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Parvovirus B19 is a common human pathogen which can cause severe syndromes, including aplastic anemia
and fetal hydrops. The mapping of the first parvovirus B19-derived CD8* T-lymphocyte epitope is described.
This HLA-B35-restricted peptide derives from the nonstructural (NS1) protein and is strongly immunogenic

in B19 virus-seropositive donors.

Parvovirus B19 is a widespread pathogen, which normally
causes a self-limiting illness in immunocompetent individuals
(26). It is a short linear DNA virus which infects eythroid
precursors by binding to its cellular receptor, the P antigen (5).
Most of those infected will undergo a mild illness, associated
typically in childhood with a facial rash (erythema infectio-
sum). In the fetus or those with hemolytic anaemias with rapid
red cell turnover, however, the infection can induce fatal aplas-
tic anemia (26). In some patients, a chronic infection may
ensue, associated with milder persistent anemia (11, 13, 14,
22).

Despite its prevalence and potential clinical significance,
little is known about cellular immune responses against B19
virus (18, 32). A primary B19 virus infection is usually associ-
ated with clearance of viraemia, and lifelong immunoglobulin
G (IgG) antibodies are the hallmark of immunity (3). Lack of
neutralizing antibodies has been associated with chronic B19
virus infection (18). However, chronic B19 virus infections can
also occur in the presence of B19 virus-specific neutralizing
antibodies (22).

We initiated studies of the CD8" lymphocyte response
against B19 virus by screening healthy laboratory volunteers
for prior exposure to B19 virus. They were also tissue typed by
sequence-specific primer PCR (6). The methods for analysis of
immunoglobulin G avidity and epitope type specificity have
been described elsewhere: an epitope type specificity ratio of
>5 and an avidity score of >25 were used to define past
infection (>6 months) previously (27, 28). B19 virus in serum
samples was detected according to a previously described
method (4), with the exception of the use of a different outer
forward primer, GGC AGC ATG TGT TAA AGT GG. The
nested PCR amplified a 284-bp fragment in the NS1 gene.

A total of 146 15-mer peptides overlapping by 10 amino
acids were used to cover the entire length of the B19 virus NS1
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protein, produced in a multiple peptide synthesizer (SyRo;
Multisyntech, Bochum, Germany). Short-term stimulation of
peripheral blood mononuclear cells (PBMC) using pools of
overlapping peptides to amplify specific cytotoxic T-lympho-
cyte precursors (CTLp) was performed as previously described
(17). After 8 to 10 days, assays for cytolysis were performed
using conventional chromium-51 release assays (24), with tar-
gets of autologous or matched B-cell lines (BCL) prepulsed
with peptides or peptide pools at concentrations of up to 10
pg/ml per peptide.

In initial screening experiments, PBMC from a normal vol-
unteer (donor 1; HLA A2, A26, B35, and B62) were stimulated
using 15 pools of up to 10 15-mer NS1 peptides. Lytic activity
against autologous BCL prepulsed with the same peptide pools
was first tested (Fig. 1A). Subsequently, the same expanded
CTL population was tested for lytic activity against the indi-
vidual peptides from the pool (Fig. 1B). These experiments
identified a reproducible response against a peptide within
pool 8 (peptides 9138 and 9139). Further CTL lines were
directly stimulated from PBMC using a 1:1 mixture of these
two peptides. These lines were highly active against autologous
BCL prepulsed with the peptide 9138-9139 mix, and peptide-
pulsed targets matched at HLA-B35 (Fig. 1C) but not HLA-A2
(data not shown).

The region of NS1 within the overlapping peptides 9138 and
9139 contained a peptide with a clear HLA-B35 motif
(QPTRVDQKM; amino acids 391 to 399 of NS1), which was
obtained from Research Genetics (Huntsville, Ala.). PBMC
from the same donor and a second HLA-B35-positive B19
virus-seropositive donor (donor 2) were restimulated in vitro
with the optimal peptide alone, and a cytolysis assay was per-
formed against autologous targets prepulsed with the same
optimal peptide. After 8 days, very strong CTL responses were
observed for both individuals (Fig. 1D).

We next measured CD8" T lymphocyte responses directly
ex vivo using a gamma interferon (IFN-y) Elispot. This assay
was performed as previously described using nitrocellulose
plates from Millipore (Bedford, Mass.) and IFN-y antibodies
(Mabtech AB, Stockholm, Sweden) followed by chromogenic
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FIG. 1. Mapping of an immunodominant epitope in parvovirus B19 virus NS1 protein. (A) Chromium-51 release assay using CTL lines from
donor 1. Peptide-stimulated PBMC lines were tested for lytic activity against autologous BCL prepulsed with pools. Each pool contained 10
15-mers overlapping by 5 except for pool 15, which contained 6 peptides. (B) The same PBMC from positive pool 8 were tested against the 10
individual peptides tested from the pool in an identical assay against autologous BCL. (C) Fresh PBMC from donor 1 were stimulated using only
peptides 9138 and 9139 (in a 1:1 mix at 10 uM each) from pool 8, and after 8 days, cytolysis was tested against autologous and two different
HLA-B35-matched targets. (D) PBMC from two HLA-B35-positive, B19 virus-seropositive donors were restimulated for 8 days with optimized
peptide QPTRVDQKM, and cytolysis was tested as previously against HLA-B35-matched peptide-pulsed and control targets at various effector-

to-target cell (E:T) ratios.

substrate (Bio-Rad) (19). CTL responses to the optimized
peptide were reproducibly measured at approximately 300
spot-forming cells (SFC) per 10° PBMC. Interestingly, at each
time point tested, the CTL frequency as obtained by Elispot in
this individual was higher for parvovirus than the immunodom-
inant HLA-A2-restricted influenza virus matrix response (60 to
100 SFC/10° PBMC) (19), and also an HLA-A2-restricted Ep-
stein-Barr virus epitope (100 to 120 SFC/10° PBMC) (7) (Fig.
2A).

