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Introduction

Herpes simplex virus (HSV) types 1 (HSV-1) and 2 (HSV-2) 
cause genital herpes. HSV-2 is highly prevalent: in 2003 there 
were an estimated 536 million people 15–49 years of age infected 
with HSV-2 worldwide.1 The prevalence of infection with HSV-2 
varies by geographical area, age, sex and socio-economic status.2-5 
A nationally representative survey conducted in the US between 
1999 and 2004 estimated an overall age-adjusted seroprevalence 
of HSV-2 ranging from 1.6% among adolescents aged 14 to 19 
years to 26.4% among adults aged 40 to 49 years. Seroprevalence 
in adults was twice as high for women as it was for men, irrespec-
tive of age group.5

Herpes simplex virus (HsV) type 2 (HsV-2) is the main cause of genital and neonatal herpes and is highly prevalent 
worldwide. previous phase I and II studies showed the immunogenicity and safety of the candidate prophylactic 
HsV-2 glycoprotein D-based subunit vaccine (gD2-as04), containing aluminum hydroxide and 3-O-deacylated 
monophosphoryl lipid a (MpL) as adjuvant (as04), in healthy adults. The primary objective of the study presented here 
was to compare the immunogenicity and safety of five different vaccine formulations: 3 different antigen doses [20, 40 
or 80 μg of truncated glycoprotein D from HsV-2 strain (gD-2t)], different aluminum salts [alpO4 or al(OH)3], different 
preservatives or different volumes of vaccine (0.5 or 1 ml). One hundred and fifty healthy men and women aged 18–45 
years, with negative serological markers for HsV-1 and HsV-2 infection, were vaccinated with one of 5 formulations of the 
gD2-as04 candidate vaccine according to a 0-, 1-, 6-month schedule. No statistically significant difference was observed 
in humoral or cellular immune responses between different antigen doses or the different aluminum salts, preservatives 
or volumes of vaccine. The gD2-as04 vaccine was well tolerated by study participants for the duration of the study 
period. Local symptoms were more frequently reported than general symptoms, with muscle stiffness and/or injection 
site redness being the most frequently reported. Overall, the incidence of adverse events was comparable in all groups. 
Based on these results the gD2-as04 formulation, containing 20 μg of gD-2t, was selected for evaluation of prophylactic 
efficacy in further clinical trials.
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Although the risk of transmission is greater during initial 
symptomatic infection, most spread occurs as a consequence of 
asymptomatic shedding of HSV during recurrent infections.6 
Prophylactic administration of antivirals can reduce the risk of 
HSV transmission,7 but less than 10% of infected people take 
medication.8 The clinical implications of a vaccine that prevents 
primary and recurrent herpes simplex disease as well as rare 
but serious consequences, such as neonatal infection, would be 
significant.

Until now, no vaccine has been licensed for the preven-
tion of herpes simplex infection or disease. A prophylactic 
HSV-2 glycoprotein D-based subunit candidate vaccine (gD2-
AS04) containing aluminum hydroxide and 3-O-deacylated 
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developed, some of which depend on immune responses to HSV 
gD. It is therefore important to make all relevant data on previ-
ous HSV gD-based vaccines available to the research community, 
including previously unpublished results from clinical trials con-
ducted as part of a GlaxoSmithKline’s HSV vaccine development 
program.

The study presented here, which preceded the aforementioned 
efficacy studies, compared the immunogenicity and safety of 5 
different formulations of the herpes simplex candidate vaccine in 
healthy HSV-seronegative subjects in order to define an optimal 
formulation for further studies.

Results

Study population. Overall, 80 men and 70 women were enrolled, 
received the first dose of the study vaccine and were included in 
the analysis (30 participants in each of the 5 groups) (Fig. 1 and 
Table 1). Of these, 148 participants completed the study. Two par-
ticipants withdrew their consent after the first dose: one in group 
2 and one in group 4. There was no statistically significant dif-
ference in the male/female ratio between groups (p = 0.52, Chi 
square test). The mean age of the study participants was 22.3 years, 
ranging from 18 to 42 years. (Table 2). The two-way ANOVA test 
showed no statistically significant differences in mean age between 
groups and gender: group effect (p = 0.93), gender effect (p = 0.46) 
and interaction group-gender effect (p = 0.98).

monophosphoryl lipid A (MPL) as adjuvant (AS04) has been 
developed by GlaxoSmithKline Vaccines.

