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A tetrameric recombinant major histocompatibility complex (MHC) class II-peptide complex was used to
quantitate human immunodeficiency virus type 1 (HIV-1) envelope (Env)-specific CD41 T cells in vaccinated
and in simian/human immunodeficiency virus (SHIV)-infected rhesus monkeys. A rhesus monkey MHC class
II DR molecule, Mamu-DR*W201, and an HIV-1 Env peptide (p46) were employed to construct this tetrameric
complex. A p46-specific proliferative response was seen in sorted, tetramer-binding, but not nonbinding, CD41

T cells, directly demonstrating that this response was mediated by the epitope-specific lymphocytes. Although
staining of whole blood from 10 SHIV-infected Mamu-DR*W2011 rhesus monkeys failed to demonstrate
tetramer-binding CD41 T cells (<0.02%), p46-stimulated peripheral blood mononuclear cells (PBMCs) from
9 of these 10 monkeys had detectable p46 tetramer-binding cells, comprising 0.5 to 15.2% of the CD41 T cells.
p46-stimulated PBMCs from 7 of 10 Mamu-DR*W2011 monkeys vaccinated with a recombinant canarypox
virus–HIV-1 env construct also demonstrated p46 tetramer-binding cells, comprising 0.9 to 7.2% of the CD41

T cells. Thus, Env p46-specific CD41 T cells can be detected by tetrameric Mamu-DR*W201–p46 complex
staining of PBMCs in both SHIV-infected and vaccinated rhesus monkeys. These epitope-specific cell popu-
lations appear to be present in peripheral blood at a very low frequency.

CD41 T lymphocytes play a number of essential roles in the
immune responses that contain viral replication. Their help is
needed for antibody production by B cells (22), CD81 cyto-
toxic T-lymphocyte (CTL) function is dependent on their ac-
tivity (19, 27, 31, 33), they secrete antiviral cytokines, and they
have sometimes been shown to have antiviral cytotoxic effector
function (4). Yet, because of technical difficulties associated
with studying these cells in vivo, there are many basic issues
concerning virus-specific CD41 T-lymphocyte biology that re-
main poorly understood. In particular, it has proven difficult to
quantitate epitope-specific CD41 T-lymphocyte populations in
the biologically important settings of infection and disease.

Attention is now being focused on the central importance of
virus-specific CD41 T-lymphocytes in containing human im-
munodeficiency virus type 1 (HIV-1) replication (28, 29). It has
long been appreciated that HIV-1 infection is associated clin-
ically with a gradual decline in CD41 T-lymphocyte numbers
and an impairment of CD41 T-lymphocyte function (3, 12, 20).
Recent studies have shown that control of viral replication in
vivo is associated with vigorous HIV-1-specific CD41 T-lym-
phocyte proliferative responses (28). It has been suggested that
HIV-1-specific CD41 T lymphocytes may be critically impor-
tant for vaccine-elicited protective immunity against HIV-1
infection.

Nonhuman primate models have provided powerful tools for
exploring AIDS pathogenesis (16, 17) and HIV-1 vaccine strat-
egies (18, 30). Simian/human immunodeficiency virus (SHIV)-
infected rhesus monkeys have proven particularly useful for
these studies, since they allow the in vivo evaluation in higher
primates of immune responses to lentiviruses that express
HIV-1 envelope (Env) glycoproteins. The SHIV models also
allow the evaluation of infections which result in CD41 T-
lymphocyte loss and AIDS or infections that are nonpatho-
genic (25, 26).

We have recently begun characterizing HIV-1 Env-specific
CD41 T-lymphocyte responses in SHIV-infected and HIV-1
Env-vaccinated rhesus monkeys. In the course of these studies,
Env-specific CD41 T-lymphocyte lines have been generated,
allowing the definition of several CD41 T-lymphocyte Env
epitopes and their restricting major histocompatibility complex
(MHC) class II molecules (14, 15). In the present study, we
have used one of these MHC class II molecules and its asso-
ciated CD41 T-lymphocyte peptide to construct an MHC class
II/peptide tetrameric staining reagent for characterizing Env
epitope-specific CD41 T-lymphocyte populations in rhesus
monkeys.

