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Abstract
Introduction—Extensive observational data suggest that HSV-2 infection may facilitate HIV
acquisition, increase HIV viral load, and accelerate HIV progression and onward transmission. To
explore these relationships, we examined the impact of pre-existing HSV-2 infection in an
international HIV vaccine trial.

Methods—We analyzed the associations between prevalent HSV-2 infection and HIV-1
acquisition and progression among 1836 men who have sex with men (MSM). We used Cox
proportional hazards regression models to estimate the association between HSV-2 infection and
both HIV acquisition and ART initiation, and linear regression to explore the effect of HSV-2 on
pre-ART viral load.

Results—HSV-2 infection increased risk of HIV-1 acquisition among all volunteers (adjusted
hazard ratio 2.2; 95% CI, 1.4 to 3.5). Adjusting for demographic variables, circumcision, Ad5 titer
and significant risk behaviors, the risk of HIV acquisition among HSV-2 infected placebo
recipients was three fold higher than HSV-2 seronegatives (hazard ratio 3.3; 95% CI, 1.6 to 6.9).
Past HSV-2 infection was associated with a 0.2 log10 copies/ml higher adjusted mean set point
viral load (95% CI, 0.3 lower to 0.6 higher). HSV-2 infection was not associated with time to ART
initiation.
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Conclusions—Among MSM in an HIV-1 vaccine trial, pre-existing HSV-2 infection was a
major risk factor for HIV acquisition. Past HSV-2 did not significantly increase HIV viral load or
early disease progression. HSV-2 seropositive persons will likely prove more difficult than HSV-2
seronegative persons to protect against HIV infection using vaccines or other prevention
strategies.
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Introduction
Herpes simplex virus type 2 (HSV-2) is a common, persistent sexually transmitted infection
(STI) and the leading cause of genital ulcer disease (GUD).1, 2 One in six adults worldwide
are infected,1 with seroprevalence estimates ranging from 17% of adult Americans3 to as
many as 30%–80% of women in sub-Saharan Africa2, and 40% of HIV-negative and 80% of
HIV-positive men who have sex with men (MSM) in Latin America.4 The major burden of
HSV-2 infection lies in frequent, recurrences - at least 80% of which are asymptomatic or
present with atypical symptoms.5 Emerging data suggest that short bursts of subclinical viral
shedding occur frequently, with higher levels of shedding as detected by DNA PCR on
about 20% of days.6–9 These frequent shedding episodes facilitate HSV-2 transmission and
may increase susceptibility to HIV infection in HSV-infected people by activating HIV
target cells in the genital tract.10–13

The interactions between HIV and HSV-2 exemplify the epidemiologic synergy that creates
a mutually reinforcing spiral of infection between HIV and other STIs.14 Numerous
observational studies from four continents suggest a 2–3 fold increased risk of HIV
acquisition associated with prevalent HSV-2 infection and an up to 7-fold increased risk
with incident HSV-2 infection.15, 16 Conversely, HIV-1 infection increases acquisition of
HSV-2 approximately 3–5-fold. 11, 17 Moreover, HIV-1/HSV-2 co-infected individuals may
exhibit a 0.30–0.55 log10 copies/ml higher HIV viral load than those without HSV-2 co-
infection, 18–21 which may translate to more rapid progression to AIDS and/or increased
HIV infectiousness for sexual partners.22–24 Despite this synergy, two randomized
controlled trials of suppressive HSV-2 therapy to prevent HIV acquisition and one to
prevent transmission have not demonstrated a significant effect of HSV-2 therapy to reduce
HIV acquisition.25–27 This may relate to the ineffectiveness of current antiviral regimens in
preventing viral reactivation from sacral nerve root ganglia and the resultant persistence of
HIV receptor positive cells in the genital mucosa even with prolonged acyclovir therapy.28

