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We conducted a double-blind, vehicle-controlled, dose escalation safety and immunogenicity trial of a
candidate herpes simplex virus type 2 (HSV-2) surface glycoprotein D2 (gD2) DNA vaccine administered by use
of a needle-free device. Sixty-two healthy adults were randomized using a 4:1 vaccine-to-placebo ratio. Half of
the participants were HSV-1 seronegative, and all were HSV-2 seronegative. Vaccine doses included 100 �g, 300
�g, 1,000 �g or 3,000 �g of a plasmid expressing the gD2 protein. Subjects received vaccine at 0, 4, 8, and 24
weeks. Some subjects received an additional 1,000-�g boost at 52 weeks. We found that the vaccine was safe
and well tolerated, with most adverse events being local site reactions. No dose-limiting toxicities were
observed. gD2-specific cytotoxic T-lymphocyte and lymphoproliferation responses were detected 2 weeks after
the third vaccine injection in one of four HSV-1-seronegative, HSV-2-seronegative participants who received
3,000 �g of vaccine. A DNA-based vaccination strategy against HSV-2 appears to be safe and may generate a
vaccine-specific cellular immune response, but high vaccine doses are likely needed to elicit an immune
response in most vaccinees.

Herpes simplex virus type 2 (HSV-2) infection is one of the
most prevalent sexually transmitted infections worldwide and
is a major cause of genital ulcer disease in developed and
developing countries (Ahmed et al. 2003, Chen et al. 2000,
Mertz et al. 1998, Fleming et al. 1997, Xu et al. 2006). In
addition, a growing body of literature suggests that HSV-2
increases the risk of human immunodeficiency virus type 1
(HIV-1) acquisition and transmission (5, 7). HSV-2 also causes
neonatal herpes, which is a rare but serious condition that
often results in permanent neurodevelopmental sequelae (14).
Development of an HSV vaccine is a high priority.

Two HSV-2 subunit vaccines have completed phase III trials
and provided insight into the immunology of HSV infection. The
first contained two major HSV-2 surface glycoproteins, glycopro-
teins D and B (gB and gD), with an adjuvant, MF59, previously
shown to elicit a Th2-type response (31). No protection against
HSV-2 acquisition or genital herpes disease was demonstrated,
despite elicitation of high HSV-2-specific neutralizing antibody

titers (6). The second vaccine contained a truncated form of gD
with another adjuvant, aluminum hydroxide plus 3-O-deacylated
monophosphoryl lipid A (alum-MPL), previously shown to elicit
a Th1-type response (24, 31). This candidate vaccine elicited par-
tial protection against genital herpes disease in women who were
seronegative for HSV-1 and -2. The difference in efficacy between
these subunit vaccines was attributed to the adjuvants (32). Ani-
mal models also suggest that cellular immunity is important in
defending against HSV-2 infection (22, 23). These data highlight
the likelihood that a robust cellular immune response in addition
to neutralizing antibodies is critical in protection against HSV-2
infection.

DNA vaccination is an attractive approach toward HSV vac-
cine design because in vivo immunogen expression theoretically
allows engagement of both the major histocompatibility complex
class I and II pathways, thus generating specific CD8 and CD4
T-cell responses and antibody production (29). Here we describe
the results of a human safety and immunogenicity trial of a DNA
plasmid vaccine encoding full-length gD2 formulated with bupiv-
acaine. This candidate vaccine previously showed protection
against clinical disease and reduced HSV-2 viral replication in
animal models (3). The vaccine was administered by use of a
needle-free device which was shown to increase the immunoge-
nicity of a DNA vaccine in a primate model (8).

MATERIALS AND METHODS

Study description. We conducted a randomized, double-blind, vehicle-con-
trolled, dose escalation safety and immunogenicity trial with healthy adults.
Study participants were enrolled at the University of Washington Virology Re-
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search Clinic from September 1996 through February 2001. All participants
provided written informed consent. The study protocol was approved by the
University of Washington Institutional Review Board.

