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Primary HIV-1 infection (PHI) is marked by a flu-like syndrome and high levels of viremia that decrease to
a viral set point with the first emergence of virus-specific CD8� T-cell responses. Here, we investigated in a
large cohort of 527 subjects the immunodominance pattern of the first virus-specific cytotoxic T-lymphocyte
(CTL) responses developed during PHI in comparison to CTL responses in chronic infection and demonstrated
a distinct relationship between the early virus-specific CTL responses and the viral set point, as well as the
slope of CD4� T-cell decline. CTL responses during PHI followed clear hierarchical immunodominance
patterns that were lost during the transition to chronic infection. Importantly, the immunodominance patterns
of human immunodeficiency virus type 1 (HIV-1)-specific CTL responses detected in primary, but not in
chronic, HIV-1 infection were significantly associated with the subsequent set point of viral replication.
Moreover, the preservation of the initial CD8� T-cell immunodominance patterns from the acute into the
chronic phase of infection was significantly associated with slower CD4� T-cell decline. Taken together, these
data show that the specificity of the initial CTL response to HIV is critical for the subsequent control of viremia
and have important implications for the rational selection of antigens for future HIV-1 vaccines.

In the first weeks after human immunodeficiency virus type 1
(HIV-1) acquisition, viral loads peak at high levels, accompanied
by a flu-like syndrome (15). A rapid depletion of the CD4� T-cell
population occurs during this acute infection, in particular, within
the gastrointestinal tract-associated lymphoid tissue (6, 19, 20),
marking a nonrecoverable scar on the immune system. With the
resolution of the clinical syndromes, viral loads decrease to a set
point, which persists at this level for months to years until pro-
gressive CD4� T-cell decline results in the onset of AIDS. It has
been shown that the initial viral set point following primary in-
fection is a very strong predictor of the disease-free period until
the onset of AIDS (18, 21, 22).

The initial decrease in the viral load during primary HIV-1
infection (PHI) is temporally associated with the first emergence
of virus-specific CD8� T-cell responses, and several studies have
provided strong evidence that HIV-1-specific CD8� T-cell re-

sponses are capable of controlling viral replication (5, 16, 24, 25,
27, 31, 33). However, significant numbers of virus-specific CD8�

T cells are detectable both in chronically infected individuals who
progress rapidly to AIDS and in those who do not experience
HIV-1 disease progression for decades (1, 11), and the charac-
teristics that define a protective HIV-1-specific CD8� T-cell re-
sponse are not known. In particular, the level of control over viral
replication is not predicted by the overall breadth, magnitude, or
function of virus-specific CD8� T-cell responses in chronic HIV-1
infection (1, 4, 11, 26, 28).

Here, we demonstrate in a large cohort of individuals identified
during PHI that immunodominance patterns of virus-specific
CD8� T-cell responses detected in PHI, but not in chronic HIV-1
infection, are strongly associated with the subsequent set point of
viral replication. These data show that the specificity of the initial
CD8� T-cell response to HIV is critical for the subsequent con-
trol of viremia and have important implications for the rational
selection of antigens for future HIV-1 vaccines.

MATERIALS AND METHODS

A total of 527 HIV-1-infected subjects participated in this study, including 99

subjects with untreated chronic HIV-1 infection enrolled at Massachusetts

General Hospital in Boston and 428 subjects with PHI recruited from primary-
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infection cohorts in North America, Germany, and Australia (Massachusetts

General Hospital, Boston, MA; Fenway Community Health Center, Boston,

MA; AIDS Research Institute, University of California, San Francisco; McGill

University, Montreal, Canada; Infection Network of the National Centre in HIV

Epidemiology and Clinical Research, Darlinghurst, Australia; Jessen-Praxis,

Berlin, Germany; and the University of California, San Diego) (Table 1). A total

of 224 (52%) of the subjects with PHI were identified during acute HIV-1

infection (AHI) (defined by negative HIV p24 antibody testing by enzyme-linked

immunosorbent assay in the presence of detectable HIV-1 RNA or positive HIV

p24 antibody testing by enzyme-linked immunosorbent assay and an evolving [�3

bands positive] HIV Western blot), and 204 subjects (48%) were identified with

early HIV-1 infection (EHI) (defined by documented HIV-1 acquisition within

the previous 6 months). The study was approved by the respective institutional

review boards and was conducted in accordance with the human experimentation

guidelines of Massachusetts General Hospital.

