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Immunotherapy of Recurrent Genital Herpes with Recombinant Herpes Simplex
Virus Type 2 Glycoproteins D and B: Results of a Placebo-Controlled Vaccine
Trial
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To determine the safety, immunogenicity, and efficacy of a recombinant herpes simplex virus
type 2 glycoprotein D and B vaccine in the treatment of recurrent genital herpes, a randomized,
placebo-controlled trial was held at two referral centers. Healthy patients with 4–14 recurrences
per year received injections of both glycoproteins in MF59 adjuvant or of MF59 alone at 0, 2, 12,
and 14 months. For 18 study months, the rate and number of recurrences, the duration and severity
of the first confirmed recurrence, vaccine immunogenicity, and rates of local and systemic reactions
were determined. The monthly rate of recurrences was not significantly improved, but the duration
and severity of the first study outbreak was reduced significantly by vaccination. Glycoprotein-
specific and neutralizing antibodies were boosted by vaccination for the duration of the study. This
vaccine is safe and immunogenic and ameliorated an observed first postvaccination genital recur-
rence, but it does not reduce recurrence frequency.

genes encoding gD2 and gB2 were cloned, truncated to removeGenital herpes is a prevalent sexually transmitted disease
their carboxy-terminal coding sequences, and stably expressed inthat causes acute and recurrent symptoms and lesions [1, 2].
Chinese hamster ovary cells. The proteins were secreted from theSymptomatic recurrences can be ameliorated and suppressed
cells, purified from culture media under nondenaturing conditions,by episodic or maintained use of available nucleoside ana-
and formulated for injection in MF59 adjuvant emulsion, whichlogues, such as acyclovir, valaciclovir, and famciclovir [3–7].
contained squalene, polysorbate 80, and sorbitan trioleate. The

Nonetheless, development of safe and effective prophylactic
placebo vaccine contained MF59 alone in citrate buffer.

and immunotherapeutic vaccines would constitute a substantial Study design. This was a randomized double-blind, placebo-
public health advance [8]. controlled trial conducted in two centers, the University of Wash-

In recent years, efforts at creating vaccines for genital herpes ington (Seattle) and the National Institutes of Health Clinical Cen-
have concentrated on the administration to experimental ani- ter (Bethesda, MD). Randomization was stratified by center and
mals and human subjects of recombinant herpes simplex virus by sex. Participants were randomly assigned to receive deltoid

injections of MF59 placebo alone or of 10 mg each of gD2 andtype 2 (HSV-2) envelope glycoproteins D and B (gD2, gB2),
gB2 (gD2/gB2) in MF59 at entry and again at months 2, 12,which are known to elicit potent humoral and cellular immune
and 14. One group, termed the placebo-first or ‘‘placebo’’ group,responses [9–20]. These preliminary studies documented that
received MF59 alone at months 0 and 2 but were crossed over tosuch vaccines are useful candidates for fuller exploration in
receive gD2/gB2 in MF59 at months 12 and 14. The other grouplarge-scale, controlled trials. The present report summarizes
of patients, the vaccine-first or ‘‘vaccine’’ group, received gD2/

the results of a placebo-controlled trial of recombinant gD2 and
gB2 in MF59 at months 0, 2, and 12 and MF59 alone at month

gB2 in MF59, a novel oil-in-water adjuvant, for the treatment of 14. Thus, all subjects knew they were to receive at least two doses
established genital herpes. of gD2/gB2, including one at month 12. This design was thought

to permit subject retention through 18 months of study to allow
accrual of safety data on repeated vaccination. The truly blindedMaterials and Methods
phase of the study ended at month 12.