An HLA-B35 tetramer was constructed using the optimized
epitope, exactly as previously described (25). Staining of lym-
phocytes was then performed according to the protocol of
Whelan et al. (33). Antibodies used for cell surface staining
were as follows: CD8-PerCP (Caltag); CD38-fluorescein
isothiocyanate (FITC) conjugate (Becton Dickinson); CD28-
FITC (Immunotech); CDS57-FITC, CD69-FITC, CD62L-
FITC, and CD45RA-FITC (Becton Dickinson); and CD3 al-
lophycocyanin conjugate (APC) (Pharmingen). Samples were
analyzed by four-color flow cytometry and analyzed using
CellQuest software (Becton Dickinson). This tetramer bound
well to an in vitro-stimulated CTL line from donor 1 (Fig. 2B)
but not to PBMC from B19 virus-seronegative or HLA-B35-
mismatched donors (Fig. 2B and data not shown).

Direct analysis of phenotype and frequency of CD8" T lym-

phocyte responses was tested ex vivo in donor 1 (Fig. 2C).
Tetramer-binding cells were present at a frequency of approx-
imately 0.3% of CD8" lymphocytes, in good agreement with
the Elispot, assuming, as previously, approximately 10% CD8"
lymphocytes in the PBMC preparation (20). These cells were
of phenotypes CD69', CD38'°, CD62L', and mainly
CD45ROM and CD45RA. This phenotype was observed in a
further two individuals (data not shown), who were addition-
ally found to be CD28™, CD56'°, CD57", and HLA-DR', in
keeping with a resting memory phenotype.

The HLA-B35-restricted epitope identified stimulates
CD8™" T-lymphocyte responses which are readily detectable ex
vivo in B19-seropositive donors. These virus-specific T lympho-
cytes show rapid expansion in vitro, cytolysis, and, importantly,
rapid effector function ex vivo. They are also present at high
frequencies, comparable to those seen after infection with vi-
ruses such as cytomegalovirus and Epstein-Barr virus (7, 20).

The role of these responses in control of B19 virus infection
is not yet clear. Since the virus appears to be cytopathic (2, 30),
one view would hold that neutralizing antibodies are likely to
be the significant mediator of protection (34). However, in the
longer term, there is no doubt that B19 virus can persist (23,
29, 31) and there are also clearly demonstrated instances
where the presence of neutralizing antibodies does not corre-
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FIG. 2. Ex vivo detection of parvovirus (PARVO)-specific CTL responses by Elispot and tetramer staining. (A) Fresh PBMC from donor 1
were tested for overnight release of IFN-vy after peptide stimulation. Peptides were used at 10 uM, and cells were plated at 300,000 per well. Results
are expressed as SFC/10° PBMC. FLU-A2 and EBV-A2 are HLA-A2-restricted peptides derived from influenza virus (GILGFVFTL) and
Epstein-Barr virus (GLCTVAML), respectively. Donor 1 is HLA-A2 positive. (B) A CTL line from donor 1 specific for the optimized peptide
QPTRVDQKM was stained with the HLA-B35 QPTRVDQKM tetramer and anti-CD8 (left-hand panel). CDS staining (FL3) is on the y axis, and
tetramer staining (FL2) is on the x axis. Staining of peptide-stimulated PBMC from a separate HLA-B35-positive B19 virus-seronegative donor,
where no peptide-specific responses were obtained, is shown for comparison (right-hand panel). PE, phycoerythrin. (C) Fresh PBMC from donor
1 were stained with tetramer and CDS as in panel B, but in addition phenotypic markers were conjugated with FITC, as shown. Representative
results from assays of samples from three individuals stained at separate time points are shown. Tetramer staining is on the y axis, and the

population shown is that contained within the CDS high gate.

late with clearance of viremia (22). The role of CTL in con-
trolling tissue infection, where antibody might be expected to
be less efficient, has been well demonstrated for persistent,
poorly cytopathic viruses (35).

The high levels of virus-specific CD8* T lymphocytes seen
may result from a very large burst size (15) or be potentially
maintained by continuous or intermittent exposure to antigen
(12, 34). This antigen may be endogenously presented, perhaps
at a very low level (10), or could result from reexposure due to
the high levels of virus in the community.

The fact that these CD8" T-lymphocyte responses are long-
lived and possess appropriate effector function also suggests
that parvovirus-based vectors might be considered in vaccine
strategies for other infections (8, 9, 21). The identification of
B19 epitopes for CD8" T lymphocytes also opens opportuni-
ties to analyze the potential role of such effector cells in
chronic arthritides, where it has been speculated that B19 virus
may play a role in pathogenesis (1, 16). Parvovirus B19 virus
may prove to be a valuable model for analyzing immunological
memory, immunodominance, and the interplay between cellu-
lar and humoral immune responses to a clinically relevant
human pathogen.
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