Limited Immunogenicity of HIV CD8" T-Cell
Epitopes in Acute Clade C Virus Infection
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Background. Human immunodeficiency virus type 1 (HIV-1)-specific CD8" responses contribute to the
decline in acute peak viremia following infection. However, data on the relative immunogenicity of CD8™ T-cell
epitopes during and after acute viremia are lacking.

Methods. We characterized CD8" T-cell responses in 20 acutely infected, antiretroviral-naive individuals with
HIV-1 subtype C infection using the interferon-y enzyme-linked immunosorbent spot assay. Eleven of these had
not fully seroconverted at the time of analysis. Viruses from plasma were sequenced within defined cytotoxic
T-lymphocyte (CTL) cell epitopes for selected subjects.

Results. At approximately 28 days after estimated initial infection, CD8" T-cell responses were directed against an
average of 3 of the 410 peptides tested (range, 0—6); 2 individuals had no detectable responses at this time. At 18 weeks,
the average number of peptides targeted had increased to 5 (range 0-11). Of the 56 optimal Gag CTL epitopes
sequenced, 31 were wild-type in the infecting viruses, but only 11 of 31 elicited measurable CD8* T-cell responses.

Conclusions. These data demonstrate that the majority of CD8™ responses are not elicited during acute HIV
infection despite the presence of the cognate epitope in the infecting strain. There is a need to define factors that
influence lack of induction of effective immune responses and the parameters that dictate immunodominance in

acute infection.

Thirty years after the first clinical cases of AIDS were
identified, more than 60 million people have been in-
fected with the human immunodeficiency virus type 1
(HIV-1) [1]. South Africa has the world’s largest pop-
ulation of people living with HIV, and the province of
KwaZulu-Natal is experiencing the most severe HIV
epidemic with nearly one-third of adults reported to
be infected [2, 3]. Stemming the AIDS epidemic will
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require the development of an efficacious vaccine to
protect people from HIV-1 infection and/or attenuate
disease progression. To this end, understanding the
immune correlates of protection against the virus is
critical [4].

HIV-1-specific CD8™ T lymphocyte (CTL) cells have
been a key focus for HIV vaccine development efforts, in
part because approaches based on the development of
a neutralizing antibody-based vaccine have thus far
failed to induce broadly cross-reactive neutralizing an-
tibodies [4-8] and in part because induction of T-cell
responses in animal models of HIV infection have im-
pacted viral set point and disease progression [9-11].

CD8™ T cells may constitute a critical component of
controlling viral replication because their emergence has
been reported to coincide with a decline in acute-phase
viremia in HIV and simian immunodeficiency virus
(SIV) infection [12-14]. Furthermore, it has been
demonstrated that CD8" T cells exert significant selec-
tive pressure on HIV-1 and SIV during acute and
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chronic infection [14-18] and that their depletion in SIV in-
fection results in loss of control of SIV replication [19-21].

Numerous studies in clade B infection have shown that early
CD8™ T-cell responses are narrowly directed, and specific im-
munodominant T-cell responses detected during acute HIV-1
infection are associated with the subsequent viral set point
[22-25]. However, these studies have had a number of limi-
tations. In most studies to date, although subjects have been
identified prior to seroconversion, the initial assays of T-cell
function have been performed following seroconversion. Studies
that link CD8" T-cell responses to seroconversion status and
contemporaneous viral load are lacking, and overall there is
a paucity of data on HIV-1-specific CD8" T-cell responses for
the ethnicities most ravaged by the HIV-1 pandemic and for the
clades responsible in these regions.

Moreover, most studies on immune responses in acute in-
fection have relied on identification of subjects based on symp-
toms of acute infection staged as days following onset of
symptoms [13, 25, 26], whereas the evolution of antibody re-
sponses used in the Fiebig staging of acute infection were
obtained from a cohort of asymptomatic blood donors [27]
who would not have qualified for donation if they had had
typical acute infection symptoms such as fever and malaise.

