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Occult hepatitis C virus (HCV) infection is a type of recently identified chronic infection that is evidenced
only by detection of HCV RNA in liver; patients consistently test negative for antibodies to HCV and HCV RNA
in serum. Using ex vivo and in vitro measures of T-cell responses, we have identified functional virus-specific
memory CD4™ and CD8* T cells in the peripheral blood of patients with occult HCV infection. The features
of the virus-specific T cells were consistent with immune surveillance functions, supporting previous exposure
to HCV. In addition, the magnitudes of CD4" and CD8* T-cell responses were in parallel and correlated
inversely with the extent of liver HCV infection. The detection of HCV-specific T cells in individuals in whom
HCV RNA can persist in the liver despite the absence of viremia and antibodies indicates that HCV replication
is prolonged in the face of virus-specific CD4* and CD8" T-cell responses. These findings demonstrate that
HCV-specific cellular immune responses are markers not only of previous exposure to and recovery from HCV

but also of ongoing occult HCV infection.

Current criteria for hepatitis C virus (HCV) infection in-
clude detection of specific antibodies by enzyme immunoassay
and confirmation by immunoblot assay (40). Chronic HCV
infection is established in approximately 50 to 80% of virus-
exposed individuals, with 170 million people being infected
worldwide (30). Patients in whom HCV persists usually remain
positive for anti-HCV and HCV RNA in serum unless HCV is
cleared from the circulation either spontaneously or under
antiviral treatment (30, 41). Another type of chronic infection,
occult HCV, has recently been identified in a group of patients
who have abnormal liver function tests and histological dam-
age (2). Occult HCV infection is characterized by the presence
of HCV RNA in the liver in patients who consistently test
negative for antibodies to HCV and HCV RNA in serum.
Compared with chronic hepatitis C, occult HCV infection
seems to be a less aggressive form of the disease caused by the
hepatitis C virus (25). A recent report suggests that interferon-
based therapy may have potential benefits in the treatment of
patients with occult HCV infection (24).

Virus-specific T-cell responses have been detected in the
blood of HCV-seronegative healthy persons frequently ex-
posed to HCV (16, 36) and in patients lacking humoral re-
sponses who have presumably recovered from acute hepatitis
C (41). HCV-specific cellular responses can be detected in
patients receiving antiviral therapy in association with HCV
RNA clearance from the blood (5, 11, 12). In spite of this,
detectable HCV may persist in the liver in so-called sustained
responders to treatment (27, 29). Therefore, we questioned
whether HCV-specific T-cell responses are detectable in pa-
tients with occult HCV infection.

(This work was presented in part at the 55th Annual Meet-
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ing of the American Association for the Study of Liver Dis-
eases, Boston, Mass., 29 October to 2 November 2004 [28a].)

MATERIALS AND METHODS

Study subjects. Fifty patients with occult HCV infection were enrolled in this
study. The selection criteria were having sustained abnormal liver function tests
of unknown etiology for a minimum time of 12 months (tested every 3 months)
prior to undergoing a liver biopsy. Thus, no etiology could be identified after
exclusion of all known causes of liver disease on the basis of clinical, epidemio-
logical, and laboratory data (HCV infection [anti-HCV and serum HCV RNA
negative, as tested at least on two occasions] [2]), HBV infection [HBV surface
antigen and serum HBV DNA negative], autoimmunity, metabolic and genetic
disorders, alcohol intake, drug toxicity, etc.); all cases were negative for anti-
human immunodeficiency virus antibodies. None of the patients had a clinical or
biochemical history of acute hepatitis. There were no known risk factors for
HCYV infection. Thus, as reported previously (2), occult HCV infection was
identified following detection of HCV RNA in liver tissue in patients who
lacked serum HCV RNA (Amplicor HCV version 2.0; Roche Diagnostics,
Branchburg, NJ; sensitivity of 50 IU/ml and specificity of 99%) and anti-HCV
antibodies (INNOTEST-HCV Ab IV; Innogenetics, Ghent, Belgium) and
who presented with abnormal liver function tests of unknown etiology. HCV
RNA amplified from liver biopsies was genotyped by a standard methodology
(INNO-LIPA HCV II; Innogenetics); all patients with occult HCV infection
showed HCV1b (2).

