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The contribution of host T-cell immunity and HLA class I alleles to the control of human immunodeficiency
virus (HIV-1) replication in natural infection is widely recognized. We assessed whether vaccine-induced T-cell
immunity, or expression of certain HLA alleles, impacted HIV-1 control after infection in the Step MRKAd5/
HIV-1 gag/pol/nef study. Vaccine-induced T cells were associated with reduced plasma viremia, with subjects
targeting ≥3 gag peptides presenting with half-log lower mean viral loads than subjects without Gag responses.
This effect was stronger in participants infected proximal to vaccination and was independent of our observed
association of HLA-B*27, –B*57 and –B*58:01 alleles with lower HIV-1 viremia. These findings support the
ability of vaccine-induced T-cell responses to influence postinfection outcome and provide a rationale for the
generation of T-cell responses by vaccination to reduce viremia if protection from acquisition is not achieved.
Clinical trials identifier: NCT00095576.
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In recent years, landmark investigations showed that
several prevention modalities offer promise in reducing
human immunodeficiency virus type 1 (HIV-1) acqui-
sition in adults living in regions of endemicity [1–6].
Nevertheless, a highly effective prophylactic HIV-1 vac-
cine providing long-term protective immunity remains
a major global health goal.

The Step study, a phase IIb HIV-1 vaccine efficacy
trial evaluating the MRKAd5 HIV-1 gag/pol/nef vac-
cine, was the first test-of-concept study to use a T-cell–
based vaccine to protect against HIV-1 infection [7].

The vaccine was shown to be highly effective at induc-
ing CD8+ T cells [8], but did not lower the frequency of
HIV-1 acquisition or post-infection viremia in vaccine
recipients relative to placebo recipients [7, 9]. Neverthe-
less, the sieve analysis of the Step study comparing
breakthrough HIV-1 sequences for vaccine and placebo
recipients found that the vaccine impacted founding
virus populations [10, 11], suggesting that T-cell re-
sponses exerted pressure on incoming viruses.

The importance of T-cell responses for the control of
virus replication is supported by the temporal associa-
tion between the early decline in HIV-1 viremia and
the appearance of HIV-1-specific T cells [12] and by
the failure of nonhuman primates to control simian im-
munodeficiency virus (SIV) replication upon depletion
of CD8+ T cells [13]. In addition, CD8+ T-cell–mediated
immune pressure commonly leads to escape within
the recognized epitope [14, 15], resulting in spikes of
viremia [16]. Several vaccine strategies aimed at induc-
ing virus-specific T cells were evaluated in nonhuman
primate models and led to the control of viremia and
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an attenuated disease course [17–20] and to the prevention of
productive SIV infection [21]. Whether CD8+ T cells are as ef-
fective in containing HIV-1 replication in humans has been less
clear [22–25], but a number of studies have observed preferential
targeting of Gag epitopes in association with control of viral rep-
lication in subjects infected with clade B [26, 27] and clade C [28,
29] HIV-1.

The marked diversity of HLA genes has long been recognized
to influence HIV-1 pathogenesis and disease progression [30],
and HLA-B*57, HLA-B*27, and HLA-B*58:01 have been com-
monly associated with better disease outcomes [31]. A possible
explanation for this association is the ability of these alleles to
present conserved Gag epitopes [32, 33]; escape from these
immune responses is associated with a high fitness cost [34–
36], resulting in delayed escape for HLA-B*27 [16]. Conversely,
expression of some HLA alleles, most prominently HLA-
B*35Px, as well as reduced HLA diversity though homozygosi-
ty, have been associated with accelerated HIV-1 disease pro-
gression [37]. Evidence of the significance of HLA allele
expression in determining clinical outcomes continues to grow
[31, 38–40], and these effects have been recapitulated in rhesus
macaques [41, 42]. HLA-B*57 alleles have most notably been
associated with HIV-1 control in 2 genome-wide association
studies [43, 44], one of which implicated peptide binding to the
HLA class I groove in determining control [44]. An additional
genome-wide association study identified HLA as the major de-
terminant of the magnitude of Gag-specific T-cell responses
after vaccination in the Step study [45], supporting the hypothe-
sis that the beneficial effects of HLA alleles are mediated
through Gag-specific T cells. Step study participants provide a
unique population in which to study the interplay between
HLA and vaccine-induced Gag-specific immune responses in
determining viral load after HIV-1 infection. This article exam-
ines the association between HIV-1 Viral load, expression of es-
tablished protective or unfavorable HLA class I alleles or allele
combinations, and vaccine-induced T-cell responses in Step
study participants who acquired HIV-1 infection.