To address these limitations and to define the characteristics of
HIV-1-specific immunity in acute HIV-1 subtype C (HIV-1C)
infection, we screened persons at voluntary counseling and
testing (VCT) centers testing negative by standard antibody as-
says for evidence of HIV RNA [28]. Subjects were enrolled after
initial screening, allowing us to document the decline in viral
load concurrent with the measurement of immune responses.
Using the enzyme-linked immunosorbent spot (ELISPOT) assay,
we evaluated the breadth and magnitude of HIV-specific CD8™"
T-cell responses over the first few weeks of infection using syn-
thetic overlapping peptides and defined HLA class I-restricted
epitopes. Our data indicate that limited T-cell breadth is asso-
ciated with the initial decline in viremia in acute HIV-1C in-
fection and that the majority of epitopes known to be targeted in
the context of expressed class I molecules are not immunogenic
in the earliest stages of infection.

METHODS

Study Participants

The study design, recruitment strategies, and experiences are
described elsewhere ([28] and Chonco et al, manuscript in
preparation). In brief, individuals testing negative or discordant
by dual commercial rapid HIV-1 tests (Bioline, Standard Di-
agnostics; and Sensa, Hitech Healthcare) were recruited for
HIV-1 RNA testing. Acute HIV-1 infection was defined by
a positive HIV-1 RNA test, negative HIV-1 enzyme immuno-
assay (SD HIV1/2 enzyme-linked immunosorbent assay [ELISA]
3.0, Standard Diagnostics), and a negative or indeterminate

Western blot (Genetic Systems, Bio-Rad). Centers for Disease
Control and Prevention (CDC) criteria were used for the in-
terpretation of Western blot results such that a positive sample
had at least 2 of the major bands (gp160, gp120, gp41 and p24),
with either gp160 or gp120 present as well as gp41 or p24. An
indeterminate result was one in which these requirements were
not met but 1 or more bands were present, or where the band
intensity was less than the weak positive control. Negative results
exhibited no reactive bands. We estimated the infection date as
occurring 14 days prior to the first positive HIV RNA and
negative HIV antibody test as previously described [29].

A total of 42 subjects were identified, of whom 20 were en-
rolled. The study was approved by the Biomedical Research
Ethics Committee (BREC) of the University of KwaZulu-Natal
and the institutional review board of Massachusetts General
Hospital. All study participants provided written informed
consent for participation in the study.

Viral Load Quantification and CD4* T-Cell Enumeration

HIV-1 RNA in plasma was measured using the Roche Amplicor
version 1.5 or Cobas Tagman HIV-1 Test according to the
manufacturer’s instructions. CD4" T cells were enumerated
using Tru-Count technology and analyzed on a 4-color flow
cytometer (Becton Dickinson) according to the manufacturer’s
instructions.

HLA Typing

HLA class I typing was performed by DNA polymerase chain
reaction (PCR) using sequence-specific primers as previously
described [30].

Synthetic HIV-1 Peptides

A panel of 410 peptides (18-mers overlapping by 10 amino acid
residues), spanning the entire HIV-1 clade C consensus se-
quence together with optimal peptides with known HLA class I
restriction patterns, were synthesized on an automated peptide
synthesizer (MBS 396; Advanced ChemTech) and used in the
ELISPOT assay [31].

Interferon-y ELISPOT Assay

Assessment of HIV-1—specific CD8" responses was performed
on peripheral blood mononuclear cell (PBMC) samples col-
lected at 2—4, 4-6, 6-8, 8-12 and 12-18 weeks (14-28, 29-56,
57-84, and 85-126 days, respectively) after initial viral load
screening. PBMCs (50 000-100 000 cells/well) were plated in 96-
well polyvinylidene plates (MAIP S45; Millipore), precoated
with antihuman interferon (IFN)-y monoclonal antibody
(mAb) 1-D1k (0.5 pg/mL; Mabtech). Peptides were added at
2 pg/mL in a matrix [31]. Phytohemagglutinin (1 pg/mL)
stimulation was included as a positive control, and medium
alone as a negative control. Plates were incubated overnight at
37°C and 5% CO,, then washed with phosphate-buffered saline
before addition of the biotinylated anti—-IFN-mAb, 7-B6-1 biotin
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(Mabtech) at 0.5 pg/mL, and incubated for 90 minutes. Fol-
lowing washing, streptavidin-conjugated alkaline phosphatase
(Mabtech) was added for 45 minutes. IFN-y—producing cells
were noted by direct visualization following development with
alkaline phosphatase color reagents (Bio-Rad). A response was
defined as positive when there were at least 100 spot-forming
cells (SFCs)/million PBMCs and the total number of spots was
3 standard deviations above the negative control value. In ad-
dition to overlapping peptides, peptides corresponding to op-
timal HIV-1 cytotoxic T-cell (CTL) epitopes described for the
individual’s HLA class I type were tested at a peptide concen-
tration of 2 pg/mL.