Patients were scheduled for at least 17 study visits each, includ-Vaccine. The composition of the vaccine and the preparation
ing initial screening, vaccination, assessment of adverse reactionsof its components were described previously [20–23]. Briefly, the
7 days after each vaccination, and collection of serum for antibody
determinations at months 0, 1, 3, 6, 8, 9, 12, 13, 15, and 18.
Unscheduled visits were made to assess signs and symptoms of

Received 1 April 1997; revised 19 June 1997. outbreaks and to recover virus from lesion swabs. Long-term sup-
Subjects signed informed consent documents before entry into the study. pressive use of antiviral drugs (primarily acyclovir, since fam-
Reprints or correspondence: Dr. S. E. Straus, Building 10, Room 11N228, ciclovir and valacyclovir were licensed only late in this study) was

NIAID, 10 Center Dr., NIH, Bethesda, MD 20892.
prohibited starting 3 months before the first immunization and for

The Journal of Infectious Diseases 1997;176:1129–34 the entire duration of the 18-month trial. Episodic oral antiviralq 1997 by The University of Chicago. All rights reserved.
0022–1899/97/7605–0001$02.00 drug treatment was prohibited starting 2 weeks before the first
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immunization, but acyclovir was allowed (200-mg capsules, five Table 1. Demographics of patients randomized to receive herpes
simplex virus (HSV) type 2 glycoprotein B– and D–containing ortimes daily for 5 days) for clinically documented recurrences be-
MF59 placebo vaccines.ginning with the fourth recurrence following the second vaccina-

tion until month 12 and again upon the fourth occurrence following
MF59 placebo gB2/gD2/MF59the month 14 immunization.

recipients recipients
Genital herpes recurrences were assessed by uniformly applied

criteria [19]. A recurrence could be confirmed either or both by No. of subjects 100 102
isolation of virus from lesions (culture-positive episode) and by University of Washington 50 53
examination in the clinic if one or more papular, vesicular, ulcera- National Institutes of Health 50 49
tive, crusted, or healing lesions in a typical distribution were ob- Median age, years (range) 34 (21–55) 38 (21–54)

No. male/female 45/55 47/55served (clinically confirmed recurrence). Lesional outbreaks not
% white/African American/Hispanic 86/7/4 90/6/3observed in clinic and recorded on patient diary cards were ana-
Median years of genital herpeslyzed as subject-reported recurrences. All recurrences were to be

(range) 6.4 (1.1–26.6) 6.1 (1.2–27.5)evaluated in clinic within 48 h of onset, and patient records ascer-
Median no. of recurrences in priortained the date of healing. The first postvaccination recurrence in

year (range) 7.0 (4.0–14.0) 8.0 (4.0–14.0)
each study year, however, was to be evaluated intensively. Within

% HSV-1–seropositive 39 41
48 h of onset, the patient would present to clinic, whereupon a Prior acyclovir use (%)
history of the episode was recorded, lesions were located, their Episodic 68 62
stage and size were determined, and a culture was taken. The Suppressive 29 27
process was repeated on days 2, 3, 4, 5 or 6, 7 or 8, 9 or 10, 11 Median days since last acyclovir

use 230 130or 12, 13 or 14 or 15, as required until healed.
Entry criteria and exclusion. Otherwise healthy men and

women aged 18–55 years were enrolled if they had genital HSV-
2 infections for at least 1 year, as documented by medical records,
and a positive Western blot test for HSV-2–specific antibodies. event analyses, and treatment differences were assessed by log-

rank tests. Differences in antibody titers before and after immuni-Enrollment criteria included a patient history of 4–14 outbreaks
per year in a year before enrollment when not taking suppressive zation were assessed by analyses of variance applied to the loga-

rithm of titers. Rates of adverse reactions were compared by x2acyclovir. Women of childbearing potential agreed to practice ef-
fective contraception for the duration of the study and were re- or Fisher’s tests, as appropriate.
quired to have negative pregnancy tests before vaccinations. Sub-
jects could not have received other HSV vaccines; have a history
of anaphylaxis, serious vaccine reactions, or HSV-associated ery- Results
thema multiforme; or have medical, social, or psychiatric problems

One hundred ten women and 92 men were enrolled in thethat would impair vaccine assessment or study participation.
study. The placebo-first group and the gD2/gB2-containingAdverse reactions. Specific symptoms arising within 7 days

of vaccination and all medical problems occurring after enrollment vaccine–first group were similar in all key demographic, clini-
were sought and recorded. Mild adverse reactions were defined as cal, and serologic characteristics (table 1). Ten patients in Seat-
those that were transient, did not limit activity, and required no tle and 13 in Bethesda terminated the study prematurely, for a
treatment. Moderate reactions affected daily activity and may have total of 12 in the placebo arm and 11 in the gD2/gB2 arm.
necessitated treatment. Severe reactions prevented usual activities Four members of each study arm withdrew because of adverse
and required medical intervention. reactions. Among the placebo recipients, 7 others withdrew to