The Step Study was a multicenter, double-blind, randomized, placebo-controlled test-of-
concept trial to assess the efficacy of a cell-mediated HIV-1 adenovirus 5 vectored vaccine
(MRKAd5).29 A key question that emerged from the trial was whether HSV-2 infection
modified vaccine effect on acquisition, particularly among uncircumcised men who had
preexisting immunity to the Ad5 vector. The Step Study also provided a unique opportunity
to analyze the role of HSV-2 infection in HIV acquisition and disease progression and as a
potential modifier of vaccine effect among MSM in the Americas and Australia. Therefore,
we explored the epidemiology of HSV-2 infection and evaluated its impact on HIV
incidence, viral load and time to ART initiation among Step Study participants.
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Methods
Study design and population

We analyzed HSV-2 associations in the Step Study cohort, which has been described
previously.29 Briefly, from December 2004, 3000 HIV-1 negative 18 to 45 year old
volunteers at high risk for HIV-1 infection from 34 sites in the Americas, the Caribbean and
Australia were randomized to receive either 3 doses of the MRKAd5 HIV-1 vaccine or
placebo. Randomization was stratified by site, gender and baseline Ad5 titer. Volunteers had
clinical evaluations and risk reduction counseling at each visit (day 1, weeks 2, 4, 8, 12, 26,
30, 52, and every 26 weeks thereafter) with HIV-1 testing on day 1, week 12 and all
subsequent visits (except week 26). Baseline HSV-2 testing was performed on day 1 or
weeks 2 or 4 samples. Self-reported sexual risk behaviors, drug use and STIs were evaluated
at screening and every 26 weeks thereafter using standardized interviewer-administered
questionnaires. Vaccinations in the study were stopped early, in September 2007, and study
volunteers were subsequently unblinded to their treatment assignment when pre-specified
non-efficacy criteria were met at the first interim analysis. Analysis of the 1,836 male Step
trial participants demonstrated that the vaccine did not prevent HIV acquisition or reduce
early viral load.29 Exploratory analyses showed a trend towards higher HIV incidence in
subgroups of the vaccinees: HIV incidence was higher among men with pre-existing
immunity to Ad5 (hazard ratio comparing vaccine and placebo 2.3; 95% CI, 1.2 to 4.3) and
among uncircumcised men (hazard ratio comparing vaccine and placebo, 3.8; 95% CI, 1.5 to
9.3) at 18 months – this trend waned over time 30. The current analysis also focuses on these
1,836 high risk men (there was one infection among women), of whom >96% reported sex
with men. Of the 1,836 men, 922 received placebo and 914 received vaccine. Eighty-eight
of the men (36 placebo and 52 vaccine recipients) acquired HIV prior to October 17 2007,
after which trial volunteers were unblinded to the intervention. At the time of unblinding,
the majority, 1704/1836 or 93% of male volunteers received all three vaccinations, 96 (5%)
received two, and 36 (2%) received one vaccination. One volunteer initiated anti-retroviral
therapy (ART) prior to HIV seroconversion and is excluded from the time to ART initiation
and viral load analyses. Twenty eight (12 placebo and 16 vaccine recipients) of the
remaining 87 men initiated ART by March 23, 2009. The protocol did not specify criteria
for ART initiation. Primary care physicians initiated ART according to clinical judgment
and local guidelines, with some clinicians treating acute HIV infection. Other clinicians
followed ART guidelines from the United States Department of Health and Human
Services31, the World Health Organization32 or the International AIDS Society-USA33.

Volunteers underwent a thorough written informed consent process. The study protocol was
approved by the ethics review committee of each site and was conducted according to
relevant local and national requirements. The Step Study is registered with
ClinicalTrials.gov, number NCT00095576.

Laboratory methods
Baseline HSV-2 was diagnosed by Western blot (WB) at the University of Washington
Diagnostic Virology Laboratory. A gold standard HSV assay since the mid 1980s, WB can
identify subtype-specific antibodies (HSV-1 only, HSV-2 only, and HSV-1 and HSV-2) in
95 to 98% of samples.34 We excluded from analysis 10 (0.3%) samples with an
undetermined result that could not be resolved by a retest on a subsequent specimen
collected less than 8 weeks after the first vaccination.