To verify peptides identified as positive in the peptide pool
matrix, PBMCs from the same time point were stimulated with
individual peptides that were common to 2 peptide pools in the
initial ELISPOT screen. The criteria used to define positive re-
sponses in the peptide pool matrix were also used for the veri-
fication assay. In 98% of the matrix positive responses, at least 1
single peptide positive reaction was confirmed. The sensitivity of
the matrix approach for the detection of peptide-specific T-cell
responses was found to be 82% for Nef and Gag. The sensitivity
was calculated by dividing the number of responses detected in
the peptide matrix by the number of responses detected using
individual peptides [32].

All responses at the first sampling time point were evaluated
using fresh PBMCs, which provide greater sensitivity in ELI-
SPOT assays in comparison to viably frozen cells [33]. Fresh cells
were also used in all but 10% of assays performed at later time
points. PBMCs were frozen (90% calf serum and 10% DMSO)
at —160°C until use. Cell viability was determined using a Guava
automated counter (Guava Technologies), and the ELISPOT
assay was performed only when PBMC viability was greater than
80%.

Gag Amplification and Sequencing

Viral RNA was extracted from plasma samples using the
QIAamp Viral RNA Mini Kit from Qiagen. Gag was amplified
by reverse-transcriptase polymerase chain reaction (RT-PCR)
using the Superscript III One-Step RT-PCR kit (Invitrogen)
followed by a second round of PCR with the Takara Ex Taq HS
enzyme kit, using Gag-specific primers [34].

The PCR product was population-sequenced using the Big
Dye ready reaction termination mix V3 (Applied Biosystems), as
per manufacturer’s instructions. Sequences were edited in Se-
quencher 4.8. A modified nucleotide—amino acid alignment
program algorithm [35] was used to align sequences to HXB2
(GenBank accession number K03455), and insertions with re-
spect to HXB2 were stripped before further analysis.

Statistical Analysis
The Mann—Whitney nonparametric analysis was used to test for
significant differences between HLA groups. For assessments of

the relationship between immune responses and viral load,
Spearman rank correlations were used. Statistical analyses were
performed using GraphPad Prism software version 5.0 for
Windows.

RESULTS

Viral Load and CD4 Counts in HIV-1 Clade C Acute Infection
HIV-specific CD8" T-cell responses have been documented in
primary HIV infection; however, most studies have evaluated
responses well after the documented decline in viremia. To begin
to address this critical phase, we recruited persons with acute
HIV-1C infection before seroconversion. Twenty subjects were
identified who were viremic, HIV-1 ELISA negative, and West-
ern blot negative (Fiebig stage I or II). All subjects subsequently
seroconverted.

The characteristics of the recruited subjects are described
elsewhere (Chonco et al, manuscript in preparation). Viral loads
at the time of diagnosis ranged from 28 720 to 33200 000 RNA/
mL (median 5572000). Initial screening was limited to ob-
taining a plasma sample; the median viral load at enrollment,
when the first ELISPOT assays were performed, was 371 000
RNA/mL (range, 1090-2840000), and the average CD4"
T-cell counts obtained at this time were 389 cells/mm” (range,
151-691 cells/mm?). At 12-18 weeks after the estimated date
of infection, the median viral load was 127000 RNA/mL
(range, 351-430000). Together these results indicate that
a strategy based on nucleic acid testing on individuals who test
negative at VCT sites can identify acute HIV-1C virus infection
during times of peak viremia following acute HIV infection,
and these subjects can be successfully recruited for follow-up
studies.

