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Abstract

Background

The addition of plasmid cytokine adjuvants, electroporation, and live attenuated viral vectors

may further optimize immune responses to DNA vaccines in heterologous prime-boost com-

binations. The objective of this study was to test the safety and tolerability of a novel prime-

boost vaccine regimen incorporating these strategies with different doses of IL-12 plasmid

DNA adjuvant.

Methods

In a phase 1 study, 88 participants received an HIV-1 multiantigen (gag/pol, env, nef/tat/vif)

DNA vaccine (HIV-MAG, 3000 μg) co-administered with IL-12 plasmid DNA adjuvant at 0,
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250, 1000, or 1500 μg (N = 22/group) given intramuscularly with electroporation (Ichor Tri-

Grid™ Delivery System device) at 0, 1 and 3 months; followed by attenuated recombinant

vesicular stomatitis virus, serotype Indiana, expressing HIV-1 Gag (VSV-Gag), 3.4� 107

plaque-forming units (PFU), at 6 months; 12 others received placebo. Injections were in

both deltoids at each timepoint. Participants were monitored for safety and tolerability for 15

months.

Results

The dose of IL-12 pDNA did not increase pain scores, reactogenicity, or adverse events with

the co-administered DNA vaccine, or following the VSV-Gag boost. Injection site pain and

reactogenicity were common with intramuscular injections with electroporation, but accept-

able to most participants. VSV-Gag vaccine often caused systemic reactogenicity symp-

toms, including a viral syndrome (in 41%) of fever, chills, malaise/fatigue, myalgia, and

headache; and decreased lymphocyte counts 1 day after vaccination.

Conclusions

HIV-MAG DNA vaccine given by intramuscular injection with electroporation was safe at all

doses of IL-12 pDNA. The VSV-Gag vaccine at this dose was associated with fever and

viral symptoms in some participants, but the vaccine regimens were safe and generally well-

tolerated.

Trial registration

Clinical Trials.gov NCT01578889.

Introduction

Several approaches to enhance the immunogenicity of DNA vaccination have been investi-

gated since DNA vaccination was first performed in humans. These have included utilizing

DNA vaccination as a prime for a heterologous viral vector boost [1, 2], use of plasmid cyto-

kine adjuvants [3] and delivering plasmids with in vivo electroporation (EP) [4]. Here we

report on the safety and efficacy of combining all 3 approaches to elicit immune responses

against HIV.

Prime-boost strategies are routinely used in vaccination regimens to increase the magni-

tude and duration of the immune response. Heterologous prime-boost regimens are especially

promising, and are being studied for a number of infections including HIV, malaria, and

tuberculosis. Vesicular stomatitis virus (VSV) has been explored as a potentially useful vector

for vaccines because of its well-characterized genome of transcriptional units which express

viral proteins, and which can accommodate additional transcriptional units to express foreign

proteins [5, 6]. Importantly, in most regions of the world, humans do not commonly encoun-

ter VSV, and immunization with an rVSV vaccine is unlikely to either activate and expand

VSV-specific CD4+ T-cells, possibly leading to increased risk of HIV infection, or to encoun-

ter pre-existing anti-vector immunity that would result in rapid clearance of the vector and

reduced immune responses to the target antigens [7]. The clinical safety of a highly attenuated

Indiana serotype rVSV vector (rVSVIN) was demonstrated in HVTN 090, a phase 1 trial in

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 2 / 22

Trials Network], UM1 AI068635 [SDMC: HIV

Vaccine Trials Network], UM1 AI068618 [LC: HIV

Vaccine Trials Network], UM1 AI069470 [Columbia

Partnership for Prevention and Control of HIV/AIDS

Clinical Trials Unit: College of Physicians &

Surgeons and New York Blood Center Clinical

Research Sites], UM1 AI069534 and P30 AI

045008 [Philadelphia HIV Therapeutics and

Prevention Clinical Trials Unit], UM1 AI069511

[University of Rochester HIV/AIDS Clinical Trials

Unit], and UM1 AI069439 [Vanderbilt HIV Clinical

Trials Unit]. The development of the vaccines was

supported by NIH/NIAID HIV Vaccine Design and

Development Team grants NO1-AI-80061 and

NO1-AI-80062 to John H. Eldridge, Ph.D at

Profectus Biosciences, Inc. The content is solely

the responsibility of the authors and does not

necessarily represent the official views of the NIAID

or the National Institutes of Health (NIH). Role of

the funding sources: within the terms of the Grant

Award of the Cooperative Agreement with the HIV

Vaccine Trials Network (HVTN), the study sponsor,

NIAID, reviewed and approved the study design,

contributed to the review and analysis of data,

concurred with the decision to publish, and

assisted with the preparation of the manuscript.

NIAID was not involved in the data collection and

did not perform statistical analyses. Coauthor Mary

Allen is employed by the National Institute of

Allergy and Infectious Diseases (NIAID), the study

sponsor. NIAID provided partial salary support for

MLE, SSL, NKK, GJW, HVNT, IF, MES, KWC, BSP,

JHE, MJM and CMH. The corresponding author

had full access to all of the data in the study and

had final responsibility for the decision to submit

for publication. We report the following commercial

affiliations: Profectus Biosciences, Inc. (http://

www.profectusbiosciences.com) provided

research materials, and salary support for authors

(TEK, DKC, MAE, JHE, RX, AOS), who participated

in study design, support, supervision, assays for

IL-12 neutralizing antibody, rVSV culture and rVSV

RNA (RT-PCR), reporting those results, writing,

review and editing of the manuscript. Ichor Medical

Systems, Inc. (http://www.ichorms.com) provided

salary support (DH), electroporation materials and

expertise, and training for the study under contract

to Profectus. The specific roles of these authors are

indicated in the ‘author contributions’ section.

Competing interests: The authors have read the

journal policy and the authors of this manuscript

have the following competing interests: MAA is

employed by the National Institute of Allergy and

Infectious Diseases (NIAID), the study sponsor.

MLE, SSL, NKK, GJW, HVNT, IF, MES, KWC, BSP,

JHE, MJM and CMH are recipients of NIAID

funding, and this publication is a result of activities

https://clinicaltrials.gov/ct2/show/NCT01578889
https://doi.org/10.1371/journal.pone.0202753
http://www.profectusbiosciences.com
http://www.profectusbiosciences.com
http://www.ichorms.com


which doses of 4.6 x 103 to 3.4�107 PFU VSV-Gag (Profectus Biosciences, Pearl River, NY)

given at 2 timepoints, 2 months apart, were found to be safe and well tolerated [8]. That study

also showed that while neutralizing antibody was elicited against the VSV-Gag vector, the sec-

ond vaccination still induced more frequent HIV Gag-specific immune responses. A less atten-

uated rVSV vector vaccine, rVSV-ZEBOV (Merck, Kenilworth, NJ), has also been tested in

several recent human studies as an Ebola vaccine candidate. While more adverse events were

noted compared with those observed with rVSV-Gag in HVTN 090, the safety profile of

rVSV-ZEBOV was considered acceptable for a vaccine that would provide protection against

Ebola disease, and efficacy was demonstrated in a recent ring-vaccination trial [9–12].

EP is the application of a localized electrical field at the site of injection to facilitate cell

uptake of DNA by permeabilizing cell membranes and possibly by increasing local inflamma-

tion [13–15]. EP has been shown to be an efficient way to introduce DNA into cells [16] and

has been used for more than 3 decades by molecular biologists for cell transfection [17–20].

More recently, clinical applications of EP have been tested in cancer treatment and gene ther-

apy [16, 21–23]. Adding EP to the IM injection procedure has resulted in improved immuno-

genicity of some DNA vaccines [24–27]. In a recent phase 1 study, HIV Vaccine Trials

Network (HVTN) protocol 080, EP using the Cellectra EP device (Inovio Pharmaceuticals,

Blue Bell, PA) was used for the DNA vaccine PENNVAX-B (PV-B, 3000 μg), given IM with or

without co-administration of IL-12 pDNA (1500 μg). EP demonstrated a significant vaccine

dose-sparing effect, and increased the frequency of CD4+ and CD8+ T-cell immune responses

compared to IM injection without EP in a previous study, HVTN 070 (PV-B 6000 μg ± IL-12

pDNA 1000 μg) [26]. EP remains investigational and is not yet licensed by the U.S. Food and

Drug Administration for clinical use.

Interleukin 12 (IL-12) is a pleiotropic cytokine mainly produced by monocytes, macrophages,

and dendritic cells. IL-12 is essential for the differentiation, proliferation, and maintenance of T

helper 1 (Th1) type responses that lead to IFN-gamma and IL-2 production. Although IL-12
pDNA has been shown to enhance immune responses in preclinical vaccine studies [28–30],

early studies in humans of DNA vaccines coadministered with IL-12 pDNA failed to augment

immune responses [31]. However, in HVTN 080, in which IL-12 pDNA was administered with

EP, an adjuvant effect of IL-12 was suggested, though not statistically significant [26].