Volunteers were randomized to receive vaccine or placebo, using a 4:1 ratio
for all dose groups. The decision to escalate to the next dose was made by a
review of safety data by the principal investigator and study sponsor after all
subjects in a given dose subgroup had received one injection at the planned dose
and completed the study through day 14. Vaccine doses tested were 100 �g, 300
�g, 1,000 �g, and 3,000 �g. Twenty participants (10 HSV-seronegative and 10
HSV-seropositive patients) were entered into each lower dose group, and 10 (5
HSV-seronegative and 5 HSV-seropositive patients) were entered into each
higher dose group. One additional person each received the 300-�g and 1,000-�g
doses because of participant dropout in these dose groups early during the study.

Injections were administered to the deltoid muscle, using a Biojector needle-
free device. Vaccine or placebo was given on weeks 0, 4, 8, and 24. All partici-
pants were monitored for 52 weeks. For participants in dose groups receiving 100
�g or 300 �g, an additional 1,000-�g boost was administered at week 52 as part
of a protocol amendment.

Participants. Participants were adults of 18 to 60 years of age. Half of the
participants were HSV-1 seronegative and HSV-2 seronegative (HSV seroneg-
ative), and half were HSV-1 seropositive and HSV-2 seronegative, as determined
by Western blotting (2). All participants received a screening physical examina-
tion and laboratory testing. Exclusion criteria included prior immunization with
any experimental vaccine directed against HSV or any experimental agent within
30 days prior to enrollment, known or suspected abnormality in immune func-
tion, current use of any medication which may affect immune function, acute
infection, chronic infection, abnormal baseline laboratory values, including ele-
vated total serum creatine phosphokinase (CPK), antinuclear antibody (ANA),
or anti-DNA antibodies, prior malignancy, positive HIV serology, evidence of
active hepatitis B or C, and a history or presence of HSV lesions consistent with
genital herpes within 4 weeks of screening. Persons who reported acyclovir use
within 4 weeks of enrollment were also excluded. For the HSV-negative sub-
group, exclusion criteria also included the history or presence of oral-labial HSV
lesions within 4 weeks of screening to avoid enrolling people with recent HSV-1
infection prior to development of HSV-1 antibodies.

Vaccine. The Genevax-HSV vaccine is the double-stranded plasmid pAPL-
gD2 (26). The HSV-2 sequences are the gD gene from a clinical isolate of HSV-2
(strain 12) and several hundred bases of 5�- and 3�-flanking regions. A cytomeg-
alovirus promoter and respiratory syncytial virus enhancer were added, as were
a simian virus 40 polyadenylation signal, bacterial origin, and aminoglycoside
resistance gene for bacterial selection. Plasmid was isolated from transformed
Escherichia coli K-12 strain DH10B bacteria and purified by physiochemical and
chromatographic techniques. Expression was confirmed by transfection of eu-
karyotic cells with pAPL-gD2 followed by immunofluorescence with anti-gD2
monoclonal antibody. Specific staining localized to the plasma membrane was
seen (26).

Each vial of purified plasmid vaccine was formulated in an isotonic citrate
buffer solution at a concentration of 600 �g/ml (for the 100-�g and 300-�g doses)
or 1,000 �g/ml (for the 1,000-�g and 3,000-�g doses) containing 0.25% (wt/vol)
bupivacaine [2-piperidinecarboxamide, 1-butyl-N-(2,6-demethylphenyl)-mono-
hydrochloride]. Inactive ingredients included sodium citrate, citric acid mono-
hydrate, sodium chloride, and EDTA disodium. The diluent was a similar bu-
pivacaine solution. Vaccine was held at 2 to 8°C until administration. Diluent (for
100-�g dose only) was added immediately prior to use. Vaccine was administered
at 500 �l/injection.

Safety assessment. After each injection, participants were monitored for 1
hour. Serial vital signs were obtained, and local and systemic symptoms were
assessed. Participants returned to the clinic at 24 h postinjection and were
contacted by telephone at 48 h postinjection for assessment of local and systemic
symptoms. Diary cards were also provided for a week following each injection.
Unsolicited symptoms were recorded throughout the study. All adverse events
were recorded in standard medical terminology. The intensity of the adverse
event was graded as 1 (mild), 2 (moderate), 3 (severe), or 4 (life-threatening/
fatal), consistent with standardized toxicity criteria (25). The relationship of each
adverse event to the injection was classified as probable, possible, remote, or
unrelated based on criteria including temporal sequence, participants’ clinical
data, including other medication use, and response to rechallenge.

