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Abstract
Background—The Step Study found that men who had sex with men (MSM) who received an
adenovirus type 5 (Ad5) vector-based vaccine and were uncircumcised or had prior Ad5 immunity
had a higher HIV incidence than MSM who received placebo. We investigated whether
differences in HIV exposure, measured by reported sexual risk behaviors, may explain the
increased risk.

Methods—Among 1,764 MSM in the trial, 724 were uncircumcised, 994 had prior Ad5
immunity and 560 were both uncircumcised and had prior Ad5 immunity. Analyses compared
sexual risk behaviors and perceived treatment assignment among vaccine and placebo recipients,
determined risk factors for HIV acquisition and examined the role of insertive anal intercourse in
HIV risk among uncircumcised men.
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Findings—Few sexual risk behaviors were significantly higher in vaccine vs. placebo recipients
at baseline or during follow-up. Among uncircumcised men, vaccine recipients at baseline were
more likely to report unprotected insertive anal intercourse with HIV negative partners (25.0% vs.
18.1%; p=0.03). Among uncircumcised men who had prior Ad5 immunity, vaccine recipients
were more likely to report unprotected insertive anal intercourse with partners of unknown HIV
status (46.0% vs. 37.5%; p=0.05). Vaccine recipients remained at higher risk of HIV infection
compared to placebo recipients (HR =2.8; 95% CI:1.7, 6.8) controlling for potential confounders.

Interpretation—These analyses do not support a behavioral explanation for the increased HIV
infection rates observed among uncircumcised men in the Step Study. Identifying biologic
mechanisms to explain the increased risk is a priority.

This study is registered with ClinicalTrials.gov, number NCT00095576.
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The global HIV epidemic continues unabated1-3. Interventions to reduce HIV infection rates
are promising4-8. However, topical and oral antiretrovirals for prevention may require daily
adherence, a challenge for maintaining effectiveness. Male circumcision may be of limited
benefit for female partners of HIV-infected men, men who have sex with men (MSM) and
injection drug users. An effective HIV vaccine avoids some of these challenges and could
provide synergy to existing strategies. The HIV vaccine field experienced a setback when
the Step Study unexpectedly found that a replication-defective adenovirus type 5 (Ad5)
vector vaccine with subtype B HIV-1 gag/pol/nef inserts appeared to increase the risk of
HIV acquisition among MSM who were uncircumcised or had neutralizing antibodies to
Ad5 at enrollment9. Additional analyses indicate that the vaccine-associated increased risk
among these men was highest shortly after vaccination and then decreased after 18
months10.

A number of biological mechanisms for the increased HIV risk among these vaccinees have
been proposed, such as increased trafficking of vector-specific T-cell lymphocytes to
mucosal sites or boosting of CD4 positive T cells or Ad5-specific T cells11-16. Alternatively,
the findings may be explained by differences in HIV exposure between vaccine and placebo
recipients, particularly among men who were uncircumcised or had prior Ad5 immunity.
Randomization is designed to eliminate imbalances in baseline characteristics by treatment
arms17, and random allocation to treatment arms in the Step Study was stratified by prior
Ad5 immunity but not by circumcision status9. Moreover, randomization does not preclude
post-randomization differences in risk characteristics. Blinding, or keeping participants
unaware of their treatment assignment, aims to limit exposure differences by treatment
arm18. Unblinding of treatment assignment or perceptions of treatment assignment while
blinded may contribute to changes in risk behaviors, leading to changes in exposure to
HIV19.

We investigated whether differences in HIV exposure, as measured by reported sexual risk
behaviors, and in perceived treatment assignment, may have contributed to the increased
risk of HIV acquisition observed among vaccine compared to placebo recipients in the Step
Study. We also determined if vaccine treatment assignment remained significantly
associated with an increased risk of HIV infection, after controlling for sexual risk behaviors
and other potential confounders. We also report on the role of insertive anal intercourse in
the risk of HIV infection among uncircumcised men.
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METHODS
The study design, procedures and primary results of the trial are previously published9.