METHODS

Study Population
The Step study (Merck V520–023/HVTN 502) was a multicen-
ter, double-blind, randomized, placebo-controlled phase IIb
proof-of-concept study to evaluate the safety and efficacy of the
MRKAd5 HIV-1 gag/pol/nef trivalent vaccine in 3000 HIV-1-
negative adults with a high risk for HIV-1 infection (clinical
trials identifier: NCT00095576). Vaccine recipients were given
3 doses of 1.5 × 1010 virus genomes at weeks 0, 4, and 26. We
identified 157 Step study participants who acquired HIV-1 in-
fection (95 vaccine recipients and 62 placebo recipients); the
median time between the last vaccination and the diagnosis of
infection was 12 months (range, 0–42 months). The median

duration of follow-up after infection was 19 months (range,
1–51 months). Three placebo recipients were excluded from
the analysis because of missing covariate data, resulting in a
total of 154 subjects for analysis (95 vaccine recipients and 59
placebo recipients). Longitudinal immune responses were eval-
uated in 74 vaccine recipients who did not become HIV-1 in-
fected. The institutional human subjects review committee at
each clinical site approved the protocol before study initiation,
and all participants provided written, informed consent.

HLA Typing
HLA class I typing was performed by sequence-based typing
(Supplementary Materials). HLA groups were defined on the
basis of previous studies as “protective” (HLA-B*27, HLA-B*57,
and HLA-B*58:01 [31, 40]), “unfavorable” (HLA-B*35:02, HLA-
B*35:03, HLA-B*35:04, HLA-B*53:01, or homozygous in at least
one locus [37, 46]), or “neutral” (all other HLA class I types). The
distribution of HLA groups is shown in Supplementary Table 1.

Immunogenicity
The magnitude of the preinfection HIV-1-specific T-cell re-
sponse was assessed by interferon γ (IFN-γ) enzyme-linked
immuno spot (ELISpot) analysis in 85 vaccine recipients who
later became HIV-1 infected, using preinfection samples from
week 8 (4 weeks after the second vaccination) and vaccine-
matched Gag, Pol, and Nef peptide pools. Magnitudes were re-
ported as spot-forming cells (SFC) per million peripheral blood
mononuclear cells (PBMC). Assays were run at Merck Research
Laboratories (n = 56) or at the Fred Hutchinson HVTN labora-
tory (n = 29). Magnitudes were grouped according to quartile
of IFN-γ–secreting cells (SFC/million PBMC; Table 1).

The breadth of HIV-1-specific T-cell responses at week 8
was assessed in 72 vaccine recipients who became HIV-1 infect-
ed, by mapping responses to single 15-mer vaccine-matched
peptides as described in the Supplementary Materials and else-
where [47]. Individuals who had no positive responses to pools
were assumed to have zero breadth. Breadth was categorized as 0,
1–2, or ≥3 measured responses (Table 2).

Intracellular cytokine staining was used to study the decline
in the preinfection vaccine-induced T-cell responses over time
as previously described [8, 48]. We evaluated 74 vaccine recipi-
ents who did not become HIV-1 infected for the duration of
the trial at weeks 30, 52 and 104. Response magnitudes were re-
ported as the percentage of CD4+ or CD8+ T cells expressing
IFN-γ and/or IL-2 when stimulated with vaccine-insert
matched Gag, Pol, or Nef peptide pools, minus the same per-
centage for unstimulated cells.

Plasma HIV-1 RNA Determination
Plasma HIV-1 RNA levels were determined using the Roche
Amplicor assay at weeks 1, 2, 8, 12, 26 post-infection, and every
6 months thereafter. Only values before antiretroviral therapy
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(ART) initiation were included. Plasma viral load is reported as
log10 HIV-1 RNA copies per milliliter.