HIV-1-Specific CD8* T-Cell Responses Before and After
Seroconversion

Although studies of acute HIV infection have assessed CD8™
T-cell responses in persons identified prior to seroconversion,
there are some important caveats: most of the initial assays
were performed after seroconversion, and/or with cryopreserved
samples [13, 36, 37]. Moreover, few studies have assessed re-
sponses to all expressed viral proteins [25, 36-38]. To address
these gaps in knowledge, we performed a detailed analysis of
CD8™ T-cell responses to all expressed HIV proteins using fresh
PBMCs obtained prior to antibody seroconversion. Since only
plasma was obtained during initial screening, these assays were
limited to the 11 subjects for whom subsequent enrollment cell
samples were available prior to seroconversion (Table 1). All
11 subjects were Fiebig stage IV or earlier.

HIV-1-specific CD8" T-cell responses were detected in 9 of
the 11 subjects but were narrowly directed in each case (Table 1).
Two subjects with no detectable responses had each experienced
an approximate 50- to 100-fold drop in viremia at the time of
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Table 1. The Dynamics of HIV-1-Specific CD8* T-Cell Responses to Peptides Spanning the Entire HIV Proteome and Viral Load Kinetics in Individuals Who Had Not Fully Seroconverted
at Approximately 28 Days After the Estimated Time of Infection

Enrollment VL Dominant Total magnitude Peptides Total magnitude
Participant Screening VL (days after WB bands Peptides targeted response of responses targeted at of responses
number (RNA copies/mL) screening) at enrollment at enrollment® (SFCs/million) (SFCs/million) 12-18 weeks?® (SFCs/million)
AS1-703 4560000 119000 (14) p24, p40, pb55/51 Nef-81, Nef-83 Nef-83 (490) 850 #8381 500
AS1-919 6280000 484000 (15)  p24, p40 Nef-83, Nef-84, RT-202, Nef-83 (280) 740 None 0
RT203
AS2-174 7390000 330000 (21) p18, p24 gp41-366 gp41-366 (700) 700 #25, #35, #36, #41, #65, #69, 11240
#231, #366
AS2-802 732260 138300 (15) p18, p24, p40 Nef-82, Nef-83, gp120-289, gp120-294 (4000) 5710 #11, #35, #36, #44, #64, #65, 2740
gp120-294 #82, #83, #294
AS2-945 1100000 1872 (32) p24, p40, p55/51 None None 0 #20, #22, #33, #84, #181 6390
AS2-973 10000000 66530 (15) p24 None None 0 #275, #294, #407 780
AS2-1037 12100000 708000 (23) p24, p40, p55/51 Gag-41, Rev-100 Rev-100 (580) 720 #40, #41, #46, #76, #100, 5610
#101, #116, #411
AS3-017 22000000 2840000 (14) O Gag-16, Gag-40, Nef-76, Gag-16 (1020) 2700 #40 1320
Tat-115
AS3-458 280000 1650000 (14) p24, p55/51 gp120-316 gp120-316 (420) 420 #42, #157, #194, #225, 1990
#252, #316
AS3-513 112448 1967000 (14) p24 Gag-41 Gag-41 (200) 200 #4, #40, #41 920
AS3-740 28716 3493 (22) p24, p40, p55/51  Gag-41, Nef-78, Nef-81, Nef-78 (700) 2280 #41, #78, #81, #83 1120

Nef-83

NOTE. SFC, spot-forming cells; VL, viral load; WB, Western blot.
@ The sequences of tested peptides and their location in the proteome are given in Table 1 (online only).



testing; both made detectable responses at later time points.
Although the 2 most frequently recognized proteins at the ear-
liest time point were Nef (peptides 69 to 84) and Gag (peptides 4
to 65), targeted by 50% and 36% of the subjects, respectively,
there was great heterogeneity among subjects with respect to the
specificity of the initial responses. Moreover, among those with
detectable responses, there were dramatic differences in mag-
nitude, with total detectable epitope-specific responses ranging
from as high as 4000 SFCs/million PBMCs detected to as low as
100 SFCs/million PBMCs.