HLA typing. High- and intermediate-resolution HLA class I typing was per-

formed by sequence-specific PCR according to standard procedures.

IFN-� ELISPOT assay. HIV-1-specific CD8� T-cell responses were assessed

with frozen peripheral blood mononuclear cell samples collected during un-

treated infection for chronically infected individuals or 8 weeks (�10 days)

following diagnosis with PHI. HIV-1-specific CD8� T-cell responses were quan-

tified by gamma interferon (IFN-�) enzyme-linked immunospot (ELISPOT)

assay, using a panel of 222 HLA class I matched optimal epitope responses as

previously described (11). A response was considered positive only if there were

�55 spot-forming cells (SFCs)/106 PBMC and SFC/106 PBMC at least three

times greater than mean background of the SFC/106 PBMC in the negative wells

and three times greater than the standard deviation of the SFC/106 PBMC within

the negative controls.

Assessment of the viral set points for individuals identified during PHI.

Longitudinal viral-load data were collected from all study subjects. Two infec-

tious-disease physicians independently determined the average viral set points

for all untreated subjects. Only subjects with untreated HIV-1 infection and

multiple (four or more) available viral loads 6 months after first presentation

were included in the analysis. Subjects were excluded (i) if they had ever received

antiretroviral therapy during the first 6 months of infection, (ii) if results for less

than four independent viral-load measurements were available during the viral

set point period, and (iii) if one of the two infectious-disease physicians con-

cluded that no stable viral set point was reached. Viral set points were defined

following the algorithm previously described by Fellay et al. (10). Viral set points

were obtained for 110 out of 428 study subjects. The main reasons for the

absence of a viral set point in the remaining 318 study subjects were as follows:

treatment during acute infection (n � 242), loss to follow-up (n � 38), treatment

before the establishment of a viral set point (n � 26), or lack of a stable viral set

point (n � 12). The 110 subjects, for whom a viral set point was obtained were

representative of the cohort of 428 subjects in terms of gender, race, and HLA

distribution.

Assessment of the slope of CD4 decline and viral set points in subjects from

the MACS cohort. The calculation of the slope of CD4 decline was performed

with clinical data derived from the Multicenter AIDS Cohort Study (MACS)

(n � 322). For each HLA allele, the rate of CD4� T-cell decline in individuals

with the given allele was estimated using a mixed-effects model as previously

described (3). The correlation coefficient comparing the CD4� T-cell decline

with the frequency of epitope recognition and the test for association using

Pearson’s product-moment correlation are reported. The mean log10 viral set

point of the MACS cohort was determined 1.5 to 3 years after infection.

Assessment of CD8� T-cell immunodominance and contribution. An immu-

nodominant epitope-specific CD8� T-cell response was defined as a response to

the most frequently recognized epitope restricted by the respective HLA class I

allele in the study population. Similarly, the contribution of epitope-specific

CD8� T-cell responses to the total response was defined as the epitope-specific

CD8� T-cell response giving on average the highest IFN-� secretion on the

population level compared to the other measured epitope-specific responses in a

given individual and, therefore, taking the magnitude and breadth of the each

measured HLA-restricted CD8� T-cell response into account. Each HLA class

I allele was treated independently for this analysis; therefore, one subject might

appear in the average of multiple data points for different HLA class I alleles.

Statistical analysis. Statistical analysis and graphical presentation were done

using Graph Pad Prism 5.0, Microsoft Excel, SAS 9.1 (SAS Institute), and R 2.7.1

(R Foundation for Statistical Computing, Vienna, Austria). The results are given

as means � standard deviations or medians with ranges. Correlations were

assessed by Spearman rank analysis. Statistical analysis of significance (P values)

was based on two-tailed t tests and linear regression analysis.