Statistical Analysis
The mean log10 magnitude of the immune response to peptide
pools was modeled using linear regression. The mean breadth
of responses was modeled using overdispersed Poisson regres-
sion. Because differences in the magnitude of responses were
found between the Merck and Fred Hutchinson laboratories,
response magnitude was modeled using quartiles of response,
and quartiles were determined for each laboratory separately.

The longitudinal mean log10 viral load was modeled using
weighted generalized estimating equations (GEE) models with
independence working correlation. Generalized Wald tests were
used for inference. Only viral loads before ART initiation were
used. To account for missing viral load data, observations
were weighted with respect to the inverse probability of missing
data (Supplementary Materials). Models included week postin-
fection and treatment assignment (vaccine vs placebo) as co-
variates, where appropriate.

The following baseline participant characteristics were con-
sidered: adenovirus 5 (Ad5) seropositivity, region of residence
(North America vs other), race (white vs other), self-reported
circumcision status, age (≤30 vs >30 years), HLA group, and
herpes simplex virus type 2 (HSV-2) serostatus. Two subjects
living in the United States who were missing data on circumci-
sion status were assumed to be circumcised. One subject
missing data on HLA type and 2 subjects missing data on
HSV-2 status were excluded from analyses involving these co-
variates. Analyses among vaccine and placebo recipients adjust-
ed for these baseline characteristics, but analyses among
vaccine recipients alone did not adjust for these characteristics,
because of the small sample size. However, conclusions were
the same based on the unadjusted and adjusted analyses.

Data were analyzed using R, version 2.9.2. All P values are 2
sided.

RESULTS

Expression of Protective HLA Class I Alleles Is Associated With
a Lower Viral Load After Infection
We evaluated the effect of HLA class I alleles on plasma
viremia in 154 Step study participants who acquired HIV-1 in-
fection (95 vaccine recipients and 59 placebo recipients). We
compared mean longitudinal pre-ART log10 plasma viral loads
between subjects expressing protective, unfavorable, or neutral
HLA class I alleles. A weighted GEE model that included base-
line participant characteristics (see Methods) and time since in-
fection was used. Compared with subjects with neutral HLA
alleles, the estimated viral load was 0.81 logs lower (95% confi-
dence interval [CI], .49–1.12 logs lower) among subjects with
protective HLA alleles (P < .0001) and 0.21 logs higher (95%

CI, .04 logs lower to .45 logs higher) among those with unfavor-
able HLA alleles (P = .1).

To assess whether vaccination modified the effect of HLA
class I alleles on host control of HIV-1 RNA levels, we added
an interaction between HLA group and treatment assignment
to the regression model. While there was some suggestion that
the effect of HLA on viral load was more pronounced in the
vaccine arm (Figure 1), this effect was not significant (P = .15).

Increased Breadth but Not Magnitude of Vaccine-Induced Gag-
Specific T-Cell Responses Is Associated With a Lower Viral
Load
The trend toward a reduction in viral load among vaccine re-
cipients as compared to placebo recipients with protective HLA
alleles suggested that vaccine-induced T-cell responses may in-
fluence the control of viral replication in some participants.

Table 1. Difference in Viral Load (VL), by Quartile (Q), in the
Total or Gag-Specific Magnitude of the Immune Response Among
Vaccine Recipients Who Acquired Human Immunodeficiency
Virus, Overall and Given Infection Within 1 Year of the Last
Vaccination

Group Δ Log10 VL, Mean (95% CI)a P

Overall (n=72)

