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Abstract

Certain oligodeoxynuclotides with CpG motifs provide enhanced immune response to co-delivered antigens. We performed a phase I,
observer-blinded, randomized study in healthy anti-hepatitis B surface antigen (anti-HBsAg) antibody negative adults to explore safety
and immunogenicity of co-injection of recombinant HBsAg combined with an immunostimulatory DNA sequence (ISS) 1018 ISS. Four
ISS dosage groups (N = 12 per group) were used: 300, 650, 1000 or 3000�g. For each group, two controls received 20�g HBsAg alone,
two controls received ISS alone, and eight subjects received ISS+20�g HBsAg. Subjects received two doses 8 weeks apart. Injection site
reactions (tenderness and pain on limb movement) were more frequent at higher ISS+ HBsAg doses but were mainly mild and of short
duration. Higher anti-HBsAg antibody levels were associated with higher ISS doses. Four weeks after the first dose, a seroprotective titer
(≥10 mIU/ml) was noted for 0, 25, 75, and 87.5% of subjects by increasing ISS dose group (P < 0.05) for those who received ISS+HBsAg;
1 month after the second dose this increased to 62.5, 100, 100, and 100%, respectively. Geometric mean anti-HBsAg antibody levels by
increasing ISS+HBsAg dose were 1.22, 5.78, 24.75, and 206.5 mIU/ml after the first dose and 65.37, 877.6, 1545, and 3045 mIU/ml after
the second dose. We conclude that 1018 ISS+ HBsAg was well tolerated and immunogenic in this phase I study in healthy adults and may
offer the potential for enhancement of hepatitis B virus (HBV) immunization and protection after one or two doses or in individuals who
fail to respond to the standard vaccine regimen.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Hepatitis B virus (HBV) causes acute and chronic infec-
tion in humans and is responsible for substantial morbidity
and mortality [1,2]. Although only 5–15% of acutely in-
fected young children and 33–50% of older children and
adults will manifest clinical illness, 5–10% of adults and as
high as 90% of vertically infected infants will become chron-
ically infected [3]. Chronically HBV infected individuals
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are at increased risk of subsequent development of hepato-
cellular carcinoma[4]. Worldwide, it is estimated that 5% of
the world’s population has chronic HBV infection and that
500,000 to 1 million people die annually from HBV-related
liver disease[5]. Universal immunization against HBV
is recommended throughout the world and is effective in
preventing maternal to infant transmission and chronic in-
fection, and in decreasing the incidence of hepatocellular
carcinoma[6].

Currently available HBV vaccines in North America
and Europe consist of recombinant hepatitis B surface
antigen (HBsAg) adsorbed to aluminum hydroxide or alu-
minum phosphate. Protection against disease is associated
with post-immunization antibody levels against HBsAg of
≥10 mIU/ml [7]. Protective levels are achieved in 90% or
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more healthy adults after a three-dose series of vaccine given
at 0, 1, and 6 months although rates of seroprotection are
lower with increasing age, obesity, and in those who smoke
[8]. Although accelerated 3-month schedules (0, 1, and 2
months) are routinely used in some jurisdictions, higher an-
tibody levels are achieved with longer intervals between the
second and third injection[9]. Two-dose regimens with an
interval of at least 4 months between doses have been eval-
uated for use in adolescents in whom the need for multiple
doses may lead to decreased compliance with completion
of the immunization series[10]. Similarly, in the develop-
ing world where hepatitis B remains a significant cause of
morbidity and mortality, a single-dose regimen or an accel-
erated two-dose regimen would be useful to increase rates of
HBV immunity [11]. A more immunogenic vaccine is also
needed which would be effective in high-risk individuals
who fail to respond to the standard immunization series.

Immunostimulatory DNA sequences (ISS) are emerging
as useful tools for modulating immune responses. ISS are
components of bacterial but not vertebrate DNA that have
potent NK activation and interferon-inducing properties
[12] which can be reproduced by certain synthetic oligonu-
clotides containing CpG motifs[13,14]. ISS stimulate the
production of Th1-type cytokines such as IL-12 and in-
terferons from a variety of cells such as dendritic cells,
macrophages and NK cells[15–17]. ISS also stimulate
B-cell proliferation and immunoglobulin secretion[18–20]
as well as activation of antigen presenting cells[21,22]. ISS
have potent Th1 adjuvant properties when used for immu-
nization with DNA [23,24] or protein[17,25–27]vaccines.
We studied the safety and immunogenicity of a 22-mer
synthetic, phosphorothioate oligodeoxyribonuclotide im-
munostimulatory sequence (1018 ISS) co-administered with
HBsAg in healthy adults.