RESULTS AND DISCUSSION

The first emerging virus-specific cytotoxic T-lymphocyte
(CTL) responses during PHI have been associated with the
decrease in the HIV-1 viral load and the establishment of a set
point of viral replication (5, 16). Here, we systematically as-
sessed in a cohort of 428 subjects with PHI and 99 subjects with
chronic HIV-1 infection the impacts of the immunodominance
patterns of these early virus-specific CD8� T-cell responses on
the plasma viral load and CD4� T-cell count. The study cohort
consisted primarily of male subjects (�97%) of Northern Eu-
ropean descent (87% Caucasian), and the HLA class I distri-
bution reflected the general distribution in a Caucasian popu-
lation (Table 2) (http://www.allelefrequencies.net). A total of
224 subjects enrolled in this study were identified during AHI
(AHI group), while 204 subjects were identified within 6
months of infection (EHI group). The average peak viral load
in the AHI group was 3,034,510 copies/ml (range, 399 to
95,000,000 copies/ml) and was significantly higher than in the
EHI group (238,698 copies/ml; range, 49 to 8,470,000; P �

0.0001) (see Fig. S1 in the supplemental material). Following
antiretroviral treatment guidelines, therapy initiation has been
widely recommended in the acute phase of HIV-1 infection in
the past, and the majority of subjects therefore received treat-
ment during PHI. However, for 110 of the 428 subjects who
remained treatment-naïve, a viral replication set point was
defined, and this average viral set point was with 42,752 cop-
ies/ml (range, 49 to 588,000), significantly lower than the peak
viral load in the AHI group (P � 0.0001) or the EHI group
(P � 0.001) at baseline but similar to the viral load in a control
cohort of 99 individuals enrolled with untreated viremic
chronic HIV-1 infection (chronic-infection cohort; average vi-
ral load at time of presentation, 42,664 copies/ml; range, 49 to
988,000) (see Fig. S1 in the supplemental material)). The 110
individuals for whom a viral set point was determined did not
differ in their clinical characteristics and HLA class I genotypes
from the overall cohort of 428 individuals with PHI.

HIV-1-specific CTL responses were quantified by IFN-�
ELISPOT assay against a panel of 222 previously described
optimal HIV-1 epitopes in all 527 subjects (30). The peptides
used for the screening of each study subject were selected
based on the subject’s HLA class I genotype. Study participants
were tested for CTL responses directed against a median of 37
(range, 5 to 66) optimal HIV-1-specific CTL epitopes in the
primary-infection cohort and 35 (range, 7 to 69) optimal
epitopes in the chronic-infection cohort (P � 0.64). An average
of 5 peptides (range, 0 to 23) corresponding to optimal HIV-
1-specific CTL epitopes induced peptide-specific IFN-� pro-
duction from CTLs in subjects from the primary-infection co-

TABLE 1. Origins of acute and chronic samples

Origin No. (n � 527) %

Boston 252 48
San Francisco 82 16
Montreal, Canada 75 14
Sydney, Australia 66 13
Berlin, Germany 33 6
San Diego 19 4
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hort. In line with previous studies (13), HIV-1-specific CTL
responses were directed against a significantly larger number
of HIV-1 epitopes in chronic infection, with an average of 8
peptides (range, 0 to 19) inducing IFN-� production of CTLs
in the chronic-infection cohort (P � 1.18 � 10�8). Within the
primary-infection cohort, significantly fewer HIV-1-specific
CTL epitopes were targeted in the AHI group (mean number

of targeted peptides, 4 [range, 0 to 23]), compared to the EHI
group (mean number of targeted peptides, 6 [range, 0 to 21])
(P � 6.3 � 10�7).

