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GLYCOPROTEIN-D–ADJUVANT VACCINE TO PREVENT GENITAL HERPES
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A

 

BSTRACT

 

Background

 

An effective prophylactic vaccine
would help control the spread of genital herpes.

 

Methods

 

We conducted two double-blind, random-
ized trials of a herpes simplex virus type 2 (HSV-2)
glycoprotein-D–subunit vaccine with alum and 3-

 

O

 

-
deacylated-monophosphoryl lipid A in subjects whose
regular sexual partners had a history of genital herpes.
In Study 1, subjects were seronegative for herpes sim-
plex virus type 1 (HSV-1) and HSV-2; in Study 2, sub-
jects were of any HSV serologic status. At months 0,
1, and 6, subjects received either vaccine or a control
injection and were evaluated for 19 months. The pri-
mary end point was the occurrence of genital herpes
disease in all subjects in Study 1 and in HSV-2–ser-
onegative female subjects in Study 2.

 

Results

 

A total of 847 subjects who were seroneg-
ative for both HSV-1 and HSV-2 (268 of them women,
in Study 1) and 1867 subjects who were seronegative
for HSV-2 (710 of them women, in Study 2) underwent
randomization and received injections. Vaccination
was well tolerated and elicited humoral and cellular
responses. Overall, the efficacy of the vaccine was 38
percent in Study 1 (95 percent confidence interval,
¡18 to 68 percent; 15 cases occurred in the vaccine
group and 24 in the control group), and efficacy in
female subjects was 42 percent in Study 2 (95 percent
confidence interval, ¡31 to 74 percent; 9 cases oc-
curred in the vaccine group and 16 in the control
group). In both studies, further analysis showed that
the vaccine was efficacious in women who were sero-
negative for both HSV-1 and HSV-2: efficacy in Study
1 was 73 percent (95 percent confidence interval, 19
to 91 percent; P=0.01), and efficacy in Study 2 was 74
percent (95 percent confidence interval, 9 to 93 per-
cent; P=0.02). It was not efficacious in women who
were seropositive for HSV-1 and seronegative for
HSV-2 at base line or in men.

 

Conclusions

 

These studies suggest that the glyco-
protein D vaccine has efficacy against genital herpes
in women who are seronegative for both HSV-1 and
HSV-2 at base line but not in those who are seropos-
itive for HSV-1 and seronegative for HSV-2. It had no
efficacy in men, regardless of their HSV serologic
status. (N Engl J Med 2002;347:1652-61.)
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ENITAL infection caused by herpes sim-
plex virus type 1 (HSV-1) or herpes simplex
virus type 2 (HSV-2) may be asymptomat-
ic, mild, and unrecognized as herpes or se-

vere with painful skin lesions and complications in-
cluding urinary retention and meningitis, as well as
substantial psychological illness.

 

1-8

 

 Genital HSV in-
fection occurs worldwide and appears to be epidemic
in some populations despite the availability of con-
doms and chemoprophylaxis.

 

9-11

 

 Evidence suggests
that only the widespread use of an effective vaccine
might control this epidemic.

 

12

 

We describe the results of two multicenter, double-
blind, randomized, controlled studies of an HSV-2
glycoprotein-D–subunit vaccine formulated with a
new adjuvant (AS04) containing aluminum hydroxide
(alum) and 3-

 

O

 

-deacylated monophosphoryl lipid A
(MPL)

 

13-15

 

 to prevent acquisition of genital herpes
disease.

 

METHODS

 

Study 1

 

Study 1 was a phase 3, double-blind, randomized efficacy trial
involving subjects who were seronegative for HSV-1 and HSV-2.
In 1995 and 1996, 2486 adults 18 to 45 years of age were screened,
and 847 of them (268 women) underwent randomization and were
vaccinated at 57 centers in Australia, Canada, the United Kingdom,
and the United States. The primary end point was the occurrence
of genital herpes disease. The sample size was calculated on the basis
of the following assumptions: an annual attack rate of genital her-
pes disease in recipients of control injections of 10 percent among
female subjects and 5 percent among male subjects, a dropout rate
of 20 percent, vaccine efficacy of 70 percent, a two-tailed type I er-
ror of 0.05, and a power of 80 percent.