2. Materials and methods

2.1. Vaccine

Study products consisted of 1018 ISS (sequence 5′-
TGACTGTGAACGTTCGAGATGA-3′; Dynavax Tech-
nologies, Berkeley, CA) alone and in combination with
yeast recombinant HBsAg without aluminum hydroxide ad-
juvant (Rhein Americana S.A., Buenos Aires, Argentina).
Study products were stored at−60◦C or below and used
within 8 h of thawing, and were diluted with sterile phos-
phate buffered saline to achieve the desired concentrations.
Study vaccines were reconstituted by the study pharmacist
to contain 300, 650, 1000, or 3000�g of 1018 ISS alone or
mixed with 20�g HBsAg.

2.2. Populations

Healthy adults between 18 and 55 years of age were
eligible if they had no history of hepatitis B infection or im-

munization with hepatitis B vaccine, had negative tests for
HBsAg and antibodies against HBsAg and HBcAg. Individ-
uals were excluded from enrollment if they were pregnant
or unwilling to use effective contraception during the study,
had clinically significant acute or chronic diseases, had any
immunosuppressive disorders or medication, had prior injec-
tion of DNA plasmids or oligonuclotides, had behavioral risk
factors that might have resulted in recent exposure to hep-
atitis B virus, had received blood products or immunoglob-
ulin within 3 months of study entry, had a history of
sensitivity to any component of the study vaccines or had ab-
normalities of screening blood chemistries, hematology, or
urinalysis.

2.3. Study design and procedures

The study was designed as a single center, randomized,
controlled, observer-blinded, dose escalating study in 48
healthy adult volunteers. Written, informed consent was ob-
tained from all participants prior to any study procedure;
the study was approved by the Research Ethics Board of the
IWK Health Centre, Halifax, NS, Canada. The first 12 par-
ticipants were randomly allocated in a ratio of 2:2:8 by com-
puter generated list to receive either 20�g HBsAg, 300�g
1018 ISS, or 20�g HBsAg+ 300�g 1018 ISS. Only the
study pharmacist who mixed the vaccines at the time of im-
munization and who was not involved in any other aspects
of the study was aware of the vaccine allocation. The sec-
ond cohort of 12 participants was randomly allocated to re-
ceive 20�g HBsAg, 650�g ISS, or 20�g HBsAg+650�g
1018 ISS in a ratio of 2:2:8. Dose escalation occurred af-
ter review by the investigator, sponsor, and an independent
medical monitor of the safety results of the cohort who had
received the previous dose level. The third and fourth co-
horts of 12 subjects received 1000 or 3000�g 1018 ISS
with or without 20�g HBsAg, respectively, in the same
ratio.

Two doses of the same vaccine were given as intramuscu-
lar injections into opposite deltoid muscles 2 months apart.
Participants were monitored by study personnel for 30 min
after the immunization for any immediate adverse events and
by the subjects themselves using a symptom diary for 7 days
post-immunization. Participants were instructed to measure
their temperature daily and to assess specific injection site
adverse events (redness, swelling, warmth, tenderness, pain
with arm movement) and systemic adverse events (chills,
headache, muscle aches, fatigue, nausea, vomiting, diarrhea,
joint pain); all reports of other adverse events were collected
and categorized by body system. Serious adverse events
were defined as events that were fatal or life-threatening;
caused or prolonged hospitalization; resulted in a sig-
nificant, persistent, or permanent disability; produced a
congenital anomaly; or required intervention to prevent
permanent impairment or damage. Solicited adverse events
were either measured (fever, redness, swelling) or catego-
rized as mild (awareness of symptom but easily tolerated),
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moderate (discomfort enough to cause interference with
usual activity), or severe (incapacitating with inability to
work or do usual activity). Adverse events were collected
by study personnel during visits 7 and 28 days after each
immunization.

Blood was collected by venipuncture immediately before
1 week and 1 month after each dose of vaccine for mea-
surement of serum biochemical and hematological param-
eters, complement (C3 and C4), erythrocyte sedimentation
rate, and antinuclear and anti-single stranded and -double
stranded DNA. Serum antibody response to HBsAg was
measured by enzyme immunoassay (AUSAB EIA, Ab-
bott Laboratories, Abbott Park); all testing was performed
in a blinded fashion on code labeled, matched pre- and
post-immunization sera. All anti-HBsAg antibody levels
were expressed as mIU/ml. At the completion of the study,
licensed hepatitis B vaccine was provided to participants
who had not achieved antibody levels≥100 mIU/ml.

2.4. Data analysis and statistical considerations

Adverse events were tabulated by time (day) and by sever-
ity (mild, moderate, and severe). The maximum size and
severity was used within each time period. Clinically signifi-
cant reactions were defined as measured reactions≥10 mm,
fever ≥38◦C, and severity≥ moderate for other symp-
toms. Severe reactions were defined as measured reactions
≥50 mm, fever≥39◦C, and severity “severe” for all other
symptoms. Injection site reactions were combined to give an
“any local” reaction category and all other reactions com-
bined to give an “any general” reaction. The proportion of
subjects having an adverse reaction was estimated by vac-
cine group, observation period and severity. Binomial dis-
tribution point estimates and 95% confidence intervals were
used to estimate each rate; percentages were compared by
Fisher’s exact test.P < 0.05 was considered statistically
significant; no adjustments were made for multiple compar-
isons.