A total of 141 patients with chronic hepatitis C (serum anti-HCV and HCV
RNA positive) and 21 patients with cryptogenic liver disease (serum anti-HCV
and HCV RNA negative and liver HCV RNA negative but with abnormal
transaminase values) were also enrolled. Table 1 shows the characteristics of the
patients. The clinical, laboratory, and histological features of patients with occult
HCYV infection versus patients with chronic hepatitis C are described in more
detail elsewhere (25). The study was approved by the ethics committee of the
institution and was conducted according to the Declaration of Helsinki on hu-
man experimentation. Informed consent was obtained from the patients.

Serum and peripheral blood mononuclear cells (PBMC) samples were col-
lected on the same day of the liver biopsy and every 3 to 6 months thereafter
when possible. The liver fragment was cut into two portions; one portion was
used for histological diagnosis (35), and the other was embedded in RNAlater
(Ambion Inc., Austin, TX) (within 30 seconds after obtaining the liver sample)
and stored at —20°C until use. The presence of HCV RNA in liver tissue was
tested by reverse transcription-PCR (RT-PCR) as described previously in detail
(2). Briefly, 0.5 pg total RNA isolated from liver was reverse transcribed and
amplified using the Access RT-PCR system (Promega, Madison, WI) with prim-
ers for the 5" noncoding region of the HCV genome. The RT-PCR was carried
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TABLE 1. Characteristics of the patients
Value” for patients with:
Parameter (unit) Occult HCV Chronic hepatitis C Cryptogenic liver disease P value
(n = 50) (n = 141) (n = 21)
Age (yr) 46.4 (43.0-49.8) 47.0 (44.9-49.0) 45.3 (32.7-47.9) 0.33
Gender (no. male/no. female) 39/11 90/51 15/6 0.17
Duration of disease (yr)? 7.2 (3.6-10.8) 7.4 (5.9-8.9) 5.3 (4.1-6.5) 0.070
Alanine aminotransferase (IU/liter) 70 (49-92) 109 (93-125) 69 (58-79) <0.001
Aspartate transaminase (IU/liter) 40 (35-46) 72 (61-83) 45 (35-48) <0.001
Gamma-glutamyl transpeptidase (IU/liter) 106 (81-131) 67 (49-74) 84 (70-99) 0.089
No. (%) with:
Necroinflammation 18 (36) 141 (100) 5(24) <0.001
Fibrosis 10 (20) 110 (78) 6(29) <0.001
Cirrhosis 2(4) 12 (9) 2 (10) 0.55
Steatosis 10 (20) 14 (10) 11 (52) 0.065

“ Except as indicated, values are means and 95% confidence intervals.

’ Estimated duration of abnormal liver function tests since first alteration was detected.

out at 48°C for 45 min, followed by 2 min at 94°C and by the first amplification
round, consisting of 30 cycles at 94°C for 30 seconds, 55°C for 30 seconds, and
68°C for 1 min. The second PCR was done with 2 ul of the product of the first
PCR under the same conditions as for the first PCR. The sensitivity of this
RT-PCR was 10 IU/ml (equivalent to nine copies/ml according to the conversion
factor reported in reference 26). The presence of HCV RNA positive strand in
liver biopsies was confirmed by in situ hybridization in paraffin-embedded liver
sections (4 pm) (2) with a cRNA probe obtained by in vitro transcription of the
pC5'NCR plasmid, which contains the complete 5’ noncoding region of the HCV
genome (34).