Study design and population
This double-blind, phase II test-of-concept trial randomized 3000 HIV-1 negative
participants aged 18-45 years in North America, Caribbean, South America, and Australia to
receive three injections of MRKAd5 HIV-1 gag/pol/nef vaccine (n=1494) or placebo
(n=1506). Men were eligible if they reported unprotected anal intercourse with a male
partner or anal intercourse with two or more male partners and comprise this analysis
sample9.

Procedures
Briefly, vaccine or placebo, in a 1:1 ratio, was given by injection at enrollment, week 4 and
week 26. Randomization was pre-stratified by study site, sex and baseline Ad5 antibody
titer, but not by circumcision status. Participants were considered to have prior Ad5
immunity at baseline if their Ad5 neutralizing titer was >18. In September 2007, the trial
met prespecified futility boundaries at the first interim analysis and all immunizations were
stopped9.

Risk behaviors in the previous 6 months were assessed by a standardized interviewer-
administered questionnaire at screening and every 26 weeks. For sexual risk behaviors,
participants were asked about the total number of male and female sexual partners and how
many they knew were definitely HIV-infected, definitely not HIV-infected or not absolutely
sure whether or not they were HIV-infected. Participants then were asked about occurrence
of insertive and receptive anal intercourse (protected and unprotected) by serostatus of the
male partners. These variables were used to construct variables of unprotected receptive/
insertive anal intercourse with positive or unknown status partners. Participants also were
asked about exchanging (giving and receiving) sex for money, drugs or services and
frequency of crack cocaine, amyl nitrite and amphetamine use from “never” to “daily” on a
7-point response scale. Finally, evidence of sexually transmitted infection was recorded,
including chlamydia or nonspecific urethritis, gonorrhea, syphilis, genital sores or ulcers or
abnormal penile discharge.

Circumcision status was self-reported at the screening visit. Of 1,764 MSM enrolled, 1,148
(67.1%) rolled over to a follow-up protocol at the end of the Step Study and had their
circumcision status assessed by physical examination. For 4 men, discrepancies between
self-report and physical examination were found and the examination data were used.

Perceived treatment assignment was determined by asking the participant whether they
thought they received vaccine, placebo or they were not sure. This question was asked at one
study visit starting in mid-2007. Study sites implemented the question at different times and
not all participants had the opportunity to answer the question. Thus, data for this variable
were available for 1,370 (77.7%) of the men and the percent of participants with complete
data varied by site.

HIV-1 infection status was determined at enrollment and at weeks 12, 30, and 52 and every
26 weeks thereafter. Specimens were screened with an immunoassay (Uni-Gold
Recombigen HIV test, Trinity BioTech, Jamestown, NY, USA; or the Multispot HIV-1/
HIV-2 Rapid Test, Bio-Rad, Hercules, CA, USA). Reactive tests were confirmed with an
HIV-1 Western blot and HIV-1 plasma viral RNA assay (Amplicor Monitor version 1.5,
Roche, Basel, Switzerland). A blinded endpoint adjudication committee made the final
identification of HIV-1 infection status.
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All participants provided written informed consent. Human experimentation guidelines of
the United States Department of Health and Human Services and those of the authors’
institutions were followed. The protocol was approved by the institutional or ethics review
committee at every site and is registered with ClinicalTrials.gov number NCT00095576.

Analysis objectives
The primary goal of these analyses was to determine whether differences in HIV exposure,
as measured by self-reported sexual risk behaviors, may have contributed to the increased
risk of HIV among MSM who were uncircumcised, had prior Ad5 immunity or were both
uncircumcised and had prior Ad5 immunity. Demographics and self-reported risk behaviors
at baseline and follow-up were compared between vaccine and placebo recipients among
MSM who were uncircumcised, had prior Ad5 immunity or were both uncircumcised and
had prior Ad5 immunity. Perceived treatment assignment among vaccine and placebo
recipients was compared among the same three groups of MSM. We determined if vaccine
treatment assignment remained significantly associated with an increased risk of HIV
infection, after controlling for sexual risk behaviors, perceived treatment assignment and
other potential confounders. Finally, we examined the role of insertive anal intercourse in
the risk of HIV infection among uncircumcised men.