HIV-1-specific responses were subsequently tested longitu-
dinally in these individuals up to 18 weeks (Table 1). At this
time, responses were detectable in 10 of the 11 subjects, albeit at
different magnitudes, and both subjects who initially tested
negative (AS2-945 and AS2-973) now had detectable responses.
Of the 9 with initially positive responses, at least 1 of these
responses was still detected in 8 subjects at the later time point.
There were only 2 subjects in whom the initial breadth of re-
sponses declined at the follow-up time point. Of the 9 subjects in
whom an initial immunodominant response was detected, this
response was still present at follow-up weeks later in 7. However,
there was no consistent pattern in terms of specificity, magni-
tude, or evolution of responses in these individuals. These results
indicate that the initial responses largely persist, and that sub-
jects with no initial responses were able to mount immune re-
sponses subsequently.

Evolution of CD8" T-Cell Responses Following Acute HIV
Infection
To further characterize the evolution of CD8" T-cell responses
following acute HIV-1 infection, we performed a longitudinal
analysis in all 20 subjects. The magnitude of responses at ap-
proximately 4 weeks after the estimated date of infection ranged
from 150 to 8770 SFCs/million PBMCs. There was a 15-fold de-
cline in viral loads from the initial screening value, CD8" T-cell
responses were directed against an average of 3 peptides (range,
0-6), and the most targeted protein was Nef followed by
Pol and Gag (Figure 1). At 18 weeks, the total magnitude of
responses ranged from 500 to 11 240 SFCs/million PBMCs and
the average number of peptides targeted was 5 (range 0-11).
At 6-8 weeks after the estimated date of infection, our anal-
yses for all 20 subjects revealed that there was a significant
positive correlation between the magnitude of Nef CD8" T-cell
responses and plasma viremia (P = .003). There was no corre-
lation observed between the magnitude of virus-specific T-cell
responses targeting other HIV-1 proteins and plasma viral load.

Limited Breadth of HIV-1-Specific CD8* T-Cell Epitopes During
Primary Infection

The above analyses determined HIV-I-specific CD8" T-cell
responses using overlapping peptides and thus did not define
the actual targeted epitopes within those peptides. To delineate
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Figure 1. Average magnitude of HIV-1-specific CD8" T-cell responses

to human immunodeficiency virus type 1 (HIV-1) proteins in acute/early
infection for all participants. The magnitude of HIV-1-specific CD8™ T-cell
responses to overlapping HIV peptides spanning each of the designated
proteins are shown on the y-axis as spot-forming cells (SFCs)/million
peripheral blood mononuclear cells (PBMCs), and the x-axis denotes when
the assays were done (number of days after the estimated time of
infection). Solid lines represent interferon (IFN}—y release in response to
HIV-1 CD8" T-cell peptides, and the dashed line represents viral load
dynamics.

the precise regions being targeted, a subset of 134 peptides
corresponding to previously described epitopes for each sub-
ject’s respective HLA class I allotypes were used [39]. The HLA
class I alleles expressed in the study cohort, as well as the number
of epitopes tested for each HLA allele, are summarized in Table 2.
The majority of HIV-1C epitopes described in chronic
HIV infection were not targeted during these early stages,

Table 2. HLA Frequencies in Study Cohort and the Percentage of
Subjects With Responses Against Peptides Associated With
Individual HLA Expression

Epitopes targeted/ Subjects (%)

HLA epitopes tested with responses
HLA class | frequency, (no.) at 6-8 wk at 6-8 wk and
allele % and 12-18 wk® 12-18 wk
A23 21 3/9 5/9 40 60
A26 17 1/3 1/3 25 50
A29 25 4/9 5/9 60 67
A30 38 5/14 8/14 75 63
B1503 25 4/6 6/6 100 100
B1510 21 6/11 7111 100 100
B42 29 8/26 13/26 100 100
B44 33 413 4/13 100 67
B58 21 3/27 5/27 20 67
Cw4 25 4/9 2/9 67 50
Cw6 21 1/7 2/7 20 40
Cw17 25 1/5 1/5 17 25
Median values 25 4/9 (44%) 5/9 (66%) 63 65

NOTE. Data are shown only for HLA class | alleles that were expressed in at
least 3 individuals, and for which at least 3 HIV-1-specific optimal CD8" T-cell
epitopes had been defined.