T-cell proliferation assay. PBMCs isolated from heparinized blood by gradient
centrifugation were suspended in RPMI 1640 medium (Imperial Labs, Andover,
United Kingdom) with supplements and cultured in triplicate (1.0 X 10°/100 wl)
with or without 1 wg/ml HCV proteins (core, NS3/helicase, NS4, and NS5A/
NS5B; Mikrogen GmbH, Munich, Germany) or Staphylococcus aureus entero-
toxin B (10 pg/ml; Sigma Chemical Co., St. Louis, MO) as a positive control. Cell
proliferation was quantitated by [*H]thymidine uptake assay as described previ-
ously (32).

CD4" T-cell lines. HCV-specific CD4" T-cell lines were generated as de-
scribed elsewhere (6) by a single round of stimulation (5 X 10° PBMCs) with
recombinant NS3 and NS4 proteins (1 pg/ml) in RPMI 1640 medium supple-
mented with 10% heat-inactivated human AB serum and 50 U/ml of recombi-
nant interleukin-2 (IL-2) (Sigma). After 10 to 14 days of culture, T-cell lines were
assayed for specificity by means of a proliferation assay.

In addition, T cells (1.0 to 2.0 X 10°) plus 0.5 to 1.0 X 10° mitomycin C (25
pg/ml)-treated autologous PBMCs as feeder cells were cultured in RPMI 1640
medium supplemented with 10% heat-inactivated human AB serum for 16 h at
37°C, 5% CO,, and humidity, either without stimulation (spontaneous secretion
for background responses), with 10 pg/ml of HCV NS3 and NS4 proteins (Mik-
rogen), with 10 pwg/ml NS3(1248-1260) peptide, with 10 pg/ml of human cyto-
megalovirus (CMV) antigen lysate (Biodesign, Saco, ME), or with 10 pg/ml of S.
aureus enterotoxin B as a positive control. Gamma interferon (IFN-y)-producing
CD4™" T cells were detected by flow cytometry using cytokine secretion assays as
described previously (32), following the supplier’s instructions (Miltenyi Biotec
GmbH, Bergisch Gladbach, Germany). Samples were counterstained with
combinations of anti-CD3-phycoerythrin-cyanin 5 (PCS5), anti-CD4-PC5/anti-
CD4-phycoerythrin-Texas Red X (ECD), anti-CD14-PC5/anti-CD14-ECD,
anti-CD45RO-ECD, anti-CD62L-fluorescein isothiocyanate (FITC), and
anti-CD69-PC5, plus the viability stain 7-amino-actinomycin D (all from
Beckman-Coulter). Cytokine-producing CD4™" T cells were then enumerated by
flow cytometry among CD4™ T cells gated for living lymphocytes (at least 30,000
to 50,000 CD4* events were acquired) after subtracting the frequency of spon-
taneous cytokine-secreting cells in unstimulated cultures. Isotype controls were
used to establish the vertical and horizontal boundaries that define regions of
positive versus negative events.

Detection of Th1/Th2 cytokines. A fluorescent bead immunoassay was used for
quantitative detection by flow cytometry of IFN-y, IL-5, and IL-10 (human
Th1/Th2 cytokine FlowCytomix; Bender MedSystems, Vienna, Austria) in cul-
ture supernatants. PBMC-derived T-cell lines were restimulated for 16, 48, or
72 h with 1 pg/ml HCV proteins. Supernatants were collected, centrifuged, and

stored at —20°C until assay to avoid loss of bioactivity. Assay sensitivities are as
follows: IFN-y, 10.5 pg/ml; IL-5, 7.9 pg/ml; and IL-10, 10.3 pg/ml.

Typing of HLA class I A2 and HLA class II Dw4 molecules. PBMCs were
stained with the FITC-conjugated monoclonal antibodies BB7.2 (BD PharMingen,
San Diego, CA) and NFLD.D11 (TNB Labs., St. John’s, Newfoundland, Can-
ada), which recognize HLA-A2 and HLA-DR4.Dw4 (HLA-DRB1*0401/0413)
antigens, respectively, and analyzed by flow cytometry on an Epics XL cytometer
using Expo32-ADC software (Beckman-Coulter, San Diego, CA).