Statistical analysis
All analyses were based on MSM who were HIV-uninfected at study entry and who
received at least one vaccination (modified intent to treat cohort). Chi-square tests and
Fisher’s exact test were used to statistically test differences in categorical variables between
groups. Wilcoxon rank sum tests were used to evaluate differences between groups in the
distribution of number of sexual partners.

The generalized estimating equation approach for logistic regression was used to determine
differences in risk behavior change by treatment arm. This method accounts for within-
person variation over time and the correlation between the intervention-induced changes
within an individual. The p-values in the table are based on a test for differences between
overall trend from baseline to 18 months by treatment arm for each outcome.

We used multivariate Cox models to estimate the vaccine effect on HIV incidence. The
time-to-event variable for the Cox models was defined as the time from first vaccination to
the midpoint between the date of the last HIV-1 seronegative visit and the date of the first
evidence of HIV-1 infection. Participants who never showed any evidence of HIV-1
infection were right censored on the date of their last study visit before October 17, 2007.
The covariates included were age (≤30 vs. >30), race (white vs otherwise), region (North
America, Australia or otherwise), baseline Ad5 titre (≤ 18 vs. >18), perceived treatment
(Vaccine, Placebo, Not Sure, Missing), circumcision status, time-dependent drug use
factors, and time-dependent sexual risk behaviors. For this analysis, time-dependent
variables were utilized to allow for changes in risk behaviors over time. The potential
confounders were all dichotomous for simplicity, stabilizing the model fitting, and reducing
the modeling assumptions.

Cox models also were constructed among uncircumcised men to examine the role of
insertive anal intercourse in the risk of HIV infection. In the first model, the baseline
variable for unprotected insertive anal sex variable was included in the model to reflect the
potential risk around the time of vaccine administration. In the second model, the time-
dependent variable was included to allow for changes in risk behavior over the entire time of
follow-up.
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Role of funding source
The sponsors of the study were involved in the study design, data collection, data analysis,
data interpretation, writing of the report, and in the decision to submit for publication. The
sponsors had full access to all the data in the study and shared final responsibility for the
decision to submit for publication.

RESULTS
Study sample

From December 2004 through March 2007, 1,764 MSM participants were randomized. The
median age of the participants was 30 years. About half of the men (51.4%) were white and
29.0% were of multiracial identity, mostly from South America. Over half of the men
(56.5%) were circumcised and 56.3% were Ad5 seropositive at baseline. At baseline, the
median number of male sex partners in the prior six months was 6 (25%, 75%tiles: 3, 15).
About one-quarter (24.4%) of men reported having a known HIV-infected partner.
Unprotected receptive and insertive anal intercourse in the previous six months was reported
by 49.1% and 59.8% of men, respectively. Amyl nitrite (“poppers”) was used by 16.2% of
men and amphetamines by 6.3%. Exchange of sex for money, drugs or other services was
reported by 16.7% of men and a recent STI was reported by 12.3%. Among 1,764 MSM,
726 were uncircumcised (vaccine: 360; placebo: 366), 994 had prior Ad5 immunity
(vaccine: 497; placebo: 497) and 563 were both uncircumcised and had prior Ad5 immunity
(vaccine: 276; placebo: 287).