 

Study 2

 

Study 2 was a phase 3, double-blind, randomized trial that was
initially designed to evaluate the safety of the vaccine in subjects of
any HSV serologic status. In 1996 and 1997, 2834 adults 18 years
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of age or older were screened, and 2491 of them (1867 of them
seronegative for HSV-2, 710 of them HSV-2–negative women)
underwent randomization and were vaccinated at 61 centers in Aus-
tralia, Canada, Italy, and the United States. In 1998, when the re-
sults from Study 1 became available and before the results from
Study 2 had been examined, the prevention of genital herpes disease
during months 0 through 19 was added as a primary efficacy end
point in female subjects who were seronegative for HSV-2 at base
line and as a secondary end point in female subjects who were ser-
onegative for both HSV-1 and HSV-2 at base line. Sample size was
calculated on the basis of the following assumptions: an attack rate
of genital herpes disease of 7 percent in female recipients of con-
trol injections who were seronegative for HSV-2, a dropout rate of
20 percent, vaccine efficacy of 70 percent, a type I error of 0.05,
and a power of 80 percent. Data from each study were examined
in intention-to-treat analyses.

 

Vaccine and Control Preparations

 

The glycoprotein-D–alum–MPL vaccine contained a truncated
form of a recombinant HSV-2 glycoprotein D molecule, purified
from Chinese-hamster-ovary cells transfected with a plasmid con-
taining a glycoprotein D DNA fragment from the HSV-2 strain G.
The antigen was adsorbed with 3-

 

O

 

-deacylated MPL onto alum.
Each dose of vaccine contained 20 µg of glycoprotein D, 50 µg
of MPL, and 500 µg of alum. Control preparations were alum–
MPL (in Study 1) and alum (in Study 2).

 

Vaccination and Design of the Studies

 

The studies were approved by human-investigations review com-
mittees at all centers, and subjects provided written informed con-
sent. All subjects had a regular sexual partner (the “source partner”)
with clinically confirmed genital herpes, were randomly assigned
to receive either vaccine or a control preparation by intramuscular
injection in the deltoid area at months 0, 1, and 6, and were fol-
lowed for a total of 19 months. The primary efficacy end point,
the occurrence of genital herpes disease, was defined as genital signs
or symptoms (e.g., pain, itching, swelling, papules, vesicles, ulcers,
or crusts) with either a positive HSV culture or detection of HSV
DNA by polymerase chain reaction (PCR) and HSV seroconversion.
A secondary efficacy end point, HSV infection, was defined as gen-
ital herpes disease or asymptomatic seroconversion to HSV antigens
not contained in the vaccine.

Visits were scheduled at months 0, 1, 6, 7, 13, and 19 and, in
Study 1, also at months 4, 10, and 16. Blood samples for serologic
analysis were obtained at all visits in Study 1 and at months 0, 7,
and 19 in Study 2. Source partners agreed (after giving written in-
formed consent) not to use suppressive antiviral therapy during
Study 1; in Study 2, they were allowed to use such therapy.

 

Assessments of Efficacy

 

Subjects were advised regarding signs and symptoms of genital
herpes and reduction in the risk of infection, including recommend-
ed use of condoms. Subjects recorded details of suspected episodes
of herpes on diary cards and visited a clinic within 48 hours after
the onset of signs or symptoms for a genital examination, collection
of swab samples from lesions or the site of symptoms, and a blood
sample for serologic testing. Swabs were tested by HSV culture; if
the results were negative and the subject subsequently had sero-
conversion, a second swab was evaluated by PCR. Treatment with
antiviral therapy was allowed if the diagnosis of genital herpes was
confirmed by physical examination.

 

Assessments of Safety

 

Diary cards documented symptoms at the site of the injection and
general symptoms that occurred during the three days after each
injection. Subjects reported adverse events for 30 days after each in-
jection and serious adverse events that occurred at any time during
the trial.