Enumeration and phenotype of DR4/HCV-positive CD4* T cells. PBMC-
derived or antigen-expanded T lymphocytes (at least 1.0 X 10°) were stained for
2 h at 37°C, 5% CO,, and humidity with the DR4/HCV NS3(1248-1260) tet-
ramer (amino acid sequence, GYKVLVLNPSVAA) (7, 8) conjugated with phy-
coerythrin (PE) (Beckman-Coulter, Fullerton, CA). Cells were stimulated over-
night with the specific peptide (10 wg/ml); brefeldin A was added for the last 4 h
of incubation. Subsequently cells were stained with anti-CD4-ECD and anti-
CD69-PCS, fixed, permeabilized, and then incubated for 30 min at room tem-
perature, protected from light, with anti-IFN-y—FITC (iTAg MHC Tetramer
IFN-vy kit; Beckman-Coulter), anti-tumor necrosis factor alpha (anti-TNF-a)
(Miltenyi), or anti-Ki67-FITC (Dako A/S, Glostrup, Denmark); finally, cells
were stored for 1 h at 4°C prior to analysis by flow cytometry. Frequencies of
tetramer-positive cells were determined among CD4* T cells gated for living
lymphocytes (at least 30,000 to 50,000 CD4" events were acquired). Isotype
controls were used to establish the vertical and horizontal boundaries that define
regions of positive versus negative events.

Enumeration and phenotype of A2/HCV-positive CD8" T cells. PBMCs (1.0 X
10°) from patients were stained for 40 min on ice in the dark with HLA-A2/HCV
peptide multimers conjugated with PE [NS3(1073-1081) (amino acid sequence,
CVNGVCWTV) or NS3(1406-1414) (amino acid sequence, KLVALGINAV]
(Proimmune, Oxford, United Kingdom). Cells were then stained with anti-CD8-
ECD, anti-CD38-FITC, anti-CD14-PC5, and the viability dye 7-amino-actino-
mycin D and analyzed immediately by flow cytometry for enumeration of HCV-
positive CD8" T cells gated for living lymphocytes. In addition, 1.0 X 10° cells
were labeled for 30 min at room temperature, protected from light, with the
mixture of HLA-A2/HCV multimers NS3(1073-1081) and NS3(1406-1414) con-
jugated with PE, followed by stimulation with specific peptides (5 pg/ml of each)
for 1 h at 37°C, 5% CO,, and humidity; brefeldin A was then added and the
incubation continued for another 4 h. Subsequently cells were stained with
anti-CD8-ECD and anti-CD69-PCS5, fixed, permeabilized, and then incubated
for 30 min at room temperature protected from light with anti-IFN-y-FITC
(iTAg MHC Tetramer IFN-vy kit; Beckman-Coulter) or with anti-TNF-o (Milte-
nyi). Cells were stored at 4°C, protected from light, for a minimum of 1 h prior
to analysis by flow cytometry. Frequencies of cytokine-positive cells were deter-
mined among CD8" T cells gated for living lymphocytes (at least 30,000 to
50,000 CD8™ events were acquired). A no-HCV-peptide (medium) or influenza
A virus matrix peptide (sequence, GILGFVFTL) was employed during antigen
stimulation to control for nonspecific binding of cytokines.