Results from clinical trials have shown that the candidate vac-
cine elicits binding and neutralizing antibodies against HSV as 
well as HSV-specific cellular immune responses in both men and 
women.9,10 Based on these promising immunogenicity results, 
and on an acceptable safety profile, studies to evaluate the effi-
cacy of gD2-AS04 containing 20 μg of truncated glycoprotein D 
from HSV-2 strain G (gD-2t) were performed. In these studies, 
conducted in persons whose partners had recurrent HSV genital 
disease, gD2-AS04 vaccination resulted in a > 70% reduction 
in HSV genital disease and a 40% reduction in HSV infection 
in HSV-1 and HSV-2-seronegative women but not in men or in 
HSV-1-seropositive women.10 To further examine the efficacy of 
the candidate gD2-AS04 vaccine, a large efficacy trial involving 
8,323 HSV-1 and HSV-2 seronegative women aged 18 to 30 years 
was conducted. Administration of the gD2-AS04 candidate vac-
cine demonstrated no overall efficacy against genital herpes dis-
ease. However, a disparity between efficacy against HSV-1 and 
HSV-2 was observed: 35% efficacy against HSV-1 infection and 
58% efficacy against HSV-1 genital disease (both statistically 
significant) was shown, but no efficacy against HSV-2 infection 
(-8%, 95% CI: -59–26).11

The development program of this candidate vaccine was 
stopped because of the lack of efficacy observed in the HERPEVAC 
Trial for Women.11 Other candidate vaccines are currently being 

Figure 1. Flow diagram illustrating enrolment, randomization and follow-up of study participants. Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, 
Group 3 = gD-2t 20 μg, Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg. Vaccine formulations administered to groups 1 to 4 contained phenoxyetha-
nol preservative and those administered to group 5 contained thiomersal preservative. The vaccine formulations administered to groups 1–3 and 5 
contained al(OH)3. The vaccine formulations administered to group 4 contained alpO4.



1256 Human Vaccines & Immunotherapeutics Volume 9 Issue 6

groups 1 and 2 at months 7 and 12, respectively; p = 0.0003 
and 0.0004 for differences between groups 5 and 2; p = 0.0002 
for differences between groups 4 and 2 at both time points; 
p = 0.0301 and 0.0111 for differences between groups 4 and 3). 
Additionally, at month 12, IL-2 levels were higher in group 5 
compared with group 3 (p = 0.0110).

Increases in gamma interferon (IFN-γ) secretion were 
observed after the second vaccine dose in all groups (Fig. 3C). 
After the third dose (month 7) IFN-γ secretion increased relative 
to month 6 levels in groups 1, 2, 4 and 5, but not in group 3. In 
group 3, IFN-γ levels were highest after the second dose and then 
showed a steady decrease through month 12. IFN-γ levels ranged 
from 170.5 pg/ml in group 1 to 325.50 pg/ml in group 3 and 
from 165.0 pg/ml in group 2 to 673.0 pg/ml in group 4 at one 
month after the second and third doses, respectively. At month 7, 
IFN-γ levels were higher in groups 1 and 4 compared with group 
2 (p values: 0.0402 and 0.0080) and in group 4 compared with 
groups 3 and 5 (p values: 0.0448 and 0.0487). At month 12, 