Immunologic studies. Western blotting for documentation of
resume acyclovir or because they moved from the study area;

HSV-2–specific antibodies, quantitation of gB2-specific and gD2-
8 gD2/gB2 recipients withdrew for one of these reasons.specific antibodies by ELISA, and determination of neutralizing

Adverse reactions. The vaccinations were generally well-antibody titers were done as described previously [20, 24, 25].
tolerated, but most subjects experienced transient mild or mod-Statistical assumptions and analyses. The primary study end
erate local or systemic reactions following each dose. Rates ofpoint was prospectively defined to be the monthly rate of recur-

rences between study months 0 and 8. A sample size of 100 sub- injection site pain, erythema, induration, maximum oral tem-
jects per study arm was estimated to be necessary to show a 40% perature, malaise, myalgias, and headache were statistically
reduction in monthly recurrence rate, assuming 0.5 outbreaks per higher (P õ .01 for each) after one or more injections of gD2/
month for placebo recipients, 90% power, and a 15% dropout gB2 in MF59 than after MF59 alone (figure 1). There were
rate. Secondary efficacy variables included the duration of viral trends suggesting increasing rates of local adverse reactions
shedding, symptoms, and healing events in the first documented

with repeated antigen administration.
study outbreak and the time to first recurrence. The data were

Recurrence rate and number. The primary efficacy endanalyzed according to the principle of intent-to-treat.
point of the study, the monthly recurrence rate for the first 8Differences in monthly recurrence rate between patient groups
months, was similar in the 2 study groups. Specifically, thewere compared by analysis of variance using a linear model with
monthly rates of culture-positive, clinically confirmed, or anyeffects for treatment, center, sex, and associated interactions. The

time to first recurrence was assessed by Kaplan-Meier time-to- recorded lesional outbreaks were only 10%–19% lower for
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Table 3. Duration and severity of first clinically confirmed genital
herpes outbreak after vaccination with recombinant gB2 and gD2 or
MF59 placebo.

gB2/gD2/
MF59 placebo MF59

Clinical end point recipients recipients P

Virus shedding
All subjects 3.8 { 0.5 2.7 { 0.6 .16
Men 3.3 { 0.7 2.4 { 0.9 .41
Women 4.2 { 0.6 3.1 { 0.7 .23

New lesion formation
All subjects 6.9 { 0.9 4.1 { 1.0 .04
Men 5.8 { 1.2 3.5 { 1.5 .25
Women 7.9 { 1.2 4.7 { 1.1 .06

Itching and pain
All subjects 6.8 { 0.4 4.9 { 0.5 .003
Men 5.4 { 0.5 4.2 { 0.5 .12
Women 8.2 { 0.7 5.5 { 0.6 .005

Complete healing
All subjects 9.3 { 0.5 7.0 { 0.5 .002
Men 9.1 { 0.7 6.9 { 0.7 .04
Women 9.5 { 0.8 7.1 { 0.7 .02

NOTE. Data are days to resolution (mean { SD).

were culture-positive. Among gD2/gB2 recipients, there were
418 reported recurrences (10% fewer); 342 were clinically
confirmed recurrences (8% fewer), and 175 of these were
culture-positive (18% fewer). None of these differences was

Figure 1. Percentages of patients recording local or systemic reac- statistically significant. For the entire first year, the gD2/gB2
tions to each sequential dose of MF59 (open bars) or herpes simplex

recipients had 5%–15% fewer recurrences than MF59virus glycoproteins gD2/gB2 with MF59 (hatched bars). Those ini-
recipients—again, statistically insignificant reductions. In thetially assigned to receive gD2/gB2/MF59 received 3 doses of vaccine

(V) followed by 1 dose of MF59 placebo (P). MF59 placebo-first absence of substantial differences in the rate of recurrences in
recipients received 2 doses of placebo (P) followed by 2 containing the blinded study phase, it was not possible to discern or com-
glycoproteins (V). ment on trends in recurrence rates in months 12–18.