HIV was diagnosed by immunoassay, with WB and RNA (Amplicor Monitor version 1.5,
Roche, Basel, Switzerland) assay confirmation on the original and confirmatory
specimens.29 If HIV was diagnosed at any visit, stored plasma was tested from earlier time
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points to accurately time the onset of HIV-1 infection. All cases were unanimously
confirmed by a blinded endpoint adjudication committee. Ad5 titers were measured by a
dilution assay based on serum inhibition of adenovirus infection.

Statistical analysis
Both direction stepwise procedures were used to select risk behavior variables that
contributed to improved model fitting in terms of the exact Akaike’s Information Criteria
(AIC) 35 in the analysis of HSV-2 sero-positivity and HIV acquisition. Observations with
missing information on HSV-2 (10 out of 1836) and other covariates were excluded in the
model selection procedure and in the final reported models. A two-sided p-value of 0.05 or
less was considered statistically significant.

In the analysis of HSV-2 data, we used logistic regression models to assess the association
of baseline HSV-2 sero-positivity with baseline demographic, clinical and behavioral
factors. These factors included age (<=30 or >30), region (North America and Australia or
Latin America and the Caribbean), race/ethnicity (white, black, Hispanic, Mestizo, multi-
racial or other), Ad5 titer (<=18 or >18), self-reported male circumcision (yes or no), and
risk behaviors such as drug use (yes or no), number of sex partners in the last six months
(<=4 or >4), unprotected receptive/insertive anal intercourse with partners of unknown,
seropositive and seronegative HIV infection status (yes or no). Data were analyzed using
Stata/SE 10.0.36

In the analysis of HIV acquisition data, the time-to-event variable in the survival analysis
was defined as time from first vaccination to the midpoint between the date of the last visit
with no evidence of HIV infection (HIV seronegative and HIV-1 plasma viral RNA
negative) and the date of the first serologic evidence of HIV-1 infection. For subjects who
never showed any evidence of HIV-1 infection before this dataset was closed, their time-to-
event variable was right censored on October 17, 2007. We used Kaplan Meier curves and
log-rank tests to display and assess the effect of HSV-2 univariately on the rate of HIV
acquisition among placebo recipients, and among all trial participants.

We used Cox proportional hazards regression models to estimate the association of baseline
HSV-2 seropositivity with HIV acquisition and ART initiation, with and without adjustment
of the aforementioned baseline covariates in addition to intervention assignment (vaccine or
placebo) and the interaction between intervention and male circumcision, when appropriate.
In addition to the baseline risk behaviors, we explored the impact of risk behaviors within 6
months prior to HIV infection. Proportional hazard assumptions were assessed with the
method described by Grambsch and Therneau.37

In the analysis of ART initiation, the time-to-event variable was defined as the time between
HIV- 1 diagnosis and initiation of ART. Subjects who did not initiate therapy were censored
at their last contact as of March, 2009. We used Kaplan Meier curves to display the effect of
HSV-2 univariately on the rate of ART initiation among all HIV seroconverters.

Analyses of pre-ART viral load focused on viral load “set point”, which was the numeric
average of week 8 and 12 post-infection values. Missing observations were imputed based
on previous viral load and CD4 measures, treatment assignment, HSV-2 status at baseline
and Ad5 seropositivity at baseline.38, 39 Associations between viral load set point and
HSV-2 status were assessed using linear regression models, where inference accounted for
the uncertainty in the imputed viral load values. Covariates plausibly associated with viral
load, or shown to be associated with acquisition in the Step study, were included as
covariates in the models for ART initiation and viral load.
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Results
Risk factors for HSV-2 infection

