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Background

• To cure HIV, we need a better understanding of the distribution of
HIV reservoirs throughout the many compartments of the body
outside of the blood.
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Objective

Conclusions

Ø Higher diversity in the genital compartment suggests
distinct evolutionary dynamics.

Ø Unique viral populations are observed in seminal plasma
Ø Reservoirs in all anatomic compartments need to be

actively targeted to achieve a complete functional cure.
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Results

Legend. HIV RNA Rebound after ART interruption in blood (red) and
seminal plasma (blue).
Participant ID1-4 were randomized to the placebo group. Participants
ID5-12 were randomized in the vaccine group.

Compared to blood, HIV RNA rebound in semen 
occurred significantly later (median of 66 versus 
42 days post ART interruption) and reached 
lower levels (164 versus 16,224 copies/ml).

To determine if HIV reservoirs in the male genital tract contribute
to viral rebound after antiretroviral therapy (ART) interruption.

component of the vaccine uses an attenuated recombinant vesicular
stomatitis virus (rVSVN4CT1) vector encoding HIV gag. Wild-type
VSV rarely causes infections in humans; thus, the use of an attenuated
rVSVN4CT1 vectorminimized any interference of pre-existing immune
responses in study subjects. Finally, we limited enrollment to subjects
who begin ART during the acute or early phase of HIV infection. Com-
pared to individuals who initiated ART during the chronic phase of HIV
infection, those treated during early infection may be more likely to re-
spond to therapeutic vaccination because of relatively preserved immune
function and a smaller reservoir of persistently infectedCD4+T cell (9, 16).

RESULTS
Study participants
Between September 2013 and February 2015, a total of 31HIV-infected
subjects from theUnited States andCanadawere enrolled and random-
ized. One subject withdrew from the study before completing the vac-
cine phase andwas not included in the primary or secondary endpoint
analysis. A total of 30 subjects completed the vaccine phase of the
study (Fig. 1A). The duration of ART before study enrollment
showed a trend toward a longer period of treatment in the placebo
group (P = 0.058). Otherwise, the two study arms were balanced at
baseline (Table 1).

Safety
HIV-MAGpDNA, IL-12 pDNA vaccine, or placebo priming injections
were administered at study weeks 0, 4, 12, and 36. The rVSVN4CT1gag

booster vaccine or placebo injections were administered at study weeks
24 and 48 (Fig. 1B andMaterials and Methods). The vaccinations were
well tolerated, with the most common adverse events (AEs) being tran-
sient (<48 hours) grade 1 pain or tenderness at the injection site and
mild-to-moderate (grade 1 or 2) transient reactogenicity symptoms (fa-
tigue, myalgia, and arthralgia; table S1). No subject discontinued partic-
ipation in the study because of vaccine-relatedAE. Therewas no grade 3
or higher AE including serious AEs (SAEs) that were judged possibly,
probably, or definitely related to the study injections.

Antiretroviral treatment interruption
Figure 2A shows the level of longitudinal plasma viremia of each study
participant in the vaccine (n = 14) and placebo (n = 15) groups during
the analytical treatment interruption (ATI) phase. One subject in the
placebo arm was lost to follow-up before entering the treatment inter-
ruption phase and did not contribute to the virologic endpoint analysis.
Thus, 29 subjects discontinued ART at study week 56 and contributed
to the virologic endpoint analysis. The efficacy endpoint of plasma viral
load at the end of ART interruption was very similar in the two study
arms (Fig. 2, A and B). The median plasma viral loads were 4932 and
3170 copies/ml in the vaccine and placebo arms, respectively (P =
0.406). Five subjects in the vaccine arm and one subject in the placebo
armmet protocol criteria to restart ARTbefore the protocol-defined end
of the ART interruption phase at study week 72, which was 16 weeks
after the interruption of ART (P = 0.042; Fig 2C). One additional subject
in theplaceboarmbecameconcernedabouthis viral load (15,442copies/ml),
broke protocol, and restartedARTbefore the scheduled endof the treatment

interruption phase. There was no evidence
for differences between the vaccine and
placebo arms in post hoc analyses that in-
cluded time fromcessation ofART to viral
loads of≥40 copies/ml (median, 28 versus
28days;P=0.644; Fig. 2C) and≥400 copies/
ml (median, 28 versus 30 days; P =0.402;
Fig. 2C) or the proportion of protocol
visits with viral load of <400 copies/ml
(P = 0.894; Fig. 2D). Figure 2E depicts
the pattern of CD4+ T cell counts across
three time points: baseline, end of the
treatment interruption, and end of study.
This pattern was significantly different
between the two arms (P = 0.019), with
the difference driven by a greater decrease
in CD4+ T cell count from the baseline to
the end of the treatment interruption in
the vaccine arm. The difference in CD4+

T cell counts between study arms was no
longer apparent at the end-of-study time
point, likely reflecting the effect of restart-
ing ART.