Immunogenicity. Anti-gD antibodies. One month after the 
second dose, at least 97% of the participants in group 1 and all 
participants in groups 2–5 had anti-gD2 antibodies ≥ 40 enzyme-
linked immunosorbent assay (ELISA) units per ml (EL.U/ml). 
Geometric mean titers (GMTs) ranged from 1,165.3 EL.U/ml 
in group 2 to 1791.3 EL.U/ml in group 1. After the third vac-
cine dose, seropositivity rates were 100% in all treatment groups 
and GMTs ranged between 5,376.9 EL.U/ml in group 3 and 
8003.4 EL.U/ml in group 5. All vaccine groups were comparable 
in terms of seropositivity rates and GMTs at all time points for 
which blood samples were taken (p = 0.89 at one month post dose 
2, p = 0.16 at one month post dose 3 and p = 0.11 at month 12). 
Although lower than between one-month post dose 2 and one-
month post dose 3, anti-gD antibody levels remained elevated 
compared with pre-vaccination levels at month 12 in all subjects 
(Fig. 2A).

HSV neutralizing antibodies. With an assay endpoint of 99% 
plaque reduction, HSV neutralizing antibodies at month 2 (one 
month after the second dose) were detected in at least 65% of 
participants in each group. All vaccine formulations were com-
parable in terms of seropositivity rates (p = 0.34) and GMTs 
(p = 0.74) (Fig. 2B).

Cell mediated immune response. A global increase in lympho-
proliferation (Integrated Stimulation Index - ISI) and interleu-
kin-2 (IL-2) secretion was observed after the second and the third 
vaccine doses in all groups (Fig. 3).

The median ISI ranged from 3.16 in group 2 to 4.78 in 
group 4 and from 3.48 in group 1 to 5.47 in group 5 at one 
month after the second and third doses, respectively (Fig. 3A). 
At month 12, six months following dose 3, median ISI was sig-
nificantly higher in group 4 compared with group 2 (p = 0.001), 
group 3 (p = 0.0192) and group 5 (p = 0.0118). Also, median 
ISI was higher in participants in group 1 compared with par-
ticipants in group 2 (p = 0.0074). No significant difference was 
observed between median ISI values in groups 5 and 2 at this 
time point (p = 0.0724). Additionally, no significant differences 
were observed between the study groups at any other time point.

At all time points the levels of IL-2 in micro-culture super-
natants were lower in groups 2 and 3 than in groups 1, 4 and 
5 (Fig. 3B). The median IL-2 levels ranged from 44 pg/ml in 
group 2 to 130 pg/ml in group 4 and from 59 pg/ml in group 2 
to 177 pg/ml in group 4 at one month after the second and third 
doses, respectively. At month 2, IL-2 levels were significantly 
higher in groups 1, 4 and 5 than in group 2 (p values: 0.0263, 
0.002 and 0.0243, respectively) and in group 4 than in group 3 
(p = 0.0243). These differences remained significant at months 7 
and 12 (p values were 0.0097 and 0.0284 for differences between 

Table 1. anti HsV-2 candidate vaccine formulations administered during the study

Group gD-2t (μg) Aluminum salt Adjuvant Preservative Volume (ml)/ dose Lot

1 40 500 μg al(OH)3 MpL phenoxyethanol 0.5 DGD13a2

2 80 500 μg al(OH)3 MpL phenoxyethanol 0.5 DGD14a2

3 20 500 μg al(OH)3 MpL phenoxyethanol 0.5 DGD12a2

4 20 500 μg alpO4 MpL phenoxyethanol 0.5 DGD16a2

5 20 500 μg al(OH)3 MpL Thiomersal 1.0 DGD11a4

Table 2. Demographic characteristics of vaccinated participants

Mean ± SD Range (min-max)

Gender N (years) (years)