Baseline prevalence of HSV-2 antibodies among the 1,836 volunteers was 30%. Most (418)
HSV-2 infected individuals were both HSV-1 and HSV-2 seropositive, while 128 were
HSV-2 positive only. In univariate analysis, HSV-2 prevalence was balanced between
placebo and vaccine male recipients (31% and 29%, respectively). Regional variation was
striking, with HSV-2 prevalence of 42% in Latin America and the Caribbean and 23% in
North America and Australia. All of the 19 baseline factors that were examined exhibited a
significant association with HSV-2 sero-positivity, except self reported STD and GUD
which were rare in the cohort (Appendix Table 1). In multivariate analysis, HSV-2 infection
at baseline was significantly more common among volunteers who were older (≥30 years),
black, Hispanic, Mestizo or multi-racial (borderline significant), reported having more than
4 male partners, or reported unprotected insertive or receptive anal sex during the 6 months
prior to vaccination (Table 1). Circumcision was associated with a borderline significant
reduction (p value = 0.07) in HSV-2 infection among MSM in the Step Study (odds ratio
0.7; 95% CI, 0.5 to 1.0); the association was stronger (p = 0.003; odds ratio 0.63; 95% CI,
0.47 to 0.85) when region was not included in the multivariate model due to the high
correlation between circumcision status and region in the study population.

Effect of HSV-2 infection on HIV acquisition
Among the 88 men who acquired HIV prior to October 17, 2007, there were 33 HSV-2
seronegative vaccinees, 18 HSV-2 seronegative placebos, 19 HSV seropositive vaccines and
17 sero-positive placebos. For the cohort of 1,836 male volunteers, the median follow-up
time before infection was 384 (range: 0 to 939) days overall, 386 (0 to 920) days for HSV-2
sero-negative vaccinees, 397 (0 to 915) days for HSV-2 sero-negative placebos, 379 (0 to
939) days for HSV-2 sero-positive vaccinees and 369 (0 to 919) days for HSV-2 sero-
positive placebos.

Pre-existing HSV-2 antibodies were associated with increased HIV-1 acquisition both
among placebo recipients (log-rank p=0.019; Figure 1a) and among all trial participants
(p=0.009; Figure 1b). Among placebo recipients, in the univariate Cox model, the hazard
ratio of HIV acquisition for HSV-2 seropositive compared with HSV-2 seronegative
volunteers was 2.2 (95% CI, 1.1 to 4.2). In multivariate Cox models, no significant
interactions were found between HSV-2 infection and preexisting Ad5 immunity or
circumcision. Adjusting for demographic variables, circumcision status, Ad5 titer and
significant risk behaviors, the risk of HIV acquisition among placebo recipients with
baseline HSV-2 infection was more than three times that observed among those without
HSV-2 infection (hazard ratio 3.3; 95% CI, 1.6 to 6.9; Table 2a). Recent risk behaviors (in
the 6 months prior to infection or the last visit) did not change the association between
HSV-2 and HIV acquisition and were not included in the final model.

When both placebo and vaccine recipients were considered in the univariate Cox model,
HSV-2 infection had a similar impact on HIV acquisition (unadjusted hazard ratio 1.7; 95%
CI, 1.1 to 2.7). No significant interactions between HSV-2 infection and Ad5 immunity,
circumcision or exposure to the vaccine were observed, however, consistent with previously
reported findings,29 a significant interaction was detected between circumcision and receipt
of vaccine (p=0.013). After adjusting for all of these variables, the circumcision-vaccine
interaction and risk behaviors selected from the stepwise model selection procedure, HSV-2
remained associated with an increased risk of HIV acquisition (adjusted hazard ratio 2.2;
95% CI, 1.4 to 3.5; Table 2b). In addition, young age (<30 years), location in North America
or Australia, reporting unprotected insertive or receptive anal sex 6 months prior to

Barnabas et al. Page 5

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2012 September 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



vaccination (at baseline), speed use within 6 months prior to infection or last visit, and
receiving vaccine if uncircumcised were independent predictors of HIV sero-conversion.
Among recent risk behaviors, only speed use in the 6 months prior to infection or the last
visit was significantly associated with HIV acquisition. However this risk behavior did not
change the association between prevalent HSV-2 infection and HIV acquisition. In analyses
of HIV acquisition among vaccinees compared with placebo recipients stratified by
circumcision status and Ad5 sero-positivity, adjustment for baseline HSV-2 infection did not
alter the risk of HIV acquisition associated with the vaccine.