Baseline and follow-up risk behaviors among vaccine and placebo recipients
Demographics and self-reported risk behaviors at baseline were compared between vaccine
and placebo recipients among uncircumcised men, those with prior Ad5 immunity and
uncircumcised men with prior Ad5 immunity (Table 1). Few significant differences were
observed and the differences were small in proportion. Among uncircumcised men, vaccine
recipients were more likely to report unprotected insertive anal intercourse with HIV
negative partners (24.9% vs. 18.1%; p=0.03), but were less likely to report genital sore or
ulcers (0.3% vs. 2.2%; p=0.04). Among uncircumcised men who had prior immunity to
Ad5, vaccine recipients were more likely to report unprotected insertive anal intercourse
with partners of unknown HIVstatus (46.0% vs. 37.8%; p=0.05).

Self-reported risk behaviors during follow-up were compared between vaccine and placebo
recipients among uncircumcised men, those with prior Ad5 immunity and uncircumcised
men with prior Ad5 immunity (Table 2; Figures 1A-C). Only one comparison reached
statistical significance and it was not in the direction to explain the increased risk of HIV
infection among vaccine recipients. That is, among uncircumcised men who had prior Ad5
immunity, vaccine recipients had a greater decline in reporting of unprotected receptive anal
intercourse with unknown status partners compared to placebo recipients.

Perceived treatment assignment among vaccine and placebo recipients
Among uncircumcised men, 26.0% of vaccine recipients believed they had received vaccine
compared to 19.3% of placebo recipients (OR = 1.5; 95% CI:1.0,2.2). Similarly, among men
with prior Ad5 immunity, 26.6% of vaccine recipients believed they had received vaccine
compared to 19.3% of placebo recipients (OR = 1.5; 95% CI:1.1,2.1). For men who were
both uncircumcised men and had prior Ad5 immunity, 24.5% of men who received vaccine
believed they got vaccine compared to 16.5% of those who received placebo (OR = 1.7;
95% CI:1.0,2.6). The largest difference in perceived treatment between vaccine and placebo
recipients was among circumcised men with a baseline Ad5 titer of ≤18, the group without
evidence of an increased risk of HIV infection among vaccinees: 39.0% of men who
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received vaccine believed they got vaccine compared to 15.4% of men who received
placebo (OR = 3.5; 95% CI:2.3,5.4).

Multivariate analysis of HIV infection
In univariate analysis of HIV acquisition, the hazard ratio for treatment assignment was 1.5
(95% CI:0.9,2.3) (Table 3). Other variables associated with HIV acquisition were
geographic region, 20+ male sex partners, unprotected receptive or insertive anal intercourse
with positive or unknown status partners and use of poppers or amphetamines. Controlling
for geographic region, age, Ad5 titer, circumcision status and perceived treatment, the
hazard ratio for treatment assignment in the first multivariate model increased to 2.5 (95%
CI:1.1,5.7). Controlling for time-dependent sexual risk behaviors and drug use (multivariate
model 2), vaccine recipients remained at higher risk of HIV infection compared to placebo
recipients (HR = 2.8; 95% CI:1.7,6.8). Including age and number of partners as continuous
variables did not change the results of the model. No significant interactions between any
sexual risk behaviors and treatment assignment were found, suggesting that the risk of HIV
infection among vaccine compared to placebo recipients did not differ between those
reporting specific sexual risk behaviors and those who did not.

Additional analyses were conducted among uncircumcised men. If an increased risk of HIV
infection due to the vaccine was related to being uncircumcised, the effect of the vaccine on
HIV infection would likely have been higher among uncircumcised men reporting
unprotected insertive anal sex around the time of vaccine administration compared to men
not reporting unprotected insertive anal sex at that time. We found that the hazard ratio for
HIV infection for vaccine compared to placebo recipients was 4.4 (95% CI:1.2,15.3) among
uncircumcised men reporting unprotected insertive anal sex at baseline, while the hazard
ratio among uncircumcised men who reported no insertive anal sex at baseline was 1.2 (95%
CI:0.3,4.1). Taking into account time-dependent behaviors, the hazard ratio for HIV
infection for vaccine compared to placebo recipients was 2.3 (95% CI:0.6, 8.8) among
uncircumcised men reporting unprotected insertive anal sex while the hazard ratio among
uncircumcised men who reported no insertive anal sex was 2.4 (95% CI:0.9, 7.0).

