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Human immunodeficiency virus (HIV) or AIDS is currently the leading cause of death in Uganda, with at
least three HIV clades (subtypes) accounting for most new infections. Whether an effective vaccine formulated
on viruses from a single clade will be able to protect against infection from other local clades remains
unresolved. We examined the T-cell immune responses from a cohort of HIV-seropositive individuals in
Uganda with predominantly clade A and D infections. Surprisingly, we observed similar frequencies of
cross-clade T-cell responses to the gag, env, and nef regions. Our data suggest that the level of viral sequence
variability between distinct HIV strains does not predict the degree of cross-clade responses. High sequence
homologies were also observed between consensus peptides and sequences from viral isolates, supporting the
use of consensus amino acid sequences to identify immunogenic regions in studies of large populations.

Human immunodeficiency virus (HIV) or AIDS continues
to be the leading cause of death in sub-Saharan Africa. Al-
though there is a critical need for an effective HIV vaccine, the
undefined correlates of protective immunity in HIV type 1
(HIV-1) infection remain an important obstacle. Nevertheless,
a wealth of evidence suggests that a robust cellular immune
response may curtail viral replication; therefore, HIV vaccine
designs have, to date, focused on eliciting strong cellular im-
mune responses.

T-cell epitope recognition is dependent on the individual
class I human leukocyte antigen (HLA) alleles. The pattern of
antigen recognition and immunodominance may be driven by
the prevalence of these alleles in the studied population (19).
The identification of highly immunogenic and conserved re-
gions is also complicated by HIV sequence diversity (8). T-cell
responses against HIV can, in turn, influence the HIV popu-
lations in generating immune escape viral variants (33).

There is comprehensive data on T-cell epitopes for HIV-
infected individuals of Caucasian descent. However, there is a
relative paucity of information for the geographic regions
where the HIV epidemic is spreading the fastest at this time,
particularly sub-Saharan Africa (1, 2, 7, 34, 35). In Uganda,
clades A and D (as well as A/D recombinant strains) are
responsible for approximately 95% of HIV-1 infections (3, 11,
22, 23). Previous studies of HIV-1-specific cellular immune
responses in small cohorts of HIV-infected individuals and
vaccine recipients in Uganda have shown cross-clade immune
recognition (5, 6, 31). Nevertheless, the issue of whether an
effective vaccine formulated on viruses from a single clade
could protect equally well against viruses from other local
clades remains unresolved.

We evaluated the pattern of T-cell antigen recognition in the

context of the HLA alleles and multiple circulating HIV sub-
types in a cross-sectional study of HIV-infected Ugandan
adults. We investigated factors that determine cross-clade T-
cell recognition in the context of vaccine design for Uganda
and sub-Saharan Africa.

MATERIALS AND METHODS

Study population. A total of 177 HIV-1-infected adults visiting the HIV clinic
at the Joint Clinical Research Centre in Kampala, Uganda, were enrolled in a
cross-sectional study. Demographic information was compiled at the time of
enrollment and drawing blood. Exclusion criteria included age of �18 years,
pregnancy, active tuberculosis, or moribund status. Institutional review board
approvals were obtained from the California Department of Health Services and
the Joint Clinical Research Center, Kampala, Uganda. All study participants
gave written informed consent. The absolute numbers of CD4� T cells were
determined by BD TruCount, and HIV-1 RNA level was determined from
plasma using the Roche Amplicor 1.5 (Roche, Branchburg, N.J.) according to
the manufacturer’s recommendations.

Cell preparation. Peripheral blood mononuclear cells (PBMC) were isolated
by Ficoll-Hypaque (Amersham, Uppsala, Sweden) density centrifugation. Blood
was processed within 3 h of drawing blood and setting up for the enzyme-linked
immunospot (ELISPOT) assays. Cryopreserved PBMC and plasma were stored
in liquid nitrogen and subsequently shipped to the United States for epitope
mapping, HLA typing, and viral sequencing.