Effect of HSV-2 infection on HIV viral load and time to ART initiation
Viral load set point was not significantly different between HSV-2 seropositive and HSV-2
seronegative HIV-1 seroconverters. Viral load measurements were missing at either week 8
or 12 for 47% of cases and were imputed. Of those missing values, 59% were due to missed
visits, 17% to ART initiation, and 24% to study dropout. Using univariate linear regression
models, mean set point viral load was 0.3 log10 copies/ml higher among HSV-2
seropositives than seronegatives (95% CI, 0.1 lower to 0.7 higher, Figure S1). Adjusting for
study arm, region, circumcision status, age, race/ethnicity, Ad5 immunity, and HLA group
reduced the effect (0.2 log10 copies/ml higher mean set point in HSV-2 seropositives; 95%
CI, 0.3 lower to 0.6 higher). No significant interaction was identified between HSV-2
serostatus and vaccine exposure (p = 0.17). No difference in viral load trajectory was
observed by HSV-2 serostatus in the placebo or vaccine groups (data not shown).

Of the 87 men studied in the post-infection analyses, 28 initiated ART (11 of 33 HSV2
negative vaccinees, 6 of 18 HSV2 negative placebos, 5 of 19 HSV2 positive vaccinees, and
6 of 16 HSV2 positive placebos). The median number of days between HIV diagnosis and
ART initiation or censoring was 249 (range: 27 to 770) for HSV2 negative vaccinees; 315
(36 to 550) for HSV2 negative placebos; 61 (52 to 228) for HSV2 positive vaccinees; 289
(89 to 422) for HSV2 positive placebos. Of the 28 men who initiated ART, 24 were in the
United States, 3 in Canada and 1 in Peru.

Pre-existing HSV-2 infection did not significantly alter time to ART initiation among HIV-1
infected participants by Kaplan Meier analysis in either arm of the trial (Figure 2). Similarly,
using a Cox regression model, among all trial participants, HSV-2 infected volunteers were
not significantly more likely than those who were HSV-2 uninfected to initiate ART (hazard
ratio adjusted for Ad5 immunity, region, circumcision status, age, race, HLA group and
treatment assignment 1.3; 95% CI, 0.5 to 3.2). There was no significant interaction between
HSV-2 status and vaccine exposure (p = 0.47).

Discussion
We found that pre-existing HSV-2 infection was a frequent and important risk factor for
HIV acquisition among MSM participating in a randomized controlled trial of the MRKAd5
HIV-1 vaccine from 34 sites in the Americas and Australia but did not significantly increase
HIV viral load or early HIV disease progression (as measured by ART initiation) among
seroconverters. Furthermore, HSV-2 infection did not alter the effect of the vaccine
candidate on HIV acquisition, viral load or progression. These data suggest that future HIV
vaccine trials or other HIV prevention trials associated with HIV prevention should take
prior HSV-2 infection into account in study design and analysis.

