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Abstract

Reagents for evaluating non-clade B HIV-specific T cell responses are uncommon. Peptides based on highly
conserved HIV-1 consensus group M sequences that are phylogenetically closer to most circulating strains may
provide potential alternative reagents in populations with diverse infections, and may be relevant for vaccine
design. Recognition of such reagents in clade A1-and D-infected populations has not been previously evaluated.
Interferon (IFN)-c ELISpot assay was used to evaluate T cell recognition of Gag and Nef peptides based on
consensus group M sequences in 50 treatment-naive adults predominantly infected with HIV-1 clades A1 and D.
Gag-induced T cell responses were correlated with gag sequence diversity. Infecting clades were determined
from gag sequences for 45 of the 50 subjects as 40% clade A1 (18/45), 45% clade D (20/45), 2% clade C (1/45), 2%
A1/C recombinant (1/45), 2% A1/D (1/45), 7% CRF10_CD (3/45), and 2% U (unclassifiable) (1/45). The mean
genetic divergence and diversity of clade A and D gag region compared to group M consensus sequences at
synonymous and nonsynonymous nucleotide and amino acid levels were not always significant. Gag peptides
were targeted at significantly higher frequency [88% (44/50)] than Nef [64% (32/50)]; p = 0.014, although their
mean IFN-c magnitudes were comparable ([3703 (95% CI 2567–4839)] vs. [2120 (95% CI 478–3762)]), respectively.
Measurable virus-induced IFN-c responses were detected in 96% (48/50) individuals, primarily targeting the
more conserved Gag p24 and Nef central core regions. Use of these reagents to screen for HIV-specific IFN-c
responses may mitigate the challenge of viral diversity; although this targeting is apparently biased toward a
few highly conserved epitopes.

Introduction

Group M viruses dominate the global HIV-1 epidemic
and comprise 13 circulating subtypes and subsubtypes

(A1–A4, B, C, D, F1–F2, G, H, J, and K), over 49 CRFs, in
addition to various URFs (http://www.hiv.lanl.gov/content/
sequence/HIV/CRFs/CRFs.html, Feb 2011); these occur in
distinct geographic locations.1–4 Although the bulk of HIV-1
infection and diversity occurs in sub-Saharan Africa,2,5 de-
tailed virus characterizations have focused on clade B viruses,
which predominate in Europe and North America, possibly
due to the scarcity of non-clade B virus reagents. Potential
immunogens like centralized sequences,6–10 polyvalent mo-
saic sequences,11–15 or highly conserved sequences16 have
been pursued, and in some cases these increased the breadths
and magnitudes of responses.11,12 Such prospective immu-

nogens may also be useful for global vaccine design and
evaluation.

Most HIV-1-infected individuals have circulating T cells that
target epitopes within the Gag and Nef proteins. Use of pep-
tides based on consensus group M sequences to identify such
epitopes may circumvent the scarcity of reagents required for
use in non-clade B-infected populations. Here, we report
findings for the T cell recognition of these reagents by 50 un-
treated subjects largely infected with HIV-1 clades A1 and D.

Materials and Methods

Study population

Fifty prevalent HIV-infected antiretroviral treatment
(ART)-naive consenting adults, consecutively recruited from
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attendees of The AIDS Support Organisation (TASO) clinic
Entebbe, were evaluated at a single time point between Au-
gust and September 2007. Eligibility was determined from
CD4 T cell counts enumerated within 6 months prior to
sample collection. All study subjects had CD4 T cell counts
‡ 350 cells/ll, and provided written informed consent for
collection and subsequent analysis of their specimens. The
study was approved by the Uganda Virus Research Institute
Ethics Review Board and the Uganda National Council of
Science and Technology.

Plasma viral load, CD4 T cell count, and HLA analyses

CD4 + T cell counts and HLA class I typing were deter-
mined as previously described.17 Plasma viral loads were
determined by HIV RNA copy quantification using the Roche
Amplicor MONITOR 1.5 protocol (Roche Molecular Systems,
Roche, Nutley, NJ). The HIV RNA assay lower detection limit
was 400 HIV-1 RNA copies/ml.