 

Trial Design, Data Management, and Data 
and Safety Monitoring Board

 

The trial designs were developed by protocol teams that included
academic investigators as well as clinical-trial specialists and scientists
at GlaxoSmithKline Biologicals. Data were gathered by the study in-
vestigators and transmitted to the sponsor, who was responsible for
maintaining the data base and performing analyses according to a
prespecified plan. Supervision of data management and analyses was
a responsibility shared by a panel of investigators, the data and safety
monitoring board, and the sponsor. The board was also responsible
for oversight of the studies and for final categorization of all cases
before unblinding. On the advice of the data and safety monitoring
board, no interim analyses were performed in either study. The
manuscript was written by a committee consisting of the academic
investigators and a single representative of the sponsor; all investi-
gators involved in writing the paper had full and unfettered access
to the data.

 

Laboratory Methods

 

Base-line HSV serologic status and seroconversion to HSV anti-
gens not contained in the vaccine were evaluated by validated West-
ern blot assays (Study 1) and enzyme-linked immunosorbent assays
(ELISAs) for anti–glycoprotein-G1 and anti–glycoprotein-G2 an-
tibodies (Study 2). These assays were similar to standard type-spe-
cific HSV serologic assays.

 

16

 

 For the Western blot assays, a blot was
considered to be positive if two of three bands (for glycoprotein B,
virion polypeptide 5, and infected cell protein-35) were visualized.
The locations of the bands for anti–glycoprotein-D antibodies were
obscured in order to maintain blinding.

Viral cultures were performed at qualified laboratories with the
use of standard techniques. PCR analysis of HSV DNA was per-
formed according to the method of Kimura et al.

 

17

 

 The presence or
absence of a humoral response to the vaccine was determined by
ELISA for anti–glycoprotein-D antibodies and standard HSV-2
neutralization assays. Peripheral-blood lymphocytes were collected
before and after vaccination, frozen in liquid nitrogen, incubated
with various concentrations of glycoprotein-D antigen, and assayed
to assess the incorporation of tritium-labeled thymidine or secretion
of interferon-

 

g

 

 into cell supernatants.

 

Statistical Analysis

 

The primary end point was the occurrence of genital HSV dis-
ease in all subjects in Study 1 and in HSV-2–seronegative female
subjects in Study 2. The log-rank test was used to compare Kaplan–
Meier survival curves for the time to occurrence of genital herpes
disease (for months 0 through 19). Data on time to events were cen-
sored at the time of the subject’s last known status. Analyses were
performed according to sex and initial HSV serologic status. Vaccine
efficacy, with two-sided 95 percent confidence intervals, was esti-
mated by Cox regression.

Fisher’s exact tests were used to compare the treatment groups in
terms of the attack rates of infection. Vaccine efficacy was defined as
the percentage reduction in the frequency of the end point among
recipients of vaccine as compared with the frequency among recip-
ients of control injections; it was calculated as 1¡(the attack rate
among recipients of vaccine÷the attack rate among recipients of
control injections), with two-tailed 95 percent confidence intervals,
according to the Cochran–Mantel–Haenszel method. All reported
P values are two-sided. P values of less than 0.05 were considered
to indicate statistical significance.

 

RESULTS

 

Demographic Characteristics

 

A total of 847 subjects who were seronegative for
HSV-1 and HSV-2 (in Study 1) and 1867 subjects who
were seronegative for HSV-2 (in Study 2) underwent
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randomization and received injections. The groups
were similar at randomization in terms of all demo-
graphic characteristics (Table 1). In Study 2, 200 fe-
male subjects (96 in the vaccine group and 104 in the
control group) and 354 male subjects (187 in the vac-
cine group and 167 in the control group) were ser-
onegative for both HSV-1 and HSV-2 at base line. The
demographic characteristics of these subjects were sim-
ilar to those of the entire cohort of HSV-2–seroneg-
ative subjects, except that they had a shorter mean du-
ration of relationship with source partners (26 months
among male subjects and 23 months among female
subjects).

 

Compliance and Follow-up

 

The rate of compliance with study procedures was
similar in the two treatment groups in each study (Ta-
ble 2), as was the dropout rate, with about 80 percent
of randomized subjects receiving all three doses and
completing the final study visit. Data collected through
the dates on which the data bases were closed (April

1998 for Study 1 and April 2000 for Study 2) are in-
cluded in the analyses.