@ Epitope sequences and their location in the proteome are given in Table 2
(online only).
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Figure 2.

Immunodominance patterns for HIV-1—specific CD8™ T-cell responses restricted by individual HLA class | alleles at 6-8 weeks and 12—14 weeks

after the estimated time of infection. The percentage of participants expressing the respective allele that had detectable peptide-specific CD8" T-cell
responses is shown on the y-axis. HLA-restricted HIV-specific CD8™ T-cell epitopes are aligned on the x-axis and their location on the major HIV-1 proteins is
also indicated. The sequences of immunodominant epitopes and their location in the genome are listed in Supplementary Table 2 (available online).

demonstrating marked differences in the inductive phase of
the immune response that must depend on the epitope rather
than the restricting HLA allele. In addition, although all class I
alleles tested were capable of eliciting responses, many subjects
did not target epitopes through these alleles (Table 2).

To further define these relationships, we assessed the per-
sistence of early responses for the most frequently targeted
early epitopes (Figure 2). For 5 of 7 epitopes tested, there was
a decrease over time in the fraction of persons expressing the
restricting HLA allele targeting these epitopes but the im-
munodominance patterns of CD8* T-cells remained unchanged
in the individuals with detectable responses. There was no shift
in the immunodominance hierarchy in HLA-B*1503—restricted
responses measured at 6-8 and 12—-14 weeks against the HLA-
B*1503—restricted epitopes RT(Int)-FY10 and p24-IY9, and the
epitopes were found to be immunodominant and subdominant,
respectively. Similarly, CD8* T-cell responses against the HLA-
B*44-restricted epitope p24-AW11 and the HLA-B*1510-
restricted epitope Rev-IL9 remained immunodominant during
the earliest and latest tested time points in individuals expressing
these respective alleles. However, there was a shift in the hier-
archy of responses in individuals expressing the HLA-A*30
where the initially immunodominant RT-AY11 epitope later
became subdominant and CD8" T-cell responses against the
initially subdominant Int-KIY9 epitope became immunodo-
minant (Figure 2).

Opverall, these data demonstrate that the immunodominance
patterns of specific epitopes during acute infection are persistent
for the majority of HLA class I alleles that could be assessed,
but that many class I alleles are infrequently utilized in early
infection and many potentially immunogenic epitopes are not
targeted.

Effect of Sequence Variation in Gag CTL Epitopes on Recognition
by Specific CTL

Our previous research [40] and that of other [26] has shown that
up to 30% of early responses may be missed when using peptides
representing a reference strain of virus. We therefore sequenced
plasma virus to determine if lack of CD8* recognition related to
lack of expression of the cognate epitope. We focused these
efforts on the gag region, as targeting of Gag has been associated
with lower viral loads [30]. Plasma virus sequencing revealed
that of the 56 epitope sequences evaluated, 31 were wild-type
virus sequences; however, these did not elicit detectable CD8™
T-cell responses in 20 of 31 (65%) of cases (Table 3). Both the
subjects in whom we failed to detect any CD8 " T-cell responses
prior to seroconversion (Table 1, AS2-945 and AS2-973) were
infected with viruses that contained epitopes present in the
reference set of peptides used in the assays. These data indicate
that despite expression of the restricting HLA class I allele and
the presence of cognate viral sequence, CD8" responses to the
virus were often not mounted, suggesting that the immunoge-
nicity of these epitopes is suboptimal and that factors other than
IFN-y—expressing CD8" T cells may be involved in the initial
decline in viremia.