HIV peptides and preparation of pools

Peptides were 15 amino acids long, overlapping by 11
amino acids and spanning HIV-1 Gag (#11057; 129 peptides)
and Nef (#11055; 53 peptides) consensus group M sequences
(https://www.aidsreagent.org/Index.cfm). Up to 10 distinct
peptides were pooled at 2 lg/ml per peptide so that each
peptide appeared twice in both a protein and a matrix pool to
allow for subsequent single peptide mapping. Duplicate wells
containing 100,000 peripheral blood mononuclear cells
(PBMCs) per well were incubated with peptide pools at 37�C
in 5% CO2 in air for 18 h. ELISpot plates were developed using
Nova-Red substrate (Vector, Burlingame, CA) according to

the manufacturer’s protocols. Test wells inducing interferon
(IFN)-c responses in both pools that shared a peptide were
considered positive, and were confirmed by retesting. Assay
consistency was monitored using cryopreserved PBMCs of
known reactivity to human cytomegalovirus, Epstein–Barr
virus, and influenza virus (CEF) control peptide pools (NIH
AIDS Reference Reagent Repository, #9808) at 1 lg/ml per
peptide. Positive controls were two wells containing phyto-
hemagglutinin (PHA)-treated PBMCs. Background response
was determined from four wells containing cells in media
alone and two wells with media only. Spots were counted
using the AID ELISpot Reader system (GMBH, Germany).
Virus-induced IFN-c-secreting T cells were enumerated as
spot-forming units per million PBMCs (SFU/106 PBMCs). The
test acceptance criteria were ‡ 300 spots per PHA well, £ 100
spots in all six background wells, and £ 5 spots in the two
wells containing media only. Test wells with net response
‡ 100 SFU/106 PBMCs were considered positive. All ELISpot
data are presented as net SFU/106 PBMCs after subtracting
three times the mean of the background wells. The magnitude
of IFN-c was defined as the total SFU/106 PBMCs from all
responding peptides constituting the evaluated protein.
Breadth was defined as the total number of peptides recog-
nized.

DNA extraction and polymerase chain
reaction amplification

Viral DNA was extracted from 200 ll of whole blood using
the QIAmp DNA Mini Kit protocol (Qiagen Inc, Chatsworth,
CA). Gag-specific primers were used in a nested PCR to am-
plify a 1.7-kb pair gag gene encompassing the p17, p24, and

FIG. 1. Distribution of host HLA alleles in the study population. The frequency and distribution of HLA A (A), HLA B (B),
and HLA C (C) alleles presenting interferon (IFN)-c responses in this population is illustrated. HLA B alleles are further
classified according to known HLA supertypes B07, B27, B44, and B58.
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p15 regions, as described elsewhere.18 The amplified products
were purified with a QIAquick PCR purification kit (Qiagen,
Valencia, CA) and sequenced in house using a Beckman CEQ
8000 automated capillary DNA sequencer. The sequence data
were assembled and manually edited using Sequencher 4.7
software (Gene Codes Corporation, Ann Arbor, MI).

Phylogenetic analysis and assignment
of infecting clades

Viroblast19 was used to blast nucleotide sequences against
the HIV-1 database. Clade classification and recombinant
patterns were determined using the REGA subtyping tool20

and further confirmed using phylogenetic analysis. Max-
imum likelihood phylogenetic reconstruction was performed
using PhyML based on the General Time-Reversible model
with gamma distributed rate variation among sites. Bootstrap
support values were obtained using 500 replicates. The simi-
larity plots were obtained using SimPlot (v3.5.1: S. Ray, Johns
Hopkins University, Baltimore, MD) as previously de-
scribed,21 with a window of 500 nt and steps of 50 nt. Subtype
reference sequences at the Los Alamos Database were used to
automatically align the generated sequences using MUSCLE

v3.722 and were manually refined in MacClade v4.08 software
(Sinauer Associates, Inc., Sunderland, MA).

Statistical analysis

Medians with interquartile ranges (IQR), proportions, and
correlations were compared using the Mann–Whitney rank,
Fisher’s exact, and Spearman’s rank correlation coefficient
tests, respectively. Magnitudes and breadths of Gag (129
peptides) or Nef (53 peptides) recognition were evaluated as
means in order to adjust for differences in the number of
peptides constituting the protein. Genetic divergence from
consensus amino acid sequences was compared using Wil-
coxon rank sums tests. Graph Pad 5.0 was used for all the
graphical presentations of the data. All analyses were per-
formed using Stata V 10.0 (Stata Corp, TX).