Blood and urine samples for safety evaluation were collected at baseline and
weeks 2, 4, 6, 8, 10, 12, 23, 24, 26, 28, 40, and 52 for all participants. For
participants who received a booster, blood and urine samples were collected 4
weeks prior to the booster, on the day of booster administration, and post-
booster, at 24 h and weeks 2, 4, 8, 16, 24, and 52.

Immunologic testing. Blood samples for immunological assays were collected
at baseline and on days 1, 14, 28 (week 4), 29, 42, 56 (week 8), 57, 70, 84 (week
12), 161, 168 (week 24), 169, 182, 196, 280, and 364 (week 52) for all participants.
For participants who received a booster at week 52, blood samples were collected
at weeks 52, 54, and 60. Peripheral blood mononuclear cells (PBMC) were
isolated by Ficoll-Hypaque centrifugation and cryopreserved as previously de-
scribed (16). gD2 (provided by Eric Mishkin, Wyeth, Pearl River, NY) was a
baculovirus-derived recombinant protein (19).

(i) CD4 T-cell testing. To measure gD2-specific CD4 T-cell responses, we
performed bulk lymphoproliferation assays using 105 PBMC/well in triplicate
96-well U-bottom plates, with gD2 antigen (1 �g/ml), medium (negative control),
and phytohemagglutinin P (PHA-P) (0.8 �g/ml; positive control). A lymphopro-
liferation response was considered positive if the net proliferation (counts per
minute [cpm] for gD2 antigen minus cpm for medium) was �5,000 cpm. Next,
from specimens with activity in the previous assay, HSV-specific CD4� T-cell
clones were established from PBMC as previously described (16). Cryopreserved
PBMC (2 � 106/well) were thawed and stimulated with HSV-2 antigen (UV-
inactivated HSV-2 strain 333, diluted 1:1,000 from a preinactivation titer of 109

PFU per ml) in T-cell medium (16, 17). Growth was supported with human
natural interleukin-2 as previously described (15). After 10 to 12 days, bulk
cultures were cloned at 1 cell/well as described previously (16). Clones were
expanded using PHA and interleukin-2 as described previously (16). Clones were
tested in a triplicate lymphoproliferation assay for reactivity to HSV-1 antigen
(UV-inactivated HSV-1 strain E115), HSV-2 antigen, gD2 (1 �g/ml), tetanus
toxin (negative control), and PHA-P (0.8 �g/ml; positive control). Assays used
autologous gamma-irradiated PBMC (105/well) as antigen-presenting cells. In
addition, T-cell clones were tested in a 24-h gamma interferon-specific enzyme-
linked immunospot assay (ELISPOT) assay as described previously, with the
modifications of using T-cell clones instead of PBMC and purified protein in-
stead of infected dendritic cells (13). Clones were tested using gD2 (1 �g/ml),
gB2 (1 �g/ml; provided by Rae Lyn Burke, Chiron, Inc.), medium (negative
control), and PHA-P (0.8 �g/ml; positive control). ELISPOT assays were scored
as positive if the spots were too numerous to count. Selected T-cell clones with
activity in these assays were analyzed for cell surface CD4 and CD8 expression
by flow cytometry (16).

(ii) CD8 T-cell testing. PBMC were stimulated for 10 days with HSV-2-
infected autologous PHA blasts. NK cell-depleted bulk cultures were tested for
lytic activity in a 4-h 51Cr release assay as previously described (28). Lympho-
blastoid cell lines (LCL) were created by Epstein-Barr virus transformation of
PBMC as described previously (18). NK cell-depleted bulk cultures were tested
for gD2-specific cytotoxic T-lymphocyte (CTL) activity against autologous LCL
infected with vaccinia virus wild-type strain WR or a vaccinia virus recombinant
expressing gD2 (vgD2) (34), and the net gD2-specific lysis was measured. Effec-
tor-to-target ratios were 100:1, 50:1, and 25:1 or 50:1, 25:1, and 12:1. A CTL
response was considered positive if the net specific lysis (lysis of vgD2 LCL minus
lysis of wild-type vaccinia virus LCL) was �10% at two or more effector-to-target
ratios.