Geometric mean antibody levels and 95% confidence
intervals were estimated pre- and post-immunization and
compared across groups by ANOVA; linear regression was
used to assess trend across dose level. The proportion of
each vaccine group achieving seroprotective antibody lev-
els (≥10 mIU/ml) post-immunization was compared by
Fisher’s exact test.

The primary outcome of the study was the proportion
of subjects reporting specific post-injection reactions. The
secondary outcome was the proportion of subjects seropro-
tected after immunization and the geometric mean antibody
level. As this was a phase I, first-in-human clinical trial,
no formal hypothesis testing was planned and no formal
sample size calculation was performed; however, each treat-
ment group sample size (eight participants) ensured that the
probability of detecting at least one adverse event in the
group was 0.73, provided that the true adverse event rate
exceeded 15%.

3. Results

3.1. Demographics

A total of 74 subjects provided written, informed con-
sent and underwent pre-study screening; reasons for “screen
failures” included persistently abnormal baseline biochem-
istry or hematology tests[14], pre-existing antibody against
hepatitis B virus[4], hypertension[1], inability to contact
after the screening visit[2], withdrawal of consent[1], tar-
get enrollment reached before subject could be scheduled
[4]. The remaining 48 participants were randomized and re-
ceived study drug; all but one completed the study. The mean
age of participants was 33 years (range 18–52 years) and
63% were women. There were no differences in the age or
gender distribution amongst the vaccine groups. All but one
participant completed participation in the study; one subject
withdrew consent because of adverse events after the first
injection.

3.2. Adverse events

3.2.1. Clinical adverse events
No adverse events were reported in the first 30 min after

injection. During the first 7 days after each dose, solicited
adverse events were common; an adverse event was reported
after the first dose by 2 (25%) HBsAg recipients, 6 (75%)
of the combined ISS recipients, and 5 (62.5%) of the 300�g
ISS+HBsAg recipients, and 7 (87.5%) of each of the 650�g,
1000�g, and 3000�g ISS+HBsAg recipients (P = 0.04 for
the comparison of the latter 3 with HBsAg). After the sec-
ond dose, solicited adverse events of any type were reported
by 5 (62.5%), 5 (62.5%), 3 (37.5%), 1 (12.5%), 5 (71.4%)
and 5 (62.5%) (P not significant for all comparisons). Both
local and systemic adverse events were reported (Table 1).
Injection site adverse events were for the most part reported
within the first 24 h after the injection whereas the more
non-specific systemic adverse events (such as headache, di-
arrhea) were reported throughout the first 7 days after the in-
jection (data not shown). Mild tenderness at the injection site
and mild pain on motion of the injected limb were the most
commonly reported adverse events and were significantly
more frequent in the 1000�g and 3000�g ISS+ HBsAg
groups for tenderness and the 3000�g + HBsAg group for
motion pain; these events were short and self limited and did
not require any medical treatment or intervention. There was
a significant ISS dose-related trend for increased tenderness
(P = 0.01) and pain on limb motion (P = 0.05). Warmth at
the injection site was only reported by three participants (one
each in the HBsAg alone, 300�g ISS+HBsAg and 1000�g
ISS+HBsAg groups). Only one severe (≥50 mm) injection
site adverse event (redness) was reported; redness of 50 mm
was reported after the first dose of 1000�g ISS+ HBsAg
and resolved with 24 h without treatment. Injection site ad-
verse events did not increase with the second dose compared
to the first.
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Table 1
Adverse events reported within 7 days after each of two doses of HBsAg and/or 1018 ISS and/or HBsAg combined with varying quantities of 1018 ISS
in 48 healthy adult volunteers

Adverse event Dose Severity Vaccine number (%) reporting adverse event

ISSa

(N = 8)
HBsAg
(N = 8)

HBsAg + 300�g
ISS (N = 8)

HBsAg + 650�g
ISS (N = 8)

HBsAg + 1000�g
ISS (N = 8)b

HBsAg + 3000�g
ISS (N = 8)

Redness 1 Any 0 0 0 0 1 (12.5) 1 (12.5)
Moderate/severe 0 0 0 0 1 (12.5) 1 (12.5)

2 Any 0 1 (12.5) 1 (12.5) 0 2 (28.6) 0
Moderate/severe 0 1 (12.5) 1 (12.5) 0 1 (14.3) 0

Swelling 1 Any 0 0 1 (12.5) 1 (12.5) 1 (12.5) 0
Moderate/severe 0 0 1 (12.5) 1 (12.5) 1 (12.5) 0

2 Any 0 1 (12.5) 0 0 1 (14.3) 0
Moderate/severe 0 0 0 0 0 0

Tenderness 1 Any 3 (37.5) 0 2 (25) 1 (12.5) 6 (75)c 5 (62.5)d

Moderate/severe 1 (12.5) 0 0 0 0 1 (12.5)
2 Any 1 (12.5) 2 (25) 1 (12.5) 0 4 (57.1) 5 (62.5)