Total magnitudeb .06

Q1 0
Q2 −0.39 (−.83 to .05) .08

Q3 −0.27 (−.85 to .31) .36

Q4 0.07 (−.32 to .45) .74
Gag magnitudeb .38

Q1 0

Q2 0.14 (−.37 to .65) .59
Q3 −0.22 (−.75 to .30) .40

Q4 −0.10 (−.60 to .40) .69

Infected within 1 year (n=36)
Total magnitudeb .01

Q1 0

Q2 −0.540 (−1.08 to −.002) .05
Q3 0.015 (−.750 to .720) .97

Q4 0.125 (−.384 to .633) .63

Gag magnitudeb .20
Q1 0

Q2 −0.102 (−.817 to .613) .78

Q3 −0.600 (−1.293 to .093) .09
Q4 −0.310 (−.985 to .364) .37

Abbreviation: CI, confidence interval.
a Difference in mean log viral load between each magnitude quartile and the
first quartile. Estimates are adjusted for time since HIV-1 infection and HLA
group.
b Quartiles are defined separately for assays run at Merck and Fred Hutchinson
(FH) laboratories. Cutoffs defining Merck (and FH) quartiles for log10 total
magnitude are 430 (390), 886 (625), and 2130 (1014) SFC/106 PBMC; for Gag
magnitude, cutoffs are 157 (107), 216 (163), and 441 (284) SFC/106 PBMC.
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Therefore, we evaluated whether vaccine-induced T-cell re-
sponses before infection predicted postinfection HIV-1 RNA
levels among vaccine recipients. The breadth and magnitude of
preinfection T-cell responses were measured by IFN-γ ELISpot
at week 8 in 72 of the vaccine recipients who later acquired
HIV-1 infection [8, 45]. Sixty-eight percent of vaccinees (49/72)
recognized 1–15 15-mers (Figure 2). The median number of
15-mers recognized in the vaccine group overall was 1, with
higher baseline Ad5 neutralizing antibody titers associated with
a lower mean breadth (P = .03, overdispersed Poisson regres-
sion model). The median magnitude of the total response
(Gag + Pol + Nef) was 625 SFC/106 PBMC at the Fred Hutch-
inson laboratory and 886 SFC/106 PBMC at the Merck labora-
tory (Supplementary Figure 1).

To evaluate whether vaccine-induced T-cell responses con-
tributed to the control of viral replication after infection, we
used the weighted GEE model for viral load described above,
with additional adjustment for HLA group and time since in-
fection (see Methods). Given that Gag-specific T-cell responses

have been most consistently found to be associated with control
of viral replication in unvaccinated HIV-1-infected cohorts, we
studied Gag-specific and total T-cell responses. The magnitude
of the response was grouped by quartile (Table 1), while the
breadth was categorized as 0, 1–2, or ≥3 measured responses
(Table 2). These analyses did not adjust for baseline character-
istics, because of the small sample size.

We found no significant association between the magnitude
of the total (P = .06) or Gag-specific T-cell responses (P = .38)
and plasma HIV-1 RNA loads (Table 1). Similarly, no signifi-
cant association was detected between the total breadth of re-
sponses and viral loads (Table 2).

Interestingly, vaccine recipients who targeted a higher
number of Gag 15-mers showed increased control of HIV-1
replication (P = .02), with the mean viral load among subjects
targeting ≥3 Gag 15-mers more than half a log lower than that
among subjects not targeting Gag (Table 2). Results adjusted
for baseline characteristics were similar (data not shown).

Vaccine-Induced T-Cell Immune Responses Wane Over Time
Given that 44% of the subjects studied here had HIV-1 infec-
tion diagnosed >1 year after the last vaccination, we evaluated
whether preinfection vaccine-induced responses remained
stable over time. HIV-1-specific T-cell responses were mea-
sured in 74 male vaccine recipients who did not acquire HIV-1
infection, by intracellular cytokine staining at peak (week 30
[ie, 4 weeks after the third vaccination]) and during the early
memory and late memory phase (weeks 52 and 104 [ie, 1 and 2
years, respectively, after the first vaccination]).

As shown in Figure 3, CD8+ T-cell response rates to the
vaccine HIV-1 inserts started waning at the early memory time
point. The magnitude among responders remained stable for
the first year but then declined as well. Similar trends were ob-
served for CD4+ T-cell responses (data not shown).

The Beneficial Effect of the Breadth of Gag-Specific T-Cell
Responses Is More Pronounced in Vaccine Recipients Infected
Within a Year of the Last Vaccination
Since vaccine-induced immune responses declined over time,
their ability to influence viral load after infection may have
been diminished in vaccine recipients infected long after the
last vaccination. Therefore, we performed a sensitivity analysis
whereby the analyses linking immune responses and viral load
were repeated in the subset of subjects infected with HIV-1
within a year of the last vaccination. The association between
HLA and viral load in this subgroup of 86 subjects was similar
to that seen in the overall cohort (data not shown).

