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Hepatitis C virus (HCV)-specific cell-mediated immunity (CMI) has been reported among exposed individuals without viremia
or seroconversion. Limited data are available regarding CMI among at-risk, seronegative, aviremic Egyptian health care workers
(HCW), where HCV genotype 4 predominates. We investigated CMI responses among HCW at the National Liver Institute,
where over 85% of the patients are HCV infected. We quantified HCV-specific CMI in 52 seronegative aviremic Egyptian HCW
using a gamma interferon (IFN-v) enzyme-linked immunospot assay in response to 7 HCV genotype 4a overlapping 15-mer pep-
tide pools covering most of the viral genome. A positive HCV-specific IFN-y response was detected in 29 of 52 HCW (55.8%),
where 21 (40.4%) had a positive response for two to seven HCV pools and 8 (15.4%) responded to only one pool. The average
numbers of IFN-v total spot-forming cells (SFC) per million peripheral blood mononuclear cells (PBMC) (* standard error of
the mean [SEM]) in the 29 responding and 23 nonresponding HCW were 842 * 141 and 64 * 15, respectively (P < 0.001). Flow
cytometry indicated that both CD4* and CD4 ™~ T cells produced IFN-vy. In summary, more than half of Egyptian HCW demon-
strated strong HCV multispecific CMI without viremia or seroconversion, suggesting possible clearance of low HCV expo-
sure(s). These data suggest that detecting anti-HCV and viremia to determine past exposure to HCV can lead to an underestima-
tion of the true disease exposure and that CMI response may contribute to the low degree of chronic HCV infection in these
HCW. These findings could have strong implications for planning vaccine studies among populations with a high HCV exposure

rate. Further studies are needed to determine whether these responses are protective.

epatitis C virus (HCV) infection is a global health problem

(12, 31), with the highest worldwide disease prevalence re-
ported in Egypt: 15% of the general population (14, 45, 51). Pri-
mary HCV infections are usually asymptomatic (4), with most
cases developing chronic infection (5) and only 15 to 50% under-
going spontaneous viral clearance (42). Natural protective immu-
nity against HCV has been demonstrated in both humans (34, 38)
and chimpanzees (8), with host-specific cell-mediated immunity
(CMI) playing a pivotal role in controlling infection (9, 19, 44).
While HCV spontaneous clearance remains poorly understood,
natural resistance to infection exists and continues to spur re-
searchers in their attempts to develop an effective vaccine (23, 48).
Recent reports have documented sporadic cases of detectable
HCV-specific CMI in exposed uninfected persons (3, 17, 24, 29,
37, 39, 41, 52) without evidence of persistent infection, i.e., with-
out viremia or seroconversion. In these HCV-seronegative avire-
mic subjects, HCV-specific CMI is the only biomarker of host
exposure to the virus and may provide protection against chronic
infection (38). In this regard, HCV-specific T-cell responses have
been demonstrated without viremia or seroconversion in individ-
uals exposed to HCV infection, such as family members living
with two or more HCV-infected subjects (3), sexual contacts of
acute HCV patients (24), intravenous drug users (37, 52), and
health care workers (HCW) after needle stick injury (29). These
data support the view that host immune responses may determine
the course of the disease (3). Therefore, identification of host pro-
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tective immune mechanisms in individuals who successfully clear
infection is crucial for determining past exposure, understanding
the natural history of HCV infection, and planning for its preven-
tion and control.