Moderate/severe 0 1 (12.5) 0 0 1 (14.3) 0

Pain on movement 1 Any 4 (50) 1 (12.5) 2 (25) 3 (37.5) 5 (62.5) 6 (75)e

Moderate/severe 0 0 0 0 0 0
2 Any 3 (37.5) 1 (12.5) 0 1 (12.5) 3 (42.9) 4 (50)

Moderate/severe 0 0 0 0 2 (28.6) 1 (12.5)

Muscle aches 1 Any 0 2 (25) 1 (12.5) 2 (25) 1 (12.5) 3 (37.5)
Moderate/severe 0 1 (12.5) 0 0 1 (12.5) 0

2 Any 0 2 (25) 0 0 0 1 (12.5)
Moderate/severe 0 0 0 0 0 0

Headache 1 Any 1 (12.5) 1 (12.5) 3 (37.5) 4 (50) 5 (62.5) 1 (12.5)
Moderate/severe 0 0 2 (25) 0 2 (25) 0

2 Any 3 (37.5) 3 (37.5) 3 (37.5) 0 2 (28.6) 0
Moderate/severe 0 2 (25) 3 (37.5) 0 2 (28.6) 0

Fatigue 1 Any 0 1 (12.5) 0 3 (37.5) 4 (50) 2 (25)
Moderate/severe 0 0 0 1 (12.5) 1 (12.5) 1 (12.5)

2 Any 0 1 (12.5) 0 0 1 (14.3) 0
Moderate/severe 0 0 0 0 1 (14.3) 0

Nausea 1 Any 0 0 0 0 3 (37.5) 1 (12.5)
Moderate/severe 0 0 0 0 1 (12.5) 1 (12.5)

2 Any 1 (12.5) 0 1 (12.5) 0 2 (28.6) 1 (12.5)
Moderate/severe 0 0 0 0 0 0

Joint pain 1 Any 0 1 (12.5) 1 (12.5) 0 0 1 (12.5)
Moderate/severe 0 0 0 0 0 0

2 Any 0 2 (25) 0 0 1 (14.3) 1 (12.5)
Moderate/severe 0 0 0 0 0 0

a Includes all participants who received ISS alone (two volunteers per ISS concentration).
b Only seven participants in this group received the second injection.
c P < 0.001 for comparison with HBsAg.
d P = 0.03 for comparison with HBsAg.
e P = 0.04 for comparison with HBsAg.

Headache was the most commonly reported solicited sys-
temic adverse event but was not associated with any particu-
lar study product or dose (Table 1). Fatigue and muscle aches
were also commonly reported but again there were no dif-
ferences between the study groups or doses. Fever (38.9◦C)
was reported by one recipient of HBsAg alone with onset
>72 h after the second injection; there were no reports of
vomiting. Chills (all mild) were reported by one recipient of
the 650�g ISS+ HBsAg, 1000�g ISS+ HBsAg, and two
recipients of HbsAg (both >24 h after the second dose); diar-

rhea (none severe) was reported by one each recipient of ISS
alone, 300�g ISS+HBsAg, 1000�g ISS+HBsAg and two
recipients of HbsAg alone; three of the five were reported as
moderate and all had onset >24 h after the injection. Three
of the systemic adverse events were described as severe in-
cluding nausea with onset >72 h after the first dose in a re-
cipient of 1000�g ISS+HBsAg, headache with onset >72 h
after the first dose in a recipient of 300�g ISS+ HBsAg,
and fatigue with onset >24 h after the first dose in a recip-
ient of 650�g ISS+ HBsAg. All systemic adverse events
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resolved within 24 h and none required treatment of medical
intervention. There were no differences amongst the groups
in unsolicited adverse events.

There were no serious adverse events during the study.
One subject withdrew consent after reporting injection site
swelling and erythema and moderate disorientation, dizzi-
ness, myalgia, and fatigue and mild shortness of breath sev-
eral hours after the first injection with 1000�g ISS+HBsAg;
all symptoms resolved within 72 h of the injection.

3.2.2. Laboratory abnormalities
Mild abnormalities in clinical chemistries and hematology

values were demonstrated in participants during the study;
however, there was no discernable pattern or association with
a specific study product. Immediately prior to the second
dose (56 days after the first dose), 5 (62.5%) of 8 partici-
pants in the 3000�g ISS+ HBsAg group had mildly ele-
vated ALT (mean 42.5 u/ml, maximum 72 u/ml; laboratory
normal range 5–35 u/ml for females, 10–40 u/ml for males)
and AST levels (mean 36.5 u/ml, maximum 61 u/ml; labo-
ratory normal range 5–35 u/ml for females, 10–45 u/ml for
males); of these, 3 (37.5%) and 2 (25%) were still mildly
elevated 1 week after the second dose. Changes in comple-
ment levels or development of antinuclear or anti-DNA an-
tibodies were not observed during the study.