For identifying Mamu-DR*W201-positive rhesus monkeys,
PCR, direct sequencing, and a functional proliferation assay
were used. DNA from monkey lymphocytes was amplified with
allele-specific primer pairs, and the resulting PCR products
were directly sequenced. Genomic DNA was amplified by
PCR, using the allele-specific 39 primer DRB*W201/R (59-CC
GCTCCAGGATGTCCTCCC-39) in conjunction with a 59
primer for the conserved region of Mamu-DRB, 59MDRB
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(59-GCCTCGAGTGTCCCCCCAGCACGTTTC-39). One ad-
ditional PCR, using primers specific for a conserved MHC
class II sequence (based on the macaque homologue of HLA-
DRB3), was included as a positive control. Primers 59MDRB
(59-GCC TCG AGT GTC CCC CCA GCA CGT TTC-39) and
39MDRB (59-GCA AGC TTT CAC CTC GCC GCT G-39)
were each used at a final concentration of 680 nM. PCR prod-
ucts were analyzed by electrophoresis in 2% agarose gels (Fig.
1). DNA sequence analysis was then performed on all positive
PCR products to confirm nucleotide sequence identity with the
published Mamu-DRB*W201 prototype sequence (13). Finally,
B-lymphoblastoid cell lines (B-LCL) from monkeys selected as
positive for Mamu-DRB*W201 were assessed, following puls-
ing with the peptide p46, for their ability to induce prolifera-
tion of a p46-specific, Mamu-DR*W201-restricted CD41 T-
cell line. Those monkeys whose p46-pulsed B-LCL induced
proliferation of this cell line were deemed Mamu-DR*W201
positive. By PCR amplification, sequencing, and functional
criteria, we found that 47 of 133 (35%) rhesus monkeys from
five different colonies expressed Mamu-DR*W201.

To generate the tetrameric Mamu-DR*W201–p46 complex,
Mamu-DR*W201 covalently bound to HIV Env p46 peptide
was expressed in a Drosophila melanogaster cell protein expres-
sion system. DNAs coding for the soluble domains of Mamu-
DRA and Mamu-DRB*W201 were amplified by PCR with
the 59 primer MDRA0101/F (59-GATTATGGTACCAGG
ATGGCCGAAAGTGGAGTCCCC 39) and the 39 primer
MDRA0101/R (59-ACGTTCACGCGTGTTCTCTGTAGT
CTCTGGGAG-39) for Mamu-DRA or with the 59 primer
W201/F (59-GATGATGGTACCAGCATGGTGTGTCTGA
AG-39) and the 39 primer W201-BTtag/R (59-GGACGTACG
CGTTCAACGATGATTCCACACCATTTTCTGTGCATCCAG
AATATGATGCAGGGATCCCATCTTGCTCTGTGCAGA-
39) for Mamu-DRB*W201. The 39 primer W201-BTtag/R en-
coded a biotinylation tag (in boldface) followed by a stop
codon. Mamu-DRa and Mamu-DRB*W201 plasmid DNAs
were employed as templates for these reactions (13). Both
PCR products were digested with KpnI and MluI and sub-
cloned into the expression plasmid pMT/V5-His A (Invitrogen,
Carlsbad, Calif.). Mamu-DRA was cloned into the pMT/V5-
His A vector in frame so that the histidine tag was attached to
the C terminus to facilitate purification. The covalently bound
peptide YKYKVVKIEPLGV (HIV Env residues 484 to 496)
(p46) (15) was designed by making a pair of long primers
overlapping by 21 nucleotides. Primers P46/F (59-GTGCTGA
GCTCCCCACTGGCTGTGGCTGGGGACACCTATAAGT