During PHI, some individual epitopes were targeted at a
very high frequency in subjects expressing the respective HLA
class I molecule, while other epitopes restricted by the same
HLA class I molecule were rarely recognized. Figure 1A and
Table S1 in the supplemental material summarize the frequen-
cies of recognition for all tested HIV-1-specific CTL epitopes
in 428 subjects with PHI. In line with previous data (2), the
most frequently recognized HIV-1-specific CTL epitopes were
predominantly restricted by HLA class I alleles associated with
slower HIV-1 disease progression, such as HLA-B27, HLA-
B57, or HLA-B51. In contrast, CTL responses restricted by
HLA class I alleles associated with a more rapid course of
HIV-1 disease (including HLA-B35, HLA-A1, and HLA-A68)
targeted epitopes less frequently during PHI (Fig. 1A; see
Table S1 in the supplemental material). The pattern of recog-
nition frequencies of HIV-1-specific CTL epitopes observed
during PHI was substantially different in chronically infected
individuals (Fig. 1B). While frequently recognized epitopes
during PHI were targeted in up to 80% of the 428 subjects with
primary infection expressing the respective HLA class I alleles,
the same epitopes were less frequently targeted in the chronic-
infection cohort. For example, the frequency of CTL responses
directed against HLA-B27 KK10 or HLA-B57 TW10 dropped
from 81% to 42% (chi-square test; P � 0.008) and from 74%
to 30% (P � 0.07), respectively, while subdominant responses
or responses not present during PHI represented immuno-
dominant HIV-1-specific CTL responses in chronic infection
(Fig. 1; see Table S1 in the supplemental material). Taken
together, these studies of the immunodominance patterns of
HIV-1-specific CTL responses demonstrate significant differ-
ences in the frequencies of recognition of individual epitopes
between PHI and chronic HIV-1 infection.

Previous studies suggested that the virus-specific CTL re-
sponses that develop in PHI are responsible for the initial
control over viral replication (2, 5, 8, 9, 16, 23). In addition,
several studies have demonstrated that the early viral set point
developing 4 to 6 months after the acute phase of infection is
a strong determinant for HIV-1 disease progression (21, 22).
We hypothesized that this early viral set point, and the subse-
quent rate of HIV-1 disease progression, are determined by
the immunodominance patterns of the first virus-specific CTL
responses. For a subset of 110 treatment-naïve individuals with
PHI, viral-load set points 6 months after infection were avail-
able. In line with previous observations, subjects expressing the
strongly protective HLA class I alleles HLA-B57 and HLA-
B27 (n � 19) showed a significantly lower average viral set
point, with 20,749 copies/ml (range, 418 to 94,400 copies/ml)
compared to the 91 subjects who did not express these protec-
tive HLA class I alleles (average viral set point, 55,140 copies/
ml; range, 49 to 588,000 copies/ml; P � 0.009) (see Fig. S1 in
the supplemental material).

We next assessed whether the contributions of the most
immunodominant HIV-1-specific CTL responses restricted by
a given HLA class I allele to the total virus-specific CTL re-
sponse during PHI impacted the average plasma viral set point
in the individuals expressing the allele. Interestingly, the con-
tributions of the immunodominant responses by each HLA

TABLE 2. Major histocompatibility complex class 1
allele frequencies

Allele

Frequency (%)

Acute
(n � 428)

Set point group
(n � 110)

Chronic
(n � 99)

HLA-A
A1 25 26 22
A2 54 49 42
A3 25 27 25
A11 13 20 10
A23 5 5 5
A24 15 21 11
A25 5 5 5
A26 5 6 6
A28 0 0 0
A29 5 0 8
A30 6 4 10
A31 3 0 2
A32 5 0 10
A33 4 4 7
A68 9 7 14
A74 1 0 5

HLA-B
B7 19 21 17
B8 19 15 12
B14 7 4 6
B15 13 13 16
B18 11 7 13
B27 6 9 7
B35 19 15 15
B37 3 0 2
B38 3 5 5
B39 4 5 2
B40 13 19 7
B42 0 0 2
B44 27 23 26
B50 3 0 4
B51 11 10 14
B52 2 0 4
B53 4 0 8
B55 4 0 2
B57 7 8 10
B58 3 0 9
B62 1 0 0
B71 0 0 0

HLA-Cw
Cw1 7 10 9
Cw3 18 23 22
Cw4 25 22 32
Cw5 16 11 19
Cw6 11 11 24
Cw7 50 47 37
Cw8 9 6 12
Cw12 11 14 17
Cw14 1 0 2
Cw15 5 5 8
Cw18 1 0 0
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class I allele to the total virus-specific CTL response were
significantly correlated with the average viral set point for
individuals expressing those alleles in the 110 individuals for
whom viral set points were available, with the exception of
HLA-B8 (R � �0.39; P � 0.03) (Fig. 2A). The most immu-
nodominant epitope-specific CD8� T-cell response restricted
by HLA-B8 was directed against the epitope FLEKEGGL