HCW are at a high risk of HCV infection after occupational
exposure (28, 30), with the risk of exposure from an HCV-con-
taminated needle stick injury estimated at 0 to 5%, or almost 10-
fold the risk of acquiring HIV from a similar event (7, 22). Limited
data are available about genotype 4 HCV-specific CMI in serone-
gative, aviremic HCW working in high-risk environments such as
the National Liver Institute (NLI), where HCW provide care for
120,000 outpatients and 15,000 inpatients annually. Over 85% of
these patients are seropositive for HCV antibodies, with 55 to 65%
of them having HCV RNA and chronic liver disease (46, 49). The
potential of exposure among persons providing care to these pa-
tients is more than 10-fold higher than that of medical personnel
in the United States and Europe and is as great as that of many
intravenous drug users.
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Similarly to other at-risk groups (3, 17, 24, 29, 37, 39, 41, 52),
HCW at the NLI may not develop anti-HCV antibodies or viremia
despite repeated exposure to the virus, and this has not been ex-
amined yet among HCW in a community, such as Egypt, where
HCYV is highly endemic. We hypothesized that low levels of HCV
exposures or even short-term viremia among Egyptian HCW may
lead to HCV-specific CMI without seroconversion or measurable
viremia. CMI to genotype 4 HCV, which is the most prevalent
HCV genotype in Egypt (10), has been examined in HCV-infected
subjects using either recombinant proteins derived from genotype
1 (24-26) or genotype 4a (13) or a restricted set of genotype 1 (24)
or 4 (15) peptides, possibly underestimating the real frequency of
responders due to suboptimal detecting reagents or methods. In
the present study, the presence, magnitude, and breadth of CMI
responses in seronegative, aviremic HCW from the NLI in the Nile
Delta region were examined using a sensitive ex vivo enzyme-
linked immunospot (ELISpot) assay and a large set of HCV geno-
type 4 peptides covering most of the viral genome.

MATERIALS AND METHODS

Study subjects. Fifty-two anti-HCV-negative and aviremic HCW were
enrolled in this cross-sectional study to assess their HCV-specific CMI
responses. These HCW were identified from an ongoing study investigat-
ing the incidence of HCV among 858 HCW at risk of exposure to, and
infection with, HCV at the Menoufiya University’s NLI in the Nile Delta.
The study protocol was reviewed and approved by the institutional review
board at the NLI, and all subjects gave informed consent prior to partici-
pation in the study. Demographic data, risk factors for exposure to blood-
borne infections, medical history, current symptoms (including those re-
lated to liver disease), needle stick or other parenteral injuries, and history
of hepatitis B (HBV) vaccination were collected using a questionnaire
adapted from the Exposure Prevention Information Network (EPIN) (http:
/Iwww.healthsystem.virginia.edu/internet/epinet/about_epinet.cfm). Blood
samples for immunological studies and other laboratory testing were col-
lected. Fifteen healthy individuals with no known exposure to HCV or HCV-
infected patients, matched for age (mean age, 33 = 8.6 years), served as a
control group (unexposed subjects).

Detection of HCV and other biomarkers. Serum samples were col-
lected in plain Vacutainer tubes, and serum alanine aminotransferase
(ALT) levels were measured using routine clinical test kits. Anti-HCV was
tested by a third-generation enzyme immunoassay (EIA) (Murex anti-
HCV, version 4.0) according to the manufacturer’s instructions. Detec-
tion and quantification of HCV-RNA were performed on sera after ex-
traction of RNA using a Qiagen viral RNA extraction kit (QIAgen, USA)
and using a quantitative real-time reverse transcriptase PCR (RT-PCR)
via a strand-specific AgPath-ID one-step assay according to the manufac-
turer’s instructions (Applied Biosystems-Life Technologies Corporation,
CA). The kit uses HCV-specific primers and probes as well as internal
controls. HBV surface antigen (HBsAg) (Murex) and anti-HBs (Adaltis,
Italy) EIAs were performed according to the manufacturer’s instructions
and as previously described (2, 35). Detection of Schistosoma mansoni-
specific IgG was performed by EIA according to the manufacturer’s in-
structions (Novatec Immunodiagnostica GmbH, Germany).

Synthetic HCV antigens and other control antigens. HCV genotype
4a isolate ED43 peptide antigens composed of 15 (15-mer) and overlap-
ping by 11 amino acids were used in this study. These synthetic peptides
were obtained from the National Institute of Allergy and Infectious Dis-
eases’ Biodefense and Emerging Infections Research Resources Reposi-
tory and were at least 80% pure. They were 585 peptides that were com-
bined in seven pools and were labeled with alphabetical letters as follows:
“E2,” representing the viral envelope protein E2 (92 peptides); “F,” com-
prising the N-terminal half of the NS3 protein (78 peptides); “G,” com-
prising the remaining half of NS3 (78 peptides); “H,” comprising the
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NS4a and NS4b proteins (79 peptides); “I,” comprising the NS5a protein
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(111 peptides); “L,” representing the first half of NS5b (75 peptides); and
“M,” covering the remainder of the NS5b protein (72 peptides). Negative-
control cultures included cells stimulated with culture medium alone but
containing the solvent used for the preparation of the peptides (dimethyl
sulfoxide [DMSO]). Cytomegalovirus lysate (Virusys Corporation, USA)
and a CEF (human cytomegalovirus [C], Epstein-Barr virus [E], and in-
fluenza virus [F]) peptide pool (Pantecs GmbH, Germany) were used as
positive controls for antigen-specific responses. Staphylococcal entero-
toxin B (SEB) was used as a polyclonal positive control for ELISpot assays,
and SEB and phorbol myristate acetate (PMA) plus ionomycin were used
as positive controls for flow cytometry (all from Sigma, MO, USA).