ATAAGGTGGTGAAGATCGAGCCACTGGGAGTGGGA
GGTGGTGGCTCACTAGTG-39) and P46/R (59-TGACTTA
GCATGCCCCAGGAAACGTGGGGACCCACCTCCTC
CAGAGCCCCGTGGCACTAGTGAGCCACCACCTCC-39)
were used for a five-cycle PCR at a final concentration of 10
mM each in a 100-ml reaction volume consisting of 60 mM Tris,
2 mM MgCl2, 15 mM ammonium sulfate, 2 mM deoxynucleo-
side triphosphates (0.5 mM each), and 5 U of Taq polymerase,
pH 8.5. The elongated PCR product was purified and di-
gested by SacI and SphI (sites are underlined in the primer
sequences) and subcloned into the pMT/Mamu-DRB*W201-
BT plasmid. The A- and B-chain constructs were cotransfected
into Schneider (S2) cells by calcium phosphate precipitation
together with pCoHYGRO (Invitrogen), which contains a hy-
gromycin resistance gene. Stable cell lines were derived by
culturing, under selection conditions, in complete DES Expres-
sion medium (Invitrogen) containing 300 mg of hygromycin/ml,
and the resulting lines were expanded in DES serum-free me-
dium (Invitrogen). Protein production was induced by adding
1 mM copper sulfate and incubating for 3 days. Culture super-
natants were concentrated, and the histidine-tagged Mamu-
DR*W201 covalently bound to p46 was purified by Ni-agarose
affinity chromatography (Qiagen, Chatsworth, Calif.). Purified
Mamu-DR*W201–p46 monomers were biotinylated enzymat-
ically with the BirA enzyme (Avidity, Denver, Colo.), following
the manufacturer’s instructions. The efficiency of biotinylation
was between 75 and 95%. A Superdex HR200 column (Amer-
sham Pharmacia Biotech, Piscataway, N.J.) was used to remove
the free biotin from the monomers. To generate Mamu-
DR*W201–p46 tetramers, the biotinylated monomers were
mixed with phycoerythrin (PE)-labeled streptavidin (Prozyme,
San Leandro, Calif.) at a molar ratio of 4:1.

We first characterized the lymphocyte binding specificity of
the tetrameric Mamu-DR*W201–p46 complex. The tetramer
was evaluated for its ability to bind to two HIV-1 Env-specific
CD41 T-cell lines generated from peripheral blood mono-
nuclear cells (PBMCs) of a Mamu-DR*W2011 rhesus mon-
key, one specific for p46 and the other specific for the p14
Env peptide. As shown in Fig. 2, the p46 tetramer bound to
the p46-specific but not the p14-specific CD41 T-cell line.
Thus, the p46 tetramer exhibited the predicted binding spec-
ificity.

We then attempted to enumerate the p46-specific CD41

T-lymphocyte subpopulations in PBMCs of whole-blood
specimens from 10 SHIV-infected Mamu-DR*W2011 rhesus
monkeys by using the tetrameric Mamu-DR*W201–p46 com-
plex. Whole-blood specimens from Mamu-DR*W2011 SHIV-
infected monkeys were stained with PE-coupled Mamu-

FIG. 1. Identification of Mamu-DRB*W201 alleles by PCR with allele-spe-
cific primers. Shown is the gel electrophoresis profile of PCR products amplified
with allele-specific primers from DNA extracted from PBMCs of various rhesus
monkeys (A to G). DRB, PCR products amplified by primers specific for a
conserved region of the Mamu-DRB sequences; DRB*W201, PCR product am-
plified by Mamu-DRB*W201 allele-specific primers; 2, Mamu-DR*W201 was not
amplified from DNA; 1, Mamu-DR*W201 was amplified from DNA; M, DNA
standard (HaeIII digest of f174 DNA).

FIG. 2. Tetrameric Mamu-DR*W201–p46 complex binds specifically to a
p46-specific CD41 T-cell line generated from PBMCs of a Mamu-DR*W2011

rhesus monkey. The p46 tetramer was used to stain two HIV-1 Env-specific
T-cell lines generated from PBMCs of the same rhesus monkey, one specific for
p46 and the other specific for the p14 Env peptide. Flow-cytometric analysis was
performed on gated CD41 CD31 T cells.
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DR*W201–p46 tetramer and evaluated by flow cytometry with
gating on CD41 CD31 cells. More than 150,000 CD41 T cells
from each sample were analyzed. In each sample, the propor-
tion of p46-specific cells in these CD41 T-lymphocyte popula-
tions was less than 0.02%, the limit of detection of this assay
(Fig. 3 and data not shown). However, after 5 days of in vitro
stimulation with p46, the p46 tetramer-binding CD41 T cells in
the PBMCs had expanded to a level at which they could be
detected. The proportion of p46 tetramer-binding CD41 T
cells in PBMC of monkey L23 expanded from a level of less
than 0.02 to 15.1% of all CD41 T cells after 11 days of p46
stimulation in vitro (Fig. 3). A similar kinetics of p46 tetramer-
binding CD41 T-cell expansion was observed in PBMCs of
monkey H318, with the tetramer-binding cells reaching a level
of 1.2% of the CD41 T cells (Fig. 3). This expansion during the
period of culture was not simply due to a loss of tetramer-
negative cells, because the tetramer-positive cells increased in
number relative to the other cells while the total numbers of
CD41 T cells did not significantly decrease (data not shown).

