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Abstract

We assessed the safety and immunogenicity of HIV-DNA priming using Zetajet�, a needle-free device
intradermally followed by intramuscular HIV-MVA boosts, in 24 healthy Mozambicans. Volunteers were
randomized to receive three immunizations of 600 lg (n = 10; 2 · 0.1 ml) or 1,200 lg (n = 10; 2 · 0.2 ml) of HIV-
DNA (3 mg/ml), followed by two boosts of 108 pfu HIV-MVA. Four subjects received placebo saline injections.
Vaccines and injections were safe and well tolerated with no difference between the two priming groups. After
three HIV-DNA immunizations, IFN-c ELISpot responses to Gag were detected in 9/17 (53%) vaccinees, while
none responded to Envelope (Env). After the first HIV-MVA, the overall response rate to Gag and/or
Env increased to 14/15 (93%); 14/15 (93%) to Gag and 13/15 (87%) to Env. There were no significant differences
between the immunization groups in frequency of response to Gag and Env or magnitude of Gag responses. Env
responses were significantly higher in the higher dose group (median 420 vs. 157.5 SFC/million peripheral blood
mononuclear cell, p = .014). HIV-specific antibodies to subtype C gp140 and subtype B gp160 were elicited in all
vaccinees after the second HIV-MVA, without differences in titers between the groups. Neutralizing antibody
responses were not detected. Two (13%) of 16 vaccinees, one in each of the priming groups, exhibited antibodies
mediating antibody-dependent cellular cytotoxicity to CRF01_AE. In conclusion, HIV-DNA vaccine delivered
intradermally in volumes of 0.1–0.2 ml using Zetajet was safe and well tolerated. Priming with the 1,200 lg dose
of HIV-DNA generated higher magnitudes of ELISpot responses to Env.
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Introduction

According to UNAIDS, there were a total of 36.7 mil-
lion people living with HIV and 2.1 million new infec-

tions in 2015. Eastern and Southern Africa continues to be
most severely affected, accounting for 51.7% of the total
global infections. Antiretroviral therapy has contributed to
slowing the HIV epidemic. However, the low coverage and
strict treatment adherence requirement remain significant
challenges.1,2 Pre- and postexposure prophylaxes have been
used to prevent HIV infection.3,4 Yet, the effectiveness of
pre-exposure prophylaxis in high-incidence heterosexual
populations has been poorly achieved and is again highly
dependent on drug adherence.5 Although a vaginal micro-
bicide containing tenofovir reduced HIV acquisition by
39%,6 a risk for low treatment adherence was demonstrated
by the VOICE trial,7 compromising the protective effect
previously reported. Therefore, a safe and effective prophy-
lactic HIV vaccine remains the best long-term solution for
controlling the HIV pandemic.

After 30 years of research, there have been over 200 phase
I to phase III clinical HIV vaccine trials of different vaccine
candidates,8,9 but only one of the six HIV vaccine efficacy
trials, the RV144 study, has demonstrated a modest efficacy
(31.2%) against HIV acquisition at 42 months.10 The analysis
of immune correlates of the RV144 trial revealed that IgG
antibodies against the V1/V2 region of HIV-1 Envelope
(Env) were inversely correlated with the risk of HIV infec-
tion, while the presence of IgA Env-binding antibodies was
directly correlated with risk of infection.11–13 In addition,
antibody-dependent cellular cytotoxicity (ADCC)-mediating
antibodies and antibodies to the V3 region correlated with
reduced risk of HIV infection in vaccinees with low IgA Env
binding antibody titers.14 Analysis of the T cell responses
confirmed HIV gp120 V2 specificity and revealed CD4+ T
cells exhibiting polyfunctionality and cytolytic capacity.15

Contrary to other infectious disease vaccines where the de-
velopment of neutralizing antibodies (NAbs) plays a central
role in immunity, protection from HIV may require both
functional antibody- and cell-mediated immune responses.8

Previous studies conducted in Sweden16,17 and Tanzania18

assessed the safety and immunogenicity of a multigene mul-
ticlade HIV-1 DNA vaccine candidate (HIV-DNA) boosted
with heterologous HIV-1 modified vaccinia virus Ankara-
Chiang Mai double recombinant vaccine (HIV-MVA). These
trials explored different modes of delivery, the use of needle-
free administration and dosing of the HIV-DNA vaccine, and
demonstrated that intradermal (ID) priming using a needle-
free device for HIV-DNA delivery (Bioject�) elicited higher

IFN-c ELISpot responses to Env when compared to the in-
tramuscular (IM) route of delivery, and the majority of sub-
jects developed HIV-specific antibodies after two HIV-MVA
vaccinations.18 However, five injections with two pools of
HIV-DNA plasmids at separate sites were required to achieve
the desired 1,000 lg dose of HIV-DNA in a maximum in-
jectable volume of 0.1 ml, using the Bioject�. Munseri et al.
showed that HIV-DNA ID priming could be simplified, and
two injections of a total of 600 lg administered as combined
plasmid pools primed cellular immune responses as effi-
ciently as the standard regimen.19

In the present phase I trial, we explored the safety, toler-
ability, and immunogenicity of delivering HIV-DNA at three
priming doses, each of 600 lg or 1,200 lg ID using the
needle-free Zetajet� injection device that allows up to 0.2 ml
ID injections, followed by two HIV-MVA boosts.