Statistical analysis. Results were analyzed by nonparametric tests using the
SPSS program (version 9.0; SPSS Inc., Chicago, IL). The chi-square test (or
Fisher’s exact test when applicable) was used to compare frequencies. Correla-
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FIG. 1. HCV-specific CD4" T-cell proliferative response in peripheral blood mononuclear cells. (A) Time course of proliferative responses in
26 CD4" T-cell responder patients with occult HCV infection, expressed as stimulation indices (SI). Bars represent mean SI of T-cell responses
to the HCV protein with standard errors of the means. The horizontal line represents the cutoff for a positive response (SI of >3). (B) Patients
with occult HCV infection (black bars) (n = 50) were compared with chronic hepatitis C patients (white bars) (n = 141) for frequencies of
virus-specific CD4" T-cell proliferation in response to recombinant HCV core, NS3/helicase, NS4, and NS5A/NS5B proteins.

tions were done using the Spearman’s rank correlation coefficient. All P values
reported are two tailed.

RESULTS

HCV-specific CD4* T-cell responses are detected in the
peripheral blood in patients with occult HCV infection. First,
we measured in vitro CD4™ T-cell proliferative responses pro-
spectively at 3- to 6-month intervals and identified virus-spe-
cific responses in patients with occult HCV infection. On re-
peated serial testing within an initial 1-year survey, some
fluctuations were observed in CD4" T-cell proliferative re-
sponses compared with the baseline samples (from positive to
negative and vice versa). An extended follow-up (range, 6 to 24
months) confirmed such fluctuations in CD4™ T-cell prolifer-
ative responses in patients with occult HCV infection (Fig.
1A), although the differences at each time point were not
statistically significant. Thus, overall, 26 out of 50 patients
(52%) had HCV-specific CD4 ™" T-cell responses. Among these
26 CD4™" T-cell responders, proliferative responses were main-
tained as positive in nine occult HCV-infected patients
throughout the entire follow-up, but they presented as alter-
nating positive or negative episodes in 17 patients; 24 occult
HCV-infected patients tested repeatedly negative and were
considered CD4" T-cell nonresponders.

HCV-specific CD4* T-cell proliferative responses were sig-
nificantly more frequent in patients with occult HCV infection
than in the group with chronic hepatitis C (37/141, 26.2%; P =
0.0016 by chi-square test) or in individuals with cryptogenic
liver disease (1/21, 4.8%; P < 0.001 by chi-square test). Fluc-
tuations in CD4" T-cell proliferative responses were also
noted in patients with chronic hepatitis C (data not shown).
HCV-specific T cells from patients with occult HCV infection
proliferated more commonly in response to NS3 and NS4
proteins (Fig. 1B). The only CD4" T-cell responder patient
with cryptogenic liver disease had a proliferative response
against core protein alone (data not shown).

CD4* T cells are capable of mediating effector functions. To
examine the features of the virus-specific T cells found in
patients with occult HCV infection, T cells from 23 out of the

26 CD4™" T-cell responders were expanded in vitro by short-
term culturing in the presence of NS3 and NS4 proteins and
IL-2. It must be noted that this technical approach did not
induce primary HCV-specific CD4™ T-cell responses in any of
the uninfected individuals tested (data not shown) (6). Instead,
this procedure allowed expansion of preexisting memory
CD4" T cells, although the phenotype of the specific cells
might have changed in culture during antigen-induced activa-
tion (17). Thus, HCV-specific T-cell lines were obtained in
12/23 patients (52%), of whom T cells were expanded in 8
(67%), 1 (8%), and 3 (25%) in response to NS3 alone, NS4
alone, and NS3 and NS4, respectively.

