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The Step study of a recombinant adenovirus serotype 5
(Ad5)–based human immunodeficiency virus type 1 (HIV-1)
vaccine revealed an increased risk of HIV-1 acquisition in
vaccinees who were Ad5 seropositive at baseline. We there-
fore investigated whether preexisting Ad seropositivity to 7
different Ad serotypes was associated with increased risk of
HIV-1 infection in 3 HIV-1 vaccine efficacy trials. In a case-
control study involving 1570 adults enrolled in the VAX003
and VAX004 trials of a recombinant protein subunit HIV-1
vaccine and in the Step study, we observed that preexisting
seropositivity to multiple Ad serotypes was not intrinsically
associated with increased risk of HIV-1 acquisition.

Recombinant adenoviruses are commonly used as vectors to
deliver antigens and to stimulate immune responses in
humans [1]. The Step study of the Merck recombinant adeno-
virus serotype 5 (MRKAd5) human immunodeficiency virus
type 1 (HIV-1) gag/pol/nef vaccine revealed a 2.2-fold in-
creased risk of HIV-1 acquisition among baseline adenovirus
serotype 5 (Ad5) seropositive vaccinees compared to placebo
recipients [2]. In post-hoc analyses, this risk appeared to be

greatest in baseline Ad5 seropositive vaccinees who were un-
circumcised. These findings raised a concern that preexisting
Ad seropositivity might intrinsically enhance susceptibility to
HIV-1 infection, particularly in recipients of Ad-based vac-
cines. However, a recent case-control study of 2 cohorts of in-
dividuals at elevated risk of HIV-1 infection did not show an
association between Ad5 serostatus and incident HIV-1
infection [3].

It remains to be determined whether preexisting immunity
to non-Ad5 serotypes is associated with enhanced HIV-1
acquisition, either among unvaccinated subjects or those who
received experimental Ad-based or non-Ad-based HIV-1 vac-
cines. Moreover, the potential association of Ad5 seropositivity
with HIV-1 acquisition risk following immunization with
non-Ad5 HIV-1 vaccines remains unknown. Here, we show in
a large case-control study that there is no association between
preexisting seropositivity to 7 Ad serotypes and acquisition of
HIV-1 infection among 1570 adults enrolled in 3 HIV-1
vaccine efficacy trials: the VAX003 [4] and VAX004 trials [5]
of a recombinant HIV-1 envelope glycoprotein subunit
(rgp120) vaccine and the Step study of the MRKAd5 HIV-1
gag/pol/nef vaccine [2].

METHODS

Study Populations
Baseline serum samples for this case-control study were
obtained from 1570 adults enrolled in 1 of 3 HIV-1 vaccine
efficacy trials: (1) VAX003, a randomized, double-blind,
placebo-controlled efficacy trial of AIDSVAX B/E, a bivalent
rgp120/alum adjuvant HIV-1 vaccine, in 2546 injection drug
users in Bangkok, Thailand [4]; (2) VAX004, a randomized,
double-blind, placebo-controlled efficacy trial of AIDSVAX B/
B, also a bivalent rgp120/alum adjuvant vaccine, in 5403 men
who have sex with men and women at high risk for heterosex-
ual transmission of HIV-1 in the United States [5]; and (3) the
Step study (HVTN 502/Merck 023), a randomized, double-
blind, placebo-controlled, test-of-concept trial of the MRKAd5
vaccine among 3000 subjects at high risk of HIV-1 acquisition
in North America, the Caribbean, South America, and
Australia [2]. Detailed descriptions of the 3 vaccine trial
designs are presented elsewhere [2, 4–5]. All samples were col-
lected with local Institutional Review Board (IRB) approvals.

All subjects in the above trials who became infected with
HIV-1 were included in our analysis as cases (229 in VAX003,
359 in VAX004, and 81 in Step). Subjects who remained
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uninfected with HIV-1 were selected from the VAX003 and
VAX004 studies and included as controls at 1:1 to cases and
were matched by demographics and vaccine status. Subjects
who remained uninfected with HIV-1 were selected from the
Step study as controls at 4:1 to cases and were matched by
vaccine status, circumcision status, region, and baseline Ad5
titer, as previously described [6].