The association between the breadth of vaccine-induced pre-
infection T-cell responses and viral load after infection was
stronger among subjects infected within a year of the last vacci-
nation (36 vaccine recipients with immunogenicity data). Com-
pared with vaccine recipients who had no Gag responses, the

Table 2. Difference in Viral Load (VL), by Total or Gag-Specific
Breadth of the Immune Response, Among Vaccine Recipients
Who Acquired Human Immunodeficiency Virus, Overall and Given
Infection Within 1 Year of the Last Vaccination

Group No. Recipients
Δ Log10 VL,

Mean (95% CI)a P

Overall (n=72)
Total breadth,

responses, no.
.21

0 23 0
1–2 21 −0.32 (−.73 to .09) .13

≥3 28 −0.33 (−.75 to .09) .13

Gag breadth,
responses, no.

.02

0 46 0

1–2 21 −0.38 (−.71 to .05) .02
≥3 5 −0.53 (−.98 to −.09) .02

Infected within 1 year (n=36)

Total breadth,
responses, no.

.03

0 10 0

1–2 8 −0.512 (−.974 to −.050) .03
≥3 18 −0.529 (−.969 to −.09) .02

Gag breadth,
responses, no.

<.001

0 responses 22 0
1–2 responses 11 −0.607 (−1.041 to −.174) .006

≥3 responses 3 −0.768 (−1.241 to −.293) .002

Abbreviation: CI, confidence interval.
a Difference in mean log10 viral load between each breadth group and the zero
breadth group. Estimates are adjusted for time since HIV-1 infection and HLA
group.
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mean viral load among vaccine recipients with 1–2 Gag re-
sponses was 0.61 logs lower (P = .006), and the mean viral load
among those with ≥3 Gag responses was 0.77 logs lower
(P = .002; Table 2 and Figure 4).

Whereas the association between the total breadth of the re-
sponse and the viral load was not significant in the overall
cohort, among subjects infected with a year of the last vaccina-
tion, an increased total breadth was a significant predictor of a
lower mean viral load (P = .03; Table 1). Also in contrast to the
results in the entire cohort, the increased total magnitude of
the response was associated with a significant reduction in the
mean log viral load (P = .01; Table 1). These models did not
adjust for participants’ baseline characteristics, because of the
small sample size, but covariate-adjusted results were similar.

We conducted additional analyses of an alternative end
point, set point viral load, defined as an average of week 8 and

week 12 values (Supplementary Materials). This was the proto-
col-specified primary viral load end point for the Step study
and constitutes a subset of the viral load data analyzed above by
use of GEE modeling. The results for this end point were
largely consistent, with the exception that higher total and Gag-
specific magnitude of T-cell responses were significant predic-
tors of lower set point viral load in the full cohort of 72 vaccine
recipients (P < .001 and P = .002, respectively; data not shown).

HLA Class I Allele Expression Is Not Significantly Associated
With Breadth or Magnitude of the Vaccine-Induced T-Cell
Responses
To investigate whether the induction of vaccine-induced res-
ponses could be modulated by HLA class I haplotypes, we com-
pared the magnitude and breadth of vaccine-induced responses
between HLA groups, using regression models (85 subjects for

Figure 1. Pre–antiretroviral therapy log10 HIV-1 RNA copies/ml over time for vaccine and placebo recipients in each HLA group among 154 HIV-1-infected
participants. Lines represent estimated means at each week postinfection, based on a weighted generalized estimating equations model that adjusts
for baseline participant characteristics and time since HIV-1 infection. There was some indication of a stronger HLA effect in vaccine (red symbols) versus
placebo recipients (blue symbols), but this difference was not statistically significant (P = .15). Among placebo recipients, the mean viral load was 0.57
logs lower (95% confidence interval [CI], .19–.95 logs lower) among those with protective HLA alleles and 0.035 logs higher (95% CI, .35 logs lower to .42
logs higher) among those with unfavorable HLA alleles, compared with those with neutral HLA alleles. In the vaccine arm, the mean viral load was 1.00
log lower (95% CI, .55–1.46 logs lower) among those with protective HLA alleles and 0.29 logs higher (95% CI, .02 logs lower to .60 logs higher) among
those with unfavorable HLA alleles, compared to those with neutral HLA alleles.
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magnitude analyses and 72 subjects for breadth analyses; analyses
were unadjusted for baseline participant characteristics, because
of the small sample size; see Methods). The presence of protective
or unfavorable HLA alleles was not significantly associated with
the magnitude of the total (P = .34) or Gag-specific (P = .10)
T-cell responses (Supplementary Figure 1) nor did HLA alleles
correlate with the breadth of vaccine-induced T-cell responses
(P = .45 for total breadth; P = .59 for Gag breadth; data not
shown). Results adjusted for baseline characteristics were similar
(data not shown).