Next, PBMC-derived T-cell lines from these 12 patients
were restimulated with specific protein or peptide and ana-
lyzed for IFN-y production by flow cytometry-based secretion
assay. Discrete numbers of HCV-specific IFN-y-secreting
CD4™" T cells were visualized in these 12 occult HCV-infected
patients (median of 0.025%; range, 0.01% to 0.17%) after
subtracting background responses in unstimulated cells. Thus,
very low percentages of IFN-y responses were seen even after
antigen expansion. As shown in Fig. 2, IFN-y responses to
HCV restimulation were 0.03% above background in control
CD4™" T cells expanded from the peripheral blood. Analysis of
the homing receptor CD62L showed that most IFN-y-secreting
CD4™" T cells lacked CD62L expression (Fig. 2, lower panels),
although TFN-y responses were also found in the CD62L"
fraction of NS3-specific CD4™ T cells. It must be noted that
during the antigen stimulation period, memory CD4" T cells
may have down-regulated CD62L (4, 33). In five CMV-sero-
positive occult HCV-infected individuals, average numbers of
CMV-specific TFN-y-secreting CD4" T cells ranged from
0.04% to 0.22% (that is, 0.21% above background in Fig. 2).
Thus, IFN-y expression may reflect a recent encounter with
cognate antigen in vivo as a result of ongoing HCV exposure.
In contrast to patients with occult HCV infection, HCV-spe-
cific CD4 " T-cell lines could not be established in most of the
chronic hepatitis C patients analyzed or in uninfected individ-
uals with cryptogenic liver disease, and no functional response
was detected.
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FIG. 2. Identification of HCV-specific cytokine-secreting CD4™ T cells in T-cell lines generated by in vitro stimulation with HCV NS3 and NS4
proteins. Flow cytometric analysis show the presence of virus-specific CD4" T cells that secrete IFN-y (upper panels). Gating for virus-specific
IFN-y-secreting CD4™ T cells (lower panels) indicates expression of the recent activation marker CD69 upon restimulation with HCV proteins
or with an NS3-derived peptide containing a CD4"* T-cell epitope, compared with unstimulated (medium-treated) T cells; most virus-specific
IFN-y-secreting CD4" T cells lack CD62L expression. The results shown are representative of experiments conducted with T-cell lines from 12
CD4* T-cell responder patients. Numbers in the upper right corners refer to the percentages of marker-positive cells in the region or quadrant.

To further profile the functionality of HCV-specific CD4™
T-cell lines, the cytokine production pattern was analyzed by
flow cytometry-based assay measuring the levels of IFN-vy,
IL-5, and IL-10 in the supernatants of cultured T cells in
response to HCV proteins. In all PBMC-derived T-cell lines
from occult HCV-infected patients analyzed, only IFN-y pro-
duction was increased above the level of spontaneous produc-
tion (Fig. 3A). This was equally true at the different time points
assayed after restimulation (Fig. 3B), indicating that HCV-
specific responder CD4" T-cell lines show a type 1 helper
T-cell pattern of cytokine production (Fig. 2).

HLA class II tetramer detection and phenotypic analysis of
virus-specific CD4* T cells. The presence of virus-specific
CD4™ T cells was further analyzed by HLA class II tetramer
staining of PBMC-derived T cells from 10 HLA-DR4.Dw4-
positive patients. Direct enumeration revealed discrete fre-
quencies of DR4-HCV NS3(1248) tetramer-positive CD4* T
cells in six patients with occult HCV infection (median of
0.09%; range, 0.02% to 0.30%), whereas tetramer-positive
CD4" T cells were undetectable in another four individuals
assessed. As shown in Fig. 4, ex vivo HCV tetramer-positive
CD4™" T cells showed coexpression of CD45RO and CD62L, a
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FIG. 3. Th1/Th2 cytokine profiling of HCV-specific CD4" T-cell lines. Cytokines in supernatants of cultured T-cell lines restimulated with
HCV NS3 or NS4 protein were detected and quantitated by flow cytometry. (A) IFN-y production is up-regulated by NS3 compared with the
control (medium). (B) IFN-y, but not IL-5 or IL-10, secretion increases upon NS3 or NS4 restimulation compared with medium alone at any of
the three culture time points assayed, confirming a Th1 pattern of responder CD4" T-cell lines. Histograms represent the means =+ standard errors