DISCUSSION
This analysis focused on whether the increased risk of HIV infectin observed among
subgroups of men in the Step Study (uncircumcised men and men with prior Ad5 immunity
who received vaccine) could be explained by any differences in risk behaviors or
perceptions of treatment assignment. Differences would suggest that exposure to HIV was
not equal in the two arms of the study, potentially affecting HIV incidence rates. The
differences in risk behaviors found in this analysis were few in number, and of those
differences identified, the magnitude of differences was small.

We also assessed whether perception of vaccination status could explain any differences in
HIV exposure. We found that uncircumcised men who had prior immunity to Ad5 and had
received vaccine were 1.7 times more likely to think that they got vaccine than placebo
recipients. If this group of men increased their risk due to a perception of protection from the
vaccine, HIV infection rates could have been elevated in this group. However, we did not
find any significant differences in risk behaviors between vaccine and placebo recipients in
this group. Furthermore, adjustment for these differences in Cox regression analysis did not
eliminate the significant association of vaccine with increased risk of HIV infection. In fact,
it was the vaccine recipients who were circumcised and Ad5 negative at baseline who were
over three times more likely to think they had gotten vaccine, an effect much stronger than
among uncircumcised men. There is evidence that persons who do not have prior Ad5
immunity have greater reactogenicity to rAd5 vaccines20. Thus, these men may not have

Koblin et al. Page 6

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



actively unblinded themselves by HIV testing outside of the study, but had greater systemic
reactions which led them to believe that they had gotten vaccine. This group, however, did
not have higher HIV incidence rates than placebo controls.

We examined whether treatment assignment remained significantly associated with HIV
infection controlling for circumcision status, Ad5 status, perceived treatment and risk
behaviors. The association between HIV infection and treatment assignment could not be
explained by behavioral variables or other potential confounders. There were no significant
interactions between behavior and treatment arm.

Finally, a biologic mechanism is suggested by our analysis of uncircumcised men,
unprotected insertive anal sex and risk of infection associated with vaccine. Men reporting
unprotected insertive anal sex at baseline and thus close to the time of vaccine
administration demonstrated an increased risk of infection associated with vaccine. This
increased risk was not seen among men who did not report unprotected insertive anal sex
nor did we see such differences using a variable which took into account the reporting of
unprotected insertive anal sex over 18 months of the study (time-dependent variables). This
finding is consistent with other analyses from the Step Study indicating that the increased
risk of HIV infection associated with vaccine appeared to highest around the time of
vaccination and then decreased after 18 months10. It is possible that any inflammation in the
foreskin area related to the time of vaccine administration could have increased the risk of
HIV acquisition21.

These data have limitations. Behaviors were collected in face-to-face interviews and thus,
some behaviors may have been underreported. However, since all study staff were blinded
to treatment assignment, there is no reason to believe that the data collected would have
been biased by treatment arm. Most of behavioral measures were limited to binary outcomes
and number of episodes of risk behaviors were not collected. Finer gradations may have
revealed more subtle effects of behavioral risk. Finally, perceived treatment assignment was
not available for 22% of participants, although they were included in the analyses as
“missing”.

In sum, these analyses do not support a behavioral explanation for the observed increased
HIV infection rates among uncircumcised men or men with prior Ad5 immunity in the Step
Study. The results of the Step Study emphasize the critical need for effective, sensitive
measures of behaviors and attention to perception of treatment assignment in biomedical
trials so unexpected findings such as those in the Step Study can be properly examined.
Identifying biologic mechanisms to explain the increased HIV infection risk is a priority.
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Figure 1A.
Number of male partners among uncircumcised men, Step Study

Koblin et al. Page 9

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2013 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1B.
Number of male partners among men with prior Ad5 immunity, Step Study
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Figure 1C.
Number of male partners among uncircumcised men with prior Ad5 immunity, Step Study
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