Adenovirus Neutralizing Antibody Assays
Preexisting Ad seropositivity was measured for serotypes 1, 2,
5, 6, 26, 35, and 48; that is, a diverse selection of Ads with
high and low seroprevalence from a variety of Ad subfamilies
[1]. Seropositivity was determined by luciferase-based virus
neutralization assays as described [7], utilizing vectors provid-
ed by Merck Research Laboratories (gift from Dr Danilo
Casimiro) or Beth Israel Deaconess Medical Center (BIDMC).
Positive neutralizing antibody (NAb) titers were defined as
titers ≥18, which represents the standard cutoff utilized in
recent seroprevalence and vaccine studies [7–9]. Ad neutraliza-
tion assays were approved by the BIDMC IRB.

Statistical Analysis
Baseline Ad seropositivity was compared between cases and
controls in 2 × 2 contingency tables. Data was analyzed with
2-sided Fisher exact tests for categorical variables. The primary
analysis was performed comparing preexisting seropositivity to
Ad serotypes 1, 2, 5, 6, 26, 35, and 48 among cases and controls
in a combined analysis of all 3 trials. P values were not adjusted
for multiple comparisons for the primary analysis to preserve
statistical power. Odds ratios with 95% confidence intervals
(CIs) were also calculated. Subgroup analyses were performed
comparing Ad seropositivity and HIV-1 acquisition by
vaccine/placebo status in each individual vaccine trial and
among circumcised/uncircumcised subjects in the Step study.
The association between preexisting Ad5 seropositivity and
HIV-1 acquisition in the Step study was not addressed in this
study, since the controls were matched to cases by baseline
Ad5 titer, and the results of this analysis are available elsewhere
[2]. For the subanalysis by individual vaccine trial, P < .001
were considered statistically significant after Bonferroni correc-
tion for multiple comparisons. For subanalysis by circumcision
status, P < .002 were considered statistically significant after
Bonferroni correction. All calculations were performed using
GraphPad Prism 4 software.

For power calculations, we chose 3 Ads with different global
seroprevalence rates: Ad5 (72%), Ad26 (40%), and Ad35
(13%) [9]. Cases and controls were selected as described
above. This study has 80% power to detect a 10% increase in
the relative risk (RR) of Ad5 seropositivity associated with
cases (7% absolute increase). By comparison, a previous study
of the association of Ad5 serostatus and incident HIV-1 infec-
tion was powered to detect a 20% increase in Ad5

seropositivity associated with cases [3]. For Ad26, this study
has 80% power to detect an 18% increase in RR (7% absolute
increase). For Ad35, this study has 80% power to detect a 40%
increase in RR (5% absolute increase).

RESULTS

Baseline NAb titers to Ad serotypes 1, 2, 5, 6, 26, 35, and 48
were determined for 669 HIV-1–infected subjects (cases) and
901 HIV-1–uninfected subjects (controls) in a combined
analysis of the VAX003, VAX004, and Step studies (Table 1).
Ad seroprevalence among all subjects ranged from rare (Ad35,
9%) to common (Ad2, 87%) and varied between cases and
controls by no more than 5% for any serotype. In the primary
analysis of all subjects in the 3 studies, there was no statisti-
cally significant association between preexisting Ad seroposi-
tivity and HIV-1 acquisition for any of the 7 serotypes tested
(P≥ .05 for all comparisons, not adjusted for multiple com-
parisons to preserve statistical power). Odds ratios ranged
from 1.0 to 1.3 and the 95% CI crossed 1.0 for all serotypes.
The largest difference in seroprevalence was observed for Ad1
(74% for HIV-1–infected cases vs 69% for HIV-1–uninfected
controls, P = .05), but there was no pattern to Ad1 seropreva-
lence when analyzed across individual trials.