Group 1
Men

Women

Total

14

16

30

22.9 ± 4.1

22.5 ± 5.0

22.7 ± 4.5

18–36

19–39

18–39

Group 2
Men

Women

Total

13

17

30

22.0 ± 5.9

21.5 ± 4.3

21.7 ± 5.0

18–39

18–37

18–39

Group 3
Men

Women

Total

17

13

30

22.7 ± 4.7

22.7 ± 5.6

22.7 ± 5.0

18–38

18–38

18–38

Group 4
Men

Women

Total

19

11

30

22.8 ± 6.0

21.3 ± 2.3

22.2 ± 4.9

18–42

19–25

18–42

Group 5
Men

Women

Total

17

13

30

22.5 ± 5.4

21.9 ± 2.9

22.2 ± 4.5

18–42

18–30

18–42

all groups
Men

Women

Total

80

70

150

22.6 ± 5.2

22.0 ± 4.2

22.3 ± 4.7

18–42

18–39

18–42

Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, Group 3 = gD-2t 20 μg, 
Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg; N, number of subjects in 
a given category; sD, standard deviation.
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Headache and fatigue were the most frequently reported 
solicited general symptoms. These symptoms were reported 
after at least 9.1% and 13.3% of doses, respectively (Table 3). 
Seventeen solicited general symptoms were considered to have a 
causal relationship with the vaccination and 125 of 186 (67.2%) 
were considered to be possibly related. Six of 186 solicited gen-
eral symptoms reported were classified as Grade 3 (Table 3). One 
participant in group 5 reported fever > 39.0°C on day 0, which 
was considered to be unrelated to vaccination.

Overall, 174 unsolicited AEs were reported: 41 AEs reported 
by 21 participants in group 1, 28 AEs reported by 19 participants 
in group 2, 30 AEs reported by 15 participants in group 3, 38 
AEs reported by 17 participants in group 4 and 37 AEs reported 
by 19 participants in group 5. Nine serious adverse events (SAEs) 
were reported (5 in group 1, 1 in group 4 and 3 in group 5). All 
involved hospitalizations and all were considered to be unrelated 
to vaccination.

IFN-γ levels were higher in group 4 compared with groups 2 and 
3 (p values: 0.0039 and 0.0169).

Safety and reactogenicity. The incidence of solicited and 
unsolicited symptoms is shown in Table 3 and Table 4. The 
compliance in returning symptom sheets was 100% in groups 
1, 3, 4 and 5 and 98.9% in group 2. There was no statistically 
significant difference between groups in the incidence of unsolic-
ited/solicited local and/or general solicited symptoms reported. 
The overall incidence of solicited local and general symptoms was 
similar in all groups (p > 0.05): at least one adverse event (AE) 
was reported following more than 90% of vaccine doses in each 
group.

The most common solicited local symptoms were muscle stiff-
ness and soreness, reported by at least 78.9% and 57.5% of par-
ticipants in each group. Sixteen grade 3 solicited local symptoms 
were reported by 10 participants: one in groups 1 and 3, two in 
group 2 and three in groups 4 and 5.

Figure 2. Geometric mean gD specific antibodies (panel (A) and HsV neutralizing antibodies (panel (B) levels by study visit in each treatment group. 
Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, Group 3 = gD-2t 20 μg, Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg. GMT, geometric mean antibody 
titer; cI, confidence interval; M, month.
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40 or 80 μg of gD-2t. Additionally, no statistically significant 
difference was observed in immune responses (humoral and cel-
lular) induced by different preservatives or the different volumes 
of vaccine. Cellular immune responses (evaluated through quan-
tification of ISI, IL-2 and IFN-γ secretion) observed at month 
12 were significantly higher in participants from group 4 than 

Discussion

Recent advances in understanding 
the pathophysiology of HSV infec-
tions have led to the development of 
a number of candidate vaccines. Due 
to safety concerns associated with 
live attenuated vaccines and poor 
results in immunogenicity studies of 
the inactivated vaccines, research has 
focused on developing vaccines con-
taining viral proteins such as DNA, 
peptides and virus-like particles. It 
has been shown that the immune 
response following HSV infection is 
primarily directed toward glycopro-
teins from the viral envelope.12-14 One 
of these proteins is gD. Many anti-
genic determinants of the gDs are 
shared by both HSV types (HSV-1 
and HSV-2).15 Antibodies against 
gD provide protection following 
passive immunization or vaccina-
tion in animals16 and the majority 
of virus-neutralizing antibodies are 
directed toward this glycoprotein.17 
In light of such findings, recombi-
nant gD-2t was chosen for inclusion 
in the prophylactic candidate vaccine 
developed by GlaxoSmithKline. The 
immunoenhancer MPL was added 
to the aluminum salt to enhance the 
immune response to gD-2t.18