Results

Cohort characteristics and infecting HIV gag clades

Fourteen males (28%) and 36 females (72%) with median
(IQR) enrollment age 37 (31–41) years, CD4 counts 538 (484–
647) cells/ll, and plasma viral loads of 15,550 (3450–52,400)

FIG. 2. Consensus group M Gag-
induced IFN-c responses. The profile
of consensus group M Gag-induced T
cell recognition is shown (n = 50) il-
lustrating cumulative IFN-c magni-
tudes (SFU/106 PBMCs) to individual
Gag peptides, sequences of the dom-
inantly targeted peptides, and the
circulating subject HLA alleles (A).
Recognition of consensus group M
Gag peptides clusters into eight re-
gions: Gag17–47 (p17-I), Gag74–95 (p17-
II), Gag140–194 (p24-I), Gag196–218 (p24-
II), Gag245–283 (p24-III), Gag290–381

(p24-IV), Gag290–381 (p24-V), and
Gag429–447 (p15-I) and the proportion
of individuals targeting peptides
within the Gag clusters are illustrated
(B).
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RNA copies/ml were evaluated. Subject CD4 counts for clade
A1 [551; IQR 510–1046 cells/ll] and D infection [640; IQR
566–816 cells/ll] were comparable. The WHO clinical stages
of HIV infection were 24% (12/50), 64% (32/50), and 12% (6/
50) stage I, II, and III, respectively. The study population
comprised a broad range of host HLA alleles including 16
HLA-A, 21 HLA-B, and 14 HLA-C alleles (Fig. 1A, B, and C),
respectively.

Five gag specimens failed to amplify; thus, infecting clades
were deduced for 45 of the 50 subjects as 40% clade A1 (18/
45), 45% clade D (20/45), 2% clade C (1/45), 2% A1/C re-
combinant (1/45), 2% A1/D recombinant (1/45), 7%
CRF10_CD (3/45), and 2% U (unclassifiable). The HIV-1 gag
gene DNA sequences from this study were submitted to
GenBank under accession numbers HQ702686–HQ702731.
Clades A1 and D gag sequence mean divergence and diversity
were not significantly different from that of consensus group
M sequences at synonymous, nonsynonymous, and amino
acid levels. Overall, genetic variation within clade A1 against
consensus group M sequences was 8.4% while variation
within clade D was 10% (Supplementary Table S1; Supple-
mentary Data are available online at www.liebertonline.com/
aid). These data implied that the clade A1 sequences were
phylogenetically closer to the consensus group M gag se-
quences compared to clade D.

Consensus group M Gag-induced IFN-g responses

The frequency, magnitudes, and breadths of IFN-c re-
sponses induced by the 129 Gag peptides traversing p17 (34

peptides), p24 (60 peptides), and p15 (35 peptides) sequences
were evaluated. HIV-specific IFN-c responses were detected
in all the diverse infecting clades. Gag was targeted by 90%
subjects (45/50) at median magnitude 2420 (IQR 580–6445
SFU/106 PBMCs) and breadth of three peptides (IQR 2–5).
Measurable IFN-c responses were detected in 39% (50/129) of
the Gag peptides comprising 35.3% (12/34) p17, 62% (31/60)
p24, and 20% (7/35) p15 peptides.

The highest cumulative magnitudes were induced by five
peptides: one p17 peptide, Gag17–31 EKIRLRPGGKKKYRL
(6,435 SFU/106 PBMCs), and four p24 peptides, Gag160–174

EEKAFSPEVIPMFSA (18,220 SFU/106 PBMCs), Gag180–194

TPQDLNTMLNTVGGH (31,675 SFU/106 PBMCs, Gag200–214

MLKDTINEEAAEWDR (7880 SFU/106 PBMCs), and
Gag294–304 RDYVDRFFKTLRAEQ (10,205 SFU/106 PBMCs).
Thirty-five subjects targeted at least one of the five pep-
tides; these comprised 18 clade A1, 13 clade D, one clade
C, and two CRF10_CD-infected subjects. All five peptides
were recognized by clade A and D infection; clade C
targeted only peptide Gag180–194 TPQDLNTMLNTVGGH,
CRF10_CD infection targeted EKIRLRPGGKKKYRL and
TPQDLNTMLNTVGGH peptides, while A1/C infection did
not target any of the five peptides (Fig. 2A). These data im-
plied that targeting of the consensus group sequences de-
pended on how well these sequences match the circulating
strain.