In preclinical studies, the adjuvant activity of IL-12 pDNA was highly dose dependent, with

the highest doses of IL-12 actually decreasing immunogenicity of the co-administered DNA

vaccine when compared to lower doses suggesting the possibility of a J-curve effect of IL-12
dose level [32, 33]. The optimal dose range of IL-12 pDNA for adjuvant activity in humans has

not yet been identified.

In this phase Ia clinical trial, HVTN 087, we evaluated the safety and immunogenicity of an

HIV-1 multi-antigen plasmid DNA (HIV-MAG) vaccine delivered by intramuscular EP, with

and without IL-12 pDNA, and followed by an rVSV HIV-1 Gag (VSV-Gag) boost. This study

was designed to determine the optimal dose of IL-12 pDNA as a cytokine molecular adjuvant

to use with the DNA vaccine delivered by EP. In addition, the study evaluated the effects of the

different priming regimens on immune responses to a prototype VSV-Gag vaccine boost. The

safety and tolerability of the prime-boost vaccine regimen is reported here. Immunogenicity

results have been reported in a separate publication [34].

Materials and methods

Study design

HVTN 087 (NCT01578889) was a multicenter, randomized, placebo-controlled, double-blind

phase Ia trial conducted by the NIAID-funded HVTN at 4 clinical trial sites in the United

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost
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States: Nashville, TN; New York, NY; Rochester, NY; Philadelphia, PA. The primary objective

was to investigate the safety and tolerability of HIV-MAG delivered by intramuscular EP with

and without IL-12 pDNA adjuvant and boosted with VSV-Gag; immunogenicity and IL-12
dose response were secondary objectives. The study was approved and reviewed regularly by

the Fred Hutchinson Cancer Research Center Institutional Review Board (for the New York

and Philadelphia sites), the University of Rochester Research Subjects Review Board, and the

Vanderbilt University Institutional Review Board. The study opened on May 17, 2012, and

concluded all follow-up on September 9, 2016.

After written informed consent, participants were screened for eligibility and willingness to

participate. Participants were eligible if between 18 and 50 years of age; in good general health

based on history, physical examination and clinical laboratory investigations; considered at

low risk for HIV acquisition based on behavioral questionnaires and discussion; and had no

history of receiving investigational products, immunosuppressive medication, blood products,

immunoglobulin or vaccines within study-defined periods prior to enrollment. Female partici-

pants of childbearing potential were not pregnant or planning to become pregnant and agreed

to consistently use contraception for 21 days prior to their first vaccination until 3 months

after the last vaccination. All participants were counseled at each visit about HIV risk

reduction.

Participants were randomized to one of 4 treatment arms or placebo. The study began with

Groups 1, 2, and 3. Participants could state a preference to attend more visits (Groups 1 and

3), or fewer visits (Group 2 and later, 4). Groups 1 and 3 were randomized together, in blocks

of 12, 12, and 26 each split evenly between the groups, with 2 placebo assignments in each

block. Group 2 was randomized as a block of 25 with 2 assigned to placebo. Following a safety

review of data through 2 weeks after first vaccination from 12 participants in each of Groups 1

and 3, and 25 participants in Group 2, Group 4 was opened to enrollment, randomized as a

block of 25 with 2 assigned to placebo. The randomization allocation sequence was obtained

by computer-generated random numbers and provided to each clinical site pharmacist

through a web-based randomization system. This pharmacist was charged with maintaining

security of the treatment assignments.

Participants either received 3,000 μg HIV-MAG (gag/pol, env, nef/tat/vif) DNA vaccine co-

administered with IL-12 pDNA at 0, 250, 1000, or 1500 μg (N = 22/group) given intramuscu-

larly by EP at 0, 1 and 3 months and boosted by VSV-Gag vaccine at 6 months; or they received

placebo given IM by EP at 0, 1, 3 months followed by placebo given IM at 6 months (N = 12)

(Table 1). Participants and site staff (except for site pharmacists) were blinded as to participant

assignment to active vaccine or placebo, but not to group assignment. The vaccines and

Table 1. HVTN 087 study schema.

Study arm N

V/P

pIL-12
Dose

Month 0 Month 1 Month 3 Month 6

Group 1 22 0 μg DNA DNA DNA VSVIN

3 0 μg placebo placebo placebo placebo

Group 2 22 250 μg DNA + IL-12 DNA + IL-12 DNA + IL-12 VSVIN

3 0 μg placebo placebo placebo placebo

Group 3 22 1000 μg DNA + IL-12 DNA + IL-12 DNA + IL-12 VSVIN

3 0 μg placebo placebo placebo placebo

Group 4 22 1500 μg DNA + IL-12 DNA + IL-12 DNA + IL-12 VSVIN

3 0 μg placebo placebo placebo placebo

https://doi.org/10.1371/journal.pone.0202753.t001
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placebos were all clear, colorless solutions, and were prepared with identical labels prior to

administration.

Participants were assessed for reactogenicity, tolerability, adverse events, and social impacts

of participation.

Study agents

The HIV-MAG DNA, IL-12 DNA and VSV-Gag vaccine study components were provided by

Profectus Biosciences, Pearl River, NY.

HIV-1 multiantigen pDNA (HIV-MAG) vaccine. The HIV-MAG vaccine consists of

two plasmid DNA expression vectors, ProfectusVax™ HIV-1 gag/pol and ProfectusVax™ HIV-1

nef/tat/vif, env. HIV-1 gag/pol expresses an HIV-1 clade B (HXB2) Gag-Pol fusion under the

control of a human cytomegalovirus (hCMV) promoter and bovine growth hormone (BGH)

polyadenylation signal. HIV-1 nef/tat/vif, env expresses (i) an HIV-1 clade B (NL43) Nef-Tat-

Vif fusion under the control of an hCMV promoter and an SV40 polyadenylation signal; and

(ii) an HIV-1 clade B primary isolate 6101 Env gp160 under the control of a simian cytomega-

lovirus (sCMV) promoter and BGH polyadenylation signal [35, 36]. The dose of HIV-MAG

was 3,000 μg.

IL-12 plasmid (IL-12 pDNA) adjuvant. The HIV-MAG vaccine was administered with

or without GENEVAX1 IL-12-4532, a plasmid DNA adjuvant encoding the p35 and p40 sub-

units of human IL-12 [26, 31]. The p35 subunit is under the control of the hCMV promoter/

enhancer and the SV40 polyadenylation signal. The p40 subunit is under the control of the

sCMV promoter and the BGH polyadenylation signal. The doses of IL-12 pDNA given were 0,

250, 1000, or 1500 μg. Both the HIV-MAG vaccine and the IL-12 plasmid adjuvant are formu-

lated in a citrate buffer containing 0.25% bupivacaine-HCl.

Administration by electroporation (EP). The HIV-MAG vaccine, IL-12 pDNA adjuvant,

and placebo injections for the first 3 injection timepoints were delivered by intramuscular

(IM) injection with EP using the Ichor Medical Systems TriGrid™ Delivery System (TDS) EP

device. Activation of the hand-held integrated applicator, held against the deltoid, results in

insertion of an injection needle and array of 4 conductive electrodes into the deltoid muscle,

followed by IM injection of the vaccine or placebo, then propagation of a series of rectangular

wave, direct current electrical pulses of 200 V/cm amplitude and 40 ms total duration in the

area of distribution of the study product.

Each dose was divided and delivered as 2 injections, one into each deltoid.

rVSVINN4CT1gag1 (VSV-Gag) vaccine. The VSV-Gag vaccine candidate is an attenu-

ated recombinant vesicular stomatitis virus vector, Indiana serotype (rVSVIN), contain-

ing the HIV-1 (HXB2) gag p55 gene in an expression cassette adjacent to the viral 3’

transcription promoter. To attenuate the vaccine vector, the virus N gene was translo-

cated from the first position in the genome to the fourth position (N4) and the virus G

protein cytoplasmic tail (CT) was truncated from 29 amino acids to one amino acid

(CT1). The HIV-1 Gag gene was inserted at position one (gag1) in the rVSV genome

adjacent to the viral messenger RNA (mRNA) transcription promoter for maximum

expression [37]. The vaccine vector was formulated in a phosphate buffer containing gel-

atin as a virus stabilizer and stored at -80˚C. Each 3.4 � 107 PFU dose was divided and

delivered as 2 injections, one into each deltoid, by standard IM injection with needle and

syringe [8].