IFN-v ELISpot assay. Approximately 15 ml of whole blood was col-
lected into EDTA Vacutainer tubes (Becton Dickinson Biosciences, NJ,
USA). Peripheral blood mononuclear cells (PBMC) were isolated by Fi-
coll-Hypaque density gradient centrifugation, and viability was deter-
mined by the trypan blue exclusion method. The ELISpot assay is de-
scribed elsewhere (18). Briefly, PBMC (200,000/well) were incubated in
triplicate cultures in the ELISpot plates (Whatman Unifilter, USA) coated
with anti-human gamma interferon (IFN-v) antibody and incubated for
~16 h with or without recombinant HCV antigens at 3 pg/ml of each
single peptide in complete RMPI-1640 medium. Negative and positive
controls included medium containing DMSO alone and 0.1 g/ml of SEB
or other polyclonal stimuli, respectively. At the end of the incubation
period, the assay was developed until the appearance of spots, and then the
wells were rinsed with tap water to stop the reaction. The number of spots
per well was counted using an automated ELISpot reader (Cellular Tech-
nology Ltd., Cleveland, OH). Mean numbers of IFN-vy spot-forming cells
(SFC) in control wells were subtracted from antigen-stimulated wells to
correct for background cytokine production and are expressed as SFC/
million PBMC. An HCV antigen-specific response was considered posi-
tive if the number of SFC in the presence of antigen was at least 3-fold the
number of SFC in the medium control and if there were >55 SFC/million
PBMC, as we previously reported (3).

Flow cytometric analysis of intracellular IFN-y by HCV-specific T
cells. PBMC were stimulated with HCV antigens and the intracellular
cytokine production was examined as described previously (32). Briefly, 1
million cells in complete RPMI 1640 medium were stimulated with the
HCV antigens mentioned above (at 3 pg/ml) in a short-term assay of 16 h.
Brefeldin A (10 pg/ml) was used during the last 15 h of the assay to inhibit
cytokine secretion by the cells. Negative and positive controls were me-
dium alone and 50 ng/ml PMA plus 1 pg/mlionomycin or SEB at 5 pg/ml,
respectively. After the stimulation period, PBMC were washed and stained
with surface fluorescein isothiocyanate (FITC)-labeled anti-human CD4
(BD Biosciences), and PerCP anti-human CD3 (BD Biosciences) antibod-
ies at 4°C for 30 min. The cells were then washed, fixed, and permeabilized
for 10 min with FACS Perm 2 solution (BD Biosciences) and then washed
and stained with APC-labeled anti-human IFN-y monoclonal antibody
(MAD) (BD Pharmingen) for 30 min at room temperature in a dark place.
The cells were then washed, fixed, and stored until data acquisition on a
FACSCalibur flow cytometer (BD Biosciences). A maximum of 100,000
total events were acquired and cytokine-producing cells were analyzed
using the FlowJo software (Tree Star Inc., CA). The cells were gated on
small lymphocytes using side and forward light scatter profiles and then
on CD3™ T cells. IFN-v synthesis was shown as a function of CD4 expres-
sion on gated CD3™ T cells. The percentage of CD4™ and CD4™ T cells
(mostly CD8 T cells) producing IFN-y was determined. Negative controls
and compensation tubes were used to verify the assay staining specificity.