Gag-induced responses clustered in eight regions: Gag17–47

(p17-I), Gag74–95 (p17-II), Gag140–194 (p24-I), Gag196–218 (p24-
II), Gag245–283 (p24-III), Gag290–381 (p24-IV), Gag290–381 (p24-
V), and Gag429–447 (p15-I) (Fig. 2B and Table 1). Targeting of

Table 1. Recognition of Consensus Group M Gag Clusters by Clade A1 and D Infection

Clade A1 (n = 18) Clade D (n = 20)

p17_I
(5)

p17_II
(3)

p24_I
(11)

p24_II
(3)

p24_III
(7)

p24_IV
(5)

p24_V
(2)

p15_I
(2)

p17_I
(5)

p17_II
(3)

p24_I
(11)

p24_II
(3)

p24_III
(7)

p24_IV
(5)

p24_V
(2)

p15_I
(2)

2 2 0 0 0 0 0 0 2 0 2 0 0 0 0 0
0 1 2 1 0 0 0 0 0 0 6 2 0 0 0 0
0 1 1 0 0 3 0 0 0 0 2 0 0 0 0 0
3 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 1 0 0 0 0 2 0 0 0 0 0
0 0 0 1 0 0 0 0 1 0 2 0 0 0 0 0
1 1 0 2 0 0 0 0 0 0 6 0 0 1 2 0
0 0 2 0 0 0 0 2 0 0 2 0 0 0 0 0
1 0 4 0 0 2 0 0 1 0 0 1 0 0 0 0
1 0 0 0 2 0 0 0 1 0 0 0 2 0 0 0
0 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0
0 0 2 0 2 0 0 0 0 0 2 0 0 0 0 2
0 0 0 0 0 2 2 0 0 0 2 0 0 0 2 2
0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0
0 0 2 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 2 0 2 0 0 2 0 1 0 0 0 0 0
1 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 3 0 0 3 0 0 0 0 1 0 0
1 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

0 0 3 0 3 0 0 0
0 0 2 0 1 3 0 0
0 0 0 0 1 1 0 0
0 0 0 0 0 0 0 0

The table illustrates recognition of the eight gag clusters by clade A1- and D-infected individuals. The numbers of peptides contained in
each cluster are indicated in parentheses. Each cell represents the number of peptides targeted within the respective cluster.
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these clusters did not significantly differ by clade except the
p17-II cluster, which was exclusively targeted by clade A1-
infected individuals [A1 (5/18) vs. D (0/20)]; p = 0.017, Fish-
er’s exact test (Fig. 3A). In line with this, data from multiple
alignments of consensus M sequences against A1 and con-
sensus M against D suggested that clade A1 was more similar
to group M in the p17 region compared to clade D (Supple-
mentary Tables S2 and S3). In line with this, we observed
differential recognition of individual peptides within clusters
in both clade A1- and D-infected individuals (Fig. 3B and C),
reflecting differences in similarities between clade A1 and D
sequences and the group M sequences. Gag p24 induced

significantly higher IFN-c magnitudes (Fig. 4A) and breadths
(Fig. 4B) compared to either p17 or p15. Responses were fre-
quently higher when the consensus M peptide sequences
matched the autologous sequences (data not shown). These
data demonstrated the ability of consensus group M Gag
peptides to induce high frequencies of HIV-specific IFN-c
responses in this population, principally focusing on the Gag
p24 region.

Consensus group M Nef peptide IFN-g responses
and relationship with Gag responses

The frequency, magnitudes, and breadths of IFN-c re-
sponses induced by the 53 consensus group M Nef peptides
were also evaluated. Measurable Nef-specific IFN-c responses
were detected to 34% (18/53) of Nef peptides in 64% (32/50)
of subjects at median magnitude 453 (0–2000 SFU/106

PBMCs) and breadth of 1 peptide (IQR 0–2). The responses
focused on the Nef core region and were primarily contrib-
uted by two peptides: Nef131–145 PGIRYPLTFGWCFKL [24%
(12/50 subjects); cumulative magnitude 38,990 SFU/106

PBMCs] and Nef104–118 KKRQEILDLWVYHTQ [32% (16/50
subjects); cumulative magnitude 23,115 SFU/106 PBMCs]
(Fig. 5A and B).