Materials and Methods

Ethics and regulatory statement

Approvals to conduct the study were granted by the Na-
tional Health Bioethics Committee of Mozambique (ref. 76/
CNBS/11 and 142/CNBS/11) and by the national regulatory
authority, the Pharmaceutical Department (ref. 1554/054.3/
DF). The trial was also approved by the Regional Ethics
Committee, Stockholm, Sweden (2011/1684-31-4). Written
informed consent was obtained before any study activity.

Study design and population

This was a phase I randomized, placebo-controlled,
double-blinded trial conducted at the Polana Caniço Health
Research and Training Center in Maputo city, Mozambique,
from August 2011 to March 2013. Study participants were
recruited from a cohort of young adults extensively counseled
on HIV and prevention of sexually transmitted infections,
described elsewhere.20 Subjects aged 18–26 years, at low risk
for HIV infection, not planning to conceive a child for the
duration of the study, residing in Maputo city, and in good
general health as determined by medical history, physical
examination, and laboratory tests were eligible to participate.
Subjects with abnormal electrocardiogram (ECG) findings;
diagnosed with HIV, syphilis, or hepatitis B; and pregnant
and breastfeeding women were excluded at screening. All
participants were required to practice effective birth control
and avoid pregnancy throughout the study.

Twenty-four participants were randomized to two treat-
ment groups (Table 1). Within each group, subjects were
block randomized to receive vaccine or placebo in a ratio of

Table 1. Study Schema

Treatment
group

HIVIS DNA prime (week 0, 4, 12)
HIV-MVA boosting

(week 24, 36)

Left arm
(pool 1, Env A, B, C RevB)

Right arm
(pool 2, Gag A, B RTmut B)

Left arm
(HIV-MVA)

IA (n = 10) 1 i.d. injection (3 mg/ml), 0.1 ml 1 i.d. injection (3 mg/ml), 0.1 ml 1 i.m. injection of 108 pfu, 1 ml
IB (n = 2) 1 i.d. injection of saline, 0.1 ml 1 i.d. injection of saline, 0.1 ml 1 i.m. injection of saline, 1 ml
IIA (n = 10) 1 i.d. injection (3 mg/ml), 0.2 ml 1 i.d. injection (3 mg/ml), 0.2 ml 1 i.m. injection of 108 pfu, 1 ml
IIB (n = 2) 1 i.d. injection of saline, 0.2 ml 1 i.d. injection of saline, 0.2 ml 1 i.m. injection of saline, 1 ml

Wk., week.
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5:1. The study team and participants were blinded to vaccine
or placebo administration but not to the treatment arms.
Both groups received three immunizations with HIV-DNA/
placebo ID, using the Zetajet (Bioject Medical Technologies,
Inc., Tualatin, OR) at weeks 0, 4, and 12, followed by two
HIV-MVA/placebo injections, IM, using a 23-gauge syringe
at weeks 24 and 36. Groups I and II received HIV-DNA/
placebo in volumes of 0.1 ml and 0.2 ml per injection, re-
spectively, in both the left and right deltoid regions. Partici-
pants were followed for 12 weeks after the last injection.

Vaccines

HIV-DNA (Lot No. 110524-24:3/42-45) is a DNA vaccine
based on seven plasmids carrying HIV-1 genes: Pool 1 en-
coding Env subtypes A, B, and C and Rev subtype B; and
Pool 2 encoding Gag subtypes A and B and RTmut subtype
B.16,21 HIV-DNA was manufactured by Vecura (Huddinge,
Stockholm, Sweden) and was formulated in physiological
saline. The vaccine was presented in liquid form, at a con-
centration of 3 mg/ml of total DNA, and stored in vials of
0.15 ml at -20�C until use.

The HIV-MVA (Lot No. 0965) is a live recombinant non-
replicating poxvirus vector-based vaccine that had been ge-
netically engineered to express HIV-1 gp150 (subtype E,
isolate CM235) and Gag and Pol (integrase deleted and reverse
transcriptase nonfunctional, subtype A, isolate CM240).22

HIV-MVA was manufactured for the Walter Reed Army
Institute of Research by ABL, Inc. (Rockville, MD). The
vaccine was formulated in a sterile PBS buffer (without Ca2+

and Mg2+), 7.5% lactose, pH 7.4, and presented in liquid form
in a concentration of 108 pfu/ml. HIV-MVA was stored in 1 ml
vials at a temperature of -80�C (–10�C), until use.

The vaccines were thawed at the pharmacy and dispensed
into syringes labeled with the study code. They were kept
under refrigeration (+2�C to 8�C) and administered within 4 h
after being dispensed.

Sterile commercially available normal saline for humans
was used as the placebo.