(B8-FL8) in Nef and contributed 21% to the total magnitude
of all measured virus-specific responses. However, individuals
expressing HLA-B8 developed an average plasma viral load of
over 110,000 copies/ml. Previous studies have demonstrated
that this epitope escapes fairly early (7) but is still recognized
with lower functional avidity (29) by CD8� T-cell responses.
The mechanisms accounting for this different association for

FIG. 1. Immunodominance pattern of CD8� T-cell responses targeted during PHI (A) and chronic HIV-1 infection (B). (A) The recognition
of described HLA class I matched HIV-1-specific CD8� T-cell epitopes is shown ranked based on the frequencies of recognition of these epitopes
by CD8� T cells in subjects (n � 428) expressing the respective HLA alleles ([%] fraction of responders) during PHI. The order of recognition,
HLA class I restrictions, protein locations, and sequences of these optimal epitopes (1 to 222) are listed in Table S1 in the supplemental material.
(B) Frequencies of recognition by CD8� T cells during chronic infection for the same optimal epitopes (n � 99).

FIG. 2. Correlation between immunodominance patterns of HIV-1-specific CD8� T-cell responses and the viral set point. The early viral set
points 6 months after infection were determined for 110 subjects identified during PHI who remained treatment naïve. (A) Correlation between
the contributions of the immunodominant HIV-1-specific CD8� T-cell responses restricted by each HLA class I allele to the total virus-specific
CD8� T-cell responses and the average viral set point for the respective HLA class I allele (n � 110). The average viral load showed a significant
inverse correlation (R � �0.39; P � 0.03) with the percent contribution of immunodominant HIV-1-specific immune responses restricted by the
respective HLA class I allele to the total response, and it became more prominent (P � 0.007) after removal of the outlier B8-FL8 (Nef) (f) based
on Cook’s outlier analysis (R � �0.49). (B) Correlation between the frequencies of recognition ([%] fraction of responders expressing the
respective HLA allele) of the most immunodominant HIV-1-specific CD8� T-cell epitope restricted by each HLA class I allele and the average
viral set point for subjects (n � 110) expressing the respective HLA class I allele. The average viral load showed an inverse correlation (P � 0.07)
with the (%) recognition of the immunodominant CD8� T-cell epitope restricted by the respective HLA class I allele (R � �0.33) and became
statistically significant (R � �0.43; P � 0.03) after removal of the outlier B8-FL8 (Nef) (f) based on Cook’s outlier analysis.

7644 STREECK ET AL. J. VIROL.
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the immunodominant HLA-B8-restricted epitope in Nef and
its impact on viral control warrant further investigation. In
contrast, no correlation between CTL responses detected in
chronic infection and the viral load was observed (R � 0.06;
P � 0.74) (data not shown), as described previously (1, 11).
Taken together, these data show that study subjects expressing
HLA class I alleles restricting a dominant CTL response that
contributed strongly to the initial total virus-specific CD8�

T-cell response in PHI had a significantly lower viral set point.
We next assessed whether the frequency of recognition of

immunodominant epitopes during PHI among the 110 treat-
ment-naïve individuals (Fig. 1A; see Table S2 in the supple-
mental material) had an impact on the viral set point. The most
immunodominant CTL epitope was determined for each HLA
class I allele, and the frequencies of recognition of these im-
munodominant epitopes during PHI were then correlated with
the average viral set point reached after 6 months in individ-
uals expressing the respective HLA class I alleles. Similar to
the contributions to the total virus-specific response, the fre-
quencies of recognition of these immunodominant epitopes

during PHI were closely correlated with the early viral set point
(R � �0.33; P � 0.07), and this correlation reached signifi-
cance after the exclusion of the previously mentioned outlier
B8-FL8 in Nef (Cook D � 0.7 [in Cook’s outlier analysis]; R �

�0.43; P � 0.02) (Fig. 2B). Again, no correlation between the
frequency of recognition of immunodominant epitopes during
chronic HIV-1 infection and the viral load was observed (data
not shown).