Placebo for HIV-MAG vaccine, IL-12 pDNA adjuvant, and VSV-Gag. The placebo used

for all study products was Sodium Chloride for Injection, USP 0.9%. The placebos matched

the vaccine injections in volumes and delivery methods.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost
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Safety and tolerability assessments

Participants first rated their injection site pain on a 10-point visual analog scale (VAS), a 10

centimeter (cm) line with one end marked “No Pain” and the other end marked “Worst Pain”,

immediately and 5 and 25–60 minutes following study agent administration. The distance

(cm) from the “No Pain” end was recorded as the pain score [38]. Local injection site and sys-

temic reactogenicity signs and symptoms were also assessed around 30 (25–60) minutes after

injections, and then self-reported by participants daily for the next 3 days after EP injections,

or for 7 days following VSV-Gag/placebo injections. Solicited symptoms included: injection

site pain, tenderness, erythema, induration or swelling, malaise and/or fatigue, myalgia, head-

ache, chills, arthralgia, nausea, and vomiting. Adverse events (AEs) were reported for 15

months of participation. Additional contacts at months 24 and 36 solicited information on

serious adverse events, other important medical events, new chronic conditions, HIV infection

and pregnancy. Reactogenicity symptoms and AEs were scored using the Division of AIDS

Table for Grading the Severity of Adult and Pediatric Adverse Events (version 1.0, December

2004; clarification August 2009). As a measure of EP acceptability, 2 weeks following each

injection, participants completed a 2-item questionnaire that asked their willingness to

undergo electroporation if it were required for a new vaccine against a serious disease if they

were at risk for that disease, or if it increased the effectiveness of a currently existing vaccine

such as the influenza vaccine.

Routine clinical laboratory tests included: complete blood count with differential and plate-

lets (CBC), T-cell subsets, alanine aminotransferase, aspartate aminotransferase, alkaline phos-

phatase, creatinine, creatine kinase and urinalysis. For any participant with symptoms of a

systemic viral syndrome following VSV-Gag/placebo injection, blood, urine, and saliva were

sampled, up to 7 days post-vaccination. Oral swabs were collected from any oral mucosal

lesions detected within 2 weeks post-vaccination with VSV-Gag/placebo. The samples were

frozen in virus stabilizer, batched, and assessed for the presence of replication-competent

rVSV by incubation on Vero cell monolayers, which were examined by microscopy for the

presence of VSV-induced cytopathic effect. The presence of rVSV was subject to confirmation

by nucleotide sequence analysis and VSV serotyping of virus isolates. Oral swabs were also

tested for presence of rVSV by RT-PCR. Serum samples from baseline and from 2 weeks after

the third DNA vaccination were tested for IL-12 neutralization activity as previously described

to assess any vaccination-induced IL-12 neutralizing antibodies (S1 Methods) [31]. To identify

any possible cases of rVSV induced encephalitis, a Mini-Mental State Examination was per-

formed on all participants at baseline and at several timepoints post-VSV-Gag/placebo admin-

istration [39].

Whole blood phenotyping. Leukocyte populations were enumerated at multiple time-

points using whole blood Trucount staining methods (S2 Methods) [40, 41]. Absolute cell counts

were assessed on the day of the first HIV-MAG DNA vaccination (day 0) and 1, 3, and 14 days

later, as well as on the day of VSV-Gag vaccination (day 168) and 1, 3, 7 and 14 days later.

Statistical methods

Sample sizes were chosen to provide reasonable precision in the assessment of the primary

safety and immunogenicity endpoints. The safety data from all 100 enrolled participants were

analyzed according to the initial randomization assignment regardless of how many vaccina-

tions they received. Since enrollment was concurrent with receiving the first vaccination, all

participants received at least one vaccination and therefore provided some safety data.

The number and percentage of participants experiencing each type of local and systemic

reactogenicity sign or symptom were tabulated by severity and treatment arm and graphically

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost
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displayed. For a given sign or symptom, each participant’s reactogenicity was counted once

under the maximum severity for prime and boost vaccination separately. A Kruskal-Wallis test

was used to test for differences in severity across arms.

The mean and 95% CI of VAS pain scores were plotted over 0, 5–7 and 25–60 minutes after

each vaccination by treatment arm. The 95% CI was estimated by assuming a t distribution

with n-1 degrees of freedom. VAS scores were compared between treatment arms using t-test

and between visits using paired t-test.

Differences in the frequency of AEs and frequency of responses indicating the acceptability

of EP were compared between treatment arms using Fisher exact tests. All tests were two-

sided, and the differences were considered to be statistically significant if P< .05 without mul-

tiplicity adjustments.

Individual plots were generated to display the trajectories of the blood lymphocyte, neutro-

phil counts, and cell populations measured by Trucount after the first DNA vaccination and

last VSV vaccination. The difference between time points was tested using a Wald test in a lin-

ear mixed model that accounted for the correlations between the observations over time within

individuals[42].

The data analysis and plots for this paper were generated using R version 3.4.1 for Unix,

Copyright 2017, The R Foundation for Statistical Computing (https://www.r-project.org) and

SAS software, Version 9.4 for Unix, Copyright 2002–2012, SAS Institute Incorporated. SAS

and all other SAS Institute Inc. product or service names are registered trademarks or trade-

marks of SAS Institute Inc., Cary, NC, USA.

Results

Study population characteristics

HVTN 087 enrolled 100 participants—88 vaccine and 12 placebo recipients. The median age

of participants was 28 years (range 18–49), and 35% were female. The majority were white

(59%) or African-American (24%); 17% identified as Asian, another race, or more than one

race; 15% of participants also identified as Hispanic (Table 2). Of the 100 participants, 72

received bilateral vaccinations at all 4 vaccination visits, per protocol. Table 2 shows the vacci-

nation frequency by vaccination visit. Vaccine recipients are indicated as T1, T2, T3 and T4

with the numeral corresponding to their group assignment (Table 1). The 3 placebo recipients

in each of the 4 groups were combined for analysis (CTL). The table tallies all participants who

received any vaccination at that visit. These counts therefore also include 11 partial vaccina-

tions, in which participants received only one of two scheduled injections at a visit due to tech-

nical difficulties with the EP device. Overall, 90% of the 800 expected deltoid injections were

administered. Ninety-two (92%) participants completed follow-up. Twelve participants (11

vaccinees and 1 placebo) discontinued vaccinations early (Fig 1). Eight (7 vaccinees and 1 pla-

cebo) were terminated from the study early.

Pain scores and reactogenicity

Visual analog scale (VAS) pain scoring after injections with EP showed maximal pain scores

immediately after vaccination (i.e. associated with the application of the electrical stimulation)

(Fig 2). These initial pain scores after EP were similar across T1-T3 and placebo controls but

were significantly lower in T4 (highest dose of IL-12 pDNA) compared with other treatment

arms (p = 0.01, 0.03, 0.04 after the first, the second, and the third DNA vaccination, respec-

tively). The mean pain score after EP rapidly decreased from 4.9 to 1.3 (on a scale of 0–10) at 5

minutes and were subsequently stable (mean 1.5) at 25–60 minutes (median 1.6) after each

vaccination. Pain scores at 5 and 25–60 minutes after injections were not significantly different
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between treatment arms and between EP vaccinations. Standard IM injection, used for

VSV-Gag or placebo, produced relatively little pain, with a median pain score of 1.0 immedi-

ately after injection, decreasing to 0.3 at 5 minutes and 0.1 at 25–60 minutes (Fig 2).

Local injection site reactogenicity (Fig 3, left panels) after HIV-MAG prime with EP was

not significantly different across treatment arms (p = 0.81 and 0.78 for pain and/or tenderness,

and erythema and/or induration, respectively). Local pain and/or tenderness after VSV-Gag

boost (Fig 3, upper right panel) was significantly different across arms (p = 0.05); severity was

significantly higher in T1-T4 compared to placebo (p = 0.01) but not significantly different

between IL-12 pDNA dose groups (p = 0.40). Local erythema and/or induration after

VSV-Gag boost (Fig 3, lower right panel) was not significantly different across all treatment

arms (p = 0.80). Maximal local reactogenicity was significantly higher in severity after HIV-

MAG prime with EP compared to after VSV-Gag boost in the T1-T4 groups (p<0.01 for both

pain and/or tenderness, and erythema and/or induration). Among placebo recipients there

was a trend towards increased reactogenicity between prime (EP) and boost (standard IM)

injections (p = 0.063 for both pain and/or tenderness, and erythema and/or induration)—sug-

gesting increased injection site symptoms were an effect of EP as opposed to the presence of

HIV-MAG vaccine or IL-12 pDNA adjuvant.

Systemic reactogenicity was not significantly different across treatment arms after DNA

prime, but was more common and more severe after VSV-Gag boost compared to placebo

controls (p<0.01, Fig 4). The majority of participants had mild or moderate systemic symp-

toms. Malaise and/or fatigue and myalgia were most frequently reported. Eleven of 75 (15%)

Table 2. Study population baseline characteristics.