During the first 8 months after vaccination, 81% of placebo
recipients experienced a culture-proven recurrence; only 70%
of gB2/gD2 recipients recurred. The relative risk of having agD2/gB2 recipients than for placebo recipients, all statistically
culture-positive recurrence for gB2/gD2 recipients was 0.64insignificant differences (table 2). In the first 8 months of the
(90% confidence interval, 0.46–0.89; P Å .007), or 36% lowerstudy, there were 464 lesional recurrences reported by placebo
than that of placebo recipients. For the first 12 months of therecipients, of which 372 were clinically confirmed; 214 of these
study, the relative risk of having a culture-positive recurrence
was 0.68 (95% confidence interval, 0.50–0.93; P Å .02) for
vaccine recipients.Table 2. Monthly rate of genital herpes recurrences in gB2 and gD2

Recurrence duration and severity. Recipients of gD2 andof MF59 placebo vaccine recipients.
gB2 experienced consistent and significant improvements in

MF59 gB2/gD2/ the duration and severity of the first confirmed study recurrence
placebo MF59 % after initial vaccination (table 3). Vaccine subjects showed re-

recipients recipients difference P
ductions in the mean number of days new lesions continued
to appear (P Å .04) and symptoms persisted (P Å .003); theyCulture-positive episodes 0.26 { 0.02 0.21 { 0.02 19 0.12

Clinically confirmed episodes 0.44 { 0.03 0.40 { 0.03 10 0.34 also showed quicker lesion healing (P Å .02) and a lower
All lesional episodes frequency of culture-positive lesional episodes. Significant re-

(reported and confirmed) 0.55 { 0.04 0.49 { 0.04 12 0.22 ductions or, in some instances, similar trends were observed
in these clinical end points for both men and women individu-NOTE. Data are for patients completing first 8 study months, primary

study end point; data are mean { SE. ally (table 3) and for participants at each study site (data not
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those who were finally given it during the second, open phase
of the study (the placebo-first group). Fifty-nine percent of
subjects experienced a ú4-fold geometric mean rise in gB2-
specific antibody titers; although the titers fell somewhat by
month 12, the geometric mean gB2-specific titers remained
nearly twice what they were at study entry (figure 2, top).
Comparable boosting of gD2-specific antibodies was also seen,
with Ç56% of recipients achieving a ú4-fold augmentation in
titer (figure 2, middle). Neutralizing antibodies to HSV-2 rose
by a geometric mean of nearly 2-fold with glycoprotein vacci-
nation: 46% and 17% of subjects had ú2-fold and ú4-fold
boosts in neutralizing antibodies, respectively (figure 2, bot-
tom). Again, these titers remained increased for the entire dura-
tion of the study.

It is important to note that initial, peak, and final antigen-
specific and neutralizing antibody titers did not correlate with
outbreak frequency or the duration of virus shedding, lesional
symptoms, or healing.

Discussion

Several decades of clinical anecdote and casual study sug-
gested that vaccines may ameliorate recurrent HSV disease
[26–35]. A critical test of this possibility involved the adminis-
tration of purified and recombinant glycoproteins D or B (or
both) to guinea pigs who had been previously infected genitally
with HSV-2. Depending on the adjuvant used and the vaccine
composition, Stanberry and colleagues [12, 15], Ho et al. [17],
and Burke [23] reported reductions in outbreak frequency of
25%–70% in infected guinea pigs. Clinical trials leading up

Figure 2. Geometric mean antibody responses to sequential doses
to and including the present study verify that administration ofof herpes simplex virus glycoprotein gD2/gB2 adjuvanted in MF59
recombinant HSV-2 glycoproteins can influence the featuresor MF59 placebo alone. Top, gB2-specific ELISA titers; middle, gD2-

specific ELISA titers; bottom, HSV-2 neutralizing antibody titers. of genital herpes disease [18–20].
l, gB2/gD2-first recipients; h, MF59 placebo-first recipients. Those Initial trials in infected patients involved recombinant gD2
initially assigned to receive gD2/gB2/MF59 received 3 doses of vac-

alone in the traditional alum adjuvant. Three doses given over
cine (V) followed by 1 dose of MF59 placebo (P). MF59 placebo-first