T-Cell Responses Do Not Mediate the Effect of Protective HLA
Class I Alleles on Viral Load
The finding that vaccine-induced T-cell responses were associ-
ated with viral load in Step study participants raises the hypoth-
esis that the association between HLA and viral load was
mediated through vaccine-induced T-cell responses. We ad-
dressed this question by studying whether the association
between HLA and viral load changed after adjustment for im-
munogenicity, using all 72 vaccine recipients with immunoge-
nicity data. Adjustment for the total or Gag-specific magnitude
or breadth in the viral load model had a very minor impact on
the estimated HLA effect (Supplementary Table 2). Therefore,
these results provide no evidence that T-cell responses mediate
the HLA effect on HIV-1 RNA levels and suggest that HLA
and Gag breadth act independently on viral load. Similarly consis-
tent HLA effects were seen when comparing immunogenicity-
adjusted and unadjusted analyses in the subset of 36 vaccine
recipients infected within 1 year of the last vaccination (data not
shown).

DISCUSSION

Expression of HLA-B*57 is the single most dominant predictor
of the control of HIV-1 replication in natural history cohorts
[43]. The mechanism of action for this protective effect is not
fully understood, but binding of epitopes to the HLA groove
seems to play an important role in mediating control [44].
There are several HLA-B*57–restricted epitopes in HIV-1 Gag,
which could be acting in concert to explain the observed
inverse association between Gag-specific T-cell responses and
viral load [26, 28, 29]. Nonetheless, HLA allele expression and
targeting of specific epitopes are not redundant measures of
HIV-1 control [33]. The Step study, the first HIV-1 vaccine trial
to test whether vaccine-induced T-cell responses could mediate
protection, provided a unique opportunity to assess whether vac-
cination would alter the effect of HLA on disease progression,
potentially through the induction of protective immune respons-
es before infection.

We found that expression of protective HLA class I alleles
was clearly associated with reduced viral load in Step study par-
ticipants. This effect was slightly more pronounced in vaccine
recipients, compared with placebo recipients, consistent with
an earlier analysis including fewer HIV-1-infected participants
[9], although the difference between treatment groups was not
statistically significant (P = .15). However, our analysis failed to
identify that the effect of protective HLA class I alleles on viral
load is mediated through an increased breadth or magnitude of
the T-cell response to vaccination. Rather, the slight benefit ob-
served in vaccine recipients as compared to placebo recipients
could stem from the observation that significantly higher cyto-
toxic responses were generated in vaccine recipients carrying
the HLA class I alleles B*27, B*57, or B*58 [49].

There is modest evidence that the breadth of vaccine-induced
Gag-specific but not total T-cell responses contributed to the
control of viral replication independent of HLA. The fact that
the association between Gag response and viral load was stronger
when analyses were restricted to subjects infected within the first
year after the last vaccination suggests that vaccine-induced
T-cell responses may significantly impact postinfection outcome
if they are still present at the time of HIV-1 acquisition. Our evi-
dence that vaccine-induced responses wane beyond the first year
after the last vaccination highlights the importance of vaccines
that induce long-lasting memory responses.