3.3. Antibody response

At baseline, all participants were seronegative for
anti-HBsAg antibodies (Table 2). No participants who were
immunized with ISS alone developed antibodies against
HBsAg. A total of 2 (25%) of the 8 recipients of HB-
sAg alone (without ISS) developed measurable antibodies
(seroresponded) against HBsAg which were only detectable
4 months post-dose 2; neither participant was seroprotected
(titer <10 mIU/ml).

All but one participant immunized with ISS+HBsAg re-
sponded to HBsAg with measurable antibody levels (a par-
ticipant immunized with 300�g ISS+HBsAg). All but two
were seroprotected (the 300�g ISS+ HBsAg recipient and

Table 2
Geometric mean anti-HBsAg antibody titer after each of two doses of HBsAg and/or 1018 ISS and/or HBsAg combined with varying quantities of 1018
ISS in 48 healthy adult volunteers

Time post-immunization Vaccine geometric mean antibody titer (95% confidence interval)

ISS (N = 8) HBsAg
(N = 8)

HBsAg + 300�g
ISS (N = 8)

HBsAg + 650�g
ISS (N = 8)

HBsAg + 1000�g
ISS (N = 8)

HBsAg + 3000�g
ISS (N = 8)

Baseline (pre-dose 1) 1.00 (1.0–1.0) 1.00 (1.0–1.0) 1.00 (1.0,1.0) 1.00 (1.0–1.0) 1.00 (1.0–1.0) 1.00 (1.0–1.0)
7 days post-dose 1 1.00 (1.0–1.0) 1.00 (1.0–1.0) 1.44 (0.61–3.37) 1.00 (1.0–1.0) 1.00 (1.0–1.0) 10.76 (0.53–219.2)a

28 days post-dose 1 1.00 (1.0–1.0) 1.00 (1.0–1.0) 1.22 (0.76–1.97) 5.78 (1.72–19.43) 24.75 (4.7–130.4)a 206.5 (13.49–3160)a

Pre-dose 2 (56 days
post-dose 1)

1.00 (1.0–1.0) 1.00 (1.0–1.0) 1.19 (0.79–1.79) 4.27 (1.18–15.47)b 46.59 (23.34–93.01)a 84.42 (9.87–722.1)a

7 days post-dose 2 1.00 (1.0–1.0) 1.00 (1.0–1.0) 2.83 (0.89–9.01) 82.37 (27.45–247.2)a 316.1 (133.5–748.8)a 1429 (256.8–7954)a

28 days post-dose 2 1.00 (1.0–1.0) 1.00 (1.0–1.0) 65.37 (6.63–644.5)a 877.6 (326.0–2362)a 1545 (689.3–3463)a 3045 (641.8–14446)a

4 months post-dose 2 1.00 (1.0–1.0) 1.32 (0.86–2.01) 83.24 (16.18–428.2)a 756.0 (253.2–2257)a 1713 (699.5–4196)a 1206 (244.8–5939)a

a P < 0.001 for comparison with ISS alone or HBsAg.
b P = 0.04 for comparison with ISS alone or HBsAg.

Fig. 1. Proportion of participants achieving a protective antibody level
(≥10 mIU/ml) at various time points after immunization with study vac-
cines. Time points are (by increasing darkness of bar shade) 7 days after
dose 1, 28 days after dose 1, 56 days after dose 1 (immediately prior to
dose 2), 7 days after dose 2, 28 days after dose 2, 4 months after dose 2.

a 1000�g ISS+ HBsAg recipient who withdrew from the
study after a single dose of vaccine). A statistically signifi-
cant dose-related trend was demonstrated for both amplitude
of the immune response and the rapidity of achieving an im-
mune response (geometric mean titer;P < 0.001). At the
highest dose level administered (3000�g ISS+ HBsAg), a
geometric mean titer of 206.5 mIU/ml was achieved 28 days
after the first dose and 1429 and 3045 mIU/ml 7 and 28 days,
respectively, after dose 2. At this dose level, 3 (37.5%) of
8 participants were seroprotected 7 days after the first dose
which increased to 7 (87.5%) of 8 by 28 days post-dose
1; all participants in the group were seroprotected 7 days
after the second dose (Fig. 1). At the next lower dose of
ISS+ HBsAg (1000�g), protective responses were not de-
tected in the 7-day post-dose 1 sample but six of the eight
participants achieved protective levels by 28 days after the
first dose and all seven participants were seroprotected prior
to the second dose (the eighth participant withdrew from
the study before receiving the second dose). With the two
lowest doses of ISS, the majority of participants required a
second dose to achieve protective levels.
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4. Discussion