Since the T-cell receptors of antigen-specific CD41 T cells
recognize peptide bound to self-MHC class II molecules, we
expected the tetrameric Mamu-DR*W201–p46 complex to
bind specifically to a subpopulation of CD41 T cells from
SHIV-infected Mamu-DR*W2011 rhesus monkeys. Peptide-
stimulated PBMCs from three groups of rhesus monkeys were
assessed for p46 tetramer binding: SHIV-infected, Mamu-
DR*W2011 monkeys; SHIV-infected, Mamu-DR*W2012

monkeys; and uninfected, Mamu-DR*W2011 monkeys (Fig. 4).
p46-stimulated cells from these monkeys were stained with
PE-coupled tetrameric Mamu-DR*W201–p46 complex and
analyzed by flow cytometry to enumerate p46-specific CD41 T
cells. Binding of the p46 tetramer was observed only on the
CD41 T cells of SHIV-infected Mamu-DR*W2011 monkeys.
Therefore, this tetramer bound only to cells from antigen-
primed monkeys of the appropriate MHC class II genotype.

This tetrameric reagent was then used to characterize the
lymphocytes that proliferated in vitro following HIV-1 Env
peptide stimulation. p46-stimulated PBMCs from monkey L23
were sorted by flow cytometry into CD41 T-cell populations
that stained positively or negatively with the tetrameric Mamu-
DR*W201–p46 complex (Fig. 5). Both cell populations were
then expanded after concanavalin A stimulation (using irradi-
ated PBMCs as feeder cells) in interleukin-2 (IL-2)-containing

medium for 12 days, analyzed again by flow cytometry for p46
tetramer binding, and assayed for p46-specific proliferative
responses. More than 70% of the sorted tetramer-positive
CD41 T cells still bound this tetramer after nonspecific in vitro
expansion, and these cells showed a high p46-specific prolifer-
ative response (stimulation index, 12.1) (Fig. 5). The CD41 T
cells that did not bind the tetramers remained negative for
tetramer staining after in vitro expansion and had no p46-
specific proliferative response (Fig. 5). Thus, the p46-stimu-
lated proliferative response was mediated by CD41 T lympho-
cytes that bound the tetrameric Mamu-DR*W201–p46
complex.

FIG. 3. Kinetics of in vitro expansion of tetrameric Mamu-DR*W201–p46 complex-binding CD41 T cells in p46-stimulated PBMCs of SHIV-infected Mamu-
DR*W2011 rhesus monkeys. PBMCs of two SHIV-infected monkeys (L23 and H318) were stained at different times after beginning p46 stimulation in vitro.
Flow-cytometric analysis was performed on gated CD31 T cells stained with PE-coupled tetrameric Mamu-DR*W201–p46 complex and fluorescein isothiocyanate-
coupled anti-CD4 antibody. Whole-blood staining was performed on day 0. The indicated percentages are the proportions of CD41 T cells that bound tetramer.

FIG. 4. Tetrameric Mamu-DR*W201–p46 complex binds specifically to p46-
stimulated CD41 T cells from PBMCs of SHIV-infected Mamu-DR*W2011

rhesus monkeys. p46-stimulated PBMCs of three groups of monkeys (three
monkeys per group) were assessed: SHIV-positive Mamu-DR*W2011 mon-
keys, SHIV-positive Mamu-DR*W201-negative monkeys, and SHIV-negative
Mamu-DR*W2011 monkeys. PBMCs were stimulated in vitro with p46 in
IL-2-containing medium for 11 days, and flow-cytometric analysis was per-
formed on gated CD31 cells stained with PE-coupled tetrameric Mamu-
DR*W201–p46 complex and fluorescein isothiocyanate-coupled anti-CD4 an-
tibody. The indicated percentages are the proportions of CD41 T cells that
bound tetramer.
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Since the numbers of tetrameric Mamu-DR*W201–p46
complex-binding CD41 T cells in the whole blood of 10 SHIV-
infected Mamu-DR*W2011 rhesus monkeys were below the
limit of detection of the tetramer assay (Fig. 3 and data not
shown), we sought to quantitate the magnitude of p46 tet-
ramer-binding CD41 T cells in PBMCs of these animals after
in vitro expansion. p46-stimulated PBMCs from 10 SHIV-in-
fected Mamu-DR*W2011 monkeys were analyzed by p46 tet-
ramer staining to enumerate p46-specific CD41 T cells. The
clinical statuses of the SHIV-infected rhesus monkeys used in
this study are shown in Table 1. Nine of the 10 infected animals
had detectable levels of p46 tetramer-binding CD41 T cells,
ranging from 0.5 to 15.2% of the CD41 T cells; only one of
them had no detectable p46 tetramer-binding CD41 T cells
(Fig. 6A).