Statistical analysis. All data were entered into a Microsoft Access da-
tabase (Redmond, WA). Duplicate data entry was performed to ensure
quality control. Analysis was done on SPSS package version 17.0. (SPSS
Inc., Chicago, IL). Chi-square tests were performed for categorical data,
while Student’s f test (or the Mann-Whitney U test when appropriate) was
performed for comparison of continuous data.
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TABLE 1 Demographic and clinical history data of the study subjects (n = 52)

Result for:
Responders Nonresponders

Parameter Total n (%) (n =29 [55.8%]) (n =23 [44.2%]) P value
Age (yr = SD) 31 8.2 30.0 7.3 323*73 0.169
No. (%) female 17 (32.7) 10 (34.5) 7 (30.4) 0.852°
No. (%) with rural residence 30 (57.7) 15 (51.7) 15 (65.2) 0.345°
Duration of current job (yr = SD) 8.3 *0.9 7.7 % 1.1 9.0 £ 1.5 0.238
No. (%) in occupational category

Physician/medical student 9(17.3) 3(10.3) 6(26.1)

Nursing staff/student 18 (34.6) 14 (48.3) 4(17.4)

Lab technician 3(5.8) 3(10.3) 0 0.900°

Housekeeping 10 (19.2) 2(6.9) 8 (34.8)

Other 11(21.2) 7 (24.1) 4(17.4)
No. positive for HBsAg 0 0 0
No. (%) with history of HBV vaccination 32 (61.5) 16 (55.2) 16(69.6) 0.103
No. (%) anti-HBs positive 32 (61.5) 18 (62.1) 14 (60.8) 0.455
No. (%) with Schistosoma mansoni antibodies 20 (38.5) 10 (34.5) 10 (43.5) 0.218
No. (%) dealing with syringes 3 months earlier 44 (84.6) 24 (82.8) 20 (87.0) 0.206
No. (%) with needle stick injuries in last year, by no. of sticks

Mean 0.27 = 0.08 0.32 £0.13 0.19 = 0.08

None 42 (80.8) 23 (79.3) 19 (82.6)

1 8 (15.4) 4(13.8) 4(17.4) 0.229

2 1(1.9) 1(3.4) 0

3.5 1(1.9) 1(3.4) 0

>5 0 0 0
No. with history of clinical jaundice/hepatitis 0 0 0
Mean *+ SD ALT level (IU/liter ") 29.1 =23 29.7 3.2 28.3 =39 0.39

“ Responders and nonresponders are those individuals who elicited or failed to elicit, respectively, a positive HCV-specific IFN-y response by ELISpot assay to one to seven HCV

genotype 4a overlapping 15-mer peptide pools.
® Mann-Whitney U test was used for the analysis.

RESULTS
Study population. The demographic characteristics of the 52
HCV antibody- and RNA-negative HCW participating in this
study show that they had a mean age (= standard deviation) of
31 £ 8.2 years, 17 (32.7%) were females, and 57.7% lived in rural
areas (Table 1). These HCW had a mean job duration of 8.3 = 0.9
years, and approximately one-third of them were nurses (34.6%).
Almost two-thirds of the subjects were anti-HBs antibody positive
(61.5%), and 38.5% had detectable Schistosoma mansoni antibod-
ies, suggesting current or past exposure to this parasite. The great
majority (84.6%) of individuals reported dealing with syringes
while caring for their patients in the 3 months prior to participa-
tion in the study but had a very low average of needle stick injuries
per HCW per year (0.27 £ 0.08). Notably, none of the 52 subjects
reported any history of clinical symptoms of hepatitis and all had
normal ALT levels at the time of sampling. There were no signif-
icant differences between HCV-responding and nonresponding
subjects, as defined in Materials and Methods and detailed below,
in all demographic, clinical, and laboratory data (P > 0.05).
Frequency and magnitude of HCV-specific cell-mediated
immune response in seronegative aviremic HCW in a high-risk
environment. An ELISpot assay was used to quantify IFN-vy pro-
duction by PBMC isolated from the study subjects in response to
7 HCV genotype 4a overlapping 15-mer peptide pools as de-
scribed in Materials and Methods. A positive HCV-specific IFN-y
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response to one to seven HCV genotype 4a overlapping 15-mer
peptide pools was detected by ELISpot assay in 29 HCW (55.8%;
responders), while 23 subjects (44.2%) did not respond to any of
the pools tested (nonresponders). The average total IFN-y SFC/
million PBMC (* standard error of the mean [SEM]) was 842 *
141 and 64 = 15 in the responders and nonresponders, respec-
tively (P < 0.001; Fig. 1). Of the 29 responders, 8 subjects (15.4%
of the total) responded to only one HCV peptide pool with an
average total of 313 = 114 IFN-y SFC/10° PBMC, which was still
statistically significant (P = 0.0013) compared to results for non-
responders. If these 8 anti-HCV-negative aviremic subjects are
excluded from the analysis, the percentage of subjects responding
to two to seven HCV antigens without viremia or seroconversion
is 40.4%, with an average of 1,044 * 171 SFC/million PBMC,
which is still significantly different from results for nonresponders
(P < 0.001). The average total SFC/million PBMC among the 15
healthy control subjects (with no known exposure to HCV) was
90 = 12.6, with no detectable CMI responses above the fixed cut-
off for any of the HCV pools tested. These data show that almost
half of HCW demonstrated strong HCV-specific T cell responses
without seroconversion or viremia.