CTL

(n = 12)

T1

(n = 22)

T2

(n = 22)

T3

(n = 22)

T4

(n = 22)

Total

(n = 100)

Sex

Male 7 (58%) 13 (59%) 14 (64%) 14 (64%) 17 (77%) 65 (65%)

Female 5 (42%) 9 (41%) 8 (36%) 8 (36%) 5 (23%) 35 (35%)

Ethnicity

Hispanic or Latino/a 3 (25%) 6 (27%) 3 (14%) 0 (0%) 3 (14%) 15 (15%)

Not Hispanic or Latino/a 9 (75%) 16 (73%) 19 (86%) 22 (100%) 19 (86%) 85 (85%)

Race

White 8 (67%) 12 (55%) 11 (50%) 14 (64%) 14 (64%) 59 (59%)

Black/African American 1 (8%) 6 (27%) 8 (36%) 7 (32%) 2 (9%) 24 (24%)

Asian 0 (0%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 1 (1%)

Multiracial 1 (8%) 1 (5%) 2 (9%) 0 (0%) 2 (9%) 6 (6%)

Other 2 (17%) 3 (14%) 1 (5%) 0 (0%) 4 (18%) 10 (10%)

Age (Years)

18–20 0 (0%) 1 (5%) 2 (9%) 0 (0%) 4 (18%) 7 (7%)

21–30 9 (75%) 7 (32%) 11 (50%) 12 (55%) 13 (59%) 52 (52%)

31–40 3 (25%) 4 (18%) 4 (18%) 5 (23%) 1 (5%) 17 (17%)

41–50 0 (0%) 10 (45%) 5 (23%) 5 (23%) 4 (18%) 24 (24%)

Median 26.5 36.0 28.5 27.5 25.0 28.0

Range 21–37 20–49 19–49 21–49 18–47 18–49

Vaccination Frequencies

Day 0 12 (100%) 22 (100%) 22 (100%) 22 (100%) 22 (100%) 100 (100%)

Day 28 11 (92%) 20 (91%) 19 (86%) 20 (91%) 22 (100%) 92 (92%)

Day 84 10 (83%) 20 (91%) 19 (86%) 21 (95%) 21 (95%) 91 (91%)

Day 168 9 (75%) 19 (86%) 19 (86%) 19 (86%) 18 (82%) 84 (84%)

https://doi.org/10.1371/journal.pone.0202753.t002

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 8 / 22

https://doi.org/10.1371/journal.pone.0202753.t002
https://doi.org/10.1371/journal.pone.0202753


participants reported at least one severe systemic reactogenicity symptom after VSV-Gag,

compared to 5 of 88 (6%) participants who experienced a severe symptom after HIV-MAG.

Thirty-one participants out of 75 (41%) who received VSV-Gag experienced a viral syndrome

of fever, chills, malaise/fatigue, myalgia, headache during the 7-day reactogenicity period fol-

lowing VSV-Gag injection, and had samples of blood, urine, and saliva tested for rVSV. In

addition, 10 participants had swabs of oral lesions tested. All samples were negative for infec-

tious rVSV (culture) and rVSV RNA (RT-PCR).

Fig 1. HVTN 087 CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0202753.g001
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The dose of IL-12 pDNA had no significant effect on the maximum severity of systemic

reactogenicity symptoms across treatment groups (T1-T4). Placebo controls had similar sys-

temic reactogenicity after EP delivery compared to needle and syringe injections (p = 0.375).

Three participants discontinued IM EP vaccinations for reasons of intolerability: one for

injection site reactogenicity symptoms, one for intense pain, and one after an event of

presyncope.

Adverse events

Thirty-nine participants in treatment groups (T1-T4) experienced at least one adverse event

that was reported as related to the vaccine, including decreased lymphocyte and neutrophil

counts, injection site bruising, elevated aspartate aminotransferase, presyncope and mouth

ulceration (Table 3). Sixteen participants had decreases in lymphocyte count, discussed further

below. Eight participants had mild or moderate decreased neutrophil counts, which in most

cases occurred 3 days after VSV-Gag vaccination and resolved by Day 7 (7 events).

There were no statistically significant differences in adverse events between the group that

did not receive IL-12 pDNA (T1) and the groups that did receive it (T2-T4). There were

changes in leukocyte indices related to additional sampling in T1 and T3 at timepoints 1 and 3

days after VSV-Gag injections, which were not assessed in T2 and T4 (Table 3). Mouth ulcera-

tion was seen in 5 participants, and considered related to vaccine in 2 cases, although oral

swabs were negative for VSV. No arthritis or skin lesions were noted after VSV-Gag boost.

There were 5 serious (Grade 3 or 4) adverse events (SAEs) in the study, all deemed not related

to study product, including borderline mucinous tumor of the ovary (in a control participant),

Grade 4 elevation in CPK, esophageal obstruction, intervertebral disc protrusion, and suicidal

ideation. Other Grade 3 or 4 AEs were deemed to be neither SAEs nor related to vaccine: alco-

holic hangover, stress, migraine, elevation in CPK, viral infection, headache, and influenza

infection.

MMSE testing and clinical observations throughout the study showed no evidence of

encephalitis or other mental status changes.

Fig 2. Visual analog scale pain scores after DNA/placebo and VSV-Gag/placebo vaccine delivery. Participants rated their pain between 0 (no pain) and 10

(worst possible pain). The graph shows the mean and 95% CI of VAS scores at 3 timepoints indicating minutes after injection, shown by injection visits and

treatment arms. The 95% CI was estimated using t-distribution with n-1 degrees of freedom. Pain scores were maximal at 0 minutes after electroporation, and

significantly lower in T4 compared to other treatment arms at that timepoint.

https://doi.org/10.1371/journal.pone.0202753.g002
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Although the study enrolled individuals at low risk of HIV, 2 individuals were diagnosed

with HIV infection during the study. Retrospective testing showed that one individual (in the

control group) was already HIV-infected at the time of enrollment; the second individual was

diagnosed with HIV infection at the final clinic visit.

No pregnancies were reported.

Transient changes in leukocyte trafficking after VSV-Gag. In the subset of participants

(T1 and T3) who had blood collected for CBC and immunophenotyping at additional early

timepoints immediately after vaccination—Days 1 and 3 after the first DNA prime, and at

Days 1, 3, and 7 after VSV-Gag boost—changes in leukocyte trafficking were seen. A signifi-

cant drop in median absolute lymphocyte count (ALC) was detected at Day 1 post-VSV-Gag

(day 169, p<0.0001), and a drop in median absolute neutrophil count (ANC) was seen at Day

3 (day 171, p<0.0001) (Fig 5). At Day 1 post-VSV-Gag, decreased lymphocytes were detected

Fig 3. Maximum local reactogenicity, prime vs boost, by treatment group. Bar graphs show the percentage of participants in each treatment

group reporting the specified maximum severity during the reactogenicity period. Left panels (Prime) indicate the maximum severity over all 3

priming injections. P values indicated are for comparisons across all treatment arms. The increased reactogenicity of the Prime compared to

Boost is significant for T1-T4 (p<0.01), and the increased reactogenicityexperienced by T1-T4 compared to placebo for the VSV-Gag boost,

upper right panel, is significant (p = 0.01).

https://doi.org/10.1371/journal.pone.0202753.g003
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Fig 4. Maximum systemic reactogenicity, prime vs boost, by treatment group. Bar graphs show the percentage of participants in each treatment group reporting the

specified maximum severity during the reactogenicity period. Left panels (Prime) indicate the maximum severity over all 3 priming injections. P values indicated are for

comparisons across all treatment arms. Maximum systemic symptoms were significantly more severe in T1-T4 groups than the placebo group following the VSV-Gag

boost.

https://doi.org/10.1371/journal.pone.0202753.g004
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in 16 participants: 5 Grade 2 and 3 Grade 3 in T1; 1 Grade 1, 1 Grade 2, 5 Grade 3, and 1

Grade 4 in T3. The median ALC recovered to normal range by the next assessment at Day 3

post-VSV-Gag and remained normal to the last ALC assessment 3.5 months later (Fig 5).

Decreased ANCs, Grade 1 or 2, were seen in 7 participants at Day 3 after VSV-Gag boost. The

ANCs recovered to the normal range within 4–6 days (Fig 5). On Day 14 after VSV-Gag boost,

2 people had decreased ANCs, including one participant whose ANC had recovered on Day 7

earlier, and one participant from Group 2. Transient decreases in platelet counts were also

noted on Day 3 after VSV-Gag boost (median change from baseline, -16,000 cells/mm3 in T1

and -29,000 cells/mm3 in T3); no participant had a decrease that met criteria for reporting as

an AE. These changes were not seen in placebo recipients (median change from baseline, +-

31,000 cells/mm3), although the sample size (2) was small.