In order to avoid a bias introduced from subjects expressing
the highly protective HLA alleles HLA-B57 and HLA-B27, we
performed a further subanalysis excluding the subjects express-
ing these alleles. Even in the absence of both HLA-B27� and
HLA-B57� individuals, the frequency of epitope recognition
and the contributions of the immunodominant epitope-specific
responses to the total virus-specific response remained signif-
icantly correlated with the early viral set point (R � �0.40, P �

0.04, and R � �0.41, P � 0.03, respectively [the outlier HLA-
B8FL8 was excluded from the analysis in both cases]). To
extend the viral set point analysis beyond the 110 subjects
identified within the primary-infection cohort, we also corre-

FIG. 3. Correlation of the frequency and contribution of HIV-1-specific CD8� T-cell responses during primary infection and the viral set point
derived from the MACS cohort. The fraction of responders to the immunodominant epitope detected during PHI for each HLA class I allele was
calculated for the 428 subjects during PHI (A) and the 99 subjects during chronic HIV-1 infection (B) and correlated with the mean log10 viral
set point derived from the MACS cohort for each HLA class I allele. The numbers on the x axes represent the average mean log10 viral loads,
ranging from 3.8 to 4.8. The individual immunodominant epitopes for each HLA class I allele and their frequencies of recognition in primary and
chronic infection are shown in Table S2 in the supplemental material. We observed a significant inverse correlation between the fraction of
responders and the plasma viral set point for the subjects expressing the respective HLA class I allele (determined 1.5 to 3 years after infection)
(R � �0.42; P � 0.009), while no correlation was observed with the frequency of epitope recognition determined in the chronic phase of HIV-1
infection and the mean log10 viral set point derived from the MACS cohort (R � �0.2; P � 0.22). (C) Correlation between the contribution of
the immunodominant HIV-1-specific CD8� T-cell responses restricted by each HLA class I allele to the total virus-specific CD8� T-cell responses
and the average viral set point for the respective HLA class I allele derived from the MACS cohort. (D) The average viral load showed an inverse
correlation (R � �0.37; P � 0.03) with the (%) contribution of HIV-1-specific immune responses restricted by the respective HLA class I allele
to the total number of responses, while no correlation was observed with the frequency of epitope recognition of the early immunodominant CD8�

T-cell responses determined in the chronic phase of HIV-1 infection and the mean log10 viral set point derived from the MACS cohort (R � �0.14;
P � 0.4).
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lated the frequencies of recognition of immunodominant
epitopes determined in the cohort of all 428 individuals with
PHI with the viral set point levels described in the MACS
cohort for individuals expressing the respective HLA class I
alleles. In line with the findings above, we again observed a
significant inverse correlation between the frequency or con-
tribution of epitope recognition in PHI and plasma viral load
set points derived from the MACS cohort (R � �0.42, P �

0.009, and R � 0.37, P � 0.03, respectively [no outlier was
excluded]) (Fig. 3A and C). In contrast, there was no correla-
tion between the frequencies or contributions by which these
early immunodominant epitopes were targeted in chronic
HIV-1 infection and the viral set point (R � �0.2, P � 0.22,
and R � �0.14, P � 0.4, respectively) (Fig. 3B and D). Taken
together, these findings support the hypothesis that the early
and strong recognition of epitopes during the initial phase of
HIV-1 infection is an important contributor to the effective
control of HIV-1 replication.

Opportunistic infection commonly occurs when CD4� T-cell
counts drop below a certain level (�200 cells/	l), and clinical
guidelines acknowledge the importance of the rate of CD4�

decline for the initiation of antiretroviral therapy. To address
whether the recognition of specific primary- or chronic-phase
immunodominant epitopes had an impact on the rate of CD4�

T-cell decline, we calculated the average slope of CD4 decline
over a year for each HLA class I allele and correlated this with
the frequencies of recognition of the immunodominant
epitopes restricted by the respective HLA allele detected in
acute or chronic infection. The slopes of CD4� T-cell decline
for each HLA class I allele were calculated using data from
subjects in the MACS cohort (3). No significant correlation
between the frequencies at which immunodominant epitopes
were recognized in primary infection and the slope of CD4�

decline in the MACS cohort was observed (Fig. 4A), suggest-
ing that the immunodominance patterns of HIV-1-specific
CD8� T-cell responses in primary infection are not a good
predictor of CD4� T-cell decline. Interestingly, however, the
frequencies at which epitopes that were immunodominant in
primary infection were still recognized in the chronic phase of
HIV-1 infection, based on the results for the 99 chronically