This tetramer technology was then used to assess vaccine-
elicited HIV-1 Env-specific CD41 T-cell responses in rhesus
monkeys. p46-stimulated PBMCs from 10 Mamu-DR*W2011

rhesus monkeys vaccinated five times, 21 months earlier, with
recombinant canarypox virus–HIV-1 env were stained with tet-

rameric Mamu-DR*W201–p46 complex and assessed by flow
cytometry. Seven of the 10 had detectable levels of p46 tet-
ramer-binding CD41 T cells, comprising 0.9 to 7.2% of the
CD41 T lymphocytes (Fig. 6B). Thus, p46 tetramer-binding
CD41 T cells were detectable in peptide-stimulated PBMCs of
vaccinated rhesus monkeys.

The first described use of a covalently bound peptide-MHC
class II construct to quantitate antigen-specific CD41 T cells
was in a murine system (1, 8). Rees and coworkers showed that
immunization with a previously defined epitope peptide elic-
ited proliferation of epitope-specific CD41 T cells to levels
comprising less than 1.3% of the CD441 CD41 T cells (24).
Since the CD44-expressing cells represent only a subset of the
CD41 T cells, these results suggest that epitope-specific CD41

T lymphocytes can be low-frequency cell populations. Re-
cently, this technology was also applied to quantitate antigen-
specific CD41 T cells in human. The results of these studies
also suggest that the frequency of antigen-specific CD41 T
lymphocytes is low (7, 21).

While the use of tetramers provides an exquisitely specific
means of quantitating antigen-specific CD41 T lymphocytes, it
is not the only technology that has been applied for that pur-
pose. Perhaps the most commonly applied alternate approach
is the quantitation of cytokine-producing CD41 T cells by flow
cytometry after in vitro stimulation of lymphocytes with pro-
tein. Interestingly, studies using this technical approach indi-
cate that cells that are specific for the cytomegalovirus or
HIV-1 Env protein represent up to 20% and less than 0.1%,
respectively, of circulating CD41 T lymphocytes of infected
individuals (23, 32). Importantly, these values are certain to be
higher than those found in the present study since the tet-

FIG. 5. p46-stimulated T-cell proliferation is mediated by tetrameric Mamu-
DR*W201–p46 complex-binding CD41 T lymphocytes. In vitro p46-stimulated
PBMCs from the SHIV-infected Mamu-DR*W2011 rhesus monkey L23 were
stained with PE-coupled tetrameric Mamu-DR*W201–p46 complex. CD4-posi-
tive, Mamu-DR*W201–p46 complex-positive cells and CD4-positive, Mamu-
DR*W201–p46 complex-negative cells were sorted by flow cytometry and ex-
panded by concanavalin A stimulation for 10 days with irradiated PBMCs in
IL-2-containing medium. The cells were again stained and analyzed by flow
cytometry, and the p46-specific proliferative response of each cell population was
assessed. SI, stimulation index.

FIG. 6. Peptide epitope-specific CD41 T cells detected by tetramer binding
in peptide-stimulated PBMCs of SHIV-infected rhesus monkeys and recombi-
nant canarypox virus-vaccinated monkeys. p46-specific CD41 T cells among in
vitro p46-stimulated PBMCs from SHIV-infected Mamu-DR*W2011 monkeys
(A) and recombinant canarypox virus-vaccinated Mamu-DR*W2011 rhesus mon-
keys (B) were identified by their binding to tetrameric Mamu-DR*W201–p46
complex. p46-stimulated PBMCs from 10 infected and 10 vaccinated rhesus
monkeys were stained with PE-coupled tetrameric Mamu-DR*W201–p46 com-
plex. Flow-cytometric analysis was performed on gated CD41 CD31 T cells.