Other changes to cell populations. Kinetic fluctuations in leukocyte populations after

VSV-Gag inoculation were confirmed by Trucount™ whole blood immunophenotyping in vac-

cine recipients from Groups 1 and 3 (Fig 6). As observed in the clinical monitoring of partici-

pants, there was a decline in overall lymphocytes 1 day after VSV-Gag vaccination (day 169,

p<0.001 for both groups) that rebounded by 3 days post-vaccination (day 171). This pattern

was consistently detected across lymphocyte subsets including total CD3+ T cells and NK cells

(Fig 6, day 169, p<0.001 for both subsets), CD4+ T cells, CD8+ T cells and B cells (p<0.001 for

all subsets, S1 Table). In contrast, transient increases in the number of monocytes were

observed 1 day after VSV-Gag and declines in granulocytes were observed 3 days after

VSV-Gag inoculation (day 171, p<0.001). Additionally, there were no differences detected

between T1 and T3 at the timepoints studied for any of the cell types evaluated, suggesting that

IL-12 did not impact the global frequencies of leukocytes. Consistent with the CBC results, no

significant changes were observed after DNA vaccination with or without IL-12.

IL-12 neutralizing antibody

No vaccination-induced IL-12 neutralizing antibodies were detected in any participant (S1

Methods, and S1 Fig).

Table 3. Related adverse events in treatment groups with or without IL-12 pDNA adjuvant.

T1
(without

IL-12)

T2-T3-T4
(with IL-

12)
Preferred Term N % N % P-value
Participants with one or more AEs 10 45.5% 29 43.9% 1.0

Lymphocyte count decreased� 8 36.4%

4

8 36.4% 1.0

Neutrophil count decreased� 2 9.1% 5 22.7% 0.41

Injection site bruising 0 0.0% 4 6.1% 0.57

Presyncope 0 0.0% 3 4.5% 0.57

Aspartate aminotransferase increased 0 0.0% 2 3.0% 1.0

CD4 lymphocytes decreased 2 9.1% 0 0.0% 0.06

Mouth ulceration 1 4.5% 1 1.5% 0.44

White blood cell count decreased� 1 4.5% 1 4.5% 1.0

1 each: Abdominal pain, ALT increased, Anemia, Hemoglobin decreased, Dyspnea, Anxiety, Injection site erythema, Injection site

pain, Musculoskeletal stiffness, Night sweats, Oral disorder, Oral herpes, Panic attack, Palpitations, Paresthesia, Photophobia,

Tongue ulceration, Viral infection

0 0.0% 1 1.5%

1 each: Blood creatinine increased, Fatigue, Myalgia, Oral papule 1 4.5% 0 0.0%

�Comparison between T1 and T3. T2 and T4 did not have blood counts at early post-vaccination time points.

https://doi.org/10.1371/journal.pone.0202753.t003
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Fig 5. Decreases in peripheral blood absolute lymphocyte counts and absolute neutrophil counts after VSV-Gag. Counts at 1 and 3 days after VSV-Gag boost

were assessed for Groups 1 and 3 only. Placebo data from P1 and P3 are pooled, shown in blue. Data from T1 and T3 are displayed together, with T1 values in black

and T3 in red. Bold lines represent median values for each treatment group, superimposed on the individual profiles.

https://doi.org/10.1371/journal.pone.0202753.g005
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Acceptability of electroporation

EP was generally well accepted. At visit 10 (2 weeks after the last DNA), 88 participants

(including 10 placebo recipients) completed the question about their willingness to undergo

the procedure for a new vaccine against a serious disease for which they were at risk, and 87

(98.9%) responded “definitely” or “probably willing”; only one (1.1%) responded “not willing”.

When asked if they were willing to undergo the procedure in order to increase the effectiveness

of a currently available vaccine, most (66/88, or 75%) were still “definitely” or “probably will-

ing” to undergo EP; however, 22 of 88 (25%) reported being “probably not” or “definitely not

willing”. There were no differences in willingness between vaccine treatment groups (p = 0.78)

or between recipients of vaccines and placebo. (Fig 7).

Social impacts

During the study, 2 participants (2%) reported social impacts, which affected personal rela-

tionships: a misunderstanding with a partner, and a relative who disapproved of participation.

The participants reported these events as having a minimal effect on quality of life, and these

events resolved.

Fig 6. Changes in numbers of cell populations assessed by Trucount™ after vaccination. Absolute counts for CD3

+ T cells (A), NK cells (B) and granulocytes (C) are shown. Placebo data from P1 and P3 are pooled, shown in blue.

Data from T1 and T3 are displayed together, with T1 values in black and T3 in red. Bold lines represent median values

for each treatment group, superimposed on the individual profiles.

https://doi.org/10.1371/journal.pone.0202753.g006

Fig 7. Willingness to undergo electroporation, by treatment group. Bar graphs show the percentage of participants in each treatment group reporting

willingness to undergo EP, in response to these questions, as assessed 2 weeks after the last injection with EP: Left panel: How willing would you be to

undergo electroporation if it were required for a new vaccine against a serious disease if you were at risk for that disease? Right panel: How willing

would you be to undergo electroporation if it increased the effectiveness of a vaccine we already have, such as the influenza vaccine?

https://doi.org/10.1371/journal.pone.0202753.g007
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Discussion

Vaccination with plasmid DNA has appeared to yield mostly poor immune responses in

humans, as detected by standard immunogenicity measures such as the intracellular cytokine

staining (ICS) assay. Enhancement of DNA vaccination through electroporation, cytokine

adjuvants, and use of heterologous boosts have separately been shown to improve immunoge-

nicity. HVTN 087 has now demonstrated the feasibility, safety, and tolerability of combining

these strategies in a vaccine regimen in healthy HIV-uninfected adults. No significant differ-

ences in local or systemic reactogenicity were seen between the treatment groups that received

IL-12 pDNA (T2, T3, T4) and the group that received no IL-12 pDNA (T1), and no dose-

related increase in AEs was found, suggesting that administration of IL-12 pDNA via electro-

poration is safe and very well tolerated in doses up to 1500 μg. The study did not identify a

maximum tolerated dose, which could be higher.

Delivery of HIV-MAG injections via IM EP elicited more local pain and tenderness com-

pared to the VSV-Gag boost which was delivered by standard IM injection. Pain and tender-

ness following EP injections were observed in placebo controls at the same rate as in vaccinees,

suggesting that the delivery method rather than the HIV-MAG vaccine was primarily respon-

sible for these symptoms. Encouragingly, immediate EP-associated pain was transient, gener-

ally resolving within 25 minutes, and all but one of the participants indicated a willingness to

accept vaccination by IM EP for a serious disease for which they were at risk. The observation

of lower pain scores in the high dose IL-12 group was likely due to the increased volume of

bupivacaine formulation administered, which may be a potential avenue for reducing the

acute discomfort associated with EP mediated delivery.

Participants receiving VSV-Gag injections reported more severe systemic symptoms than

those receiving placebo injections, including a viral syndrome in some participants—a finding

which has been observed with other vaccine studies utilizing rVSV vectors [8, 9, 12]. Unlike

some of those studies, however, we did not see any notable arthralgia, nor a significant increase

in oral ulcerations, arthritis or skin lesions in vaccine recipients compared with controls, and

we did not detect either replicating rVSV or viral RNA in any samples of blood, urine and

saliva. There were no concerning AEs related to the VSV vector.

VSV-Gag injections were associated with transient lymphopenia on Day 1 after injection

which resolved by Day 3. Neutrophils similarly decreased on Day 3. The decrease in lympho-

cyte and neutrophil counts were not associated with any clinical adverse events. Decreased

lymphocytes in the peripheral blood were observed both in the clinical safety data (complete

blood counts) as well as in the more refined Trucount analysis. Groups 2 and 4 were not

assessed at those timepoints, but would be expected to have shown the same effect. A similar

decrease was also seen in the Ebola vaccine trials of rVSV-ZEBOV, suggesting a significant

innate immune response to rVSV that may influence the trafficking of lymphocytes out of the

blood, presumably into lymphoid compartments, and thus impact the ensuing adaptive

immune response [9, 43]. Decreased lymphocytes have been rarely reported with other vaccine

trials, but few studies measure blood counts at these early timepoints [9, 44]. Decreased neu-

trophils have been reported as a transient, clinically asymptomatic finding with other vaccines,

without known complications [45].

The study was limited in that it did not test higher doses of IL-12 pDNA which might have

been well-tolerated and effective at increasing immunogenicity, and it did not include a com-

parison to priming with DNA vaccination using conventional IM injection. Importantly, this

study has confirmed that the attenuated rVSVIN vector is safe in healthy adults and should be

considered as a potential vector platform in further vaccine studies.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 17 / 22

https://doi.org/10.1371/journal.pone.0202753


Supporting information

S1 CONSORT Checklist.

(DOC)

S1 Protocol.

(PDF)

S1 Methods. IL-12 neutralizing antibody assessment.