Antigens. Peptides corresponding to the sequences of the clade A and D
consensus sequences for HIV-1 Gag, Env, and Nef were synthesized as 15-
amino-acid (aa) peptides, overlapping by 11 aa (Mitochor Mimotopes, Clayton,
Victoria, Australia). Synthetic peptides were pooled for the ELISPOT assay and
include three pools of Gag peptides (123 peptides), five pools of Env peptides
(210 peptides), and one pool of Nef peptides (49 peptides) for each consensus
clade A or D. The final concentration of individual peptides (20 to 40 peptides/
pool) was 1 �g/ml per peptide. Consensus sequences were obtained from the Los
Alamos database (http://www.hiv.lanl.gov/content/hiv-db/CONSENSUS/M
_GROUP/Consensus.html).

Gamma interferon (IFN-�) ELISPOT assay. ELISPOT assays were per-
formed on freshly isolated PBMC as previously described (14, 40). Briefly,
96-well nitrocellulose plates (Millititer; Millipore Corp., Bedford, Mass.) were
coated with monoclonal antibody 1-D1K (Mabtech, Macka, Sweden) overnight
at 4°C. PBMC were added in duplicate wells at 105 cells/well and stimulated with
pools of overlapping peptides. All samples were tested for responses against
clade A and D gag, env, and nef. Individual peptide responses were confirmed
using cryopreserved PBMC, and these responses were confirmed to be CD8-
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mediated responses by CD8� T-cell enrichment as previously described (6, 25).
Negative and positive controls used were unstimulated (no peptide) and phyto-
hemagglutinin-stimulated (2 �g/ml; Sigma, St. Louis, Mo.) PBMC, respectively.
All plates were analyzed using an ELISPOT cytotoxic T lymphocyte (CTL)
reader (CTL Analyzers, Cleveland, Ohio). Results were expressed as the number
of spot-forming cells (SFC) per 106 PBMC after subtraction of the background
value. Positive responses to peptide pools were defined as �100 SFC per 106

PBMC and more than twice the background values. Background values were
�10 SFC per 106 PBMC.

HIV sequencing. Sequencing was performed from frozen plasma samples.
RNA was isolated using QIAamp viral RNA isolation kit (QIAGEN, Inc., Va-
lencia, Calif.) according to the manufacturer’s instructions. Reverse transcription
was performed using the ThermoScript RT system (Invitrogen, Carlsbad, Calif.)
according to the manufacturer’s instructions. The Herculase Hotstart DNA poly-
merase kit (Stratagene, La Jolla, Calif.) was used for PCR. Reverse transcription
product was amplified for Nef and Gag using the following specific primers:
Nef 5� primer, CATACCTAGAAGAATAAGACAGGG (RMD8750F); 3�
primer, GCTTATATGCAGCATCTGAGGG (RMD9495R); Gag 5� primer,
GACTAGCGGAGGCTAGAAG (G00 F764); and Gag 3� primer, AGG
GGTCGTTGCCAAAGA (G01 R2264). Sequencing was performed using
specific primers including the following primers for Nef: RMD9495R,
RMD8750F, TTAAAAGAAAAGGGGGGACTGG (RMD9067F), CCAGT
CCCCCCTTTTCTTTTAA (RMD9065R), CTGCCAATCAGGGAAGTAG
CCTTGTGT (RMD9143R), and ACACAAGGCTACTTCCCTGATTGGC
AG (RMD9143F). Primers for Gag were as follows: G00 F764, G01 R2264,
TGTTGGCTCTGGTCTGCTCT (G05 R2138), GTATGGGCAAGCAGGG
AGCT (G20 F892), ATTGCYTCAGCCAAAACTCTTGC (G25 R1889), CA
GCCAAAATTAYCCTATAGTGCA (G60 F1173), ATTTCTCCYACTGGG
ATAGGTGG (G55 R1571), ATGCTGARAACATGGGTA (G65 R1312),
and TAGAAGAAATGATGACAG (G100 F1817).

Sequencing was performed using the ABI Prism BigDye Terminator Cycle
Sequencing Ready Reaction kit (ABI, Foster City, Calif.). Cycling conditions
were as follows: 3-min incubation at 96°C, followed by 50 cycles, with 1 cycle
consisting of 15 s at 96°C, 10 s at 50°C, and 4 min at 60°C. The dyeEx 96 kit
procedure (QIAGEN) was used for purification according to the manufacturer’s
instructions. Combined sequence results were edited using Sequencher V4.1
software (Gene Codes Corporation, Ann Arbor, Mich.), and the sequences were
analyzed using ClustalX for alignment and PAUP version 4 (Sinauer Associates,
Sunderland, Mass.). The National Institutes of Health’s HIV-1 Genotyping Tool
(http://www.ncbi.nlm.nih.gov/projects/genotyping/formpage.html) website was
used to determine the HIV-1 subtype.