TABLE 1. Clinical statuses of rhesus monkeys used to study p46-
specific CD41 T-lymphocyte responses

Monkey Virus

No. of CD41 T cells/ml
of blood Viral load (no.

of RNA copies/
ml of plasma)Preinfection Time of

study

T122 SHIV-SF162P 1,959 1,613 ,1,500
T188 SHIV-SF162P 1,392 1,296 ,1,500
T642 SHIV-SF162 1,332 1,229 ,1,500
T660 SHIV-SF162 1,542 1,722 ,1,500
T770 SHIV-SF162P 1,247 574 104

T833 SHIV-SF162 2,577 2,080 ,1,500
AT19 SHIV-33A.2 1,589 564 ,1,500
Rh1542 SHIV-33A 1,646 1,384 ,1,500
L23 SHIV-HXBc2 1,763 1,383 ,1,500
H318 SHIV-HXBc2 1,326 1,651 ,1,500
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ramer-binding cells represent single-epitope-specific lympho-
cyte populations while the protein-specific cells likely represent
multiple-epitope-specific lymphocyte populations.

In fact, the detected frequency of epitope-specific CD41 T
lymphocytes in the SHIV-infected monkeys of the present
study was quite low. Interpreting studies of CD41 T-lympho-
cyte responses elicited by an AIDS virus infection can, how-
ever, prove problematic. An AIDS virus infection, by virtue of
the capacity of the virus to lyse and cause functional abnor-
malities of CD41 T cells, is associated with a very-low-fre-
quency, dysfunctional CD41 T-lymphocyte response (3, 12,
20). We therefore chose to study the responses of CD41 T
lymphocytes to AIDS viruses that are nonpathogenic and other
AIDS viruses that are pathogenic but do not cause profound
CD4-cell depletion (5, 6, 25, 26). This strategy allows the char-
acterization of the virus-specific CD41 T cells in the absence of
significant ongoing destruction of the cell population. We
found in the present studies that despite the fact that the
infected monkeys had relatively intact CD41 T-lymphocyte
numbers and function, the frequency of tetramer-binding
CD41 T lymphocytes in their peripheral blood was extremely
low.

The frequency of the circulating MHC class II-peptide tet-
ramer-binding CD41 T cells in Mamu-DR*W2011 rhesus mon-
keys was substantially lower than the frequency of circulating
CD81 T cells that bind the p11C–Mamu-A*01 tetramer in
infected Mamu-A*011 and DR*W2011 monkeys (data not
shown). The CD81 T cells specific for the dominant CTL
epitope p11C are consistently detected in the blood of infected
monkeys by using the p11C tetramer, without resorting to in
vitro stimulation of the lymphocytes to expand their numbers
(9–11). Even CD81 T-lymphocyte populations that recognize
nondominant SHIV or simian immunodeficiency virus
epitopes are detected in the blood of occasional infected mon-
keys without resorting to in vitro cultivation of the monkey
PBMCs with the epitope peptide and IL-2 (2). In contrast to
these findings, CD41 T lymphocytes that bind the p46 tetramer
were not detected in unstimulated whole blood of 10 SHIV-
infected Mamu-DR*W2011 rhesus monkeys. This observation
is consistent with the notion that CD41 T-lymphocyte re-
sponses do not focus as intensely on a limited number of
epitopes as do CD81 T-lymphocyte responses.

Another possible explanation for our finding of a low-fre-
quency p46-specific CD41 T-lymphocyte response must be
considered. As with epitope-specific CD81 T-lymphocyte re-
sponses, epitope-specific CD41 T-lymphocyte responses may
be more or less dominant. It is possible that the HIV-1 Env
p46-specific CD41 T-cell response of Mamu-DR*W2011 rhe-
sus monkeys characterized in the present study is a response to
a particularly nondominant CD41 T-cell epitope. This expla-
nation is unlikely because p46-specific CD41 T-cell lines were
readily and repeatedly generated from HIV-1 Env protein-
stimulated PBMCs of a number of SHIV-infected or HIV-1
Env-vaccinated Mamu-DR*W2011 rhesus monkeys (14, 15).
Nevertheless, the frequencies of multiple other virus-epitope-
specific CD41 T-lymphocyte populations must be determined
to confirm that CD41 T-lymphocyte responses do not focus on
particular predominant epitopes.
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