(iii) Serological testing. The humoral response to plasmid-expressed gD2 was
determined using an enzyme-linked immunosorbent assay. Briefly, 100 �l of gD2
protein at 0.6 �g/ml was used to coat a 96-well flat-bottom microtiter plate (Dyna
Tech Immulon) in a pH 9.1 to 9.4 carbonate buffer. After being incubated
overnight at 4°C, plates were washed three times and blocked with 3% bovine
serum albumin (Sigma, St. Louis, MO) in Tris-buffered saline for 1 h at room
temperature. Blocking reagent was removed, and 100 �l of appropriately diluted
test sample, blank, or positive control serum was added to the plate in triplicate
and incubated at room temperature for 2 to 4 h. Plates were then washed four
times, 100 �l of secondary antibody (goat anti-human immunoglobulin G [IgG]
conjugated with alkaline phosphatase; Sigma) diluted in blocking buffer was
added, and the plate was incubated at 37°C for 1 h. Plates were washed four times
before the addition of 200 �l of substrate (Sigma) solution and incubation for 30
min at room temperature. The reaction was stopped with 50 �l of 3 N NaOH,
and the absorption was read at 405 nm.

RESULTS

Study subjects. A total of 62 subjects were enrolled in the
study and received at least one dose of study vaccine. The
mean age of the subjects was 34 years (range, 19 to 60 years).
Thirty-five (56%) of the subjects were men, and 27 (44%) were
women. Fifty-nine subjects (95%) were Caucasian, one (2%)
was African-American, and two (3%) reported mixed race.
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Protocol adherence. Table 1 shows the number of partici-
pants who enrolled and completed the study protocol by dose
group and HSV-1 status. Ten, 11, 6, and 5 participants who
were HSV-1 seronegative and 10, 10, 5, and 5 participants who
were HSV-1 seropositive received at least one dose at 100, 300,
1,000, and 3,000 �g, respectively. Ten, nine, five, and four
participants who were HSV-1 seronegative and nine, nine, five,
and five participants who were HSV-1 seropositive and in the
100-, 300-, 1,000-, and 3,000-�g dose groups, respectively, com-
pleted the protocol. Among participants in the 100- and 300-�g
dose groups completing the initial study protocol, seven and
nine participants who were HSV-1 seronegative and six and
four participants who were HSV-1 seropositive received a
1,000-�g booster.

Reasons for dropout included two serious adverse events felt
not to be study vaccine related. At the 100-�g level, one par-
ticipant was discontinued after three doses due to neutropenia.
Subsequent medical history review revealed a prior diagnosis
of neutropenia of unknown etiology. At the 1,000-�g level, one
participant was discontinued after two doses due to diagnosis
of a schwannoma requiring surgical resection. The diagnosis
was made after biopsy of an intramedullary spinal mass noted
as an incidental finding on computed tomography scan during
workup of a right-sided parotid mass. Four other persons pre-
maturely discontinued participation in the study for reasons
not related to an adverse event or lack of tolerability.

Vaccine safety. All subjects who received at least one study
injection were included in the safety analysis. The numbers of
local and systemic symptoms reported within 7 days of each
study injection are shown in Table 2. Placebo and vaccine
recipients had similar adverse event profiles. Local site reac-
tions were the most commonly experienced symptoms in both
groups. The majority of participants experienced tenderness/
pain and erythema/induration over all time points. Headache
was the most common systemic symptom, occurring in 42%
and 28% of placebo and vaccine recipients, respectively, after
the first injection. There was not an increasing trend in head-
ache with dose escalation, with occurrence in four, five, two,
and three persons in the 100-, 300-, 1,000-, and 3,000-�g
groups, respectively. The occurrence of headache appeared to

decrease over time, with 2% and 0% of vaccine and placebo
recipients, respectively, experiencing this symptom after the
fourth injection. Other systemic symptoms, including fatigue,
malaise, nausea, diarrhea, light headedness, dizziness, and low-
grade fever, were uncommon.