Safety assessment

Safety was assessed clinically and by standard chemistry
and hematology tests. All subjects were observed for vital
signs and local and systemic reactogenicity, 30 min post-
vaccination. The ID injection sites were inspected immedi-
ately after the injections and wheal diameter measured using
a ruler. Subjects were instructed to report any reaction in the
postvaccination diary card during 7 days after each immu-
nization (including the night of vaccination), and to contact
the clinic if any moderate or severe reaction occurred. Soli-
cited local reactions included pain, itching, warmth, swelling,
erythema, and induration. Solicited systemic reactions in-
cluded fever (axillar temperature >37.5�C), malaise, chills,
arthralgia, myalgia, headache, nausea, and vomiting. Safety
assessment visits were performed 2 and 4 weeks after each
immunization. A 12 lead ECG was performed at screening
and 2 weeks after each HIV-MVA immunization as per the
U.S. FDA requirements at the time.

All adverse events (AEs) occurring after the first injection
up to the last study visit were recorded. AEs were graded as
mild (grade 1), moderate (grade 2), severe (grade 3), and
potentially life threatening (grade 4), according to the DAIDS

Toxicity Table (version 1.0, December 2004, clarification
August 2009) and categorized according to the Common
Terminology Criteria for Adverse Events (CTCAE, version
4.0), System Organ Class terminology.

Urinalysis and pregnancy tests were performed before each
vaccination. Participants with a positive pregnancy test after
enrollment were considered ineligible for vaccination but were
followed throughout the study for safety assessments.

HIV testing and referrals

HIV testing was performed at screening, at each vaccina-
tion visit, at the last study visit (week 48), and whenever the
volunteer had the need to establish his/her HIV status. HIV-
infected subjects were referred for clinical follow-up at a
health facility of their convenience and did not receive further
immunizations but continued their safety follow-up at the
study site, until protocol completion.

Two concurrent commercial enzyme-linked immuno-
sorbent assay (ELISA) kits, Murex HIV Ag/Ab (Abbott
Murex, Dartford, United Kingdom) or GenScreen� HIV-1/2
version 2 (Bio-Rad, Hercules, CA) and Enzygnost anti-HIV-
1/2 Plus (Dade Behring, Marburg, Germany) were used for
HIV screening. For eligibility purposes, both ELISA results
were required to be nonreactive. Discordant results on the
ELISA were resolved using HIV-DNA PCR (Roche Amplicor
HIV-1 DNA test, version 1.5; Roche Molecular Diagnostics,
Branchburg, NJ). Reactive results were then confirmed by
an HIV-RNA PCR assay (COBAS� TaqMan�48 analyzer;
Roche Molecular Diagnostics, Mannheim, Germany).

Immunogenicity assessment

The ELISpot assay was performed on freshly isolated per-
ipheral blood mononuclear cell (PBMC) 2 weeks after the third,
fourth, and fifth immunization using the h-IFN-c ELISpot PLUS
kit in a two-step detection system (Mabtech, Nacka, Sweden) as
previously described.23 Phyto-hemagglutinin (PHA, positive
control) and a peptide pool (CEF) composed of a panel of 23
peptides from cytomegalovirus (CMV), Epstein–Barr and in-
fluenza viruses were used at a final concentration of 5 lg/ml.
A peptide pool of 138 peptides spanning the pp65 protein of
human CMV was used at 1 lg/ml (PepMix; JPT, Berlin,
Germany). CEF- and CMV-specific peptide pools were used
as controls in the ELISpot assay. HIV-1-specific peptide
pools representing the DNA vaccine subtypes A and B Gag
(Gag DNA, pool of 117 peptides), and HIV-MVA CRF01_AE
Gag (Gag CMDR, pool of 95 peptides), envelope (Env CMDR,
pool of 138 peptides), and viral polymerase (Pol CMDR, pool of
115 peptides) were used at 1 lg/ml (purity >80%; JPT).

The frequencies of antigen-specific spot-forming cells
(SFCs) were measured in an automated ImmunoSpot ana-
lyzer (CTL Europe, Bonn, Germany). Results were expressed
as SFCs per million PBMCs. ELISpot responses were con-
sidered positive if the number of SFCs was >4 times the
background and baseline value, and >55 SFCs/106 PBMCs.
Data were excluded from analyses if the background re-
sponses in medium wells exceeded 60 SFCs/106 PBMCs.

Binding antibodies to recombinant HIV-1 CN54 subtype C
gp140 (Centre for AIDS Reagents, NIBSC Potter Bar, United
Kingdom) and to native subtype B gp160 (HIV-1IIIB; Ad-
vanced Biotechnologies, Inc., Columbia, MD) were mea-
sured using standardized ELISAs as previously reported.23
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NAbs were measured using the TZM-bl and PBMC neu-
tralization assay platforms as described elsewhere.24 In the
TZM-bl assay, SF162.LS (subtype B) and 93MW965.23
(subtype C) pseudoviruses were used. The criteria for a positive
result were a reduction of luminescence units (RLU) by 50% in
the test sample compared to virus control wells, after sub-
traction of background (cell alone) RLU. In the PBMC assay,
NAbs were measured using SF162.LS (subtype B) and CM244
(CRF01_AE) infectious molecular clone (IMC). The harvested
culture supernatants were analyzed in an in-house HIV-1 p24-
antigen ELISA. The neutralizing titer was defined as the re-
ciprocal of the highest serum dilution giving a 90% reduction
of HIV-1 p24 antigen compared to virus control wells.