Breadth of HCV-specific CMI among seronegative aviremic
HCW. The IFN-v ELISpot response of the 52 HCW to the seven
HCV overlapping peptide pool antigens is shown in Fig. 2. The 29
subjects responding to at least one HCV antigen pool are shown
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FIG 1 Strong HCV-specific IFN-y ELISpot responses in seronegative avire-
mic Egyptian health care workers. PBMC were stimulated in triplicate with
seven sets of pooled overlapping 15-mer HCV genotype 4a peptide antigens for
~16 h as described in Materials and Methods. The 52 enrolled subjects were
classified as responders to between one and seven pools and nonresponders.
Fifteen healthy control subjects with no known exposure to HCV (unexposed
controls) were used as a control group. For each subject, the total cumulative
number of HCV-specific IFN-vy spot-forming cells (SFC) per 10° PBMC, cal-
culated by summing the reactivity to each of the seven antigenic pools after
correcting for background, is shown. The crossed lines represent the mean and
SEM.

on the left side of Fig. 2A, with an average response to 3.5 = 0.4
antigen pools, indicating broad and multispecific responses to
HCV. The nonresponders are shown on the right side of Fig. 2A.
As shown in Fig. 2B, the mean IFN-vy SFC per HCV antigen pools
E2 through M in the responding subjects were 42 * 8.2, 300 *=
73.4,79 £19.6,96 = 17.3,159 * 38.1, 86 * 13.9,and 91 * 23.0
IEN-v SFC per million PBMC, respectively. The highest CMI re-
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sponses were to pools F (the first half of NS3) and I (NS5a). Also,
the responses were distributed among the pools tested (broad),
with the lowest response in the E2 envelope region of the virus.
Nonresponders had an average of fewer than 21 IFN-y SFC/mil-
lion PBMC per antigen pool (data not shown). None of the 15
healthy control subjects with no known exposure to HCV had
detectable HCV-specific CMI responses in any of the pools tested.
Flow cytometric analysis of cells responding to HCV peptide
antigens demonstrates that both CD4* and CD4™ T cells pro-
duced IFN-vy. The phenotype of the HCV-specific IFN-vy-produc-
ing cells for the responses shown above was determined by flow
cytometry. Subjects for whom sufficient PBMC were available
(seven responders and six nonresponders) were tested by stimu-
lating their PBMC with the HCV peptide pools as described in
Materials and Methods. Figure 3A shows a representative example
of IFN-vy synthesis by both CD4" and CD4~ gated T cells in the
presence of the medium control and a responding and a nonre-
sponding HCV peptide pool. In the example shown, approxi-
mately 0.2% of both CD4" and CD4 ™ gated T cells were produc-
ing IFN-v upon stimulation with a responding HCV peptide pool
while 0.07% of these cells did so in the nonresponder pool. In
general, a responder or a nonresponder was recorded as such in
both the IFN-y ELISpot assay and flow cytometry, indicating
agreement between the two assays (not shown). The cumulative
percentages of IFN-y-producing CD4* and CD4~ T cells for the
HCV antigenic peptide pools F and I (the two pools with the
highest ELISpot response) in seven responders and six nonre-
sponders as classified by ELISpot are shown in Fig. 3B. The data
shown confirm that both cell types are able to produce IFN-y.