Epitope sequences were aligned and percent homology was determined using
the National Center for Biotechnology Information (NCBI) BLAST tool (http:
//www.ncbi.nlm.nih.gov/BLAST/bl2seq/bl2.html) comparing the patient’s viral
amino acid sequence to the synthetic consensus peptide sequence. Sequence
homology was determined, and the Ugandan Gag and Nef sequences were
aligned using the ClustalW tool (http://www.ebi.ac.uk/clustalw/) and PSAweb
programs (http://www.imtech.res.in/raghava/psa/) (37). Sequence homologies
were analyzed between each index isolate to all other individual isolates for
available clade A and D Gag and Nef sequences. Homologies for both intraclade
and interclade Gag and Nef sequences were subsequently reported as average
percent homologies and standard deviations (SD).

HLA typing. HLA class I typing was performed by the Stanford Histocompat-
ability Laboratory (Stanford, Calif.) using standard molecular techniques and
sequence-specific primers.

Statistical analysis. Data are presented as arithmetic means � SD and were
compared using the Mann-Whitney test. Linear least-squares regression model
was used for statistical analysis in univariate and multivariate analyses. Statistical
significance was defined as P values of �0.05.

Nucleotide sequence accession numbers. Viral nucleotide sequences were
submitted to GenBank and given accession numbers AY803354 to AY803488.

RESULTS

Demographic and other characteristics of study partici-
pants. Seventy percent of the 177 enrolled volunteers were
antiretroviral (ARV) naı̈ve. The median CD4 cell count was
247 cells/ml (interquartile range, 92 to 332 cells/ml). The me-
dian plasma HIV RNA level was 101,120 copies/ml (interquar-
tile range, 16,250 to 359,170 copies/ml). The mean age of the

studied cohort was 37.6 � 7.1 years, and 60.5% (n � 107) were
women.

High-resolution HLA class I A and B haplotyping was per-
formed for 44 individuals and included the following distribu-
tion in order of frequency: HLA A3001 (4.5%), A0101
(11.4%), B8101 (11.4%), B5301 (11.4%), A0202 (13.6%),
B5801 (16%), A7401 (18%), B5802 (27.3%), and A0201
(36%). These results were not dissimilar to the previously
reported HLA distribution in the Ugandan population (9).

Subtyping data of Gag and/or Nef open reading frame se-
quences were available for 62 individuals. Subtyping results
using Gag and/or Nef highly concurred with the results of Env
subtyping (12, 26, 27, 43). Nef subtyping information was avail-
able for 49 samples: 29 samples were subtype A, 19 were
subtype D, and 1 was an A/D recombinant. Of the 54 samples
with available Gag open reading frame, 28 samples were sub-
type A, 19 were subtype D, and 7 had recombinant character-
istics (4 A/D recombinants, 1 D/C recombinant, 1 A/CRF11
recombinant, and 1 A/G recombinant). Subtyping concurred in
78% of tested individuals between Gag and Nef. No other
dominant subtypes were identified from the samples analyzed.

HIV-specific responses by IFN-� ELISPOT assay. We first
examined the HIV-specific responses to Gag, Env, and Nef
proteins using the ELISPOT assay. We found that 84.2 and
75.0% of the volunteers demonstrated at least one response
against either clade A or D, respectively, with 86 out of 177
volunteers (48.6%) showing responses against all three tested
proteins (Fig. 1A). The mean frequencies of responses were
highest for Gag, followed by Nef and Env (Fig. 1B). None of
the responses against Gag, Env, or Nef correlated with HIV-l
load or CD4 cell count, in univariate analyses (Fig. 2; also data
not shown). Similar results were also observed in multivariate
analyses (controlling for ARV usage and viral load [P � 0.05]
[data not shown]).

Cross-clade T-cell responses. Next we examined the level of
cross-clade recognition within each individual tested. Of the
177 volunteers, concordant, positive responses for both clades
A and D were observed in 48.6% of responders for Gag (r �
0.61, P � 0.001), 41.8% of responders for Env (r � 0.64, P �
0.001), and 40.1% of responders for Nef (r � 0.58, P � 0.0001)
(Fig. 3A). The overall concordance between the two clades for
all tested proteins was highly significant (r � 0.69, P � 0.001).
Interestingly, no differences in the frequencies of cross-clade
responses between clades A and D for Gag, Env, or Nef re-
gions were observed (P � 0.05 [data not shown]), despite the
fact that the env region is known to have higher inter- and
intraclade sequence variations (16, 17, 41).