of the means from experiments conducted with three patients.
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FIG. 4. Fine specificity of CD4" T cells. DR4-HCV NS3-positive CD4 " T cells were enumerated by flow cytometry through labeling with
HLA class II tetramers and costaining for surface or intracellular molecules. CD4" T cells were analyzed for expression of the homing
receptor CD62L and the memory marker CD45RO, activation and proliferation markers (CD69 and Ki67, respectively), and production of
effector cytokines (IFN-y and TNF-a). (A) Ex vivo analysis of PBMC-derived CD4 " T cells. Functional and phenotypic characterization of
DR4-HCV NS3-positive CD4 " T cells reflects their in vivo condition. (B) Detection and functional analysis of DR4-HCV NS3-positive CD4*
T cells following expansion by culture in the presence of HCV antigens and IL-2. The results are representative of experiments conducted
with six HCV NS3-specific CD4* T-cell responder patients. Numbers in the upper right corners refer to the percentage of positive cells in
each quadrant.
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FIG. 5. Analysis of HCV-specific CD8" T cells in patients with occult HCV and chronic hepatitis C. (A) Visualization of HCV-specific CD8*
T cells in HLA-A2-positive patients with occult HCV infection through labeling with A2-HCV NS3(1073-1081) (upper panels) or NS3(1406-1415)
(lower panels) multimers in three representative patients. Numbers refer to the percentage of marker-positive cells. (B) Comparison of frequencies
(%) of A2-HCV NS3-positive CD8" T cells in patients with occult HCV infection (black circles) (n = 20) and those with chronic hepatitis C (white
circles) (n = 20). Horizontal bars indicate the median values; the dashed line represents the threshold for positive versus negative results.
(C) HCV-specific CD8* T cells produce effector cytokines IFN-y and/or TNF-a. Results shown are from patients 3 and 1; numbers in the upper
right corners refer to the percentage of positive cells in each quadrant.

phenotype consistent with central memory CD4* T cells (10).
In addition, most DR4-HCV NS3(1248)-specific CD4™ T cells
had no or limited recycling capacity (Ki67 /" 4™); only a subset
became activated and secreted cytokines (IFN-y and/or
TNF-a) upon restimulation with the cognate peptide (Fig. 4),
consistent with immune surveillance functions. In contrast to
patients with occult HCV infection, no HLA class II tetramer
staining of HLA-matched, HCV-uninfected control PBMCs
(from three patients with cryptogenic liver disease) was ob-
served with the DR4-HCV NS3(1248) tetramer. In addition,
HCV tetramer-positive CD4" T cells were undetectable in
PBMC:s from any of the chronic hepatitis C patients analyzed
(data not shown).

HCV-specific CD8* T cells are present in the peripheral
blood in patients with occult HCV infection. The HCV-specific
CD8™" T-cell response was assessed ex vivo by HLA class 1
multimer staining of blood-derived PBMCs in the subset of
HLA-A2-positive patients (n = 20). Flow cytometric analysis
allowed detection of HCV NS3-specific CD8" T cells at fre-
quencies equal to or greater than 0.01% after subtraction of
background responses (Fig. SA). All the HLA-A2-positive pa-
tients with occult HCV infection analyzed showed discrete
amounts of HCV-specific CD8" T cells to at least one of the
two HLA class I A2-HCV tetramers investigated: NS3(1073)
specific, 95%; NS3(1406) specific, 60% (Fig. 5B). In contrast, a
minority of chronic hepatitis C patients showed HCV-specific
CD8™" T cells [NS3(1073) specific, 40%, (P < 0.001 by Fisher’s
exact test versus patients with occult HCV infection);
NS3(1406) specific, 20% (P = 0.01 by Fisher’s exact test versus
patients with occult HCV infection)]. When detectable, HCV-
specific CD8" T cells were present at significantly lower fre-
quencies than in occult HCV-infected patients [NS3(1073)
specific, P < 0.001; NS3(1406) specific, P = 0.039]. On the
other hand, the functional analysis indicated that HCV-specific

CD8™ T cells produced the effector cytokines IFN-y and/or
TNF-a upon HCV NS3 peptide restimulation (Fig. 5C).