The results of this phase I study indicate that all dose lev-
els of 1018 ISS+HBsAg vaccine were well tolerated (except
in one individual who withdrew consent because of the lo-
cal and systemic adverse events) and immunogenic in these
healthy adults. Although all four ISS+ HBsAg doses tested
were more immunogenic than HBsAg alone, the 1000 and
3000�g doses induced rapid and high antibody levels af-
ter one or two injections. Injection site adverse events were
mostly mild, of short duration, and self-limited, and tended
to increase with increasing dose of 1018 ISS; however, ad-
verse events did not increase in frequency with the second
dose. Injection site adverse events were reported more fre-
quently in participants who received 1018 ISS compared to
those immunized with HBsAg alone whereas systemic ad-
verse events were reported with similar frequency amongst
all study participants. Pain at the injection site and limi-
tation of limb motion were the most frequent events, re-
ported in as many as 50–67.5% of participants. Although
these rates may appear high, in part this may be a result of
the active surveillance involved in a phase I study. Concur-
rent comparison with a licensed HBV (containing adjuvant)
would be informative as these vaccines have an acceptable
injection site adverse event profile under routine use. The
rates of injection site adverse events in this study were sim-
ilar to those reported by other investigators with licensed,
alum adjuvanted HBV[28] and from this center with a li-
censed diphtheria–tetanus toxoid vaccine studied using sim-
ilar surveillance methods[29].

Although a concurrent licensed HBV control would have
been ideal, comparison of the antibody responses achieved
in this study to those reported with licensed vaccines is less
problematic. In this study, 13 (81%) of 16 participants who
received 1000 or 3000�g 1018 ISS demonstrated protective
levels of anti-HBsAg antibody 28 days after the first injec-
tion and 100% seroprotection after the second dose, using
an immunization interval of 2 months. By comparison, li-
censed HBV is reported to elicit a seroprotective response
in up to 20% of healthy young adults after the first dose and
up to 71% of recipients 1 month after the second dose with a
less effective 1 month interval[28,30–34]. Geometric mean
antibody titers with licensed HBV given on a 0, 6 months
schedule were reported as 1203 mIU/ml 1 month after the
second injection[34] compared to 1545 and 3045 mIU/ml
for 1 month after the second 1000 and 3000�g 1018 ISS
doses, respectively, in this study. Geometric mean antibody
titers 1 month after a single dose of 3000�g ISS+ HBsAg
were 206 mIU/ml compared to 5–27 mIU/ml 1 month after
a second injection on a 0, 1 month schedule with licensed
HBV [31,35]. High anti-HBsAg antibody titers were main-
tained 4 months after the second dose of ISS+ HBsAg
with no decrease in antibody levels in recipients of 300,
650, or 1000�g ISS+ HBsAg and levels still exceeding
1000 mIU/ml in recipients of 3000�g ISS+HBsAg, despite
some decrease in GMT.

Pre-clinical studies demonstrated activity of 1018 ISS
in mice, rabbits, dogs, and non-human primates (baboons,
cynomolgus monkeys) with induction of a Th1 type of cy-
tokine response in mice[36]. In primate studies with 1018
ISS, similar rates of seroprotection were achieved with a sin-
gle dose of 1018 ISS+ HBsAg [36]. Although in a prelim-
inary communication enhanced immunogenicity of another
CpG co-administered with alum-adsorbed HBV has been
reported in humans[37], this is the first report in humans
using CpG as the sole adjuvant with HBsAg.

The accelerated antibody response and increase antibody
titers elicited after one or two doses indicate that the 1018
ISS+ HBsAg vaccine may be useful in immunizing diffi-
cult to access populations such as adolescents, individuals
with high-risk behaviors that increase their risk of hepatitis
B, health care workers, and children in developing nations.
Other potential uses for a hepatitis B vaccine with enhanced
immunogenicity would be populations known to be hypo-
or non-responders such as older individuals, renal dialysis
patients, and immune compromised hosts[38–41]. The re-
sults of this phase I study support further studies with 1018
ISS+HBsAg in healthy adults and hypo- and non-responders
to licensed hepatitis B vaccines.

Acknowledgements

The authors thank the staff of the Clinical Trials Research
Center for their careful performance of the study. The study
was supported by Dynavax Technologies Corporation. Dr.
Halperin and Dr. Smith have no financial interest in the
product and have no other conflicts of interest. Dr. Van Nest,
Dr. Eiden, Ms. Abahi, and Ms. Whiley are employees of the
manufacturer of the product.

References

[1] Centers for Disease Control and Prevention. Hepatitis B vacci-
nation—United States, 1982–2002. MMWR Morb Mortal Wkly Rep
2002;51:549–63.

[2] Lee WM. Hepatitis B virus infection. N Engl J Med 1997;337:1733–
43.

[3] McMahon BJ, Alward WL, Hall DB, Heyward WL, Bender TR,
Francis DP, et al. Acute hepatitis B virus infection: relation of age
to the clinical expression of disease and subsequent development of
the carrier state. J Infect Dis 1985;151:599–603.

[4] Beasley RP, Hwang L-Y. Overview on the epidemiology of
hepatocellular carcinoma. In: Hollinger FB, Lemon SB, Margolis
HS, editors. Viral hepatitis and liver disease. Baltimore: Williams &
Wilkins; 1991. p. 532–5.