infected individuals studied (Fig. 1B; see Table S1 in the sup-
plemental material), were significantly inversely correlated
with the slope of CD4� T-cell decline derived from the MACS
cohort (R � �0.47; P � 0.004) (Fig. 4B). In contrast, the
immunodominance patterns of HIV-1-specific CD8� T-cell
responses observed in chronic infection alone (see Table S1 in
the supplemental material) were not correlated with the slope
of CD4� decline (R � 0.22; P � 0.17) (data not shown). These
data suggest that the preservation of frequently recognized
immunodominant HIV-specific CTL responses from the acute
phase into the chronic phase of infection is associated with
lower rates of CD4� T-cell loss on the population level.

Very little is known about the consequences of the immu-
nodominance patterns of initial HIV-1-specific CD8� T-cell
responses for the early viral set point and disease progression.
Here, we used a large cohort of individuals with PHI that
allowed, for the first time, correlation between individual
epitope-specific CD8� T-cell responses and markers of HIV-1
disease progression for a significant number of frequent HLA
class I alleles. While the approach using peptides correspond-
ing to described optimal CD8� T-cell epitopes within HIV-1
did not allow us to determine the full breadth of HIV-1-specific
T-cell responses and might have underestimated total virus-
specific responses (30), we showed that study subjects express-
ing HLA class I alleles that restricted a dominant virus-specific
CD8� T-cell response in PHI had a significantly lower viral set
point.

Correlating the immunodominance patterns of HIV-1-spe-
cific CD8� T-cell responses with the slopes of CD4� T-cell
decline using data from the MACS cohort, for which CD4�

T-cell slopes are well characterized over years of infection, our
data furthermore suggest that the preservation of the initial
immunodominance patterns of HIV-1-specific CD8� T-cell
responses from primary to chronic infection is associated with
protection from CD4� T-cell loss. These data suggest that
CD8� T cells targeting immunodominant viral epitopes that
are not rapidly lost due to early viral escape by sequence
evolution (7, 9) or activation-induced deletion of epitope-spe-
cific T-cell clones (12, 14, 17, 32) might be able to mediate
persistent immune control over the virus and protection from

FIG. 4. Correlation between the frequency of HIV-1-specific CD8� T-cell response during primary infection and the slope of CD4 decline
derived from the MACS cohort. The fraction of responders to the immunodominant epitope detected during PHI for each HLA class I allele was
calculated during PHI (n � 428) (A) and chronic HIV-1 infection (n � 99) (B) and correlated with the slope of CD4 decline derived from the
MACS cohort for each respective HLA class I allele. The numbers on the x axes represent the average slopes of CD4 decline, ranging from �1.8
(representing a faster loss of CD4 cells) to �1 (representing a slower loss of CD4 cells). The individual immunodominant epitopes for each HLA
class I allele and their frequencies of recognition in primary and chronic infection are shown in Table S2 in the supplemental material.
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CD4� T-cell loss. However, it was not possible to determine
from this study whether the lower viral set points or slower
losses of CD4� T cells observed were directly due to the
presence or absence of an immunodominant epitope restricted
by the respective HLA class I allele, as the number of subjects
not targeting individual immunodominant HLA-restricted
CD8� T-cell responses was low, despite the size of the cohort.
In the case of HLA-B27 and HLA-B57, for example, only a
single study subject with available viral set points did not target
the corresponding immunodominant epitope. These data sug-
gest that larger cohorts of individuals identified during primary
infection with well-documented courses of HIV-1 disease will
be required to link disease outcome directly to the presence or
absence of an epitope-specific CD8� T-cell response in pri-
mary infection.

In conclusion, these data from a large cohort of individuals
identified during PHI demonstrate that immunodominant and
persisting virus-specific CD8� T-cell responses induced during
PHI are significantly associated with the early plasma set point
of HIV-1 replication and the subsequent slopes of CD4� T-cell
decline. These data show that the specificity and persistence of
the initial HIV-1-specific CTL response might be critical pre-
dictors for the subsequent control of HIV-1 and have impor-
tant implications for the rational selection of antigens for the
design of future HIV-1 vaccines.
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