Our findings support and extend data from prior studies of the epidemiology of HSV-2
among MSM. The 30% overall prevalence of HSV-2 infection in this cohort of high risk
MSM reflects substantial regional heterogeneity, with HSV-2 prevalence in Latin America
and the Caribbean being almost twice that in North America and Australia. These findings
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are consistent with previously documented HSV-2 prevalences among HIV negative MSM
in the US and Peru.4, 40 Older age, non-white race/ethnicity, and risky sexual behavior are
also well recognized HSV-2 risk factors in previous studies among MSM in the
Americas.4, 41

This is the first study to our knowledge showing that circumcision is associated with a
decreased risk of HSV-2 infection in a cross-sectional cohort of MSM. The 30% reduction
in HSV-2 seropositivity among circumcised MSM is consistent with a meta-analysis and
recent results from randomized controlled trials among heterosexual men which indicate that
circumcision may reduce HSV-2 incidence by up to a third.16, 42, 43 Among MSM, a recent
meta-analysis of observational circumcision studies showed no reduction in non-HIV STIs
as a combined study outcome, and the three studies that specifically addressed HSV-2
infection also demonstrated no protective effect.44–47 However, of these previous studies,
one study used history of genital ulcer disease as the indicator for herpes infection 45 and the
other two studies that used HSV-2 serology involved small numbers of circumcised men
(82/1306 or 6%)46 and did not adjust for potential confounders47 such as ethnicity, which
may have reduced their power to demonstrate an effect.48 The effect of circumcision on
HSV-2 acquisition among MSM is complex and further research is needed to verify our
findings and estimate the level of protection conferred to insertive and receptive partners.

Preexisting HSV-2 infection was one of the strongest risk factors for HIV acquisition both
alone and after accounting for other risk factors among placebo and vaccine recipients in the
Step Study. This effect persisted after adjusting for baseline and recent risk behaviors. The 2
to 3-fold increase in HIV risk in this MSM cohort confirms previous observations with
prevalent HSV-2 infection in MSM and heterosexuals.4, 11, 15, 41, 49 HSV-2 infection may
increase HIV acquisition by genital mucosal disruption that creates a portal of entry for HIV,
persistent HIV target cell recruitment, and/or activation and cytokine release which
stimulates HIV replication. 8, 50, 51 While the other factors associated with HIV
seroconversion in this cohort, young age and unprotected anal sex, are well established
determinants of HIV risk, the 4-fold higher risk among MSM in North America and
Australia was striking, particularly in light of the lower HSV-2 prevalence and higher male
circumcision prevalence among Step volunteers in these regions compared with those in
Latin America and the Caribbean. This increased risk appears to reflect differences in risk
behaviors and HIV prevalence in the partner pool.

The impact of preexisting HSV-2 infection on HIV viral load, disease progression and
transmission remains to be elucidated and could have profound implications for patient
management and epidemic control. Meta-analyses suggest both a significantly higher HIV
viral load among HIV-1/HSV-2 co-infected individuals than among those without HSV-2
infection52 and a significant survival benefit among HIV infected patients treated with
acyclovir.53 Since the HSV-2 effects on HIV may be mediated by up-regulation of HIV due
to viral trans-activation and/or increases in pro-inflammatory cytokines, we hypothesized
that HSV-2 infection might alter the effect of the MRKAd5 cell mediated vaccine on viral
dynamics and HIV disease progression. While not statistically significant, the mean increase
in HIV viral load among HSV-2 seropositive compared to seronegative volunteers in this
trial (0.2 log10 copies/ml) echoes the viral load meta-analysis results (0.23 log10; 95% CI
0.03 to 0. 44).52 While we found no difference in viral load or time to ART initiation
associated with HSV-2 seropositivity among vaccine or placebo recipients, this may be an
effect that increases over time with chronic immune activation.