[5] Maynard JE, Kane MA, Alter MJ, Halder SC. Control of hepatitis
B by immunization: global perspectives. In: Vyas GN, Dienstag JL,
Hoofnagle JH, editors. Viral hepatitis and liver disease. New York:
Grune & Stratton; 1988. p. 967–9.

[6] Huang K, Lin S. Nationwide vaccination: a success story in Taiwan.
Vaccine 2000;18(Suppl 1):S35–8.

[7] Szmuness W, Stevens CE, Harley EJ, Zang EA, Oleszko WR,
William DC, et al. Hepatitis B vaccine: demonstration of efficacy



S.A. Halperin et al. / Vaccine 21 (2003) 2461–2467 2467

in a controlled trial in a high risk population in the U.S. N Engl J
Med 1980;303:833–41.

[8] Andre FE. Summary of safety and efficacy data on a yeast-derived
hepatitis B vaccine. Am J Med 1989;87(Suppl 3a):39–45.

[9] Mahoney FJ, Kane M. Hepatitis B vaccine. In: Plotkin SA, Orenstein
WA, editors. Vaccines. Philadelphia: Saunders; 1999. p. 158–82.

[10] Cassidy WM, Watson B, Ioli VA, Williams K, Bird S, West DJ.
A randomized trial of alternative two- and three-dose hepatitis B
vaccination regimens in adolescents: antibody responses, safety, and
immunologic memory. Pediatrics 2001;107:626–31.

[11] Centers for Disease Control and Prevention. Hepatitis B vaccina-
tion among high-risk adolescents and adults—San Diego, Califor-
nia, 1998–2001. MMWR Morb Mortal Wkly Rep 2002;51:
618–21.

[12] Yamamoto S, Yamamoto T, Shimada S, Kuramoto E, Yano O,
Kataoka T, et al. DNA from bacteria, but not from vertebrates,
induces interferons, activates natural killer cells and inhibits tumor
growth. Microbiol Immunol 1992;36:983–7.

[13] Yamamoto S, Yamamoto T, Kataoka T, Kuramoto E, Yano O,
Tokunaga T. Unique palindromic sequences in synthetic oligonucleo-
tides are required to induce IFN and augment IFN-mediated natural
killer activity. J Immunol 1992;148:4072–6.

[14] Sonehara K, Saito H, Kuramoto E, Yamamoto S, Yamamoto T,
Tokunaga T. Hexamer palindromic oligonucleotides with 5′-CG-3′
motif(s) induce production of interferon. J Interferon Cytokine Res
1996;16:799–803.

[15] Halpern MD, Kurlander RJ, Pisetsky DS. Bacterial DNA induces
murine interferon-gamma production by stimulation of interleukin-12
and tumor necrosis factor-alpha. Cell Immunol 1996;167:72–8.

[16] Klinman DM, Yi AK, Beaucage SL, Conover J, Krieg AM. CpG
motifs present in bacteria DNA rapidly induce lymphocytes to secrete
interleukin 6, interleukin 12, and interferon gamma. Proc Natl Acad
Sci USA 1996;93:2879–83.

[17] Roman M, Martin-Orozco E, Goodman JS, Nguyen MD, Sato Y,
Ronaghy A, et al. Immunostimulatory DNA sequences function as
T helper-1-promoting adjuvants. Nat Med 1997;3:849–54.

[18] Krieg AM, Matson S, Fisher E. Oligodeoxynucleotide modifications
determine the magnitude of B cell stimulation by CpG motifs.
Antisense Nucelic Acid Drug Dev 1996;6:133–9.

[19] Krieg AM, Yi AK, Matson S, Waldschmidt TJ, Bishop GA, Teasdale
R, et al. CpG motifs in bacterial DNA trigger direct B-cell activation.
Nature 1995;374:546–9.

[20] Liang H, Nishioka Y, Reich CF, Pisetsky DS, Lipsky PE. Activation
of human B cells by phosphorothioate oligodeoxynucleotides. J Clin
Invest 1996;98:1119–29.

[21] Hartmann G, Weiner GJ, Krieg AM. CpG DNA: a potent signal for
growth, activation, and maturation of human dendritic cells. Proc
Natl Acad Sci USA 1999;96:9305–10.

[22] Martin-Orozco E, Kobayashi H, Van Uden J, Nguyen MD,
Kornbluth RS, Raz E. Enhancement of antigen-presenting cell surface
molecules involved in cognate interactions by immunostimulatory
DNA sequences. Int Immunol 1999;11:1111–8.

[23] Klinman DM, Yamshchikov G, Ishigatsubo Y. Immunostimulatory
DNA sequences necessary for effective intradermal gene immuniza-
tion. J Immunol 1997;158:3635–9.

[24] Sato Y, Roman M, Tighe H, Lee D, Corr M, Nguyen MD,
et al. Immunostimulatory DNA sequences necessary for effective
intradermal gene immunization. Science 1996;273:352–4.