12 months were well-tolerated and enhanced both humoral andrecipients received 2 doses of placebo (P) followed by 2 containing
cellular immune responses to HSV-2 [18]. gD2-specific titersglycoproteins (V).
were boosted 8- to 25-fold, while neutralizing responses rose
4- to 6-fold. There were concomitant increases in the proportion
of peripheral blood mononuclear cells that proliferated in vitroshown). Significant amelioration of the clinical end points of

these first study outbreaks was also evident if only culture- in response to HSV antigens (Tigges M, unpublished data).
A placebo-controlled trial was then conducted in which 100proven recurrences were analyzed and if all lesional outbreaks

were analyzed, whether clinically confirmed or not (data not mg of recombinant gD2 in alum was given at 0 and 2 months
to 98 patients with recurrent genital herpes [19]. With justshown). Although there were consistent trends through all of

these analyses for shorter durations of viral shedding among these two immunizations, gD2-specific titers were boosted an
average of 7-fold, and neutralizing titers increased nearly 4-gD2/gB2 recipients, none of the differences was statistically

significant. fold. Notably, vaccination was associated with statistically sig-
nificant but modest decreases in the median and total numberAntibody responses. Vaccination led to prompt and sus-

tained boosts in preexisting antigen-specific and neutralizing of recurrences. The monthly rates of recurrences were reduced
by 24% and 36% for clinically confirmed and culture-provenantibody responses, in accord with earlier data (figure 2). Spe-

cifically, geometric mean antibody titers to HSV-2 glycoprotein episodes, respectively. Although that study was not designed
to accurately assess the effect of vaccination on the durationB were boosted an average of 2.5-fold within 1 month of the

second immunization with the glycoprotein-containing vaccine of outbreaks, patient diaries indicated a significant benefit (P
Å .003; unpublished data).both in those who received it in the first study year and in
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In parallel with the controlled trial of recombinant gD2 in Among the possible reasons was the choice of a reduced and
possibly suboptimal antigen dose (10 mg each of gD2 andalum, recombinant gD2 plus gB2 and a novel oil-in-water

emulsion, MF59, entered clinical assessment. Studies showed gB2 in MF59 versus 100 mg of gD2 in alum) that would
accommodate the greater reactogenicity of the MF59 adjuvant.that in previously uninfected persons, HSV-2–specific immune

responses are induced more rapidly and to higher levels with In accord with this possibility was the lesser augmentation of
HSV-2–specific humoral responses in the present study thanthe addition of gB2 and with substitution of MF59 for alum

[20]. Previously infected subjects sustained significant boosts in the gD2 in alum trial and, perhaps, also the more critical
but unmeasured and still-undefined immune determinants ofin gB2-specific antibodies, but neutralizing responses did not

rise farther than they did with the alum-containing gD2 vaccine disease phenotype [18, 19]. This underscores, perhaps, the
greater importance of antigen selection and dose than adjuvant(unpublished data). It was evident, however, that the rates and

severity of local and systemic reactions to the gD2/gB2/MF59 in the design of therapeutic vaccines.
In conclusion, a vaccine composed of recombinant HSV-2vaccines were greater than those seen earlier with the alum

vaccine [18, 19], especially in HSV-infected patients, and these glycoproteins D and B in an oil-in-water emulsion adjuvant
led to significant amelioration of the first observed genital re-findings were borne out in the present study (figure 1). On the

basis of prior data, recombinant antigen concentrations of only currences, in further support of the concept of therapeutic vacci-
nation for chronic viral diseases. A practical vaccine for disease10 mg each were thought to lead to adequate immune responses

in HSV-2–seropositive subjects with acceptable reactogeni- modification would also affect recurrence frequency. Perhaps
newer technologies involving injections of viral DNA se-city. Side effects were even more common with higher antigen

doses; thus, the 10-mg dose of each antigen was chosen for the quences, immunostimulating cytokines, or genetically attenu-
ated or replication-incompetent viruses would yield a practicalpresent trial.

Here, in 202 patients with frequently recurring genital her- immunotherapeutic vaccine for genital herpes [36–39].
pes, we documented that immunization had a consistent and
highly significant impact on the first carefully studied postvac-
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