ADCC activity was measured using Env.IMC.LucR virus
(CRF01_AE HIV-CM235-2-LucR.T2A.ecto/293T, GenBank
accession No. AF259954.1)-infected cells as targets.25 ADCC
activity was measured as the percent of loss of luciferase
activity observed in the presence of serum. The ADCC-
mediating antibody titer was defined as the reciprocal of the
highest dilution indicating a positive specific killing (>15%
specific killing activity) after background subtraction.

Study endpoints

The safety endpoint was defined as any grade 3 or 4 clinical
or laboratory (if clinically significant) AE that occurred after
the first immunization.

The primary immunogenicity endpoint was assessed as the
frequency of IFN-c ELISpot responses 2 weeks after the
HIV-MVA vaccinations. Secondary immunogenicity end-
points were evaluated as (1) the magnitude of the IFN-c
ELISpot responses determined 2 weeks after the HIV-MVA
vaccinations; (2) the antibody responses to HIV-1 subtype C
gp140 and subtype B gp160; and (3) NAbs and antibodies
exhibiting ADCC determined 4 weeks after the second HIV-
MVA vaccination.

Statistical analysis

Clinical and safety laboratory data were recorded in case
report forms and double entered in an SQL Server 2008 Ex-
press edition database (Microsoft�, Redmond, WA). Im-
munological data were entered into Microsoft Office Excel
2007 (Microsoft). Data were exported and analyzed in Stata 14
(StataCorp. 2015. Stata: Release 14. Statistical Software:
StataCorp LP, College Station, TX). Descriptive statistics
were used to summarize baseline characteristics. Categorical
variables were expressed in percentages and continuous data
as means with standard deviations, and medians with respec-
tive interquartile ranges. Most immunological data were pre-
sented without statistical analysis as this was an exploratory
study. Fischer’s exact test was used for comparison of fre-
quencies of responses between groups. The magnitude of IFN-
c ELISpot responses and antibody titers were compared using
the Mann–Whitney U-test. Pairwise analysis of IFN-c ELISpot
responses was performed using the Wilcoxon matched-pair
signed rank test. Significance level was set at 5%.

Results

Screening, enrollment, and participant characteristics

Seventy-seven volunteers were screened over a period of 7
months. Forty-eight (62%) did not fulfill the inclusion criteria

and four, although eligible, were not enrolled due to com-
pletion of enrollment (Fig. 1). Baseline characteristics of
enrolled subjects are presented in Table 2. The cohort was
predominantly female (14/24; 58%). The median age at en-
rollment was 21.7 years (interquartile ranges: 20.9–22.9). All
participants had formal education with half attending or
completing postsecondary education degrees. All partici-
pants, except one, were single. No vaccinia scars were found.
The two study arms had similar baseline demographic, clin-
ical, and clinical laboratory profiles.

Withdrawals/termination of vaccination

Twenty-three of 24 participants completed the study and the
visit compliance rate (visits observed/visits expected) was
97%. Four participants discontinued vaccinations: (1) one
withdrew consent after the first immunization due to incom-
patible work schedules (Group II); (2) two became pregnant,
one after the second HIV-DNA (Group I) and the other after
the first HIV-MVA vaccination (Group II); and (3) one became
infected with HIV after the first HIV-MVA immunization
(Group I) (Fig. 1). All 4 participants were vaccine recipients,
thus a total of 16 vaccinees completed all 5 immunizations.

Safety and tolerability

In total, 128 wheal measurements were recorded at the
injection sites (left and right deltoids) following the three
HIV-DNA immunizations, being 56 in Group I (low-dose
HIV-DNA), 50 in Group II (high-dose HIV-DNA), and 22 in
placebo recipients. The mean value of the wheal diameters
was 0.51 cm (SD: – 0.32), 0.79 cm (SD: – 0.49), and 0.69 cm
(SD: – 0.51) for Groups I, II, and placebo, respectively. Six
participants had no wheal formation at the injection sites (one
in Group I, three in Group II, and two in placebos). There
were no differences between the priming groups ( p = .092),
but a significant difference was seen in the mean wheal di-
ameter per priming injection, with higher diameters seen with
the third injection in both vaccination groups and placebos
( p = .032).

Table 3 shows the distribution of local and systemic soli-
cited AEs during the 7-day reactogenicity assessment period,
in the two vaccination arms and placebo recipients after each
injection and Figure 2 shows the distribution of these events
after the three HIV-DNA immunizations combined (Fig. 2A)
and after the two HIV-MVA immunizations combined
(Fig. 2B). Out of the 24 enrolled subjects, 23 (96%) and 21
(88%) reported at least one local and one systemic solicited
AE during the study, respectively. There was no difference
in reactogenicity between the groups primed with 0.1 ml
(600 lg HIV-DNA) and those primed with 0.2 ml (1,200 lg
HIV-DNA). The vast majority of events were mild (91%),
and the maximum toxicity grade was moderate. Pain was the
most common local solicited AE in vaccine recipients (33%)
followed by itching (29%). The most common systemic so-
licited AE in vaccinees was headache (39%) followed by
malaise (20%). There were few local solicited AEs reported
by placebo recipients but a higher number of systemic AEs
were reported by these volunteers. More solicited AEs were
seen after HIV-DNA injections compared with HIV-MVA.

