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Respiratory syncytial virus (RSV) infection is a major cause of morbidity in childhood worldwide. The first
human RSV-specific cytotoxic T-lymphocyte epitope to be defined is described. This HLA B7-restricted epitope
in nucleoprotein (NP) was detectable in four healthy, B7-positive adult subjects using B7-RSV-NP tetrameric
complexes to stain CD81 T cells.

Respiratory syncytial virus (RSV) infection is a major cause
of morbidity in the first 2 years of life in both developed and
developing countries (9, 21). By analogy with other acute virus
infections, such as influenza (15, 22), antiviral cellular immu-
nity might be expected to play a central part in controlling
human RSV infection. There is compelling evidence that RSV-
specific type 1 T-helper responses and cytotoxic T-lymphocyte
(CTL) activity are indeed critical to the disease-free control of
murine RSV infection (4, 11, 19). However, study of the cel-
lular immune response to RSV in infected humans has been
limited by technical difficulties in obtaining adequate informa-
tion either from small-volume samples from acutely infected
children or from the low frequency of RSV-specific memory
CTL responses in adults.

Recent advances in the techniques which may be applied to
the study of CTLs have enabled many of these obstacles to be
overcome. The new methodologies of enzyme-linked immuno-
spot (Elispot) and flow cytometry-based assays (1, 14), includ-
ing the use of tetrameric complexes of viral peptide and major
histocompatibility complex class I (tetramers), have greatly
increased the sensitivity by which CTLs may be detected (7, 13,
14, 16, 20). In addition, data which previously would have
required weeks or months to reach may now be obtained
within hours.

Although precise definition of RSV-specific CTL epitopes in
humans has not been achieved to date, studies of infected
children have nonetheless hinted at the importance of the
anti-RSV CTL response in control of the infection (6, 10, 12).
Reports of RSV-specific memory CTL activity in adults have
been directed at highlighting the RSV proteins which serve as
targets for human CTL epitopes (2, 5). These have suggested
significant differences between the proteins that are principally
immunogenic for CTL responses in human RSV infection
compared to those chiefly targeted by CTLs in murine RSV
infection (17, 18).

This report describes the characterization of a novel HLA
B7-restricted memory RSV-specific CTL epitope in humans.
This is the first RSV-specific CTL epitope to be fully defined in
human infection. This report also illustrates the application of
the novel technologies of Elispot and flow cytometry-based

assays to the study of human RSV infection, even when these
cells are present at very low frequency, in order to identify CTL
epitopes rapidly and ultimately to understand the role of virus-
specific CTL responses in controlling RSV infection in hu-
mans.

Blood was collected from healthy adult volunteers, and pe-
ripheral blood mononuclear cells (PBMC) were separated by
Ficoll-Hypaque (Sigma, St. Louis, Mo.) density gradient cen-
trifugation. HLA typing was performed by sequence-specific
primer PCR (3). The class I HLA types of the six subjects
studied were as follows: subject A, A2/3 B7/51 Cw5/7; subject
B, A3/2 B7/2 Cw7/2; subject C, A3/26 B7/38 Cw7/8; subject
D, 11/25 B7/18 Cw7/12; subject E, A34/68 B51/72 Cw2/16;
subject F, A2/3 B8/44 Cw5/7. A panel of 48 overlapping pep-
tides spanning the RSV nucleoprotein (NP) was generated.
These studies initially focused on NP as a potential target for
CTL epitopes based on earlier work (2, 5). These NP peptides
were 16 to 18 amino acids in length and overlapped by 10
amino acids. Peptides were synthesized as free acids on a
Synergy peptide synthesizer (model 432A; Applied Biosystems,
Foster City, Calif.) using conventional 9-fluorenylmethoxy car-
bonyl chemistry. All peptides were analyzed for purity by re-
verse-phase high-pressure liquid chromatography. Peptides in
all cases were .80% pure.