Overall, measurable HIV-specific IFN-c responses to Gag,
Nef, or both proteins were induced in 96% of the evaluated
subjects. Gag was more frequently targeted than Nef (45/50
vs. 32/50); p = 0.01, Fisher’s exact test, although the induced
magnitudes and breadths did not significantly differ (Fig. 5C
and D).

Discussion

HIV-1 genetic variability is a challenge to vaccine devel-
opment and to the evaluation of virus-induced immune re-
sponses. Sub-Saharan Africa bears an inordinate 68% of the
HIV-1 disease23 with its circulating clades A, C, D, and the
two CRFs, CRF01-AE and CRF02_AG, jointly contributing
up to 75% of the global burden.5 Despite this, characteriza-
tion of non-clade B viruses is limited partly due to the gen-
eral scarcity of non-clade B reagents. HIV-1 diversity
influences rates of virus transmission24 and disease pro-
gression,25 highlighting the importance of elucidating clade-
associated properties. This possibly paved the way for
evaluating HIV-1 vaccine concepts based on geographic re-
gion26 and global approaches.10,27 Induction and subsequent
detection of virus-induced immune responses are major
objectives of HIV vaccine formulations. However, the re-
sulting data may differ with type of reagent used given the
high variability of HIV-1 group M viruses.2,28 Here, we used
an IFN-c ELISpot assay to assess recognition of peptides
based on HIV-1 group M consensus sequences by HIV-1
clades A1- and D-infected subjects. We sought to determine
whether use of these reagents could alleviate challenges of
viral diversity and mitigate the scarcity of non-clade B re-
agents. We demonstrated that the evaluated group M pep-
tide sets detected high frequencies of virus-specific IFN-c;
both Gag and Nef were recognized although Gag peptides
and were more frequently targeted. The frequency of rec-
ognition of these reagents was comparable in both clade A-
and D-infected subjects in line with the fact that the mean
divergence and diversity between clades were not signifi-
cantly different. However, clade A- and D-infected subjects

FIG. 3. Gag targeting and infecting HIV-1 clade. The fre-
quency of recognition of consensus group M Gag peptides is
compared in clade A (n = 20) and D (n = 24) infection. Gag T
cell recognition clustered in eight regions: Gag17–47 (p17-I),
Gag74–95 (p17-II), Gag140–194 (p24-I), Gag196–218 (p24-II),
Gag245–283 (p24-III), Gag290–381 (p24-IV), Gag290–381 (p24-V),
and Gag429–447 (p15-I). Overall recognition of Gag clusters
(A) and recognition by clade A1- (B) and D-infected (C) in-
dividuals are illustrated.
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demonstrated differential recognition of consensus group M
sequences. This finding was in line with the fact that clade A1
sequences were genetically closer to the group M sequences
compared to clade D, and could partly explain the observed
limitation in intraclade T cell cross-reactivity among the
clade D-infected individuals. These findings are in line with
others that used these reagents to demonstrate superior T cell
recognition of the more conserved Gag29 and lesser recog-
nition of the more variable Env30 in clade B- and C-infected
populations, respectively.

Recognition of the Gag and Nef peptide sets was princi-
pally attributed to targeting very few highly conserved
peptides encompassing the Gag p24 and Nef core regions,
respectively. This is not surprising given that both these re-
gions are reasonably conserved.16,31 Accordingly, these
peptide sets were not necessarily better at detecting HIV-
specific T cell responses; rather, recognition depended on
how well they matched the circulating virus strains. These
data support the concept that while a global vaccine is the
ideal goal, development of multiple locally representative
HIV-1 vaccines may be more practical. Although successful
vaccines were developed using conserved antigens, such
strategies are challenged by extensive antigenic variability.
Conventional HIV-1 vaccine attempts failed to prevent in-
fection or to reduce postinfection viral loads,32,33 although
hope was raised by the modest efficacy elicited by the RV144
vaccine.34 Immune pressure on conserved HIV-1 regions
induces CTL escape mutations that impair virus fitness and
replication35; this paves way for exploration of global vac-
cine approaches targeting highly conserved epitopes.16,36