The distribution of unsolicited AEs per vaccination group
is presented in Supplementary Table S1 (Supplementary Data
are available online at www.liebertpub.com/aid). In total,
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169 AEs were reported with 143 (85%) in vaccine recipients.
Of these, 65 (46%) were mild, 77 (54%) were moderate, and 1
met the criteria of serious adverse event (SAE) as per pro-
tocol. There were no differences in the number of unsolicited
AEs reported in the two vaccination groups (600 lg vs.
1,200 lg HIV-DNA). Three events were considered ‘‘possi-
bly related’’ to the investigational products (IPs) and were all
graded as mild; two were reported as dizziness occurring
within 24 h after the second HIV-DNA and the second HIV-
MVA injections; and one was a skin nodule at the site of

injection that appeared 18 days after the first HIV-DNA
prime. These three AEs resolved spontaneously. One HIV
infection was reported as an SAE, per protocol, in a male
subject in the lower HIV-DNA dose group (600 lg), after the
first HIV-MVA immunization, and was considered ‘‘not re-
lated’’ to the IPs.

Eighty-three laboratory events were registered in vaccine
recipients, 72 (87%) reported as mild, 10 (12%) as moderate,
and 1 (1%) as grade 4 according to the DAIDS criteria. The
grade 4 event was an asymptomatic hypoglycemia on the day

FIG. 1. Consort diagram.
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of the first HIV-MVA vaccination, which resolved spontane-
ously. Of the laboratory events occurring in vaccine recipients
within 4 weeks postimmunizations (n = 75), hypoglycemia
was the most commonly found (27, 36%) in 15 of 20 vaccinees
followed by low hemoglobin count (20, 27%) in 8 of 20 vac-
cinees, all females, and neutropenia (20, 27%) in 12 of 20
volunteers. All volunteers were asymptomatic. All laboratory
AEs were considered ‘‘not related’’ or ‘‘probably not related’’
to the IPs. No ECG abnormalities were seen after the two HIV-
MVA boosts (data not shown).

Cell-mediated immune responses

After the third HIV-DNA immunization, 9/17 (53%)
vaccinees had IFN-c responses to at least one Gag peptide
pool but no response to Env. After the first HIV-MVA boost,
the overall response rate to Gag and/or Env increased to 14/
15 (93%); 14/15 (93%), 13/15 (87%), and 2/15 (13%) to Gag
CMDR, Env, and Pol peptide pools, respectively. After the
second HIV-MVA boost, the overall response rate to Gag
and/or Env was 8/10 (80%) (Fig. 3). There was no significant
difference in response rates to Gag and Env between the HIV-
DNA dose groups after the HIV-MVA immunizations,
p = 1.00 and p = .47, respectively (Fig. 4).

The magnitude of Gag responses was modest after three
HIV-DNA immunizations (Fig. 3). After the first HIV-MVA
immunization, the response in Gag CMDR responders was
380 (range 182–1,390) SFCs/million PBMCs in the low HIV-
DNA dose group and 722 (167–1,285) SFCs/million PBMCs
in the high HIV-DNA dose group, p = .530. Importantly, the
responses to Env were significantly higher in high-dose re-
cipients compared with low-dose recipients when comparing
all vaccinees (median 420, range 88–765 vs. 157.5, range 42–
383 SFCs/million PBMCs), p = .014, and a trend toward a
difference was seen when only responders were compared
(median 420 vs. 150 SFCs/million PBMCs, p = .051) (Fig. 4).

Pairwise analysis of IFN-c ELISpot data showed that Gag
responses were significantly higher after the first than after
the second HIV-MVA vaccinations with a median of 416
versus 198 SFCs/million PBMCs, p = .0313, to Gag DNA and
360 versus 142 SFCs/million PBMCs to Gag CMDR,
p = .0391. The Env responses did not differ significantly be-
tween the two time points (median 148 vs. 118 SFCs/million
PBMCs), p = .6523 (data not shown).

Antibody-mediated immune responses

Four weeks after the first HIV-MVA boost, 1 (6%) of 16
vaccinees had detectable antibodies to recombinant CN54
subtype C gp140 and to native subtype B gp160. The reactive
volunteer was a high HIV-DNA dose recipient with a titer of
400 in both assays. Four weeks after the second HIV-MVA
boost, anti-Env antibodies were elicited in all (100%) of 16
vaccinees with a median antibody ELISA titer to subtype C
gp140 of 800 (range 400–3,200) and to subtype B gp160 of
400 (range 200–800). There were no significant differences
between low and high HIV-DNA dose vaccine recipients
with regards to antibody titers to subtype C gp140 or subtype
B gp160, p = .1993 and p = .1602, respectively (Fig. 5).

NAbs to subtype B SF162:LS or subtype C 93MW965.23
pseudovirus were not demonstrated in any of the vaccinees
using the TZM-bl assay nor were NAbs to subtype B
SF162.LS or CRF01_AE CM244 IMC detected in the PBMC
assay using an HIV p24 readout (data not shown).

