” 8.7+0.8 5.8%0.7 3.3x0.6 17.8+1.3

5.8+0.7¢ 3.0x0.7¢ 2.1x0.5 10.9x1.7¢

*Animals were treated with gB (12.5 ug) + gD (6.25 pg) with complete Freund’s adjuvant (CFA) ad-
ministered via the hind footpad, or were untreated. The same 19 untreated animals served as controls
for each study group with the mean lesion day values calculated for the corresponding time intervals
used for each treatment group. All animals experienced at least one recurrence except for one guinea
pig in the day 15, 36 group.

®Days after intravaginal HSV-2 challenge when gBgD administered.

‘Mean lesion days/animal = SE. Lesion days were defined as days on which recurrent lesions were ob-
served. Data calculated for three week intervals beginning the day after glycoprotein administration.
dDifferent from control (P <0.05).

Different from control (P <0.01).

Different from control (P <0.001).
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DAYS AFTER INTRAVAGINAL HSV-2 INOCULATION

Fig. 2. The cumulative mean number of days when recurrent herpetic lesions were noted. Effect of

gBgD with or ‘without adjuvant given via footpad administration. Adjuvants: CFA, complete Freund’s

adjuvant; Ribi, Ribi triple mix; MDP, muramyl dipeptide. The control group received no treatment.

Vaccine was administered on day 21 and again on day 42. Animals were evaluated for recurrences from
day 22 through day 84.

tion of gBgD with any experimental adjuvant resulted in significantly higher anti-
gB and anti-gD antibody titers than observed when gBgD was administered with-
out adjuvant (P<0.005) and the antibody responses to gBgD plus the Ribi or MDP
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DAYS AFTER INTRAVAGINAL HSV-2 INOCULATION

Fig. 3. The cumulative mean number of days when recurrent herpetic lesions were noted. Effect of
gBgD with or without adjuvant given via intramuscular administration. Adjuvants: Ribi, Ribi triple
mix; MDP, muramyl dipeptide. The control group received no treatment. Vaccine was administered
on day 21 and again on day 42. Animals were evaluated for recurrences from day 22 through day 84.
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TABLE 3

Glycoprotein immunotherapy of recurrent genital herpes: Effect of gBgD plus adjuvant given via foot-
pad administration

Treatment® N Mean lesion days®

1st 3 wks 2nd 3 wks 3rd 3 wks 9 wks

Days 22-42 Days 43-63 Days 64-84 Days 22-84
Untreated control 19 8.7+0.8 5.8+0.6 3.320.6 17.8+1.7
gBgD + no adjuvant 9 7.4x0.5 6.1x1.0 4.0%0.8 17.6x1.7
¢BgD + CFA 22 5.8+0.7° 3.0+0.7¢ 2.120.5 10.9+1.7¢
gBgD + Ribi 11 5.6x1.0° 4.0x0.9 2.0+0.6 11.6+2.0°
gBgD + MDP 8 8.3+1.0 5.3x1.3 33209 16.9+2.3

2Untreated or gB (12.5 pg) + gD (6.25 ng) administered with or without adjuvant on days 21 and 42.
Adjuvants: CFA, complete Freund’s adjuvant; Ribi, Ribi triple mix (see text); MDP, muramyl dipep-
tide. All animals experienced at least one recurrence between days 22-84.

®Mean lesion days/animal = SE. Lesion days were defined as days on which recurrent lesions were ob-
served. Data calculated for the three week intervals beginning the day after glycoprotein administra-
tion.

‘Different from control (P <0.05).

adjuvant were generally less after intramuscular injection than after administra-
tion via the footpad. When antibody was measured on day 100, animals that re-
ceived gBgD without adjuvant by either route exhibited no significant increase in
anti-gB antibody titer and only a modest increase in anti-gD antibody titer com-
pared to the HSV-2 infected, untreated controls.

Discussion

We previously reported that the frequency of both clinically apparent recurrent
genital herpes and recurrent cervicovaginal HSV-2 shedding was reduced in ani-

TABLE 4

Glycoprotein immunotherapy of recurrent genital herpes: effect of gBgD plus adjuvant given via in-
tramuscular administration

Treatment® N Mean lesion days®
1st 3 wks 2nd 3 wks 3rd 3 wks 9 wks
Days 22-42 Days 43-63 Days 64-84 Days 22-84
Untreated control 19 8.7x0.8 5.8+0.7 3.3x20.6 17.8+1.7
No adjuvant 9 7.6x1.1 6.3x0.7 3.320.6 17.2+x1.7
gBgD + Ribi 11 8.3x1.0 5.7x£1.0 2.8+0.5 16.8+2.1
gBgD + MDP 7 6.1x1.1 4.0x0.8 0.7x0.4¢ 10.9x2.0¢

aUntreated or gB (12.5 pg) + gD (6.25 pg) administered with or without adjuvant on days 21 and 42.
Adjuvants: CFA, complete Freund’s adjuvant; Ribi, Ribi triple mix (see text); MDP, muramyl dipep-
tide. All animals experienced at least one recurrence between days 22-84.