(DOCX)

S2 Methods. Whole blood phenotyping.

(DOCX)

S1 Fig. IL-12 neutralization antibody titers at baseline and after 3 DNA vaccinations. The

percentage and frequency of responders is indicated above each plot. Red circles indicate posi-

tive responses (responders); blue triangles represent responses below the cutoff for positivity

(non-responders).

(TIF)

S1 Table. T1 and T3 Trucount cell population changes over time after the VSV vaccination

given at Day 0. Details of the decrease in lymphocyte and monocyte counts 1 day after

VSV-Gag vaccination (p<0.001 for both groups), which rebounded by 3 days post-vaccina-

tion. Days indicated in the table are days following VSV vaccination.

(DOCX)

S1 Dataset.

(ZIP)

Acknowledgments

We thank the clinical trial participants, HVTN 087 study staff, and the community advi-

sory boards, in Nashville, New York, Rochester, and Philadelphia. We are indebted to Dr.

John Rose and the late Dr. Steve Udem for their roles in development of the rVSV vector

program. We also thank Julie Foster and Ramey Fair for contributing to protocol develop-

ment, Jenny Tseng and Jill Zeller for supporting safety reviews, Shelly Ramirez for manag-

ing protocol operations, and Ashley Clayton for managing manuscript development and

assistance with figures.

HVTN 087 Study Team: Christine Mhorag Hay and Catherine Bunce, University of

Rochester, Rochester, NY, USA; Gregory J. Wilson, Vanderbilt University, Nashville, TN,

USA; Richard Fowler, HVTN Community Advisory Board, Rochester, NY, USA; Marnie

L. Elizaga, Shuying S. Li, Nidhi K. Kochar, Kristen W. Cohen, Brittany Sanchez, John

Hural, Eva Chung, On Ho, Nicole Frahm, Stephen De Rosa, Elizabeth Briesemeister, Julie

Foster, Ramey Fair, Jenny Tseng, Jill Zeller, Shelly Ramirez, and Gail Broder, Vaccine and

Infectious Disease Division, Fred Hutchinson Cancer Research Center, Seattle, WA, USA;

Georgia D. Tomaras, Duke Human Vaccine Institute, Duke University Medical Center,

Durham, North Carolina, USA; Mary A. Allen, Michael Pensiero, Chris Butler, and

Scharla Estep, Division of AIDS, National Institute of Allergy and Infectious Diseases,

National Institutes of Health, Washington, DC, USA; David K. Clarke, Rong Xu, and John

H. Eldridge, Profectus Biosciences, Inc, Pearl River, NY, USA; Michael A. Egan, formerly

at Profectus Biosciences, now at Takeda Pharmaceuticals, Boston, MA, USA; Drew Han-

naman, Ichor Medical Systems, Inc., San Diego, CA, USA.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 18 / 22

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0202753.s007
https://doi.org/10.1371/journal.pone.0202753


Author Contributions

Conceptualization: Marnie L. Elizaga, David K. Clarke, Michael A. Egan, John H. Eldridge,

Drew Hannaman, Christine Mhorag Hay.

Data curation: Shuying S. Li, Nidhi K. Kochar.

Formal analysis: Shuying S. Li, Nidhi K. Kochar, Brittany Sanchez.

Funding acquisition: John H. Eldridge, M. Juliana McElrath.

Investigation: Shuying S. Li, Nidhi K. Kochar, Gregory J. Wilson, Hong Van N. Tieu, Ian

Frank, Magdalena E. Sobieszczyk, Kristen W. Cohen, Theresa E. Latham, Michael A. Egan,

Ayuko Ota-Setlik, Christine Mhorag Hay.

Methodology: Marnie L. Elizaga, Theresa E. Latham, David K. Clarke, Drew Hannaman,

Rong Xu, Ayuko Ota-Setlik.

Project administration: Marnie L. Elizaga, John H. Eldridge, M. Juliana McElrath.

Resources: Marnie L. Elizaga, Gregory J. Wilson, Hong Van N. Tieu, Ian Frank, Magdalena E.

Sobieszczyk, David K. Clarke, John H. Eldridge, Drew Hannaman, Rong Xu, Ayuko Ota-

Setlik, M. Juliana McElrath, Christine Mhorag Hay.

Supervision: Marnie L. Elizaga, Gregory J. Wilson, Mary A. Allen, Hong Van N. Tieu, Magda-

lena E. Sobieszczyk, David K. Clarke, John H. Eldridge, Rong Xu, Ayuko Ota-Setlik, Chris-

tine Mhorag Hay.

Validation: Rong Xu, Ayuko Ota-Setlik.

Visualization: Marnie L. Elizaga, Mary A. Allen, Brittany Sanchez, John H. Eldridge, Christine

Mhorag Hay.

Writing – original draft: Marnie L. Elizaga, Christine Mhorag Hay.

Writing – review & editing: Marnie L. Elizaga, Shuying S. Li, Nidhi K. Kochar, Gregory J.

Wilson, Mary A. Allen, Hong Van N. Tieu, Ian Frank, Magdalena E. Sobieszczyk, Kristen

W. Cohen, Brittany Sanchez, Theresa E. Latham, David K. Clarke, Michael A. Egan, John

H. Eldridge, Drew Hannaman, Rong Xu, Ayuko Ota-Setlik, M. Juliana McElrath, Christine

Mhorag Hay.

References
1. Dunachie SJ, Hill AV. Prime-boost strategies for malaria vaccine development. J Exp Biol. 2003;206(Pt

21):3771–9. PMID: 14506212.

2. Schneider J, Gilbert SC, Hannan CM, Degano P, Prieur E, Sheu EG, et al. Induction of CD8+ T cells

using heterologous prime-boost immunisation strategies. Immunol Rev. 1999; 170:29–38. PMID:

10566139

3. Kraynyak KA, Kutzler MA, Cisper NJ, Laddy DJ, Morrow MP, Waldmann TA, et al. Plasmid-encoded

interleukin-15 receptor alpha enhances specific immune responses induced by a DNA vaccine in vivo.

Hum Gene Ther. 2009; 20(10):1143–56. https://doi.org/10.1089/hum.2009.025 PMID: 19530914;

PubMed Central PMCID: PMCPMC2829284.

4. Lambricht L, Lopes A, Kos S, Sersa G, Preat V, Vandermeulen G. Clinical potential of electroporation

for gene therapy and DNA vaccine delivery. Expert Opin Drug Deliv. 2016; 13(2):295–310. https://doi.

org/10.1517/17425247.2016.1121990 PMID: 26578324.

5. Clarke DK, Hendry RM, Singh V, Rose JK, Seligman SJ, Klug B, et al. Live virus vaccines based on a

vesicular stomatitis virus (VSV) backbone: Standardized template with key considerations for a risk/

benefit assessment. Vaccine. 2016; 34(51):6597–609. https://doi.org/10.1016/j.vaccine.2016.06.071

PMID: 27395563; PubMed Central PMCID: PMCPMC5220644.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 19 / 22

http://www.ncbi.nlm.nih.gov/pubmed/14506212
http://www.ncbi.nlm.nih.gov/pubmed/10566139
https://doi.org/10.1089/hum.2009.025
http://www.ncbi.nlm.nih.gov/pubmed/19530914
https://doi.org/10.1517/17425247.2016.1121990
https://doi.org/10.1517/17425247.2016.1121990
http://www.ncbi.nlm.nih.gov/pubmed/26578324
https://doi.org/10.1016/j.vaccine.2016.06.071
http://www.ncbi.nlm.nih.gov/pubmed/27395563
https://doi.org/10.1371/journal.pone.0202753


6. Clarke DK, Cooper D, Egan MA, Hendry RM, Parks CL, Udem SA. Recombinant vesicular stomatitis

virus as an HIV-1 vaccine vector. Springer Semin Immunopathol. 2006; 28(3):239–53. https://doi.org/

10.1007/s00281-006-0042-3 PMID: 16977404.

7. Fauci AS, Marovich MA, Dieffenbach CW, Hunter E, Buchbinder SP. Immunology. Immune activation

with HIV vaccines. Science. 2014; 344(6179):49–51. https://doi.org/10.1126/science.1250672 PMID:

24700849; PubMed Central PMCID: PMCPMC4414116.

8. Fuchs JD, Frank I, Elizaga ML, Allen M, Frahm N, Kochar N, et al. First-in-Human Evaluation of the

Safety and Immunogenicity of a Recombinant Vesicular Stomatitis Virus Human Immunodeficiency

Virus-1 gag Vaccine (HVTN 090). Open Forum Infect Dis. 2015; 2(3):ofv082. https://doi.org/10.1093/

ofid/ofv082 ofv082 [pii]. PMID: 26199949

9. Agnandji ST, Huttner A, Zinser ME, Njuguna P, Dahlke C, Fernandes JF, et al. Phase 1 Trials of rVSV

Ebola Vaccine in Africa and Europe. N Engl J Med. 2016; 374(17):1647–60. https://doi.org/10.1056/

NEJMoa1502924 PMID: 25830326; PubMed Central PMCID: PMCPMC5490784.