Sequence homology across clades has been implicated in the
level of cross-clade T-cell recognition. To determine the role of
viral subtype on the T-cell response, next we assessed sequence
homologies both within and between clades (Fig. 3B). Se-
quence homologies within clade A for Gag (n � 51) and Nef (n
� 44) were 81.4% (SD, 6.33%) and 74.9% (SD, 9.8%), respec-
tively. Similarly, sequence homologies within clade D Gag and
Nef were 82.0% (SD, 2.7%) and 73.0% (SD, 8.1%), respec-
tively. Not surprisingly, lower interclade sequence conservation
was observed between clade A and D Gag and Nef (77.7% [SD
5.3%] and 69.4% [SD 8.3%], respectively) (Fig. 3B).

We subsequently assessed whether sequence variability in-
fluenced the pattern of T-cell responses. We examined the
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frequency of responses in different regions of clade A Gag
(Fig. 4A) and identified regions of low responders (Gag 321-
500 [Gag region from aa 321 to 500], 35 of 177 [19.8%] re-
sponders) and epitope-rich or high responders (Gag 161-331,
80 of 177 [46.9%] responders). Stronger intraclade (within
clade A) sequence identity in the high-responder compared to
the low-responder regions was observed (91.1 versus 73.2%,
respectively [P � 0.001] [data not shown]). Cross-clade re-
sponses for these Gag regions and sequence homologies to
clade D Gag were determined next (Fig. 4). Surprisingly, the
dissimilar sequence homologies in the two Gag regions tested
did not appear to determine the pattern of cross-clade re-

sponses in these regions to clade D. Thus, despite stronger
interclade (clade A versus clade D) homology in the high-
responder versus low-responder region (89.5 versus 72.9% [P
� 0.001] [Fig. 4B]), the same frequency of cross-clade recog-
nition in these two regions was observed (46 cross-recognized
clade D antigens out of 83 responders [55.4%] in the high-
responder regions versus 18 out of 35 [51.4%] in the low-
responder regions [P � 0.737]).

HIV-specific epitopes. Epitope mapping to individual 15-
mer peptides was performed for 10 individual responder sam-
ples identified from the pooled peptides by ELISPOT assay
(Table 1). All responses were confirmed to be CD8-mediated

FIG. 1. HIV-specific responses against Gag, Env, and Nef as determined by the ELISPOT assays. Freshly isolated PBMC were tested against
pooled Gag, Env, or Nef peptides corresponding to clade A and D consensus sequences. (A) Individual responses against Gag, Env, or Nef proteins
alone and all three proteins combined for either clade A or D were calculated as the percentage of total volunteers tested (n � 177).
(B) Frequencies of responses expressed as mean SFC per 106 PBMC and SD (error bars) were reported for each protein tested.

FIG. 2. Gag-specific responses as measured by IFN-� ELISPOT assay do not correlate with clinical disease. No significant correlation (P �
0.05) was observed between the frequency of HIV-specific responses and log HIV RNA level (A) or CD4 cell count (B).
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responses using CD8-enriched T cells as previously described
(6, 25). Differences of 0 to 2 aa were observed between the
responder 15-mer index peptides and the corresponding autol-
ogous sequences. Identified immunogenic epitopes were also
compared against reported responses from the Los Alamos T-cell
epitope database (http://www.hiv.lanl.gov/content/immunology
/tables/ctl_summary.html). We reported several novel T-cell
epitopes, characterized by new sequence or HLA restriction.
Commonly identified HLA-restricted immunogenic or immu-
nodominant responses were also detected. Interestingly, the
highest level of interclade sequence homology was observed
for all 15-mer epitopes (Table 1) described in our cohort
(range, 86 to 93% [Fig. 5A]), regardless of whether they clus-
tered in conserved or newly identified immunogenic regions.