We next analyzed data individually for each trial by
vaccine/placebo status. Ad seroprevalence was generally higher
in the VAX003 study (N = 438), which was conducted in
Thailand, as compared with the VAX004 (N = 727) or Step
(N = 405) studies, which were conducted primarily in North

Table 1. Subjects with Preexisting Adenovirus Seropositivity
by HIV-1 Status in the Combined Case-Control Analysis of the
VAX003, VAX004, and Step Studies

Serotypea

HIV-1
Infected
(n = 669)

HIV-1
Uninfected
(n = 901) OR (95% CI) P Valueb

Adenovirus 35c 60 (9%) 74 (8%) 1.1 (0.8–1.6) .65

Adenovirus 48d 101 (15%) 117 (13%) 1.2 (0.9–1.6) .24

Adenovirus 26e 209 (31%) 251 (28%) 1.2 (0.9–1.5) .15
Adenovirus 5f 333 (57%) 306 (53%) 1.2 (0.9–1.5) .22

Adenovirus 6 393 (59%) 525 (58%) 1.0 (0.8–1.3) .88

Adenovirus 1 495 (74%) 625 (69%) 1.3 (1.0–1.6) .05
Adenovirus 2 586 (88%) 781 (87%) 1.1 (0.8–1.5) .65

Data are no. (%) of subjects, unless otherwise noted.

Abbreviations: CI, confidence interval; HIV-1, human immunodeficiency virus
type 1; OR, odds ratio.
a Sorted in order of prevalence.
b Two-sided P values from Fischer exact test.
c One case and 4 controls are missing data.
d Two cases are missing data.
e One case is missing data.
f Step samples excluded; cases n = 587, controls n = 577.
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and South America (Figure 1A). Ad35 and Ad48 seropreva-
lence remained relatively low and Ad26 seroprevalence proved
intermediate across all studies, as published elsewhere [8, 9].
In subgroup analyses, there was no statistically significant as-
sociation between baseline seropositivity to any of the 7 Ad
serotypes and HIV-1 acquisition among subjects who received
the protein subunit rgp120 vaccine in either the VAX003 or
VAX004 studies. Similarly, there was no association between
baseline seropositivity to the 6 non-Ad5 serotypes and HIV-1
acquisition in subjects who received the MRKAd5 vaccine in
the Step study. There was also no association among placebo
recipients. P values for these subgroup comparisons were all
≥.01 (P < .001 required for significance). The association
between baseline Ad5 seropositivity and HIV-1 acquisition in
the Step study was not analyzed here because this variable was
included in selecting the control subjects (see “Methods”), and
this association has been reported previously [2]. Ad48
seroprevalence appeared slightly different between cases and
controls among placebo recipients in the VAX004 study
(P = .01), but this trend was not statistically significant after
adjusting for multiple comparisons, and an opposite trend was
observed in placebo recipients in both the Step and VAX003
studies (Figure 1A).

Finally, we analyzed the potential association between pre-
existing Ad seropositivity to the 6 non-Ad5 serotypes and
HIV-1 acquisition in the Step study as stratified by vaccine status
and circumcision status (Figure 1B). Ad seroprevalence was
generally higher in uncircumcised subjects than circumcised
subjects, likely reflecting confounding geographic variables.
Nevertheless, we found no significant association between Ad
seropositivity and HIV-1 acquisition risk in all subgroups, in-
cluding among uncircumcised MRKAd5 vaccinees (P≥ .03 for
all comparisons; P < .002 required for significance).

DISCUSSION

Adenoviruses have been developed in recent years as vectors
for both vaccination and gene therapy [1, 10]. In 2007, vacci-
nations were prematurely terminated in the Step study because
the recombinant Ad5 vector expressing HIV-1 gag/pol/nef
(MRKAd5) was ineffective at preventing HIV-1 infection [2].
In addition, subgroup analyses demonstrated a trend towards
increased HIV-1 acquisition among subjects with preexisting
Ad5 seropositivity who received the vaccine, particularly in in-
dividuals who were both uncircumcised and Ad5 seropositive
at baseline [2, 11]. These findings provoked a comprehensive
effort in the HIV-1 vaccine field to examine in detail the inter-
action of preexisting Ad seropositivity and HIV-1 acquisition.
One question that has arisen is whether Ad seropositivity is
intrinsically associated with increased HIV-1 acquisition.