 

Vaccine Efficacy

 

The attack rates of newly acquired genital herpes
disease and HSV infection are shown in Table 3. In
Study 1, we did not observe significant efficacy of the
vaccine against the acquisition of genital herpes in sub-
jects who were seronegative for HSV-1 and HSV-2 at
base line (efficacy, 38 percent [95 percent confidence
interval, ¡18 to 68]; P=0.14). Cox regression analy-
sis revealed a statistically significant interaction be-
tween sex and treatment group (P=0.04) for the ef-
ficacy analysis. Time-to-event analyses indicated that
the vaccine was efficacious against genital herpes dis-
ease in female subjects (efficacy, 73 percent; 95 per-
cent confidence interval, 19 to 91; P=0.01) but not
in male subjects (efficacy, ¡11 percent; 95 percent
confidence interval, ¡161 to 53; P=0.81). Survival
curves showing the time to genital herpes disease are
presented in Figure 1.

 

*All subjects in Study 1 were seronegative for herpes simplex virus type 1 (HSV-1) and herpes simplex virus type 2 (HSV-2). Data for
Study 2 include all subjects who were seronegative for HSV-2 at entry. For some variables, percentages may not add up to 100 because of
rounding.

†Data were missing for two men in the vaccine group in Study 1 and two men in the control group in Study 1.

‡Data were missing for 15 women in the vaccine group in Study 2, 8 women in the control group in Study 2, 1 man in the vaccine group
in Study 1, 14 men in the vaccine group in Study 2, and 13 men in the control group in Study 2.

§Data were missing for one woman in the vaccine group in Study 2 and one man in the control group in Study 2.

¶Data were missing for 1 woman in the control group in Study 1, 11 women in the vaccine group in Study 2, 11 women in the control
group in Study 2, 2 men in the vaccine group in Study 1, 2 men in the control group in Study 1, 19 men in the vaccine group in Study 2,
and 18 men in the control group in Study 2.
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VACCINE

GROUP

 

(

 

N

 

=137)

 

CONTROL

GROUP

 

(

 

N

 

=131)

 

VACCINE

GROUP

 

(

 

N

 

=348)

 

CONTROL

GROUP

 

(

 

N

 

=362)

 

VACCINE

GROUP

 

(

 

N

 

=288)

 

CONTROL

GROUP

 

(

 

N

 

=291)

 

VACCINE

GROUP

 

(

 

N

 

=575)

 

CONTROL

GROUP

 

(

 

N

 

=582)

Age (yr)
Mean
Range

30
18–45

30
18–45

32
18–59

32
18–47

33
18–45

32
18–46

34
18–45

34
18–52

Race (%)
White
Black
Other

92
1
7

94
1
5

91
1
8

93
1
7

94
3
3

97
1
2

93
2
5

94
3
3

Sexual orientation (%)†
Heterosexual
Homosexual or bisexual

97
3

93
7

98
2

97
3

98
2

99
1

98
2

97
3

Mean duration of relationship with
source partner (mo)‡

24 24 32 31 34 31 34 34

Condom use (%)§
Never
Sometimes (<50% of the time)
Usually (»50% of the time)
Always

27
31
17
26

32
29
15
24

36
31
13
20

33
33
15
19

40
24
15
21

38
31
15
16

41
26
12
21

42
26
13
19

Use of antiviral therapy by partner (%)¶
Yes
No

9
91

12
88

50
50

50
50

15
85

14
86

63
37

58
42
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In Study 2, we did not observe significant efficacy
of the vaccine against the acquisition of genital herpes
disease in HSV-2–seronegative female subjects (effica-
cy, 42 percent; 95 percent confidence interval, ¡31
to 74; P=0.19). However, subgroup analysis indicat-
ed that the vaccine had significant efficacy in female
subjects seronegative for both HSV-1 and HSV-2 (ef-
ficacy, 74 percent; 95 percent confidence interval, 9 to
93; P=0.02) but not in female subjects who were
seropositive for HSV-1 and seronegative for HSV-2 at
base line (efficacy, ¡106 percent; 95 percent confi-
dence interval, ¡723 to 49; P=0.30) or in HSV-2–
seronegative male subjects (efficacy, ¡10 percent; 95
percent confidence interval, ¡127 to 47; P=0.80).
Survival curves showing the time to genital herpes dis-
ease are presented in Figure 2.