Preclinical studies and early 
studies performed in humans have 
indicated that the use of MPL and 
aluminum as an adjuvant in combi-
nation with gD-2t improves stimula-
tion and persistence of humoral and 
cellular immune responses, while 
maintaining an acceptable reactoge-
nicity profile.19 Given that both cell-
mediated20 and humoral immune 
responses18 are considered to be 
necessary for the prevention of her-
petic infections, GlaxoSmithKline 
has incorporated MPL into its gD2-
AS04 vaccine formulation.

The randomized controlled trial 
presented here compares five differ-
ent candidate vaccine formulations in terms of both immuno-
genicity and safety. All candidate vaccine formulations induced 
high titers of anti-gD and neutralizing antibodies as well as a 
robust T-cell response. No dose-related increase in immunogenic-
ity was observed: comparable immune responses were observed 
after the administration of vaccine formulations containing 20, 

Figure 3. Levels of integrated stimulation index (panel (A), interleukin-2 (panel (B), γ interferon (panel 
(C) by study visit in each treatment group. Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, Group 3 = 
gD-2t 20 μg, Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg. IsI, integrated stimulation index; IL-2, inter-
leukin-2; γ-IFN, gamma interferon; M, month.
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responses to vaccine formulations were evaluated by analyzing 
human peripheral blood mononuclear cell proliferation and 
cytokine production in response to antigen stimulation. No 
additional information about the nature of the cellular immune 
response to the vaccine formulations could be obtained using 
these assays.

These immunogenicity results are consistent with results 
obtained in a number of other clinical studies designed to test the 
efficacy, immunogenicity and safety of the gD2-AS04 vaccine 
formulation containing 20 μg of gD-2t.9-11

Results from a randomized controlled trial including 380 vac-
cine recipients and 176 placebo recipients showed that the can-
didate vaccine induced anti-gD antibodies in all seronegative 
recipients and that these antibodies persisted for at least 6 months 
after vaccination.9 Titers of anti-gD antibodies after vaccina-
tion were higher than those induced by natural infection with 
HSV.9 Furthermore, the HERPEVAC trial, in which participants 
received the same vaccine formulation, demonstrated that admin-
istration of three vaccine doses led to a marked increase in anti-
gD antibodies that waned over time.11 Overall, results of that trial 
showed no vaccine efficacy against HSV disease (20%, 95% CI: 
-29–50).11

These rather disappointing results in the HERPEVAC trial 
might raise additional questions regarding the antigen dose that 

those observed in group 3 participants. Additionally, signifi-
cantly higher IL-2 levels were observed at months 2 and 7 and 
higher IFN-γ secretion was observed at month 7 in participants 
from group 4 compared with group 3. The vaccines administered 
in these two study groups had the same quantities of antigen 
(20 μg of gD-2t), the same immunostimulant (MPL) and the 
same preservative (phenoxyethanol), but they contained differ-
ent aluminum salts: AlPO

4
 in group 4 and Al(OH)

3
 in group 3. 

Despite the differences observed in cellular immune responses, 
both the AlPO

4
 and Al(OH)

3
 containing vaccines elicited strong 

and similar humoral immune responses. It should be noted that 
both AlPO

4
 and Al(OH)

3
 are used in licensed vaccines.

In terms of reactogenicity, the gD2-AS04 HSV vaccine was 
well tolerated by study participants for the duration of the study 
period. Local symptoms were more frequently reported than 
general symptoms, with muscle stiffness and/or soreness at the 
injection site being the most frequently reported. Overall, the 
incidence of AEs was comparable in all groups. Based on these 
results the gD2-AS04 formulation containing 20 μg of gD-2t 
was selected for evaluation of prophylactic efficacy in further 
clinical trials.