DISCUSSION

The main objective of this study was to investigate whether HCV-
specific CMI responses existed among seronegative aviremic
Egyptian HCW at high risk of infection and, if present, to deter-
mine their magnitude and breadth. We demonstrated a strong
and broad HCV-specific IFN-y response without detectable
viremia or seroconversion in more than half (55.8%) of Egyptian
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FIG 2 Breadth of HCV-specific CMI responses among seronegative aviremic Egyptian health care workers. (A) IFN-y ELISpot response to individual HCV
peptide pools among the 52 seronegative aviremic Egyptian HCW per 10° PBMC is shown, with responders grouped on the left side and nonresponders on the
right side. (B) The average number of HCV-specific SFC for the individual peptide pools (E2 through M, = SEM) in the responding subjects is shown in a
grouped column scatter plot, with responses mainly in the F and I pools (NS3 and NS5a). The responses shown are after subtraction of the DMSO control.
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FIG 3 Flow cytometric analysis of cells responding to HCV peptide antigens demonstrates that both CD4" and CD4 ™ T cells produced IFN-y in seronegative
aviremic health care workers. PBMC were stimulated with 15-mer HCV peptide antigens, and the cells were harvested for flow cytometric analysis by intracellular
staining for IFN-vy as described in Materials and Methods. Data were analyzed using Flow]Jo software (Tree Star Inc., CA). The cells were gated on small
lymphocytes using side and forward light scatter profiles and then on CD3™ T cells (not shown). (A) Example of the synthesis of [IFN-y by CD4" and CD4~ T
cells in the presence of medium (DMSO control), a responding HCV antigen pool (I), and a nonresponding pool (M) as shown in the panel from left to right,
respectively. (B) Cumulative percentage of CD4" and CD4 ™~ T cells producing IFN-vy in response to HCV antigen pools F (left) and I (right) among responding
(n = 7) and nonresponding (n = 6) health care workers, respectively. Error bars represent SEM.

HCW, with both CD4"* and CD4~ T cells producing IFN-vy. We
did not find a significant correlation between the strength and
breadth of the HCV-specific CMI in these seronegative aviremic
subjects and their demographic, clinical, or laboratory data. How-
ever, we have previously (2) shown that risk factors associated
with HCV infection in these HCW were similar to those in the
nearby rural communities (1, 6, 16, 20, 33) and that most HCV
infections plausibly occurred in the community and may not be
occupationally related to the NLI environment (2).

While several studies demonstrated HCV-specific T-cell re-
sponses in exposed seronegative aviremic individuals (3, 17, 24,
27, 37, 39, 41, 52), to our knowledge, only one other study (29)
and ours demonstrated this important observation among HCW.
In the report from Kubitschke and colleagues (29), CMI was pro-
spectively followed in only 10 HCW who experienced an injury
with an HCV-contaminated needle using a set of HLA-A2-re-
stricted peptides. In our study, and for the first time, we moni-
tored the T-cell response in Egyptian HCW using a large set of
overlapping peptides derived from a genotype 4a sequence, the
most prevalent genotype in Egypt (10). While more than half of
our seronegative aviremic HCW had strong HCV-specific CMI
responses, these responses may still be an underestimate given the
lack of peptide pools matching regions of the HCV genome such
as core, E1, and NS2. There are three other studies demonstrating
HCV-specific T-cell responses without viremia or seroconversion
among Egyptian individuals who are not HCW. One study re-
ported a positive response in 18.3% of 71 household members at
high risk of exposure (by living with two or more HCV-infected
subjects) compared to only one (2.9%) of 35 subjects at low risk of
exposure (no HCV-infected subjects living in the household) us-
ing a set of peptides spanning the core and the NS3 to NS5B region
of the HCV BK strain (3). Compared to this report (3), our current
data show a much higher percentage of seronegative aviremic re-
sponders in the NLI high-risk environment, thereby suggesting a
higher rate of exposure than in the community. The second study
included sexual contacts of acute HCV patients using a restricted
set of 18 CD8-restricted peptides and recombinant proteins from
genotype 1 (24). In the third study, our group demonstrated that
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one-third of seronegative aviremic children living with HCV-in-
fected siblings had HCV-specific CMI responses (21).