We performed a case-control study of 1570 subjects at high
risk for HIV-1 infection and enrolled in 3 independent HIV-1

vaccine efficacy trials. We observed no significant association
between preexisting seropositivity to Ads 1, 2, 5, 6, 26, 35, and
48 and HIV-1 acquisition. Our study excluded an assessment
of the impact of Ad5 seropositivity on HIV-1 acquisition in
the Step study, which has been reported previously [2]. To the
best of our knowledge, this is the largest cohort of subjects
analyzed for the potential association between preexisting Ad
seropositivity and HIV-1 acquisition, and the first study to
evaluate non-Ad5 serotypes.

Our findings confirm and extend a recent case-control study
of baseline Ad5 seropositivity and HIV-1 acquisition among
persons enrolled in the Multicenter AIDS Cohort Study and
HPTN 039, a trial of herpes simplex virus type 2 suppression in
adults in the United States, South America, and Africa [3]. The
authors of this previous study reported that the relative risk of
incident HIV-1 infection among baseline Ad5 seropositive
adults was 1.1 (95% CI, .8–1.5; P = .57) and was no higher than
that among baseline Ad5-seronegative adults (1.0, 95% CI,
.4–2.3; P = .99). Our study shows similar findings for Ad5 sero-
positivity in a larger number of subjects, including among sub-
jects who received the non-Ad-based HIV-1 vaccine rgp120 in
the VAX003 and VAX004 studies. These results demonstrate
that Ad5 seropositivity does not intrinsically increase HIV-1
acquisition risk nor is it a surrogate marker for HIV-1 risk.

Our study also examined the potential association between
preexisting Ad seropositivity for non-Ad5 serotypes and
HIV-1 acquisition among subjects who received the MRKAd5
vaccine or the rgp120 vaccine. One of the questions raised by
the Step study was whether subjects with baseline seropositiv-
ity to non-Ad5 serotypes might also have had increased
HIV-1 acquisition risk after MRKAd5 vaccination, perhaps
through the expansion of cross-reactive Ad-specific CD4+ cells
at mucosal sites [12–15]. Importantly, our study demonstrated
no association between preexisting Ad seropositivity to 6
diverse non-Ad5 serotypes and HIV-1 acquisition among re-
cipients of MRKAd5. This was also true in the subgroup of
uncircumcised MRKAd5 vaccinees, the group with the highest
increased risk of HIV-1 infection in the Step study [2]. These
data suggest that cross-reactive Ad-specific immunity to non-
Ad5 serotypes did not contribute to the increased HIV-1 ac-
quisition observed in the Step study. Finally, we observed that
there was no relationship between preexisting Ad seropositiv-
ity to all 7 serotypes and HIV-1 acquisition among recipients
of the protein subunit HIV-1 vaccine rgp120.

In summary, we demonstrate in a large case-control study
that preexisting seropositivity to multiple Ad serotypes did not
intrinsically enhance the risk of HIV-1 infection. Moreover,
preexisting Ad seropositivity did not enhance HIV-1 acquisi-
tion risk in individuals who received an Ad-based vaccine
from a heterologous serotype or an unrelated recombinant
protein subunit vaccine. Although our study did not address
the potential risks of utilizing Ad vectors in individuals with
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Figure 1. Percent of subjects with preexisting adenovirus seropositivity by HIV-1 status and subgroup. P, 2-sided Fischer exact test; OR, odds ratio. A, Subjects are divided by vaccine/placebo status and
individual vaccine trial. For the VAX004 study, Ad48 data are missing for 1 HIV-1–infected, vaccinated subject. For the Step study, Ad35 data are missing for 3 HIV-1-uninfected, unvaccinated subjects, and
1 HIV-1–infected, vaccinated subject. *Ad5 data not analyzed in the Step study as this variable was included in selecting control subjects. B, Subjects are divided by vaccine/placebo and circumcision
status in the Step study. Among circumcised subjects, Ad35 data are missing for 3 HIV-1-uninfected placebo recipients and 1 HIV-1–uninfected vaccinated subject.
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homologous Ad seropositivity, our data clarify important
questions in the HIV-1 vaccine field and support further clini-
cal evaluation of Ad-based vaccines with non-Ad5 serotypes.
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