Two of 16 vaccinees, 1 in each of the HIV-DNA immunization
groups, exhibited antibodies mediating ADCC to CRF01_AE
CM235 with a titer of 55 and >156,250, respectively, 4 weeks
after the second HIV-MVA boost (data not shown).

Discussion

In the present trial, we assessed the safety, tolerability,
and immunogenicity of ID HIV-DNA priming at a low dose

Table 2. Baseline Demographic, Clinical, and Laboratory Characteristics

Characteristics

Group 1–2 injections
HIV-DNA,

600 mg (n = 12)

Group 2–2 injections
HIV-DNA,

1,200 mg (n = 12) Total (n = 24)

Female 6 (50) 8 (67) 14 (58)
Age (years)a 22.2 (21.5–22.9) 21.2 (20.7–22.8) 21.7 (20.9–22.9)
Educationb

Secondary 6 (50) 6 (50) 12 (50)
Postsecondary 6 (50) 6 (50) 12 (50)

Singleb 12 (100) 11 (92) 23 (96)
Body mass index (kg/m2)a 21.6 (2.19) 20.1 (2.42) 20.8 (2.37)
White blood cells (109cells/liter)a 4.1 (3.3–4.7) 4.4 (4.2–5.1) 4.3 (3.8–4.7)
CD4+ T cells (cells/ll)a n = 23 873 (696–1,078) 637 (542–884) 784 (564–1,014)
Lymphocytes (109cells/liter)a 1.8 (1.5–2.0) 1.6 (1.4–1.8) 1.7 (1.4–1.9
Neutrophils (109cells/liter)a 2.0 (1.5–2.1) 2.7 (2.2–3.4) 2.1 (2.0–2.8)
Hemoglobin (g/dl)a 12.3 (11.0–13.9) 11.9 (11.0–13.1) 12.2 (11.0–13.7)
Platelets (109 cells/liter)a 210 (187–273) 224 (200–256) 214 (198–267)
Creatinine (mg/dl)a 0.57 (0.45–0.73) 0.58 (0.53–0.66) 0.58 (0.47–0.70)
ALT (U/liter)a 18.0 (14.5–18.5) 13.5 (12.0–21.0) 16.0 (12.5–18.5)
Total bilirubin (lM)a 0.63 (0.46–0.82) 0.53 (0.31–0.68) 0.62 (0.39–0.80)
Random glucose (mM)a 4.2 (3.8–4.4) 4.3 (3.8–4.7) 4.2 (3.8–4.5)

Values are numbers (%), means (standard deviations), or medians (interquartile ranges).
aData collected at enrollment day, before 1st vaccination.
bData collected at screening.
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(600 lg) and a high dose (1,200 lg) in combination with
HIV-MVA boost IM. This was the first study to assess HIV-
DNA delivery using the Zetajet, a needle-free device, with
which a volume of 0.2 ml can reproducibly be injected in-
tradermally. The HIV-DNA/HIV-MVA vaccination regimen

was safe and well tolerated, independently of the volume and
dose used in this trial. Furthermore, this vaccine regimen was
immunogenic in Mozambican vaccinees, with the higher
HIV-DNA dose inducing higher cellular immune responses
to Env than the low HIV-DNA dose.

FIG. 3. HIV-specific IFN-c ELISpot responses. IFN-c ELISpot responses in vaccinees after stimulation with Gag DNA,
Gag CMDR, Env CMDR, and Pol CMDR peptide pools (A) 2 weeks after the third HIV-DNA immunization, (B) 2 weeks
after the first HIV-MVA vaccination, and (C) 2 weeks after the second HIV-MVA vaccination. The number of responders
per number of evaluable vaccinees is given in brackets. The bars show median values. ELISpot responses were considered
positive if the number of SFCs was >55 spots/million PBMCs and four times the background value. The dashed line is at 55
SFCs/million PBMCs. Responders are shown by filled symbols and nonresponders are shown by open symbols.

FIG. 2. Local and systemic
solicited adverse events. Total
number of reported events
(A) after three HIV-DNA
immunizations combined and
(B) after two HIV-MVA
boosts combined, in the lower
dose (600 lg) and higher dose
(1,200 lg) HIV-DNA re-
cipients and placebos.
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Safety reports from this study are similar to the ones in
previous trials using the same vaccine candidates.16,18,19 Other
clinical studies have also reported a good safety profile with
the use of the plasmid HIV-DNA/HIV-MVA prime-boost
vaccination strategy.26,27 The solicited AEs reported here were

mainly mild. Pain and headache were the most common local
and systemic solicited AEs, respectively; similar findings have
been described by Bakari et al. and Munseri et al.18,19 Placebo
recipients also reported a high frequency of headache events in
this study. No increase in reactogenicity was seen in those

FIG. 4. IFN-c ELISpot re-
sponses by HIV-DNA prim-
ing groups. The magnitude of
IFN-c ELISpot responses to
(A) Gag DNA and (B) Gag
CMDR 2 weeks after the
third HIV-DNA immuniza-
tion, to (C) Gag and (D) Env
2 weeks after the first HIV-
MVA vaccination, and to
(E) Gag and (F) Env 2
weeks after the second HIV-
MVA vaccination. Data are
presented for each of the
HIV-DNA priming groups.
The number of responders
per number of evaluable
vaccinees is given in brack-
ets. Median values are given
by the bars. ELISpot re-
sponses were considered
positive if the number of
SFCs was >55 spots/million
PBMCs and four times the
background value. The dashed
line is at 55 SFCs/million
PBMCs. Responders are
shown by filled symbols and
nonresponders are shown by
open symbols.