The data presented in this study suggest that a substantial per-
centage of Egyptian HCW had strong and broad CMI responses
against HCV that possibly led to clearance of past HCV infection
without seroconversion. These responses quite likely resulted
from transient infection(s) with low levels of HCV that do not
necessarily induce a humoral immune response against HCV as
previously shown in chimpanzees (43, 47) and humans (36, 39).
In this regard and during the conduct of our epidemiological
study (2), we actually documented transient low-level viremia in
one HCW, who remained seronegative and aviremic for at least 12
months of follow-up after this transient viremia (not shown), sug-
gesting exposure and clearance of HCV without seroconversion.
Although we cannot definitely conclude that these responses are
protective in nature, we speculate that these seronegative aviremic
HCW are repeatedly exposed to HCV and may be protected by
these CMI responses. A similar observation has been reported
among intravenous drug users who initially cleared a primary
HCV infection and were protected against subsequent exposure to
the virus; this protection was attributable mainly to T cells (38).
These data suggest that depending only on anti-HCV antibody
testing to identify prior exposure to HCV can result in a significant
underestimation of past exposure, particularly in areas of ende-
micity or with high-risk subjects. Furthermore, there may be sub-
populations of high-risk individuals repeatedly exposed to low
viral doses that induce protective CMI and prevent detectable
chronic infection (29) without detectable antibodies. If these CMI
responses are indeed protective, then these data could have strong
implications for vaccine development and for determining the
burden of the disease in different communities.

Although it is possible that some of the identified HCV pep-
tide-specific responses could be due to T-cell cross-reactivity to
other common pathogens or unrelated antigens (50), we do not
believe this to be the case in our study. While it is not possible to
distinguish between primary HCV-primed and cross-reactive T
cells among the 15% of our study subjects who responded to only
one peptide pool using the current set of data, the fact that another
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40% of our subjects had HCV-specific T cells that were multispe-
cific in nature makes it unlikely that the peptide-specific responses
could be attributed to cross-reactivity alone, and, therefore, they
must have resulted from a true exposure to HCV. In addition,
none of the 15 healthy control subjects with no known exposure to
HCV had any detectable HCV-specific CMI responses, further
confirming that the responses detected in our study were unlikely
to be due to cross-reactivity. The broad specificity of HCV-specific
T cells shown in our HCW is characteristic of subjects who clear
HCV infection, whereas individuals with chronic infection typi-
cally have few to undetectable responses (11, 18, 32, 40). It should
be noted that flow cytometric analysis of the phenotype of cells
producing IFN-vy indicated that both CD4™ and CD4 ™~ T-cell sub-
sets are able to produce this cytokine.

This study had several strengths, including the large number of
enrolled subjects, their contact with a high-risk HCV-infected pa-
tient population, and the use of a large panel of genotype 4a pep-
tide pools in a sensitive ex vivo ELISpot assay. While a limitation of
this study was that our peptide pools did not span the entire length
of the HCV genome, the responses we detected were robust, with
a strong correlation between ELISpot and flow cytometry data
(not shown). Another limitation of this study is the cross-sec-
tional design, where responses in HCW enrolled in a currently
ongoing prospective study were measured at only one time point.
However, this study was intended to examine whether HCV-spe-
cific CMI responses existed in seronegative, aviremic HCW in an
occupationally high-risk environment. The currently ongoing
study (2) will continue to examine the longevity of these responses
and determine the dominant epitopes in the responding peptide
pools.

In conclusion, the induction of strong HCV-multispecific T-
cell responses was demonstrated in a high proportion of seroneg-
ative aviremic Egyptian HCW occupationally exposed to the virus,
which may be protective against future exposures. Our data sug-
gest that the actual past exposure to HCV in Egyptian HCW is
underestimated and that the presence of T-cell responses may
contribute to the rather low seroconversion rate after occupa-
tional exposure to HCV (S. F. Abdelwahab, M. Hashem, 1. Galal,
7. Zakaria, N. Mikhail, T. S. Abdel-Ghaffar, G. Galal, S. S. El-
Kamary, I. Waked, and G. T. Strickland, unpublished data). Fur-
ther studies are needed to determine the protective nature of these
responses and whether they can be simulated by an HCV vaccine.
These findings could have strong implications for planning vac-
cine studies among populations with a high HCV exposure rate,
given that these individuals may already have preexisting CMI
responses and may give a false impression about the vaccine-in-
duced response.
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