10. Henao-Restrepo AM, Longini IM, Egger M, Dean NE, Edmunds WJ, Camacho A, et al. Efficacy and

effectiveness of an rVSV-vectored vaccine expressing Ebola surface glycoprotein: interim results from

the Guinea ring vaccination cluster-randomised trial. Lancet. 2015; 386(9996):857–66. https://doi.org/

10.1016/S0140-6736(15)61117-5 PMID: 26248676.

11. Regules JA, Beigel JH, Paolino KM, Voell J, Castellano AR, Munoz P, et al. A Recombinant Vesicular

Stomatitis Virus Ebola Vaccine—Preliminary Report. N Engl J Med. 2015. https://doi.org/10.1056/

NEJMoa1414216 PMID: 25830322

12. Huttner A, Dayer JA, Yerly S, Combescure C, Auderset F, Desmeules J, et al. The effect of dose on the

safety and immunogenicity of the VSV Ebola candidate vaccine: a randomised double-blind, placebo-

controlled phase 1/2 trial. Lancet Infect Dis. 2015; 15(10):1156–66. https://doi.org/10.1016/S1473-3099

(15)00154-1 PMID: 26248510.

13. Babiuk S, Baca-Estrada ME, Foldvari M, Middleton DM, Rabussay D, Widera G, et al. Increased gene

expression and inflammatory cell infiltration caused by electroporation are both important for improving

the efficacy of DNA vaccines. J Biotechnol. 2004; 110(1):1–10. https://doi.org/10.1016/j.jbiotec.2004.

01.015 PMID: 15099900.

14. Babiuk S, Baca-Estrada ME, Foldvari M, Storms M, Rabussay D, Widera G, et al. Electroporation

improves the efficacy of DNA vaccines in large animals. Vaccine. 2002; 20(27–28):3399–408. PMID:

12213410.

15. Chang DC, Reese TS. Changes in membrane structure induced by electroporation as revealed by

rapid-freezing electron microscopy. Biophys J. 1990; 58(1):1–12. https://doi.org/10.1016/S0006-3495

(90)82348-1 PMID: 2383626; PubMed Central PMCID: PMCPMC1280935.

16. Murakami T, Sunada Y. Plasmid DNA gene therapy by electroporation: principles and recent advances.

Curr Gene Ther. 2011; 11(6):447–56. PMID: 22023474.

17. Keating A, Toneguzzo F. Gene transfer by electroporation: a model for gene therapy. Prog Clin Biol

Res. 1990; 333:491–8. PMID: 2308997.

18. Featherstone C. Electroporation: an effective technique for drug delivery and gene therapy. Am Bio-

technol Lab. 1993; 11(8):16. PMID: 7763828.

19. Matthews KE, Dev SB, Toneguzzo F, Keating A. Electroporation for gene therapy. Methods Mol Biol.

1995; 48:273–80. https://doi.org/10.1385/0-89603-304-X:273 PMID: 8528398.

20. Aihara H, Miyazaki J. Gene transfer into muscle by electroporation in vivo. Nat Biotechnol. 1998; 16

(9):867–70. https://doi.org/10.1038/nbt0998-867 PMID: 9743122

21. Heller LC, Heller R. Electroporation gene therapy preclinical and clinical trials for melanoma. Curr Gene

Ther. 2010; 10(4):312–7. PMID: 20557286.

22. Zhu S, Lee DA, Li S. IL-12 and IL-27 sequential gene therapy via intramuscular electroporation delivery

for eliminating distal aggressive tumors. J Immunol. 2010; 184(5):2348–54. https://doi.org/10.4049/

jimmunol.0902371 PMID: 20139275; PubMed Central PMCID: PMCPMC2824785.

23. Heller R, Shirley S, Guo S, Donate A, Heller L. Electroporation based gene therapy—from the bench to

the bedside. Conf Proc IEEE Eng Med Biol Soc. 2011; 2011:736–8. https://doi.org/10.1109/IEMBS.

2011.6090167 PMID: 22254415.

24. Vasan S, Hurley A, Schlesinger SJ, Hannaman D, Gardiner DF, Dugin DP, et al. In vivo electroporation

enhances the immunogenicity of an HIV-1 DNA vaccine candidate in healthy volunteers. PLoS ONE.

2011; 6(5):e19252. https://doi.org/10.1371/journal.pone.0019252 PONE-D-11-02192 [pii]. PMID:

21603651

25. Dolter KE, Evans CF, Ellefsen B, Song J, Boente-Carrera M, Vittorino R, et al. Immunogenicity, safety,

biodistribution and persistence of ADVAX, a prophylactic DNA vaccine for HIV-1, delivered by in vivo

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 20 / 22

https://doi.org/10.1007/s00281-006-0042-3
https://doi.org/10.1007/s00281-006-0042-3
http://www.ncbi.nlm.nih.gov/pubmed/16977404
https://doi.org/10.1126/science.1250672
http://www.ncbi.nlm.nih.gov/pubmed/24700849
https://doi.org/10.1093/ofid/ofv082
https://doi.org/10.1093/ofid/ofv082
http://www.ncbi.nlm.nih.gov/pubmed/26199949
https://doi.org/10.1056/NEJMoa1502924
https://doi.org/10.1056/NEJMoa1502924
http://www.ncbi.nlm.nih.gov/pubmed/25830326
https://doi.org/10.1016/S0140-6736(15)61117-5
https://doi.org/10.1016/S0140-6736(15)61117-5
http://www.ncbi.nlm.nih.gov/pubmed/26248676
https://doi.org/10.1056/NEJMoa1414216
https://doi.org/10.1056/NEJMoa1414216
http://www.ncbi.nlm.nih.gov/pubmed/25830322
https://doi.org/10.1016/S1473-3099(15)00154-1
https://doi.org/10.1016/S1473-3099(15)00154-1
http://www.ncbi.nlm.nih.gov/pubmed/26248510
https://doi.org/10.1016/j.jbiotec.2004.01.015
https://doi.org/10.1016/j.jbiotec.2004.01.015
http://www.ncbi.nlm.nih.gov/pubmed/15099900
http://www.ncbi.nlm.nih.gov/pubmed/12213410
https://doi.org/10.1016/S0006-3495(90)82348-1
https://doi.org/10.1016/S0006-3495(90)82348-1
http://www.ncbi.nlm.nih.gov/pubmed/2383626
http://www.ncbi.nlm.nih.gov/pubmed/22023474
http://www.ncbi.nlm.nih.gov/pubmed/2308997
http://www.ncbi.nlm.nih.gov/pubmed/7763828
https://doi.org/10.1385/0-89603-304-X:273
http://www.ncbi.nlm.nih.gov/pubmed/8528398
https://doi.org/10.1038/nbt0998-867
http://www.ncbi.nlm.nih.gov/pubmed/9743122
http://www.ncbi.nlm.nih.gov/pubmed/20557286
https://doi.org/10.4049/jimmunol.0902371
https://doi.org/10.4049/jimmunol.0902371
http://www.ncbi.nlm.nih.gov/pubmed/20139275
https://doi.org/10.1109/IEMBS.2011.6090167
https://doi.org/10.1109/IEMBS.2011.6090167
http://www.ncbi.nlm.nih.gov/pubmed/22254415
https://doi.org/10.1371/journal.pone.0019252
http://www.ncbi.nlm.nih.gov/pubmed/21603651
https://doi.org/10.1371/journal.pone.0202753


electroporation. Vaccine. 2011; 29(4):795–803. https://doi.org/10.1016/j.vaccine.2010.11.011 PMID:

21094270.

26. Kalams SA, Parker SD, Elizaga M, Metch B, Edupuganti S, Hural J, et al. Safety and comparative

immunogenicity of an HIV-1 DNA vaccine in combination with plasmid interleukin 12 and impact of intra-

muscular electroporation for delivery. J Infect Dis. 2013; 208(5):818–29. doi: jit236 [pii]; https://doi.org/

10.1093/infdis/jit236 PMID: 23840043

27. Haidari G, Cope A, Miller A, Venables S, Yan C, Ridgers H, et al. Combined skin and muscle vaccina-

tion differentially impact the quality of effector T cell functions: the CUTHIVAC-001 randomized trial. Sci

Rep. 2017; 7(1):13011. https://doi.org/10.1038/s41598-017-13331-1 PMID: 29026141; PubMed Cen-

tral PMCID: PMCPMC5638927.

28. Yamashita YI, Shimada M, Hasegawa H, Minagawa R, Rikimaru T, Hamatsu T, et al. Electroporation-

mediated interleukin-12 gene therapy for hepatocellular carcinoma in the mice model. Cancer Res.