Outstanding hurdles still exist, for example, while the STEP
trial incorporated highly conserved regions in Gag, Pol, and
Nef, it induced responses that were biased toward the less
conserved epitopes37 suggesting that the development of
several regional vaccines may be more attainable. Conse-
quently, strategies to improve immunological coverage of
regionally circulating strains are concurrently under explo-
ration.11,12

Despite such setbacks, T cell HIV-1 vaccine development
is crucial given the protective role of T cells remarkably
demonstrated in infected individuals that efficiently control

viral loads.38 This elite control has been attributed to en-
richment with protective HLA class I alleles39 and induction
of robust HIV Gag T cell responses.40 Further support is
demonstrated by the coinciding of acute infection peak T cell
responses with temporally reduction in viremia,41 impacting
of early immune pressure on viral set point,42 the association
between polyfunctional CD8 + T cells and slow disease
progression,43 and the promising data demonstrated in
nonhuman primates.44 Though the RV1444 trial failed to
induce CD8 + T cells and suggests an antibody correlate,
robust CD4 T cell responses were elicited,34 and these are
critical for providing help for a durable effective antibody
response. However, despite this body of evidence, immune
correlates of protection remain unclear given that poly-
functional T cells have not always conferred protection in
vaccinees.45 Studies to elucidate valuable correlates of im-
mune protection possibly through systems biology ap-
proaches are needed. Monitoring other aspects of the
induced T cell responses such as differentiation status, mi-
gration patterns, proliferative, and survival capacity as well
better understanding of their interplay with transmission
routes, host factors, and viral fitness are necessary.

Our study had some unavoidable limitations: first, we did
not sequence the nef and therefore could not interpret the
relationship between HIV Nef diversity and induction of
virus-induced T cell recognition. Second, the T cell recogni-
tion we report here possibly reflected an experimental se-
lection of conserved epitopes since it is established that use
of autologous sequences detects up to 30% more responses
compared to consensus sequences.46 We did not use autol-
ogous peptides because their use would have been very
costly and impractical, and could not be translated into
population strategies for HIV vaccine development. Third,
direct comparison of these reagents to consensus clades A, B,
C, and D would have allowed for an improved evaluation of
the usefulness of the group M peptide sets in screening for
HIV-specific T cell responses in this population. Lastly, we
used IFN-c ELISpot to demonstrate T cell cross recognition of
these peptide sets. While IFN-c ELISpot offers a quick
screening tool for the detection of activated T cells, IFN-c
responses failed to predict the nonprotective effect of the

FIG. 4. Gag-induced IFN-c
magnitudes and breadths. The
magnitudes and breadths of
IFN-c responses induced by the
three major Gag regions p17,
p24, and p15 are illustrated. To
fairly compare these magni-
tudes and breadths, the data
are presented as means to ac-
count for differences in the
number of peptides evaluated
for Gag p17 (n = 34), p24
(n = 62), and p15 (n = 34).
Adjusted magnitudes (A) and
adjusted breadths (B) of con-
sensus group M Gag peptide-
induced IFN-c responses are
compared. Floating bars repre-
sent minima and maxima while
the horizontal lines represent
medians.

GROUP-M T CELLS IN HIV-1 CLADE A1 AND D INFECTION 389

D
ow

nl
oa

de
d 

by
 K

am
pa

la
 I

nt
er

na
tio

na
l U

ni
ve

rs
ity

 f
ro

m
 w

w
w

.li
eb

er
tp

ub
.c

om
 a

t 0
5/

16
/2

2.
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://www.liebertpub.com/action/showImage?doi=10.1089/aid.2011.0175&iName=master.img-003.jpg&w=352&h=174


STEP trial47 and in our study lacked any correlations with
viral loads (data not shown). Future studies would need to
monitor other parameters of the induced T cell responses
likely to predict protection.

Taken together, these data demonstrate that despite the
ever-increasing diversity of HIV-1, peptides based on con-
sensus HIV-1 group M sequences can be used to detect high
frequencies of HIV-specific IFN-c responses in a population
predominantly infected with HIV-1 clades A1, D, and their
associated recombinants. These findings also highlight the
limitations of the use of these reagents in that they are biased
toward detecting highly conserved epitopes.
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