Six participants, all in the vaccine group, experienced serious
adverse events. None of these were considered related to vac-
cination. Two of these events led to study discontinuation and
are described above. One participant in the 3,000-�g dose
group required hospitalization for treatment of pneumonia 48
days after the third dose of study vaccine. This was followed by
a full recovery and continuation in the study, including receipt
of the fourth vaccination. One participant in the 1,000-�g dose
group had an elective hysterectomy 187 days after her fourth
dose of study vaccine. One participant in the 300-�g dose
group had a hysterectomy and bilateral oophorectomy for uter-
ine fibroids. She had previous history of myomectomy 6 years
earlier for uterine fibroids. One participant in the 100-�g dose
group was hospitalized with acute appendicitis at week 13. This
was followed by a full recovery and completion of the study
protocol.

ANA and anti-DNA titers. Seventeen of 50 vaccine recipi-
ents had positive ANA titers detected after vaccination. All

TABLE 1. Numbers of participants who enrolled, completed the
study protocol, and received a booster by HSV-1 serostatus

and dose group

Dose
group
(�g)a

No. of HSV-1-seronegative
participants

No. of HSV-1-seropositive
participants

Enrolled Competed
protocol

Received
boosterb Enrolled Completed

protocol
Received
boosterb

100 10 10 7 10 9e 6
300 11 9c 9 10 9f 4
1,000 6 5d 5 5
3,000 5 4e 5 5

a A 4:1 ratio of vaccine recipients to placebo recipients was used for all dose
groups.

b A 1,000-�g booster was offered to the 100- and 300-�g dose groups as part
of a protocol amendment.

c One placebo recipient and one vaccine recipient dropped out after three and
one study injection, respectively.

d One vaccine recipient dropped out after two study injections.
e One vaccine recipient dropped out after three study injections.
f One placebo recipient dropped out after three study injections.

TABLE 2. Local and systemic symptoms experienced in the 7 days
following each injection

Group and symptom
No. (%) of participants with symptom at weeka:

0 4 8 24 52

Placebo group
Tenderness/pain 8 (67) 9 (75) 7 (58) 6 (60) 2 (40)
Erythema/induration 9 (75) 7 (58) 8 (67) 7 (70) 4 (80)
Ecchymosis 2 (17) 2 (17) 1 (8) 0 0
Injection site edema 4 (33) 1 (8) 2 (17) 1 (10) 1 (20)
Headache 5 (42) 4 (33) 2 (17) 0 0
Fatigue/malaise 1 (8) 0 2 (17) 0 0
Hematoma 2 (17) 0 0 0 0
Injection site

hypersensitivity
0 1 (8) 0 0 0

Nausea/diarrhea 1 (8) 0 0 1 (10) 0
Paraesthesia 3 (25) 1 (8) 1 (8) 0 0
Light headedness/

dizziness
0 0 0 0 0

Low-grade fever 0 0 0 0 0
Total 35 25 23 15 7

Vaccine groups
Tenderness/pain 38 (76) 41 (84) 34 (71) 34 (74) 17 (63)
Erythema/induration 33 (66) 31 (63) 33 (69) 35 (76) 15 (56)
Ecchymosis 10 (20) 10 (20) 9 (19) 10 (22) 6 (22)
Injection site edema 7 (14) 7 (14) 10 (21) 7 (15) 4 (15)
Headache 14 (28) 6 (12) 7 (15) 4 (9) 3 (11)
Fatigue/malaise 7 (14) 3 (6) 3 (6) 2 (4) 2 (7)
Hematoma 1 (2) 2 (4) 3 (6) 4 (9) 0
Injection site

hypersensitivity
4 (8) 1 (2) 1 (2) 2 (4) 1 (4)

Nausea/diarrhea 2 (4) 3 (6) 1 (2) 1 (2) 0
Paraesthesia 3 (6) 1 (2) 1 (2) 1 (2) 0
Light headedness/

dizziness
1 (2) 3 (6) 0 0 1 (4)