[25] Weiner GJ, Liu HM, Wooldridge JE, Dahle CE, Krieg AM.
Immunostimulatory oligodeoxynucleotides containing the CpG motif

are effective as immune adjuvants in tumor antigen immunization.
Proc Natl Acad Sci USA 1997;94:10833–7.

[26] Chu RS, Targoni OS, Krieg AM, Lehmann PV, Harding CV. CpG
oligodeoxynucleotides act as adjuvants that switch on T helper 1
(Th1) immunity. J Exp Med 1997;186:1623–31.

[27] Davis HL, Weeranta R, Waldschmidt TJ, Tygrett L, Schorr J, Krieg
AM. CpG DNA is a potent enhancer of specific immunity in mice
immunized with recombinant hepatitis B surface antigen. J Immunol
1998;160:870–6.

[28] Heineman T, Clements-Mann ML, Poland GA, Jacobson RM, Izu
AE, Sakamoto D, et al. A randomized, controlled study in adults of
the immunogenicity of a novel hepatitis B vaccine containing MF59
adjuvant. Vaccine 1999;17:2769–78.

[29] Halperin SA, Smith B, Russell M, Hasselback P, Guasparini R,
Skowronski D, et al. An adult formulation of a five-component
acellular pertussis vaccine combined with diphtheria and tetanus
toxoids is safe and immunogenic in adolescents and adults. Vaccine
2000;18:1312–9.

[30] Andre F, Safary A. Summary of clinical findings on Engerix-B
a genetically engineered yeast-driven hepatitis B vaccine. Postgrad
Med J 1987;63:169–78.

[31] Miskovsky E, Gershman K, Clements ML, Cupps T, Calandra G,
Hesley T, Ioli V, et al. Comparative safety and immunogenicity of
yeast recombinant hepatitis B vaccines containing S and pre-S2+ S.
Vaccine 1991;9:346–50.

[32] Bryan JP, Craig PG, Reyes L, Hakre S, Jaramillo R, Harlan H, et al.
Randomized comparison of 5 and 10�g doses of two recombinant
hepatitis B vaccines. Vaccine 1995;13:978–82.

[33] Jilg W, Schmidt M, Deinhardt F. Vaccination against hepatitis B:
comparison of three different vaccination schedules. J Infect Dis
1989;160:766–9.

[34] Ambrosch F, Wiedermann G, Kundi M, Leroux-Roels G, Desombere
I, Garcon N, et al. A hepatitis B vaccine formulated with a novel
adjuvant system. Vaccine 2000;18:2095–101.

[35] Cassidy WM, Watson B, Ioli VA, Williams K, Bird S, West DJ.
A randomized trial of alternative two- and three-dose hepatitis B
vaccination regimens in adolescents: antibody responses, safety, and
immunological memory. Pediatrics 2001;107:626–31.

[36] Van Nest G, Tighe H, Raz E, Higgins D, Traquina P, Eiden J. An
immunostimulatory oligonucleotide (ISS ODN) enhances immune
response to HBV vaccine in a variety of animal species including
primates. In: Proceedings of the 39th Interscience Conference
on Antimicrobial Agents and Chemotherapy, San Francisco, 1999
[Abstract 374].

[37] Davis H, Cooper CL, Morris ML, Elfer SM, Cameron DW, Heathcote
J. CpG ODN is safe and highly effective in humans as adjuvant to
HBV vaccine: preliminary results of phase I trial with CpG ODN
7909. In: Proceedings of the Third Annual Conference on Vaccine
Research, Washington, DC, May 2000 [Abstract S25].

[38] Denis F, Mounier M, Hessel L, Michel JP, Gualde N, Dubois F, et al.
Hepatitis B vaccination in the elderly. J Infect Dis 1984;149:1019.

[39] Heyward WL, Bender TR, McMahon BJ, Hall DB, Francis DP,
Lanier AP, et al. The control of hepatitis B virus infection with
vaccine in Yupik Eskimos. Am J Epidemiol 1995;121:914–23.

[40] McLean AA, Hilleman MR, McAleer WJ, Buynak EB. Summary
of worldwide experience with HB-Vx (R) (B, MSD). J Infect Dis
1983;7:95–104.

[41] Weber DJ, Rutala WA, Samsa GP, Santimaw JE, Lemon SM. Obesity
as a predictor of poor antibody response to hepatitis B plasma
vaccine. J Am Med Assoc 1985;254:3187–9.


	A phase I study of the safety and immunogenicity of recombinant hepatitis B surface antigen co-administered with an immunostimulatory phosphorothioate oligonucleotide adjuvant
	Introduction
	Materials and methods
	Vaccine
	Populations
	Study design and procedures
	Data analysis and statistical considerations

	Results
	Demographics
	Adverse events
	Clinical adverse events
	Laboratory abnormalities

	Antibody response

	Discussion
	Acknowledgements
	References