With its rigorous assessment of cofactors for HIV acquisition, including baseline and recent
risk behavior, type-specific HSV testing, and on-going longitudinal follow-up of large
numbers of volunteers from 34 international sites, the Step Study has not only offered new
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insights into HIV immunity and cell mediated vaccines, but has expanded our understanding
of the epidemiology of HSV-2 infection and its potential role in HIV acquisition and disease
progression among MSM. The dynamic nature of HSV-2 and the synergistic role it plays in
HIV-1 acquisition and disease make it an ongoing compelling focus in HIV prevention
research.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
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Figure 1a. Kaplan Meier plot for HIV acquisition by baseline HSV-2 status among the
placebo recipients
Numbers in parentheses represent number of HIV infections
Figure 1b. Kaplan Meier plot for HIV acquisition by baseline HSV-2 status among placebo
and vaccine recipients
Numbers in parentheses represent number of HIV infections
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Figure 2. Kaplan-Meier plot for time to ART initiation by baseline HSV-2 serostatus among
vaccine and placebo HIV seroconverters
Numbers in parentheses represent number initiating ART
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Table 1

Multivariate analysis of risk factors for HSV-2 seropositivity at baseline

Baseline risk factor Odds ratio (95% CI) P

Male circumcision (circumcised) 0.7 (0.5–1.0) 0.070

Race or ethnicity group

 White 1.0

 Black 2.0 (1.3–2.9) <0.001

 Hispanic 1.7 (1.1–2.5) 0.012

 Mestizo/Mestiza 2.5 (1.6–4.0) <0.001

 Multi-racial 2.0 (1.0–3.9) 0.052

 Other 1.1 (0.6–2.2) 0.718

North America and Australia region 0.7 (0.4–1.1) 0.095

Age younger than 30 years 0.3 (0.2–0.4) <0.001

Ad5 titer greater than 18 1.1 (0.9–1.5) 0.233

Risk behaviors (6 months prior to enrollment)

Number of male partners (>4) 1.6 (1.2–2.1) 0.001

Unprotected insertive anal sex 0.8 (0.6–1.0) 0.038

Unprotected receptive anal sex 1.5 (1.1–2.0) 0.005

Covariates were added sequentially and included in the multivariate analysis if they were selected in the stepwise model selection procedure, with
HSV-2 seropositivity as the outcome of interest.
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Table 2a

Multivariate analysis of risk factors for HIV acquisition among placebo recipients

Baseline risk factors (6 months prior to enrollment)* HR 95% HR CI p

HSV-2 (seropositive) 3.3 1.6–6.9 0.001

Age (<30 years) 2.7 0.5–2.0 0.008

Region (N. America & Australia) 2.9 0.7–12.9 0.160

Male circumcision (circumcised) 2.5 0.7–8.7 0.150

Ad5 titer (>18) 1.0 0.5–2.0 0.920

Unprotected insertive anal sex 1.8 0.8–3.9 0.150

Unprotected receptive anal sex 2.1 1.0–4.6 0.060

*
In the model selection process, recent risk behaviors (measured in the 6 months prior to infection or last visit) did not change the model results

and were not included in the final model.
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Table 2b

Multivariate analysis of risk factors for HIV acquisition among vaccine and placebo recipients

Baseline risk factors (6 months prior to enrollment) HR 95% CI p

HSV-2 (seropositive) 2.2 1.4–3.5 <0.001

Intervention (Vaccine)* 0.003

 Vaccine HR among uncircumcised 4.0 1.6–9.7

 Vaccine HR among circumcised 1.0 0.6–1.8

Male circumcision (circumcised)* 0.140

 Circ HR among placebo recipients 2.1 0.8–5.4

 Circ HR among vaccinees 0.5 0.3–1.1

Region (N. America & Australia) 3.8 1.8–8.3 <0.001

Age (<30 years) 2.2 1.3–3.5 0.002

Ad5 titer (>18) 1.2 0.8–2.0 0.380

Unprotected insertive anal sex 1.9 1.2–3.1 0.008

Unprotected receptive anal sex 1.8 1.1–3.0 0.016

Recent risk behaviors (6 months prior to infection or last visit)

Speed use 3.2 1.8–5.8 <0.001

Unprotected insertive anal sex with HIV negative partners 0.6 0.3–1.0 0.064

Unprotected receptive anal sex with HIV unknown partners 1.6 0.9–2.6 0.100

*
The vaccine*circumcision interaction was significant (p=0.013)
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