Although they were not statistically significant, both
studies showed trends toward protection against HSV
infection in female subjects who were seronegative for
HSV-1 and HSV-2. Vaccine efficacy against HSV in-
fection in Study 1 was 46 percent (95 percent con-
fidence interval, ¡2 to 71; P=0.08) among female
subjects, as compared with ¡7 percent (95 percent

confidence interval, ¡108 to 45; P=0.86) among
male subjects; efficacy against infection in Study 2 was
39 percent (95 percent confidence interval, ¡6 to 65;
P=0.08) among female subjects who were seroneg-
ative for HSV-1 and HSV-2, as compared with ¡19
percent (95 percent confidence interval, ¡128 to 38;
P=0.70) among male subjects who were seronegative
for HSV-1 and HSV-2.

The glycoprotein-D–alum–MPL vaccine elicited
binding and neutralizing antibodies against HSV and
glycoprotein-D–specific responses in the form of lym-
phoproliferation and interferon-

 

g

 

 secretion (data not
shown). Results were similar among male subjects and
female subjects.

 

Adverse Events

 

The vaccine was generally well tolerated. Although
the majority of doses of vaccine were followed by sore-
ness at the site of the injection, most symptoms were
mild to moderate. The frequency of soreness at the
injection site severe enough to prevent subjects from
engaging in normal activities was higher among re-
cipients of the vaccine (5 percent in both studies) than

 

*All subjects in Study 1 were seronegative for HSV-1 and HSV-2 at entry. Data for Study 2 include all
subjects who were seronegative for HSV-2 at entry. In Study 1, mean follow-up was 16.4 months among
women in the vaccine group, 16.6 months among women in the control group, 16.9 months among
men in the vaccine group, and 17.2 months among men in the control group. In Study 2, mean fol-
low-up was 16.7 months among women in the vaccine group, 16.9 months among women in the con-
trol group, 16.8 months among men in the vaccine group, and 16.9 months among men in the
control group.
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 STUDY COMPLETION.*

VARIABLE STUDY 1 STUDY 2

VACCINE GROUP CONTROL GROUP VACCINE GROUP CONTROL GROUP

number (percent)

Women

Dose 1
Dose 2
Dose 3
Completed final study visit
Dropped out

Adverse event
Withdrawal of consent
Lost to follow-up or

moved away
Other

137 (100.0)
133 (97.1)
121 (88.3)
107 (78.1)
30 (21.9)
1 (0.7)
5 (3.6)

17 (12.4)

7 (5.1)

131 (100.0)
126 (96.2)
113 (86.3)
106 (80.9)
25 (19.1)
0 
7 (5.3)

15 (11.5)

3 (2.3)

348 (100.0)
338 (97.1)
316 (90.8)
280 (80.5)
68 (19.5)
4 (1.1)

16 (4.6)
40 (11.5)

8 (2.3)

362 (100.0)
351 (97.0)
333 (92.0)
285 (78.7)
77 (21.3)
5 (1.4)
7 (1.9)

57 (15.7)

8 (2.2)

Men

Dose 1
Dose 2
Dose 3
Completed final study visit
Dropped out

Adverse event
Withdrawal of consent
Lost to follow-up or

moved away
Other

288 (100.0)
279 (96.9)
262 (91.0)
237 (82.3)
51 (17.7)
2 (0.7)

12 (4.2)
34 (11.8)

3 (1.0)

291 (100.0)
281 (96.6)
266 (91.4)
247 (84.9)
44 (15.1)
1 (0.3)
8 (2.7)

30 (10.3)

5 (1.7)

575 (100.0)
558 (97.0)
527 (91.7)
455 (79.1)
120 (20.9)

3 (0.5)
13 (2.3)

102 (17.7)

2 (0.3)

582 (100.0)
564 (96.9)
533 (91.6)
470 (80.8)
112 (19.2)