As this trial was performed more than 10 years ago, the 
assays employed are no longer considered state-of-the-art and 
thus represent a limitation of our study. Cellular immune 

Table 3. Incidence of solicited symptoms (overall/dose) on Days 0–3 post-vaccination

Group 1

n = 90

Group 2

n = 87

Group 3

n = 90

Group 4

n = 88

Group 5

n = 90

n (%) n (%) n (%) n (%) n (%)

At least one symptom 85 (94.4) 80 (90.9) 82 (91.1) 87 (98.9) 85 (94.4)

Local symptoms

Muscle stiffness 71 (78.9) 71 (81.6) 79 (87.8) 79 (89.9) 79 (87.8)

Grade 3 1 (1.1) 1 (1.1) 1 (1.1) 2 (2.3) 1 (1.1)

Redness 15 (16.7) 19 (21.8) 22 (24.4) 20 (22.7) 24 (26.7)

Grade 3 0 (0.0) 2 (2.3) 0 (0.0) 0 (0.0) 0 (0.0)

soreness 55 (61.1) 50 (57.5) 62 (68.9) 62 (70.5) 57 (63.3)

Grade 3 1 (1.1) 1 (1.1) 0 (0.0) 2 (2.3) 3 (3.3)

swelling 6 (6.7) 16 (18.4) 17 (18.9) 18 (20.5) 18 (20.0)

Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0)

General symptoms

Fatigue 12 (13.3) 15 (17.2) 13 (14.4) 15 (17.0) 14 (15.6)

Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1)

Headache 15 (16.7) 17 (19.5) 13 (14.4) 8 (9.1) 22 (24.4)

Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1) 0 (0.0)

Malaise 2 (2.2) 7 (8.0) 8 (8.9) 4 (4.5) 6 (6.7)

Grade 3 1 (1.1) 0 (0.0) 1 (1.1) 0 (0.0) 1 (1.1)

Fever 1 (1.1) 1 (1.1) 4 (4.4) 2 (2.3) 7 (7.8)

Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.1)

Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, Group 3 = gD-2t 20 μg, Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg; n = number of documented 
doses; n /% = number /% of documented doses with the specified symptom.
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The study protocol and all study-related documents were 
approved by the Ethical Committee of the Ghent University 
Hospital in 1995. The study was conducted in accordance with 
the Declaration of Helsinki as amended in 1989 and Good 
Clinical Practice guidelines in operation at the study initiation. 
Written informed consent was obtained from all the subjects 
prior to any study procedures.

The study started in March 1995 and was completed in 
March 1996. The final study report was available from December 
4, 1996. A summary of the study protocol is available at www.
gsk-clinicalstudyregister.com (Study ID 208141/014).

Study population. One hundred and fifty healthy men and 
women, aged 18–45 years, were enrolled between March 1995 
and March 1996. All women had negative serological markers for 
HSV-1 and HSV-2 infection as assessed by gD ELISA. Women 
were required to use effective birth control measures. Exclusion 
criteria included: pregnancy or lactation, any previous vaccina-
tion against herpes simplex, any previous administration of MPL 
and history of allergic disease likely to be exacerbated by the 
vaccination, history of convulsions, epilepsy, or any other signs 
of central nervous system disease, any suspected or confirmed 
immune disorder or immunosuppressive therapy.

Vaccines. The prophylactic candidate vaccine used in this 
study was an adjuvanted recombinant subunit vaccine manufac-
tured by GlaxoSmithKline Vaccines. The antigen component of 
the candidate vaccine was gD-2t from HSV-2 strain G at con-
centrations of 20, 40 or 80 μg (according to study group). The 
adjuvant system was AS04, containing 50 μg MPL and 0.5 mg 
of aluminum salt (see Table 1).18 The vaccine in group 5 con-
tained thiomersal preservative and the other vaccines contained 
phenoxyethanol preservative. Additionally two different types of 
aluminum salts were used: AlPO

4
 in group 4 and Al(OH)

3
 for 

the vaccines used in groups 1–3 and 5.
Study objectives. The objective of this study was to compare, 

in terms of humoral and cellular immune response, the immu-
nogenicity of different formulations of herpes simplex candidate 
vaccine. Another objective aimed at assessing the safety and reac-
togenicity of the five vaccine formulations in terms of solicited 
local and general AEs during study period.