One subject (number 31) in the vaccine
arm and three subjects (numbers 04, 17,
and 30) in the placebo arm exhibited sup-
pression of viremia to <40 copies/ml at
the end of the 16-week ART interruption
phase (Fig. 2B and fig. S1). In addition,
two subjects (number 10 in the vaccine
arm and number 9 in the placebo arm)
had viral loads of <400 copies/ml at the

Fig. 1. Trial design. (A) Consolidated Standards of Reporting Trials (CONSORT) flow diagram for the trial. CONSORT
diagram delineates the study enrollment of 31 subjects who underwent randomization to the placebo or vaccine groups.
(B) Schematics of study design. Blue arrows indicate time of HIV plasmid DNA (pDNA)/IL-12 or placebo administration. Red
arrows indicate time of HIV rVSV gag or placebo administration. ART, antiretroviral therapy.
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Vaccine had no effect on kinetics and magnitude of HIV RNA rebound in blood plasma 
(Sneller et al, STM 2017). 

Population Characteristics

Characteristics N=12
Age (years) 42 (24-54) 
Gender: male 12 (100%) 
Ethnicity: white 6 (50%)
Time from EDI to ART (days) 25 (3-73)
ART exposure (years) 3.5 (2-13) 
CD4+ T cell counts/μl (after rebound) 510 (390-1430) 

median (range) / absolute number (%)

Despite ART started during early 
infection, HIV diversity was higher in 
semen compared to blood in all three 
coding regions.

Paired sequence data were available for 5 participants.

Legend. Viral diversity (Shannon entropy) was assessed after adjusting for
haplotype frequency for all three regions in blood (red) and semen (blue).

Phylogenetic analysis confirmed the presence of compartment-
specific monophyletic HIV RNA populations in at least one HIV 
region in 2 out of the 5 participants in longitudinal time-points.
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Legend. Approximate maximum likelihood phylogenetic reconstruction of sequences generated from longitudinally
collected HIV-1 RNA Populations in blood and semen from 5 participants. HIV haplotypes above a minimal frequency
threshold of 0.01 were extracted from cleaned reads and were used to construct approximate maximum likelihood
phylogenies using FastTree (Price et al., 2009).

Sampling. Paired blood and semen were collected up to 9 longitudinal
time points after ART interruption.

Sequencing. Deep sequencing of C2-V3 env, gag and pol (MiSeq Illlumina ) was
performed on longitudinally collected paired blood and semen samples. Reads were
analyzed with purpose-built bioinformatics pipeline. Cleaned mapped reads were used to
reconstruct HIV haplotypes. The number of haplotypes strictly included the number of
distinct quasi-species or variants present in at least 1% or more in the viral population

Viral diversity. Intra-patient genetic diversity in each compartment was evaluated for
each subdomain/segment. The Shannon entropy index (S) was calculated using a
formula that accounts for both the number of distinct reads and their proportional
representation in the dataset.

Population: Twelve people
living with HIV (PLWH) who
began ART during acute or
early infection were enrolled in
a randomized, double-blind,
placebo-controlled clinical trial
of HIV-MAG DNA vaccine
prime, rVSVN4CT1gag booster
vaccine (NCT01859325).

Results

ENV POL GAG

Blood Plasma Seminal Plasma Blood Plasma Seminal Plasma Blood Plasma Seminal Plasma

0.001

0.002

Compartment

Sh
an

no
n 

En
tro

py

Compartment: Blood Plasma Seminal Plasma

ID9 ID10 ID11 ID12

ID5 ID6 ID7 ID8

ID1 ID2 ID3 ID4

0 50 100
150 0 50 100

150 0 50 100
150 0 10 20 30

0 25 50 75 100 0 25 50 75 100 0 50 100 0 50 100
150

0 25 50 75 100 0 20 40 60 80 0 50 100 0 20 40 60 80

2
3
4
5
6

2
3
4
5
6

2
3
4
5
6

Days from baseline

H
IV

 R
N

A
 L

ev
el

s 
(L

og
10

)
 

Compartment Blood Plasma Seminal Plasma

Legend: EDI: estimated date of infection, ART: antiretroviral therapy, numbers show 
median (range) or % as indicated.  

Study Design and Sampling P<0.01

P<0.01
P=0.06