Elispot assays were performed as previously described (8).
Briefly, 200,000 PBMC per well were incubated overnight with
individual NP peptides, each at 1025 M, in wells which had
been precoated with anti-gamma interferon (IFN-g) monoclo-
nal antibody (MAb) 1-DIK (Mabtech, Stockholm, Sweden).
The following day, cells were washed and incubated for 100
min with a second, biotinylated anti-IFN-g MAb, 7-B6-1 biotin
(Mabtech). Following washing, streptavidin-conjugated alka-
line phosphatase (Mabtech) was added and the mixture was
incubated at room temperature for 40 min. Spot-forming cells
(sfc) were detectable as dark spots after a 20-min reaction with
5-bromo-4-chloro-3-indolylphosphate and nitroblue tetrazo-
lium using an alkaline phosphatase-conjugated substrate (Bio-
Rad, Richmond, Calif.). The number of specific T cells was
calculated by subtracting the negative control values. The
background was less than 20/106 PBMC (four spots per well at
200,000 PBMC per well). Cells were sorted in accordance with
the manufacturer’s instructions using magnetic MACS mi-
crobeads coated with anti-CD4 and anti-CD8 MAbs, respec-
tively (Miltenyi Biotec, Auburn, Calif.). Briefly, PBMC were
magnetically labeled by incubation together with the MACS
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microbeads for 10 min at room temperature, washed, and then
run through a MACS column applied to a magnet. The cells
collected initially thus represented the negatively sorted frac-
tion. Following removal of the column from the magnet, pos-
itively sorted cells were eluted directly from the column.

Tetramers were prepared as previously described (1). The
B7-expressing plasmid was kindly provided by G. Gillespie.
Staining of PBMC by tetramers was done as follows. Cells were
incubated for 30 min at 4°C with a tetramer at 0.5 mg/ml and
then for a further 10 min with saturating amounts of a peri-
dinin chlorophyll-a (PerCP)-conjugated anti-CD8 MAb and a
fluorescein isothiocyanate-conjugated anti-CD4 MAb (Becton
Dickinson). Stained samples were analyzed on a FACSCalibur
flow cytometer using CellQuest software. Control samples for
tetramer staining were PBMC from HLA-mismatched persons.
Quadrant boundaries for tetramer staining were established by
exclusion of .99.99% of control CD81 T cells.

Peptide-specific CTL lines were generated as previously de-
scribed (8). Briefly, pelleted PBMC were resuspended in 100
ml of 200 mM peptide NP-38 and incubated at 37°C for 1 h.
These cells were then resuspended at 1.5 3 106/ml in wells of
a 24-well plate (Costar) in RPMI 1640 medium (Sigma)–10%
fetal calf serum (Sigma)–20 ng of interleukin-7 (IL-7; R&D
Systems, Minneapolis, Minn.) per ml–10 mM HEPES buffer
(Sigma) with antibiotics (2 mM L-glutamine, penicillin-strep-
tomycin at 50 U/ml. Following a week in culture at 37°C and
5% CO2, medium exchanges were performed twice weekly
with the same medium, except that 50 U of recombinant IL-2
(kindly provided by M. Gately, Hoffmann-La Roche [Nutley,
N.J.]) per ml replaced the IL-7. Chromium release assays were
performed following 2 to 4 weeks of culture.

PBMC from subject A, a healthy adult volunteer, were
screened in an Elispot assay for activity in response to each of
the 48 overlapping NP peptides. Responses to the overlapping
16-mer peptide NP-38 (amino acid sequence, GFYHILNN
PKASLLSL) were observed (Fig. 1A). Truncations of the 16-
mer were synthesized and tested for recognition by a peptide-
specific CTL line (Fig. 1B). The optimal epitope, defined as the
peptide able to sensitize targets for 50% of maximal lysis by
CTL clones at the lowest peptide concentration, was peptide
NPKASLLSL (NL9). This response was HLA B7 restricted
(Fig. 1C and data not shown). Only target cells presenting
HLA B7 and pulsed with the NL9 peptide were recognized by
the NL9-specific CTL line. Moreover, the specific binding of
the B7-NL9 tetramer to these effector cells reconfirmed the
HLA restriction of the response (see below).

To determine whether this epitope was presented by target
cells processing the RSV NP, HLA B7-matched target cells
were infected with an RSV NP-vaccinia virus recombinant
(17). The targets were recognized as efficiently as the same
targets pulsed with the RSV NL9 peptide. RSV-specific CTLs
did not recognize the same targets pulsed with a control human
immunodeficiency virus (HIV) peptide or targets that had
been infected with an HIV Gag-vaccinia virus recombinant.
Control HIV Gag-specific CTLs from an HIV-infected donor,
which recognized an HLA A3-restricted epitope in p17 Gag,
KIRLRPGGK (KK9; p17 Gag 18-26 [http://hiv-web.lanl.gov
/immunology/index.html]), only lysed the same targets (also A3
matched) either when expressing an HIV Gag-vaccinia virus
recombinant or when targets were pulsed with the HIV KK9
peptide (Fig. 1C).