was chosen to be included in the candidate HSV vaccine. Based 
on the dose-ranging study presented here, the vaccine formula-
tion containing 20 μg of gD-2t antigen was chosen for further 
development because it elicited humoral and cellular mediated 
immune responses that were comparable to responses elicited by 
formulations containing higher doses of antigen (40 or 80 μg 
of gD-2t antigen). No dose-related increase in immune response 
was observed. This suggests that the failure of the candidate vac-
cine to demonstrate efficacy against HSV disease and infection 
in the HERPEVAC trial was not due to an inadequate gD-2t 
antigen dose.

The negative results from the HERPEVAC trial, together 
with the large potential socioeconomic impact of an effective 
vaccine, have renewed the interest in development of an HSV 
vaccine. A prophylactic HSV vaccine would be an attractive alter-
native to existing treatment options and may have considerable 
impact if it also reduced viral transmission. Different approaches 
are currently being explored including glycoprotein-based sub-
unit vaccines,21,22 DNA vaccines,23,24 peptide vaccines and live 
vectored vaccines.25 Data such as those presented here could play 
an important role in guiding new vaccine approaches that may 
control or prevent HSV disease.

Materials and Methods

Study design and participants. This was a Phase I/II, double-
blind, randomized, single-center, dose-ranging study, with five 
parallel groups conducted in Belgium. Group 5 was unblinded 
to the investigators because a 1 ml volume of vaccine was given, 
compared with 0.5 ml in groups 1–4.

Subjects were randomized on a 1:1:1:1:1 basis to receive one 
of the five vaccines formulations of the candidate herpes simplex 
vaccine according to a 0–1-6 month schedule and were followed 
up to month 12. Monodose vials of the vaccines were coded 
according to randomization lists prepared by GlaxoSmithKline 
using an algorithm of pseudo random numbers. Subjects eligible 
for inclusion in the study were allocated a study number in the 
order in which they were enrolled. Each subject received only the 
vaccines labeled with his/her study number.

Table 4. Most frequently reported (≥ 5 cases) unsolicited symptoms

Group 1

n = 90

Group 2

n = 87

Group 3

n = 90

Group 4

n = 88

Group 5

n = 90

Total

n = 445

n (%) n (%) n (%) n (%) n (%) n (%)

Injection site pain 3 (3.3) 1 (1.1) 1 (1.1) 6 (6.8) 4 (4.4) 15 (3.4)

Injection site reaction 4 (4.4) 2 (2.3) 1 (1.1) 6 (6.8) 6 (6.6) 19 (4.3)

Injury 2 (2.2) 0 (0.0) 0 (0.0) 3 (3.4) 1 (1.1) 6 (1.3)

Diarrhea 2 (2.2) 1 (1.1) 1 (1.1) 0 (0.0) 2 (2.2) 6 (1.3)

Hematoma 2 (2.2) 1 (1.1) 2 (2.2) 1 (1.1) 0 (0.0) 6 (1.3)

Infection viral 4 (4.4) 4 (4.6) 2 (2.2) 2 (2.3) 7 (7.7) 19 (4.3)

Upper respiratory tract infection 2 (2.2) 7 (8.0) 7 (7.7) 3 (3.4) 4 (4.4) 23 (5.2)

pharyngitis 4 (4.4) 3 (3.4) 3 (3.3) 1 (1.1) 1 (1.1) 12 (2.7)

Group 1 = gD-2t 40 μg, Group 2 = gD-2t 80 μg, Group 3 = gD-2t 20 μg, Group 4 = gD-2t 20 μg, Group 5 = gD-2t 20 μg. N, number of documented 
doses; n/%, number/% of documented doses with the specified symptom.
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Criteria for evaluation. Immunogenicity. Blood samples were 
collected for evaluation of anti-gD antibodies, anti-HSV neutral-
izing antibodies, and CMI at screening, prior to the first vac-
cination, one month post dose 1 (month 1) and dose 2 (month 
2), 2 month post dose 2 (month 3), pre-dose 3 (month 6), one 
month post dose 3 (month 7) and six months post dose 3 (month 
12). Seropositivity rates and GMTs, with 95% confidence inter-
vals for anti-gD antibodies and anti-HSV neutralising antibodies 
were calculated by group for all time points for which blood sam-
ples were taken. Cell mediated immunity was evaluated through 
lymphoproliferation assays and quantification of IL-2 and IFN-γ 
secretion.