Use of consensus sequence. Consensus sequences are com-
monly used in T-cell assays; however, concerns have been
raised that this methodology may skew the pattern of T-cell
reactivity. Alignment of clade A and D consensus peptide
sequences used in our study demonstrated 81 and 83% homol-
ogy within Gag clade A and D isolates and 75 and 76% ho-
mology within Nef clade A and D isolates, respectively. This
homology pattern is not dissimilar from the intraclade se-
quence homologies within isolates (P � 0.005 [data not
shown]). Similarly comparable homologies were also observed

between consensus peptides corresponding to the Gag high-
and low-responder regions, with 91.9% (SD, 3.2%) and 74.8%
(SD, 9.8%) homologies to clade A and 94.5% (SD, 1.9%) and
76.5% (SD, 11.7%) homologies to clade D isolates, respec-
tively (Fig. 5B). The similar homologies between consensus
peptides and isolate sequences compared to the homologies
within and between clade A and D isolates support our use of
these peptides in this study.

DISCUSSION

T-cell-based immunogens remain an important focus in the
design of HIV vaccines. Because significant sequence varia-
tions exist between and within HIV clades (7 to 15% [29]),
disagreement remains as to the importance of clades and their
impact on the immune response. We studied an ethnically
distinct population in Uganda where multiple HIV strains co-
circulate. T-cell immune responses were evaluated irrespective
of the infecting clades using the IFN-� ELISPOT assay and
consensus synthetic peptides corresponding to clade A and D
HIV proteins. High frequencies of responses were detected in
our cohort of predominantly ARV-naı̈ve volunteers. No cor-
relation was found between T-cell responses and clinical dis-
ease (as measured by CD4 cell count and HIV RNA level) (15,

FIG. 3. Cross-clade T-cell responses. (A) Cross-clade recognition against clade A and D (A&D) Gag, Env, and Nef proteins and cross-clade
responses against all three tested proteins was calculated as a percentage of individual responders of the total number of volunteers tested (n �
177). (B) Viral sequence identities for clade A and D isolates (within and across clades) were analyzed using ClustalW tool and PSAweb programs,
and results are reported as percent homology for either Gag (n � 51) or Nef (n � 44).
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35). However, the absence of viral control in the presence of
high frequencies of HIV-1-specific T-cell responses as mea-
sured by IFN-� has previously been noted (2, 10, 20). Our data
suggest that the effectiveness of virus-specific responses may

not be determined solely on the quantitative aspect of IFN-�
responsiveness. Whether specific characteristics of the studied
cohort and the infecting clades contribute to the lack of clinical
correlation remains unclear.

FIG. 4. Pattern of cross-clade recognition in specific Gag regions. (A) Clade A Gag 321–500 and Gag 161–331 regions were initially designated
as low- and high-responder regions, respectively, on the basis of the percentage of positive ELISPOT responses to clade A Gag peptide pools.
Cross-clade recognition was subsequently calculated as a percentage of individual clade A responders that cross-recognized clade D peptides
corresponding to the respective Gag regions. (B) Specific sequence homologies for the Gag 321–500 and Gag 161–331 regions were calculated as
percent homologies of all Gag isolates tested (n � 51).

TABLE 1. Identified epitopes with 10 associated HLA and sequences

Peptide sequencea HLAb Viral isolate sequencec Defined restrictiond

LRPGGKKKYRLKHLV A6601, A6801, B5301, B5802 LRPGGKKKYKLKHLV B8 (p17 24-31)
–––––––––––––I– A3002, A6801, B5703, B5802
SLYNTVATLYCVHQR A3002, A6801, B5703, B5802 SLFNTVATLYCVHQR A3002, A0201, A0202, A0214 B62 (p17 77–85)

A0201, A2902, B1402, B1503
QMVHQSLSPRTLNAW A3002, A6801, B5703, B5802 QMTHQNLSPRTLNAW B0702, B8101 (p24 16–24)

A3001, A6601, B5801, B5802 QMVHQALSPRTLNAW
TPQDLNMMLNIVGGH A0201, A2902, B1402, B1503 Conserved B7, B53 (p24 48–56)

A0101, A7401, B5801
FRDYVDRFYKTLRAE A0101, A7401, B5801 FRDYVDRFYKVLRAE B1801, A2402, B44, B1501, B70 (p24 161–170)
––––––––F––––––
MTYKGAFDLSHFLKE A6601, A6801, B5301, B5802 Conserved No match (Nef 77–85)