FIG. 5. Binding antibody
titers by HIV-DNA priming
group. Binding antibody titers
to (A) recombinant HIV-1
CN54 subtype C gp140 and to
(B) native HIV-1IIIB subtype
B gp160 4 weeks after the
second HIV-MVA vaccina-
tion. All evaluable vaccinees
were reactive. The magnitude
of the responses in the lower
and higher HIV-DNA dose
recipients is shown. The me-
dian titers are given in brack-
ets. The Mann–Whitney U-test
was used for comparisons.
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exposed to a higher volume and HIV-DNA dose. Nearly all
unsolicited AEs were mild or moderate and no differences
were seen between the two vaccination groups. Three events
were considered possibly related to the study products and
included dizziness and a skin nodule at the site of injection.
One HIV infection was diagnosed in a volunteer who had
not completed the vaccination schedule and was reported
as an SAE, as per protocol, and considered unrelated to the
study products.

After three priming HIV-DNA ID injections, overall IFN-c
response rates to Gag were modest (53%) and none of the vac-
cinees had a response to Env. There was no significant difference
between the low- and high-dose recipients. Notably, 2 weeks
after the first HIV-MVA boost, the proportion of IFN-c ELISpot
responders to Gag and Env increased significantly to 93% and
87%, respectively. The IFN-c ELISpot response rates did not
increase following the second HIV-MVA boost. After one im-
munization with HIV-MVA, the median magnitude in IFN-c
ELISpot responders was 380 and 157 SFCs/million PBMCs to
Gag and Env, respectively. The levels were somewhat lower
than those reported in a similar trial in Sweden, where the median
values in responders was 540 and 246 SFCs/million PBMCs to
Gag and Env, respectively.28 The differences between the trials
may be due to genetic and environmental factors that have been
shown to influence immune responses.29 The magnitude of the
responses to Gag was significantly higher after the first HIV-
MVA compared with the second HIV-MVA boosts. These
findings mirror those reported previously in Tanzanian,18,19

Swedish,28 and Indian30 trials exploring HIV-DNA prime HIV-
MVA boost vaccine strategies. The failure to boost the cellular
immune responses by the second HIV-MVA may be attributed
to pre-existent immunity against the vector proteins.27 In this
trial, after the first HIV-MVA vaccination, IFN-c responses to
Env were significantly higher in vaccinees primed using the
higher HIV-DNA dose compared with the lower dose (median
420 vs. 157.5 SFCs/million PBMCs, p = .014) and a trend toward
a difference was noted when only responders were compared
(median 420 vs. 150 SFCs/million PBMCs, p = .0513), sug-
gesting that the higher HIV-DNA dose (1,200 lg) may be ben-
eficial for inducing an Env-specific IFN-c response.

We previously performed a small pilot study where a
single HIV-MVA vaccination was administered to ten heal-
thy Swedish vaccinees. Two weeks after the vaccination,
three (33%) of nine evaluable vaccinees had Gag- and/or
Env-specific IFN-c ELISpot response. The magnitude of
Gag-specific responses in the three responders was 85, 130,
and 75 SFCs/106 PBMCs, respectively. The same vaccinees
also had Env-specific responses of 95, 75, and 60 SFCs/106

PBMCs, respectively (Biberfeld, Earl, Hejdeman, Nilsson,
Robb, Sandström, unpublished data). Collectively, the IFN-c
ELISpot data presented here highlight the importance of
DNA priming immunizations.

In our study, there was a balance between Gag and Env
IFN-c responses (93% and 87%, respectively) similar to what
we have reported in our previous HIV-DNA/HIV-MVA
vaccine trials.16,18,19 Others have reported similar findings
using a multiclade HIV-DNA and rAd5 boost, where 54.7%
of participants exhibited IFN-c responses to Gag and 54.2%
to Env, but the frequency of responses was lower in that
study.31 Goepfert et al. reported balanced Gag and Env CD4+

and CD8+ T cell responses after two GeoVax pGA2/JS7 DNA
and two MVA/HIV62 immunizations.32 Predominant Env-

specific responses have been reported after vaccinations with
multigenic HIV-DNA vaccines and rAd5 boost,33–36 DNA
and poxvirus (NYVAC) boost,37 as well as ADVAX DNA
and MVA boost.30