Reactogenicity. Local and general AEs were recorded by the 
study participants on a diary card on the day of vaccination and 
for the three subsequent days. Additionally, unsolicited symp-
toms were recorded during 30 days after each dose and data 
regarding any SAEs were collected throughout the study period.

Laboratory assays. Serum was harvested from whole blood 
samples and kept at -20°C until analyzed at GlaxoSmithKline 
Vaccines.

Serological status at study enrollment and humoral immune 
response to vaccine were assessed by two ELISAs for anti-gD anti-
body titers.9,10 These ELISAs were developed by GlaxoSmithKline 
Vaccines. Serum samples were incubated in 96-well plates coated 
with gD-2t antigen. The presence of anti-gD antibodies was 
revealed by addition of an anti-human conjugate. Human control 
sera with known titers were included in each assay for validation 
of results. Anti-gD antibody titers were expressed EL.U/ml, with 
reference to a standard serum, using four parameter method.26 
The cut-off for the assays was set at 40 EL.U/ml. Subjects with 
titers ≥ the cut-offs were considered as seropositive.

The presence of HSV-neutralizing antibodies was also eval-
uated using an in-house assay (GlaxoSmithKline Vaccines). 
Serially diluted serum was incubated with HSV-2 virus particles 
(4,000 plaque forming units) and complement in 96-well plates. 
Baby hamster kidney cells were then added. After incubation, the 
presence of viral plaques was determined by microscopic exami-
nation. Two end points were used in this assay: neutralizing titers 
corresponding to the reciprocal of the highest serum dilution at 
which no viral plaques were observed (100% neutralization) or 
to the reciprocal of the serum dilution giving 99% inhibition 
of cytopathogenic effect (99% neutralization). Human control 
serum was added to each plate for assay validation. The first dilu-
tion of this test was 1/50. Subjects with titers ≥ 50 were consid-
ered seropositive.

Peripheral blood mononuclear cells separated from heparin-
ized whole blood samples were suspended in freezing media and 
kept in liquid nitrogen until cell mediated immune responses 
were assessed in the laboratory of the Center for Vaccinology 
(Ghent University and Hospital). The in vitro T cell response to 
gD-2t was evaluated through lymphoproliferation and data were 
expressed as integrated stimulation indices as described previ-
ously.27 Supernatants were harvested from the lymphoprolifera-
tion cultures before addition of 3H-thymidine at 120 h and tested 
for the presence of IL-2 and IFN-γ by ELISA tests (after 48 and 
96 h).

Statistical method. Sample size calculation. Considering 80% 
power and a type I error of 5%, it was estimated that the inclu-
sion of 20 subjects in each group would allow detection of a 66% 
decrease in GMTs and a 25% decrease in seropositivity rates, 
while the inclusion of 30 subjects will allow detection of a 59% 
decrease in GMTs and a 20% decrease in seropositivity rates. 
Based on this sample size calculation the inclusion of 20 to 30 
subjects in each vaccine group was planned.

Seropositivity rates between groups were compared using 
Fisher’s exact test and GMTs between groups were compared 
using one-way ANOVA test. The percentage of doses followed by 
a report of any symptom during the 4-d-follow-up period (solic-
ited or unsolicited) was reported for each group. The incidence of 
local and/or general symptoms was compared using Fisher’s exact 
test. A post hoc analysis was performed to compare cell mediated 
immune responses between groups. Differences between study 
groups were assessed using the Kruskall Walllis test. Pairwise 
comparisons were done using Wilcoxon’s Mann-Whitney test. 
The level of significance was set to 0.05.
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