2 (0.3)
15 (2.6)
94 (16.2)

1 (0.2)
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Figure 1. Kaplan–Meier Plots for Study 1, Showing Time to Occurrence of Genital Herpes Disease in Subjects Who Were Seroneg-
ative for Herpes Simplex Virus Type 1 (HSV-1) and Herpes Simplex Virus Type 2 (HSV-2) at Base Line.
Broken vertical lines represent the scheduled time of the third and final vaccine or control injection.
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Figure 2. Kaplan–Meier Plots for Study 2, Showing Time to Occurrence of Genital Herpes Disease.
Panels A and B are for subjects in Study 2 who were seronegative for herpes simplex virus type 2 (HSV-2) at base line; Panel C is
for the subgroup of female subjects who were seronegative for herpes simplex virus type 1 (HSV-1) as well as for HSV-2 at base line.
Broken vertical lines represent the scheduled time of the third and final vaccine or control injection.
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among recipients of control injections (3 percent in
Study 1 and 1 percent in Study 2). Other than local
and general symptoms indicated on diary cards, there
were no major differences between recipients of vac-
cine and recipients of control injections in the frequen-
cy and type of reported symptoms, and the dropout
rates were similar in the two treatment groups. HSV-
2–seropositive recipients of vaccine in Study 2 had a
pattern of local and general symptoms similar to that
in HSV-2–seronegative recipients of vaccine.

DISCUSSION

The glycoprotein-D–alum–MPL vaccine was im-
munogenic, safe, and well tolerated. The primary ef-
ficacy end point in Study 1 was occurrence of genital
herpes disease in subjects seronegative for HSV-1 and
HSV-2 at base line. Intention-to-treat analysis for
months 0 through 19 demonstrated that the vaccine
did not provide significant protection to the overall
cohort. However, a post hoc subgroup analysis indi-
cated that there was significant protection in female
subjects but not in male subjects. These results led
us to change the primary end point of Study 2 to ef-
ficacy of the vaccine in HSV-2–seronegative female
subjects and to add the efficacy of the vaccine in HSV-
1–seronegative and HSV-2–seronegative female sub-
jects as a secondary end point. This decision was made
before we examined the results of Study 2. Analysis
of the intention-to-treat population for months
0 through 19 showed that the vaccine did not afford
significant protection to all HSV-2–seronegative fe-
male subjects. However, the analysis according to base-
line HSV serologic status indicated that there was
significant protection in female subjects who were
seronegative for both HSV-1 and HSV-2 at base line
but not in female subjects who were seropositive for
HSV-1 and seronegative for HSV-2 at base line. Sim-
ilar results were obtained for both studies in a per-
protocol analysis. Although the finding that the vac-
cine protected women who were seronegative for both
types of HSV from acquiring genital herpes disease
was not a prespecified outcome in Study 1, it was a
prespecified outcome in Study 2. Although our find-
ings are not definitive, the fact that similar results were
obtained in both studies clearly suggests that the gly-
coprotein-D–alum–MPL vaccine can protect some
women against symptomatic genital herpes.

In Study 2, recipients of control injections who were
seropositive for HSV-1 and seronegative for HSV-2
at base line had a lower attack rate of genital HSV-2
disease than subjects who were seronegative for both
types of HSV at base line, suggesting that previous
infection with HSV-1 confers protection against ac-
quisition of genital HSV-2 disease. This difference was
more pronounced among female subjects (HSV-2 at-
tack rate, 1.2 percent among HSV-1–seropositive fe-

male subjects and 11.9 percent among HSV-1–sero-
negative female subjects; P<0.001 by Fisher’s exact
test) than among male subjects (attack rate, 1.5 percent
among HSV-1–seropositive male subjects and 4.2 per-
cent among HSV-1–seronegative male subjects; P=
0.07). However, a test (performed by logistic regres-
sion) of interaction between serologic status and sex
in terms of the occurrence of genital HSV-2 disease
did not reveal a significant interaction (P=0.12).