In the present trial, 4 weeks after the first HIV-MVA vac-
cination, only 6% of the vaccinees mounted antibodies to
subtype C gp140 and subtype B gp160, whereas 4 weeks after
the second HIV-MVA boost, all (100%) of the vaccinees ex-
hibited binding antibodies to subtype B and subtype C Env
antigens. These findings confirm those reported in our previous
trials where after immunizing three times with HIV-DNA and
twice with HIV-MVA, anti-Env antibody responses were fre-
quently detected (response rates 90%–100%) and anti-Env
antibodies targeted multiple subtypes.18,19,23,28,38 The same
HIV-MVA construct used in Mozambique has also been
evaluated in a phase I safety and immunogenicity trial in the
United States and Thailand, where 2 weeks after three immu-
nizations of 108 pfu HIV-MVA, 90% of volunteers had binding
antibodies to CM243 gp120.39 A study by Mehendale et al. that
used a subtype C HIV-DNA prime and HIV-MVA boost vac-
cination strategy reported a somewhat lower frequency of
binding antibody response (75%) 2 weeks after the last vacci-
nation compared with the present trial.30

In the present trial, ADCC-mediating antibodies to
CM235 IMC were rare and only detected in 13% of vacci-
nees. In the recently completed TaMoVac I trial conducted
in Tanzania, we reported that 29% of the vaccinees devel-
oped ADCC responses to CM235 after three HIV-DNA and
two HIV-MVA.40 No neutralization activity was seen in the
present trial when testing was performed using either the
TZM-bl or PBMC/p24 assay. This confirms our previous
findings.17–19,28,38 In the HIVIS03 trial, NAb responses
were detected in 83% of the vaccinees by using a PBMC-
based assay to CM235 subtype CRF01_AE IMC.18,38 The
PBMC/IMC assay differs from the assays used here in that
the serum/plasma is present during the incubation period
and the assay was shown to be NK cell dependent.38 The
PBMC/IMC assay thus allows for detection of antibodies
with Fc-c receptor interactions. Subsequently, high ADCC-
mediating antibody titers against CRF01_AE and/or sub-
type B were noted in 97% of vaccinees’ sera.38 Up to 62% of
the vaccinees exhibited NAb responses by the PBMC/IMC
assay depending on the route and/or dose of HIV-MVA
immunizations in the extended HIVIS01/02 trial10 in Swe-
den. The trial conducted by Mehendale et al. using a similar
HIV-DNA/MVA prime-boost strategy showed the presence
of NAbs against Tier-1 subtype C in TZM-bl assay in 83%
of the vaccinees.30

Here HIV-DNA immunizations were delivered at weeks
0, 4, 12 and HIV-MVA at weeks 24 and 36. This was the
shortest immunization schedule used in the series of HIVIS/
TaMoVac trials. HIV-DNA was given at 0, 4, or 6 weeks
and 12 weeks in all trials.18,19,23 HIV-MVA boost vacci-
nations were given at weeks 30 and 46 in the Tanzanian
TaMoVac I trial.13 A longer interval between the first and
second HIV-MVA was used in the HIVIS03 trial where
HIV-MVA immunizations were given at weeks 36 and 84.12

In the extended HIVIS01/02 trial, the second HIV-MVA
boost was delivered at an even later time point, *3 years
after the first HIV-MVA.23 Although different modes of
delivery and dosing were explored in the four trials, the use
of vaccination schedules with long intervals between
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vaccinations may have positively influenced the induction
of functional antibodies.

The present trial had several limitations. It was a small phase
I trial and a limited number of samples were therefore collected
and analyzed. Originally, we planned for additional testing of
cell-mediated immune responses using cryopreserved cells.
However, due to the low viability of frozen, stored, and thawed
PBMCs, we could not perform the intracellular cytokine
staining assay and a flow cytometric lymphoproliferation assay
as planned. A number of IFN-c ELISpot results 2 weeks after
the second HIV-MVA boost were invalid due to technical dif-
ficulties experienced in the laboratory. Nevertheless, the com-
parison between proportions and magnitudes of IFN-c ELISpot
responses after the first and second HIV-MVA boost was
not significantly affected. HIV infections in Mozambique are
predominantly subtype C41–44 and we limited binding antibody
assessment and NAb testing using the TZM-bl/pseudovirus
assay to detection of subtype C- and subtype B-specific anti-
bodies despite HIV-MVA being CRF01_AE CM235 specific.
The use of a broader panel of antigens/pseudoviruses that in-
clude CRF01_AE and other subtypes would be useful to probe
antibody breadth in the future. A study of antibody responses
to Env variable region 2 (V2) and 3 (V3) using microarray
epitope mapping will be presented in a separate article.

This was the first HIV vaccine clinical trial to be conducted
in Mozambique. This trial was grounded in the previous
successful establishment of a cohort of young adults20 from
where volunteers have been recruited. Retention and visit
compliance rates were remarkable. The capacity built during
the preparation and execution of this study paved the way for
future HIV prevention trials to be conducted in the country.

Conclusion

This was the first HIV vaccine trial conducted in Mo-
zambique. The trial demonstrated that the delivery of HIV-
DNA vaccine ID at a concentration of 3 mg/ml, in volumes of
0.1–0.2 ml using Zetajet intradermally, was safe and highly
tolerable in healthy Mozambican volunteers. Furthermore,
we have shown the superiority of priming with the higher
dose (1,200 lg) of HIV-DNA to generate cell-mediated im-
mune responses. Our findings support the use of the Zetajet
for ID delivery of HIV-DNA and we recommend a larger
study to assess the use of the higher dose (1,200 lg) with this
HIV-DNA prime HIV-MVA boost HIV vaccine candidate.
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