There are several limitations to the analyses presented here.
First, the association we detected between Gag response and
viral load may not be causal. Although we attempted to control
for confounding by adjusting for baseline characteristics that
are plausibly associated with T-cell response and viral load,
there may be other unmeasured factors that impact the Gag re-
sponse that actually control viral load. In addition, the vaccine-
induced T-cell responses we measured used vaccine-matched
peptides, since the data were generated for the purposes of

Figure 2. Number of insert-specific T-cell responses by Ad5 titer stra-
tum. Each bar represents one of 72 participants. Responses were mea-
sured pre-infection. Panels show responses by baseline adenovirus 5
(Ad5) neutralizing antibody (nAb) titer: ≤18: n = 31; 19–200: n = 13; 201–
1000: n = 18; and >1000: n = 11. The height of each bar represents the
number of targeted 15-mer peptides for Gag, Nef, and Pol. Participants
with no response to single 15-mers are represented with open grey bars.
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Figure 4. Pre–antiretroviral therapy log10 viral loads over time among HIV-1–infected vaccine recipients, by breadth of the vaccine-induced Gag re-
sponse (0 vs 1–2 vs ≥3 reactive 15-mers). Lines represent estimated means at each week postinfection, based on a weighted generalized estimating equa-
tions model that adjusts for time since HIV-1 infection and HLA group. Estimates are shown based on the 72 vaccine recipients with breadth data (blue)
and the subset of 36 vaccine recipients who were infected within 1 year of the last vaccination (red).

Figure 3. Rate and magnitude of the HIV-1–specific CD8+ T-cell response over time among 74 vaccine recipients who remained HIV-1 uninfected. HIV-1-
specific CD8+ T-cell responses were measured by intracellular cytokine staining using Gag, Nef, and Pol peptide pools. A, Response rates were determined
for each protein pool separately (Gag: red; Nef: blue; Pol: green), as well as for any pool (black) using established positivity criteria. Response rates and
95% confidence intervals are shown. B, The total magnitude of response across peptide pools for positive (red symbols) and negative (blue symbols) CD8+

T-cell responders. Box plots show medians and interquartile ranges for positive responders; whiskers extend from the upper and lower quartiles to the fur-
thest point within 1.5 times the interquartile range.
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characterizing the vaccine’s immunogenicity. Immune respons-
es to peptide antigens representing actual infecting HIV-1 strains
may be more predictive of control of viral replication; however,
testing autologous peptide sets for 72 subjects would have been
prohibitively expensive. The apparent lack of mediation of the
HLA effect by the T-cell response could also be specific to our
measures of immune response: the magnitude and number of rea-
ctive 15-mers or the breadth. A more refined measure of immune
response that takes into account which 15-mers or, ideally,
epitopes elicited a response might serve as a better mediator.

Alternative measures of HIV-1 disease progression may also
have been interesting to evaluate. The Step study provided no
evidence that the vaccine modified the HLA effect on CD4+

T-cell count [9]. The time to ART initiation was not evaluated
here because, since ART initiation guidelines were not uniform
across study sites (ie, guidelines were not prescribed by the
study) and showed dramatic regional variation, there was
concern about the relevance of this end point. Acute viral load,
measured early in infection before viral escape occurs, would
also have been interesting to study and might perhaps have
been better correlated with T-cell immune responses. However,
this was not possible to evaluate in the Step study since very
few participants had samples obtained during the acute infec-
tion period as a consequence of 6-month intervals between
study visits [11]. In general, our analyses were somewhat
limited by the sample size and by missing viral load data; this
influences the power of the study and makes it difficult to
assess and adjust for confounding.

In summary, data from the Step vaccine trial further support
the importance of HLA class I alleles in controlling HIV-1 viral
replication after infection and suggest that T-cell responses to a
vaccine may also play a role in controlling viral load, particular-
ly before their decline due to insufficient memory formation. If
an increased Gag breadth is indeed beneficial, the fact that the
Step study found no overall vaccine effect on viral load [9] sug-
gests that the MRKAd5 vaccine induced responses of insuffi-
cient breadth. In part this may be the result of including
subjects who were Ad5 seropositive at baseline and our finding
of reduced breadth in these participants. The waning of
immune responses may also explain the lack of an overall effect
of the MRKAd5 vaccine on viral load. Our findings support the
strategy of designing future vaccines to generate long-lasting
T-cell responses and support the inclusion of Gag to reduce
viral load should breakthrough infection occur.
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