In order to characterize this response further, peptide NL9-
HLA B7 tetramers were synthesized and used to stain PBMC
from three further persons with B7 (subjects B to D) and two
B7-negative persons (subjects E and F) (Fig. 2). In the B7-
negative control subjects, the frequency of NP9-B7-specific

FIG. 1. (A) Elispot assay using unsorted and sorted PBMC from subject A
(HLA type, A2/3 B7/51 Cw5/7). Responses to the 16-mer NP-38 (amino acid
sequence, GFYHILNNPKASLLSL). The frequency of IFN-g sfc per million
input cells per well is shown in gray, and percent sfc among CD81 T cells is
shown in black. (B) Optimization of the epitope within the 16-mer NP-38. The
optimal epitope is the 9-mer NL9. Effectors were a peptide-specific CTL line
generated from subject A, and targets were HLA B7-matched Epstein-Barr
virus-transformed B-lymphoblastoid cells from donor 004-TCH (HLA type,
Ap0202/29 B7/B44 Cw7/7). (C) Recognition of processed NL9 peptide by RSV-
specific effectors. Effectors were RSV NP-specific NL9-B7-restricted effectors
(NL9-B7), as described for panel B, and HIV Gag-specific KK9-A3-restricted
effectors (KK9-A3) from donor 019-TCH (HLA type, A3/30 B51/60 Cw 15/16).
Targets were B-lymphoblastoid cells from subject B (HLA type, A3/2 B7/2 Cw7
/2). Targets were either pulsed with no peptide, with the RSV NL9 peptide, or
with the HIV KK9 peptide or infected with RSV NP-vaccinia virus (vac) or with
HIV Gag-vaccinia virus. Thus, open circles represent targets pulsed with no
peptide and incubated with NL9-B7-specific CTLs, open squares represent tar-
gets pulsed with the RSV NL9 peptide and incubated with NL9-B7-specific
effectors, etc.
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CD81 T cell binding to the tetramer was ,0.01% of CD81 T
cells. NL9-B7-specific CD81 T cells were detectable in all four
donors with B7 who were studied, and the frequency of CD81

T-cell binding to the NL9-B7 tetramer varied from 0.02 to
0.15% of the CD81 T cells (Fig. 2). As a further negative
control, CTL clones from a donor with HLA B7 (subject 161j
[HLA type, A2/3 B7/60 Cw3/7]) that were specific for A2-HIV
Gag epitope SLYNTVATL (http://hiv-web.lanl.gov/immunology
/index.html) were stained with the B7-RSV NP tetramer (Fig.
2, top right), as well as with the A2-Gag tetramer (Fig. 2,
bottom right). Despite the low frequency of PBMC from sub-
jects A and C (both 0.02% of CD81 T cells), NL9-specific CTL
lines were successfully generated from both PBMC samples, in
one case staining 6.9% of the CD81 T cells (Fig. 2A) and in the
other staining 40% of the CD81 T cells (not shown). Addi-
tional support for the tetramer data shown is the finding of
recognition of peptide NP-38 (frequency range, 1 of 13,883 to
1 of 25,000 PBMC) in Elispot assays using PBMC even in
subjects A to C, whose PBMC showed a low frequency of
tetramer staining, whereas no recognition of NP-38 was ob-
served in Elispot assays of PBMC from the B7-negative sub-
jects studied.

In summary, RSV-specific CTL epitopes may be rapidly
defined from memory CTLs in adults in spite of the low fre-
quency (0.02 to 0.15% of CD81 T cells in the case of the
NL9-B7 epitope) with which these cells are present. Although
the epitope described above lies within NP, previous studies

(5) have shown that strong responses are also frequently di-
rected toward epitopes within SH, F, M, and NS1b in human
RSV-specific CTL activity. Thus, this definition of a single
epitope is but a first step toward the characterization of the
total RSV-specific CTL response. Once the dominant RSV-
specific CTL epitopes have been identified, it will be possible
to address the role of RSV-specific CTLs in controlling disease
in pediatric infection. This would initially involve analysis of
the timing of the appearance of RSV-specific CTLs with virus
clearance and correlation of the magnitude of the CTL re-
sponse with measures of disease severity and with viral load in
age-matched children.
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FIG. 2. Staining of CD81 T cells with the HLA B7-NL9 (RSV-NP) tetramer. (A) Peptide-specific line used in assays shown in Fig. 1 from subject A (HLA type,
A2/3 B7/51 Cw5/7). (B) PBMC from B7-negative subject E (HLA type, A34/68 B51/72 Cw2/16). (C) PBMC from B7-positive subject C (HLA type, A3/26 B7/38 Cw7/8).
(D) PBMC from subject D (HLA type, 11/25 B7/18 Cw7/12). (Top right) A2-HIV Gag CTL clones from subject 161j (HLA type, A2/3 B7/60 Cw3/7). (Bottom right)
Staining of the same CTL clone as above but using the A2-HIV Gag tetramer.
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