A0202, A3002, B5703, B5802
SKKRQEILDLWVYHT A0202, A3002, B5703, B5802 SKKRQDILDLWVYNT No match (Nef)

A6801, A7401, B0702, B3501
FPVRPOVPLRPMTYK A0201, A0301, B4501, B5802 Conserved A0301, A11, B35, B51, B27 (Nef 73–82)

a Sequences of responding synthetic peptides. Identified epitopes previously mapped with known HLA restriction are underlined.
b HLA A and B typing for individual responders. Underlined haplotypes are previously identified HLA-restricted epitopes.
c Autologous sequence matching immunogenic regions with amino acids in bold type representing different amino acids than in the cognate synthetic peptide

sequence.
d Known published restricted epitopes matching exact sequences of individual synthetic peptides (http://www.hiv.lan1.gov/content/immunology/tables/ctl_summary

.html, accessed August 2004). “No match” indicates lack of exact sequence match with known HLA A and B alleles.
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We found evidence of cross-clade T-cell responses in our
studied cohort, similar to previous reports (2a, 6a, 12a, 14a).
Interclade sequence variations may be a major determining
factor in HLA peptide binding and may abolish T-cell cross-
recognition (4, 28, 38). Mutations of the T-cell receptor-inter-
acting amino acids or the HLA-binding amino acids affect
T-cell recognition (39); therefore, CD8� T cells should cross-
react poorly across regions with high sequence variability be-
tween different infecting clades. Promiscuity of T-cell receptor
epitope binding predicted by strong sequence homology has
also been suggested (18, 21, 24, 30, 32). The higher interclade
Gag and Nef sequence homologies in our cohort would predict
more frequent cross-clade T-cell recognition than in the more
variable Env region. Surprisingly, we observed comparable lev-
els of cross-clade responses for Gag, Env, and Nef. Thus,
cross-clade recognition did not appear to be determined solely
by the overall level of sequence homology within distinct HIV
regions.

To confirm this observation, we also examined the immune
response repertoires in Gag. Within a single clade, we found
higher frequencies of responses in conserved regions, whereas
areas with higher viral sequence variations have fewer detect-
able responses. Differential interclade sequence homologies
between these respective Gag regions, however, did not appear
to affect the respective level of cross-clade recognition. Fur-
thermore, T-cell 15-mer epitopes demonstrated high levels of

inter- and intraclade sequence homologies that were not nec-
essarily limited to conserved regions previously described.
Thus, immunogenic epitopes even in highly variable proteins
or regions combined with distinct HLA profiles may be equally
important in determining the pattern and frequency of cross-
clade responses within a population.

The phenomenon of epitope clustering has previously been
disputed on the basis of a possible bias of the analysis and use
of consensus sequences reagents. Consensus sequences may
lead to an overestimation in the identification of conserved
epitopes (28, 38). Our analysis found similar patterns of se-
quence homologies between the consensus peptides and indi-
vidual viral isolates. The lack of observed skewing in the fre-
quency of cross-clade responses to Gag, Env, and Nef lends
further support to the use of these reagents in addressing
HIV-1 variation in studies of large populations (13, 29, 36, 42).

An effective HIV vaccine remains the likely solution to curb-
ing the AIDS pandemic. The question of whether such a vac-
cine is applicable for distinct populations and diverse infecting
HIV strains persists. One perceived obstacle in the design of a
broadly applicable HIV vaccine is the level of viral variability.
Our data, however, did not find interclade sequence homolo-
gies to be the main determinant of cross-clade T-cell re-
sponses. Our study design is primarily focused on the concor-
dance of responses and cannot fully address the effect of

FIG. 5. Pattern of sequence homologies in Gag. (A) High level of homology with viral isolate sequences (clades A and D) is observed for
identified epitopes mapped to the 15-mer index peptides. (B) Sequence homologies of consensus sequences corresponding to Gag 321–500 and
Gag 161–331 compared to clade A and D viral isolates, respectively.
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sequence homologies on the magnitude and breadth of T-cell
responses between clades.

The feasibility of a universal vaccine ultimately rests on the
definitive identification of specific T-cell responses and func-
tions that fully correlate with immune protection. Until then,
more conclusive evidence on factors determining cross-clade
responses will likely require detailed identification of HLA-
restricted epitope repertoires in large cohorts to statistically
account for both population and viral diversity.
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