Vaccines generally protect against disease, not in-
fection.12 In the case of genital herpes, protection
against disease without a simultaneous reduction in
the risk of latent infection and subsequent recurrent
infections might benefit vaccinated women without
reducing the epidemic spread of the virus. Administra-
tion of the glycoprotein-D–alum–MPL vaccine might
result in protection against infection, symptomatic ill-
ness, and risk of transmission or it might result in pro-
tection against the development of signs and symp-
toms of genital herpes disease, with fewer recurrences
(if it reduced the risk of or prevented latent infection)
and thus a reduced risk of transmission; conversely, the
vaccine might prevent symptoms without preventing
the underlying infection, causing more episodes of un-
recognized or asymptomatic infection, possibly result-
ing in an increased risk of transmission; or it might
protect against neither disease nor infection. Modeling
of the results of these trials suggests that widespread
administration of this vaccine to women who are ser-
onegative for both HSV-1 and HSV-2 could result in
decreased spread of HSV-2 in the general population,
including among men (unpublished data).

Although these trials were not initially designed to
examine differences in the efficacy of the vaccine ac-
cording to sex, we found marked differences between
the efficacy in men and that in women. An under-
standing of the mechanism for this sex-specific protec-
tion could have implications for the development of
vaccines against other sexually transmitted pathogens.

The biologic explanations for the finding are not
clear. Possibly, sex differences in the pathogenesis of
genital herpes — for example, differences in the por-
tal of entry — could affect the effectiveness of the
vaccine. For both men and women, an intact stratum
corneum is a highly effective barrier against penetra-
tion by HSV. The presence of an intact stratum cor-
neum over the external genitalia of circumcised men
may explain the lower rate of HSV-2 seropositivity
among men than among women with the same num-
ber of sexual partners.2 Abrasions disrupting this lay-
er may provide the principal portal of entry for HSV
in men.

In women, acquisition of HSV is likely to occur
through the vaginal–cervical mucous membrane,
which has no stratum corneum. Secretions contain-
ing antibodies and migratory white cells constantly
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bathe this membrane. HSV-specific responses induced
by vaccination could act locally to provide an immu-
nologic barrier to acquisition of infection at this mu-
cosal site that is not applicable to men.

There may also be sex-specific differences in the
induction of immune responses that are important
for protection against HSV infection. Although no
sex-specific differences in the measured immune re-
sponses were noted in our studies, there is growing
evidence that with some infections, vaccinations, and
autoimmune disorders, female subjects, human and
animal, have enhanced immune responses by type 1
helper T (Th1) cells as compared with male sub-
jects.18-24 Induction of Th1-type responses, especially
interferon-g secretion, may be important for the con-
trol of HSV infection.12,25 Therefore, enhanced Th1
responses in women might account for the sex-specific
differences observed in this study. Studies using a wid-
er range of cytokines, especially interleukin-4, will be
required in order to clearly differentiate a Th1 re-
sponse to this vaccine (secretion of interferon-g but
not interleukin-4) from a response by precursors of
Th1 and type 2 helper T (Th2) cells (designated as
Th0) (secretion of interferon-g and interleukin-4).

In Study 2, an apparent lack of protection among
HSV-1–positive women was observed. This apparent
lack may be due to immunity that results from pro-
tection against HSV-2 genital herpes disease provided
by previous HSV-1 infection,26,27 which is not en-
hanced by the glycoprotein-D–alum–MPL vaccine.

The effectiveness of this vaccine differs from that of
another vaccine containing two recombinant HSV-2
glycoproteins, glycoprotein B and glycoprotein D,
combined with the adjuvant MF59.26 Although the
glycoprotein-B–glycoprotein-D vaccine induced high
titers of neutralizing antibodies, it was ineffective in
protecting subjects from acquiring HSV-2 infection.
Differences in the adjuvant composition might have
contributed to the differences in the effectiveness of
the vaccines. MF59 has been shown to induce a more
Th2-type response, biased toward the production of
neutralizing antibody, in vaccinated mice,28 whereas
alum–MPL has been reported to induce a more Th1-
type response in vaccinated animals and humans.28-32

Studies in animals and analysis of human responses
to recurrent infections suggest that Th1 responses in-
volving CD4 and CD8 lymphocyte function may be
more important than neutralizing antibody alone in
the control of initial HSV infection.25,33,34
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