bMean lesion days/animal = SE. Lesion days were defined as days on which recurrent lesions were ob-
served. Data calculated for three week intervals beginning the day after glycoprotein administration.
Different from control (P <0.05).
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mals with established HSV latency by the footpad administration of HSV glyco-
proteins emulsified with complete Freund’s adjuvant (Stanberry et al., 1988; Myers
et al., 1988). Similarly, Ho et al. (1988) observed that intravenous administration
of HSV-1 gD with adjuvant in a liposome formulation reduced genital HSV re-
currences in guinea pigs by 75% while intramuscular administration of gD plus ad-
juvant in a traditional oil emulsion produced a 40-50% reduction in recurrent dis-
ease. Our present study confirms the previous observations that treatment with
HSV glycoproteins given after primary infection favorably alters the natural his-
tory of recurrent genital HSV-2 infections. In addition, we have extended the ear-
lier studies by demonstrating that the efficacy of HSV glycoprotein immunother-
apy was affected by the timing of immunization after HSV-2 challenge, by the
adjuvant used and by the route of vaccine administration. We observed that early
initiation of glycoprotein immunotherapy during initial infection (day 8) tended to
induce the greatest reduction in recurrences. Future studies will need to address
whether the simultaneous initiation of acyclovir therapy and glycoprotein immu-
notherapy during the initial infection will result in fewer subsequent recurrences.

Effective glycoprotein immunotherapy was adjuvant and route of administra-
tion dependent. No effect was observed in the absence of adjuvant. Similar to our
previous findings (Stanberry et al., 1988; Myers et al., 1988), in this study glyco-
proteins emulsified with CFA and administered via the footpad effectively reduced
herpetic recurrences. While CFA is a potent immuno-stimulating agent it can not
be used in humans, therefore we evaluated two other experimental adjuvants, a
Ribi adjuvant containing detoxified microbial extracts (Ribi et al., 1976, 1987) and
a synthetic muramyl dipeptide adjuvant presently being used in human trials (Jones
et al., 1988). In the footpad, the vaccine containing Ribi adjuvant was equivalent
to vaccine containing CFA but vaccine with MDP adjuvant did not reduce the fre-
quency of recurrences. In contrast, the MDP-gBgD vaccine given by the intra-
muscular route was effective while the Ribi-gBgD vaccine administered intramus-
cularly did not reduce recurrences. We did not examine the effect of MDP or Ribi
adjuvant alone on recurrent disease because we had previously observed that
administration of the more potent immunostimulator, CFA, did not alter the course
of recurrences in the guinea pig (Stanberry et al., 1988). A recent report by Ber-
man et al. (1988) failed to observe a reduction in recurrent disease when HSV-1
or HSV-2 gD adsorbed to alum was administered subcutaneously to guinea pigs
after recovery from primary infection. The failure of these investigators to confirm
the effect of postinfection immunotherapy upon subsequent recurrences may be a
consequence of the adjuvant used, the route by which vaccine was administered
or the immunogenicity of the glycoprotein vaccine. Using similar HSV subunit
vaccines, we and others have observed that alum is a poor adjuvant compared to
CFA and that HSV glycoprotein/alum vaccines provide less protection against pri-
mary infection when administered subcutaneously, vis-a-vis via the footpad (San-
chez-Pescador et al., 1988; Thomson et al., 1983; Berman et al., 1985; Stanberry
et al., 1986).

The mechanism by which glycoprotein-mediated immune modulation alters HSV
recurrences is undefined. Although the protection provided by pre-infection pro-
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phylaxis with HSV subunit vaccines appears to correlate with anti-HSV antibody
titers (Sanchez-Pescador et al., 1988; Thomson et al., 1983; Stanberry et al., 1987),
the data from this study indicate that the ability to induce high titer antibody re-
sponses to the vaccine components does not correlate with reduction in herpetic
recurrences. For example, gBgD given with the MDP or Ribi adjuvant induce
similar antibody titers but discordant clinical responses. It is likely that suppres-
sion of recurrent disease is mediated by HSV specific cellular immune responses
(Rouse et al., 1988). Preliminary studies suggest that gBgD given with CFA in the
footpad induces enhanced lymphoproliferative, cytolytic, and lymphokine re-
sponses in HSV-2 infected guinea pigs (Harrison et al., 1987) and induced anti-
body dependent cell cytotoxicity which was protective in the lethal neonatal mu-
rine model (Bernstein et al., 1988).

We have established that HSV glycoprotein immunization of animals with latent
HSYV infection can favorably modify the frequency of recurrent genital HSV-2 in-
fection although the effect is adjuvant and route of administration dependent. While
time after infection affects efficacy, glycoprotein immunotherapy was effective when
initiated during or after primary infection. It is possible that the use of immuno-
genic HSV glycoproteins co-administered with potent adjuvants may provide a new
strategy for controlling recurrent HSV infections in humans.
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