2001; 61(3):1005–12. PMID: 11221826.

29. Egan MA, Chong SY, Megati S, Montefiori DC, Rose NF, Boyer JD, et al. Priming with plasmid DNAs

expressing interleukin-12 and simian immunodeficiency virus gag enhances the immunogenicity and

efficacy of an experimental AIDS vaccine based on recombinant vesicular stomatitis virus. AIDS Res

Hum Retroviruses. 2005; 21(7):629–43. https://doi.org/10.1089/aid.2005.21.629 PMID: 16060834.

30. Afonso LC, Scharton TM, Vieira LQ, Wysocka M, Trinchieri G, Scott P. The adjuvant effect of interleu-

kin-12 in a vaccine against Leishmania major. Science. 1994; 263(5144):235–7. PMID: 7904381

31. Kalams SA, Parker S, Jin X, Elizaga M, Metch B, Wang M, et al. Safety and immunogenicity of an HIV-1

gag DNA vaccine with or without IL-12 and/or IL-15 plasmid cytokine adjuvant in healthy, HIV-1 unin-

fected adults. PLoS ONE. 2012; 7(1):e29231. https://doi.org/10.1371/journal.pone.0029231 PONE-D-

11-15081 [pii]. PMID: 22242162

32. Gherardi MM, Ramirez JC, Rodriguez D, Rodriguez JR, Sano G, Zavala F, et al. IL-12 delivery from

recombinant vaccinia virus attenuates the vector and enhances the cellular immune response against

HIV-1 Env in a dose-dependent manner. J Immunol. 1999; 162(11):6724–33. PMID: 10352291.

33. Lee K, Overwijk WW, O’Toole M, Swiniarski H, Restifo NP, Dorner AJ, et al. Dose-dependent and

schedule-dependent effects of interleukin-12 on antigen-specific CD8 responses. J Interferon Cytokine

Res. 2000; 20(6):589–96. https://doi.org/10.1089/10799900050044787 PMID: 10888115; PubMed

Central PMCID: PMCPMC2078235.

34. Li SS, Kochar NK, Elizaga M, Hay CM, Wilson GJ, Cohen KW, et al. DNA priming increases frequency

of T-cell responses to a VSV HIV vaccine with specific enhancement of CD8+ T-cell responses by IL-12

pDNA. Clin Vaccine Immunol. 2017. https://doi.org/10.1128/CVI.00263-17 PMID: 28931520.

35. Egan MA, Megati S, Roopchand V, Garcia-Hand D, Luckay A, Chong SY, et al. Rational design of a

plasmid DNA vaccine capable of eliciting cell-mediated immune responses to multiple HIV antigens in

mice. Vaccine. 2006; 24(21):4510–23. https://doi.org/10.1016/j.vaccine.2005.08.024 PMID: 16140439

36. Mpendo J, Mutua G, Nyombayire J, Ingabire R, Nanvubya A, Anzala O, et al. A Phase I Double Blind,

Placebo-Controlled, Randomized Study of the Safety and Immunogenicity of Electroporated HIV DNA

with or without Interleukin 12 in Prime-Boost Combinations with an Ad35 HIV Vaccine in Healthy HIV-

Seronegative African Adults. PLoS ONE. 2015; 10(8):e0134287. https://doi.org/10.1371/journal.pone.

0134287 PONE-D-15-12271 [pii]. PMID: 26252526

37. Cooper D, Wright KJ, Calderon PC, Guo M, Nasar F, Johnson JE, et al. Attenuation of recombinant

vesicular stomatitis virus-human immunodeficiency virus type 1 vaccine vectors by gene translocations

and g gene truncation reduces neurovirulence and enhances immunogenicity in mice. J Virol. 2008; 82

(1):207–19. doi: JVI.01515-07 [pii]; https://doi.org/10.1128/JVI.01515-07 PMID: 17942549

38. Haefeli M, Elfering A. Pain assessment. Eur Spine J. 2006; 15 Suppl 1:S17–24. https://doi.org/10.1007/

s00586-005-1044-x PMID: 16320034; PubMed Central PMCID: PMCPMC3454549.

39. Folstein MF, Folstein SE, Mchugh PR. Mini-Mental State—Practical Method for Grading Cognitive

State of Patients for Clinician. Journal of Psychiatric Research. 1975; 12(3):189–98. PMID: 1202204

40. Hensley TR, Easter AB, Gerdts SE, De Rosa SC, Heit A, McElrath MJ, et al. Enumeration of major

peripheral blood leukocyte populations for multicenter clinical trials using a whole blood phenotyping

assay. J Vis Exp. 2012;(67):e4302. doi: 4302 [pii]; https://doi.org/10.3791/4302 PMID: 23007739

41. Hensley-McBain T, Heit A, De Rosa SC, McElrath MJ, Andersen-Nissen E. Optimization of a whole

blood phenotyping assay for enumeration of peripheral blood leukocyte populations in multicenter clini-

cal trials. J Immunol Methods. 2014. doi: S0022-1759(14)00184-7 [pii]; https://doi.org/10.1016/j.jim.

2014.06.002 PMID: 24925805

42. Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics. 1982; 38(4):963–74.

PMID: 7168798.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 21 / 22

https://doi.org/10.1016/j.vaccine.2010.11.011
http://www.ncbi.nlm.nih.gov/pubmed/21094270
https://doi.org/10.1093/infdis/jit236
https://doi.org/10.1093/infdis/jit236
http://www.ncbi.nlm.nih.gov/pubmed/23840043
https://doi.org/10.1038/s41598-017-13331-1
http://www.ncbi.nlm.nih.gov/pubmed/29026141
http://www.ncbi.nlm.nih.gov/pubmed/11221826
https://doi.org/10.1089/aid.2005.21.629
http://www.ncbi.nlm.nih.gov/pubmed/16060834
http://www.ncbi.nlm.nih.gov/pubmed/7904381
https://doi.org/10.1371/journal.pone.0029231
http://www.ncbi.nlm.nih.gov/pubmed/22242162
http://www.ncbi.nlm.nih.gov/pubmed/10352291
https://doi.org/10.1089/10799900050044787
http://www.ncbi.nlm.nih.gov/pubmed/10888115
https://doi.org/10.1128/CVI.00263-17
http://www.ncbi.nlm.nih.gov/pubmed/28931520
https://doi.org/10.1016/j.vaccine.2005.08.024
http://www.ncbi.nlm.nih.gov/pubmed/16140439
https://doi.org/10.1371/journal.pone.0134287
https://doi.org/10.1371/journal.pone.0134287
http://www.ncbi.nlm.nih.gov/pubmed/26252526
https://doi.org/10.1128/JVI.01515-07
http://www.ncbi.nlm.nih.gov/pubmed/17942549
https://doi.org/10.1007/s00586-005-1044-x
https://doi.org/10.1007/s00586-005-1044-x
http://www.ncbi.nlm.nih.gov/pubmed/16320034
http://www.ncbi.nlm.nih.gov/pubmed/1202204
https://doi.org/10.3791/4302
http://www.ncbi.nlm.nih.gov/pubmed/23007739
https://doi.org/10.1016/j.jim.2014.06.002
https://doi.org/10.1016/j.jim.2014.06.002
http://www.ncbi.nlm.nih.gov/pubmed/24925805
http://www.ncbi.nlm.nih.gov/pubmed/7168798
https://doi.org/10.1371/journal.pone.0202753


43. Zak D, Andersen-Nissen E, Peterson E, Sato A, Hamilton M, Bogerding J, et al. Merck Ad5/HIV induces

broad innate immune activation that predicts CD8+ T-cell responses but is attenuated by preexisting

Ad5 immunity. Proc Natl Acad Sci U S A2012.

44. Faguet GB. The effect of killed influenza virus vaccine on the kinetics of normal human lymphocytes. J

Infect Dis. 1981; 143(2):252–8. PMID: 7217721.

45. Muturi-Kioi V, Lewis D, Launay O, Leroux-Roels G, Anemona A, Loulergue P, et al. Neutropenia as an

Adverse Event following Vaccination: Results from Randomized Clinical Trials in Healthy Adults and

Systematic Review. PLoS One. 2016; 11(8):e0157385. https://doi.org/10.1371/journal.pone.0157385

PMID: 27490698; PubMed Central PMCID: PMCPMC4974007.

Safety of DNA electroporation prime and VSV HIV Gag vaccine boost

PLOS ONE | https://doi.org/10.1371/journal.pone.0202753 September 20, 2018 22 / 22

http://www.ncbi.nlm.nih.gov/pubmed/7217721
https://doi.org/10.1371/journal.pone.0157385
http://www.ncbi.nlm.nih.gov/pubmed/27490698
https://doi.org/10.1371/journal.pone.0202753