Low-grade fever 0 1 (2) 0 0 0
Total 120 109 102 100 49

a The number of participants in the placebo group was 12, 12, 12, 10, and 5 at
weeks 0, 4, 8, 24, and 52, respectively; the number of participants in the vaccine
groups was 50, 49, 48, 46, and 27 at weeks 0, 4, 8, 24, and 52, respectively.
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values were low titers (�1:160) and considered not clinically
significant. One vaccine participant had a positive anti-DNA
antibody which was not considered clinically significant.

CPK. There were 27 (23 vaccine and 4 placebo) subjects with
elevated CPK values (�160 U/liter) observed during the study.
None of these were clinically significant. Four subjects had
grade 1 (fourfold increase) or greater elevations. Of these, only
one participant, from the placebo group, had a grade 4 (�20
times the upper limit of normal) elevation (5,400 U/liter),
which was observed at baseline. Subsequent to this visit, a
grade 1 elevation was observed at study week 6. All other
elevated values in this participant were low level (less than
grade 1).

Cell-mediated immunity. Six of the participants in the
HSV-seronegative group have previously been described as
immune seronegative (IS; HSV-seronegative with HSV-spe-
cific T-cell responses) subjects (28). These persons had cel-
lular immune responses to HSV-2 at baseline and were
eliminated from further analysis. Among participants not
identified as IS subjects, significant gD2-specific CTL lytic
activity and lymphoproliferation were observed in one sub-
ject in the HSV-negative, 3,000-�g dose group (Table 3 and
Fig. 1). HSV-specific CD4� clones were isolated and ex-

panded from this participant’s PBMC after stimulation with
UV-inactivated HSV-2. Clones were tested for reactivity to
HSV-1 and HSV-2. Table 4 shows that six of the seven
clones were HSV-2 type specific because they proliferated in
response to HSV-2 only. Clone 42 was HSV type common.
Notably, every HSV-2-reactive clone from this subject pro-
liferated in response to gD2. In addition, the four clones
available for testing produced gamma interferon in response
to gD2, but not gB2, in an ELISPOT assay.

Significant boosts in HSV-2-specific CTL activity or lympho-

FIG. 1. gD2-specific lymphoproliferation in subject 29 (see Table
3). Arrows represent vaccine injection time points.

TABLE 3. gD2-specific cellular immune responses in PBMC from HSV-seronegative vaccineesa

Subject Initial dose
(�g)

gD-2 specific CTL response gD-2 specific lymphoproliferation

After first vaccine After 1,000-�g boost After first vaccine After 1,000-�g boost

0 70 182 0 14 56 0 70 182 0 14 56

1* 0 � � � � � � � � � � � �
2 0 � NA � � � � � NA � � � �
3* 0 � � � � � � � � � � � �
4* 0 � � NA No boost � � NA No boost
5 0 � � � No boost � � � No boost
6 0 � � � No boost � � � No boost
7 100 � NA � No boost � � � No boost
8 100 � NA � No boost � � � No boost
9 100 � NA � � � � � � � � � �
10 100 � NA � � � � � NA � � � �
11 100 � NA � � � � � NA � � � �
12 100 � NA � No boost � NA � No boost
13 100 � NA � � � � � NA � � � �
14 100 � NA � � � � � NA � � � �
15 300 � � � � � � � � � � � �
16 300 � � � � � � � � � � � �
17 300 � � � � � � � � � � � �
18 300 � � � � � � � � � � � �
19* 300 � � � � � � � � � � � �
20 300 � � � � � � � � � � � �
21 300 � � � � � � � � � � � �
22* 300 � � � � � � � � � � � �
23 1,000 � � � No boost � � � No boost
24 1,000 � � � No boost � � � No boost
25 1,000 � � � No boost � � � No boost
26 1,000 � � � No boost � � � No boost
27 3,000 � � � No boost � � � No boost
28 3,000 � � � No boost � � � No boost
29 3,000 � � NA No boost � � NA No boost
30* 3,000 � � � No boost � � � No boost