DISCUSSION

Despite the dominance of HIV-1 subtype C worldwide, the evo-
lution of virologic and immunologic parameters in acute HIV-
1C infection have not been extensively characterized. By RNA
screening of persons testing negative by standard antibody as-
says, we were able to recruit 20 subjects before seroconversion
and characterize viral kinetics and evolving HIV-specific CD8 ™"
T-cell responses during acute infection. Despite high viremia,
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Table 3. Sequence Analysis of Autologous Virus Gag Epitopes in
Subjects at 6-8 Weeks After the Estimated Date of Infection

Table 3. (Continued)

CcD8* T-cell
response

HLA-restricted
epitope

Participant

number HLA type
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AS2-016 A26 T -
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AS2-341 v G -
AS2-050 TR =
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AS2-945 B1510 e =
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AS2-1037 e s
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AS2-945 B1510 e -
AS3-369 TR =
AS2-1037 R -
AS3-513 R *
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AS3-458 T +

2
[

CD8* T-cell
response

HLA-restricted
epitope

Participant

number HLA type

AS2-184 e aF
AS3-369 LSl +
AS1-876 ...G..E....
SEGATPQDL
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AS2-184 e T -
AS3-369 e -
AS1-876 e F
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AS3-458 .. n R —
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AS3-369 e =
AS1-876 I -

responses were narrowly directed, and the majority of epitopes
targeted in chronic infection [30] did not induce detectable
responses during the rapid decline of viremia. Although the
ELISPOT assay can underestimate the true magnitude of T-cell
responses [14, 26, 41] and autologous virus sequences can differ
from the reference strains used, HIV-1-specific CD8" re-
sponses ultimately arose in these persons, indicating that many
immunogenic epitopes are not targeted in the earliest stages of
infection, at a time when viral load is rapidly declining.

Longitudinal assays for responses during and following acute
infection allowed us to address not only the specificity of re-
sponses but also their persistence. In the entire cohort, responses
to Nef-derived peptides were dominant in the earliest stages of
infection, consistent with other data [38, 42, 43]. However, only
approximately half of the individuals tested targeted Nef in the
early stages, although 82% targeted this protein at some time
during the average 5 months of follow-up (data not shown),
again suggesting impaired induction of responses in acute in-
fection. A trend was observed where high T-cell responses
against the Nef proteins correlated positively with high viral
loads, as has been reported in other studies [38, 42-45], sug-
gesting that these responses are driven by level of antigenemia,
rather than being causal in lowering viral load, again suggesting
impaired functional CD8 " T-cell responses in the earliest stages
of acute infection. However, there was no correlation between
the magnitude and breadth of CD8" T-cell responses for other
viral proteins and the concurrent plasma viral load, consistent
with other reports [17, 32, 46].

By assessing responses using peptides representing optimal
epitopes, we were able to assess the hierarchy in the development
of epitope-specific CD8" T-cell responses restricted by specific
HLA alleles, their immunodominance patterns, and the timing

774 e JID 2011:204 (1 September) e Radebe et al



of induction of these responses. Within a month of the esti-
mated time of infection, CD8" T-cell responses were detected
against 44% of peptide epitopes matched for each subject’s HLA
and against 56% of the epitopes presented by their expressed
alleles at 3 months. These data confirmed that the detectable
responses in early infection are largely maintained, although
immunodominance often shifts. Further investigation is re-
quired to determine whether the changes in the magnitude of
responses and immunodominance are the result of sequence
evolution within targeted epitopes or their flanking regions [24],
immunoregulation [47-50], or other mechanisms.

In conclusion, we demonstrate that HIV-1-specific CD8"
T-cell responses can be detected before complete seroconversion,
but many of the epitopes that elicit responses in chronic infection
are not immunogenic during acute infection. We also confirm
previous studies showing that the initial HIV-1-specific immune
responses are narrowly directed, and extend these by showing the
paucity of responses even when dramatic drops in viremia have
occurred. Moreover, although response breadth and magnitude
expand with duration of infection, a significant proportion of
individuals are still unable to make responses despite the pres-
ence of cognate peptides restricted by the corresponding HLA
allele. Further studies are needed to address why recognition of
HIV-1 peptides appears to be selective during acute infection as
the lack of recognition may contribute to the failure to control
viremia to a low set point. The paucity of responses during the
dramatic reduction in viremia suggests that tissue-specific re-
sponses as well as measures of CD8" T-cell function other than
IFN-y should be examined to better define the role of HIV-
specific CD8" T-cells in the initial decline in viremia. Further
studies are needed to understand the determinants and role of
HIV-1-specific CD8" T-cell responses in high-burden settings
where an effective HIV-1 vaccine is urgently needed.
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