a HSV-seronegative subjects were vaccinated with vehicle only or with doses of HSV-2 gD2 DNA vaccine ranging from 100 to 3,000 �g per vaccination. In some cases,
subjects were boosted with 1,000 �g of vaccine 1 year after the start of the first vaccine series. gD2-specific CTL activity and gD2-specific lymphoproliferation were
measured at various times before and after the first vaccine injection and pre- and postboosting, as described in Materials and Methods. Time points after the first
injection correspond to 2 weeks after the third and fourth infections. �, positive response; �, negative response; NA, sample not available. Subjects with asterisks are
immune seronegative (positive CTL and/or lymphoproliferative response to HSV-2 in the absence of detectable HSV antibodies �28	).
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proliferation were not observed in any HSV-1-seropositive,
HSV-2-seronegative participants (data not shown), as mea-
sured by precursor frequency assays (27).

Serology. Serologic assays of gD2 binding performed by en-
zyme-linked immunosorbent assay did not show elicitation of
new responses in any HSV-seronegative individual and did not
show significant boosts in preexisting binding antibodies in
persons with preexisting HSV-1 immunity (data not shown).

DISCUSSION

We have shown that the plasmid gD2-based HSV-2 DNA
candidate vaccine delivered using a Biojector needle-free de-
vice is safe and well tolerated in healthy adults. This is the first
reported human study of a DNA-based vaccine aimed against
HSV-2 infection. Adverse events were mostly local site reac-
tions, and there were no dose-limiting toxicities. These data
are consistent with several other trials showing that DNA-
based vaccination strategies are safe (9, 11, 12, 20, 21, 30, 33).
One participant was found to have positive anti-DNA anti-
body, but this was not considered clinically significant. The
FDA has not required monitoring for systemic autoimmunity
in trials of DNA vaccines since 2005, as these responses have
not been clinically significant (4).

Vaccine-induced HSV-specific T-cell activity was detected in
one of four HSV-seronegative participants in the highest
(3,000 �g) dose group. Both cytolytic activity and proliferation
were demonstrated in response to appropriate antigen-pre-
senting cells expressing gD2. The same subject yielded a series
of seven CD4� T-cell clones reactive with recombinant gD2
protein after PBMC were restimulated with whole HSV-2.
This subject was HSV-2 seronegative by Western blotting 1
month after receiving the final vaccine injection, so serocon-
version to HSV-2 seems unlikely. While IgG responses to
HSV-2 in the context of HSV-2 infection can occasionally be
delayed (1), we believe that our data support the conclusion
that these responses in this subject occurred in response to the
vaccine. We previously studied naturally HSV-2-infected sub-
jects, using the same whole HSV-2 stimulation protocol. We
typically detected CD4 T-cell responses to a median of five of
the nine proteins studied. While gD2-specific responses were
observed in most subjects, responses to other glycoproteins
and to tegument proteins were similar in prevalence and mag-
nitude to the responses observed for gD2 (17). The fact that

each of seven clones generated in response to whole HSV-2
was gD2 specific would be highly unusual in the context of such
a polyclonal response. The CD4 clones available for testing
failed to respond to gB2, reinforcing their specificity for gD2.

The reason for the lack of immunogenicity in the other
3,000-�g dose group participants is not clear. Possibly, even
higher vaccine doses would have elicited a higher rate of im-
mune response. This candidate vaccine did not appear to elicit
an antibody response. Animal models suggest that vaccination
with plasmids encoding truncated gD2 generates a stronger
humoral immune response, while full-length gD2 generates a
stronger cellular immune response (10). This study is consis-
tent with these findings, but more work in this area is needed.
Future clinical studies using higher vaccine doses or combining
plasmids with truncated and full-length glycoproteins may im-
prove vaccine immunogenicity.

In summary, prior clinical trials and animal models suggest
that cellular immunity is key in protecting against HSV-2 in-
fection. This study has shown that a plasmid-based DNA vac-
cination strategy against HSV-2 is safe and capable of gener-
ating a vaccine-specific T-cell response. Further clinical trials
using this approach are warranted.
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