Virus-specific cellular immune responses and HCV persis-
tence in liver. Patients with occult HCV infection were cate-
gorized as CD4 ™" T-cell responders (those who ever had had a
positive CD4" T-cell proliferative response) (n = 26) and
CD4™" T-cell nonresponders (those who never mounted a de-
tectable CD4™ T-cell proliferative response) (n = 24). Inter-
estingly, the percentage of infected hepatocytes (that is, posi-
tive for genomic HCV RNA by in situ hybridization) was
significantly lower (P = 0.015) in CD4™" T-cell responder pa-
tients than in CD4" T-cell nonresponders (Fig. 6A). Also,
significantly higher counts of HCV-specific CD8" T cells were
found in CD4" T-cell responder patients (Fig. 6B). In addi-
tion, a statistically significant inverse correlation was observed
between counts of HCV-specific CD8" T cells and the per-
centage of infected hepatocytes (r, = —0.572; P = 0.034).

On the other hand measures of liver histology (average
scores of necroinflammation and fibrosis or steatosis) tended
to be greater, although not significantly, in CD4™ or CD8"
T-cell responder patients with occult HCV infection (data not
shown).

DISCUSSION

In this study we demonstrated that patients with occult HCV
infection have HCV-specific cellular immune responses in pe-
ripheral blood. Thus, functional virus-specific memory CD4 ™"
and CD8" T cells are present in the peripheral blood of indi-
viduals in whom detectable HCV RNA can persist in the liver
despite the absence of viremia and antibodies. In addition, the
features of the virus-specific T cells are consistent with immune
surveillance functions (10, 17), supporting previous exposure
to HCV. Furthermore, HCV-specific T-cell responses are sig-
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FIG. 6. Relationship between hepatic HCV infection and cellular
immune responses. Box plot representations of the percentages of
HCV-infected hepatocytes (A) or circulating HCV NS3-specific CD8*
T cells (B) in occult HCV-infected patients with negative and positive
CD4" T-cell proliferation in peripheral blood are shown. Outliers are
represented by single circles.

nificantly more frequent in occult HCV infection than in
chronic hepatitis C.

Chronic infection with HCV is generally associated with
weak and sometimes transient T-cell responses, whereas vire-
mia clearance is accompanied by up-regulation of virus-specific
cellular responses (19, 20, 31, 42, 43). Not all patients with
occult HCV infection displayed specific CD4" T-cell re-
sponses. One possible explanation is the fact that all our pa-
tients with occult HCV infection had genotype 1b (2), which
seems to induce T-cell responses less frequently than genotype
2 or 3 (1, 11, 14). The present study does not exclude the
presence of additional T-cell reactivities not yet investi-
gated, and thus a detailed comprehensive analysis is war-
ranted. Alternatively, the very low frequencies of HCV-
specific CD4™ T cells detected even after antigen expansion
might indicate that these are “rare” virus-specific cells, as
reported recently (37). In occult HCV infection, detectable
HCV persists in the liver despite the absence of viremia (2),
which may represent a seronegative virus carrier state, and
thus only partial HCV-specific T-cell responses may have
been mounted. Cellular responses have been reported in

J. VIROL.

seronegative individuals (for example, in sexual contacts of
patients with acute hepatitis C) (13).

HCV tetramer-positive CD4" T cells were undetectable in
PBMC:s from patients with chronic hepatitis C, in contrast to
the case for occult HCV-infected patients. These results con-
firm that such T cells are either absent in chronic hepatitis C or
present at frequencies below the threshold of the assays used
to detect virus-specific cellular responses, as has been recently
reported (7). It will be worth trying ultrasensitive methods for
detection and phenotyping of rare HCV-specific CD4™ T cells,
as recently described (37). Also, HCV NS3-specicific CD8" T
cells were detectable in fewer chronic hepatitis C patients
(40%) (22) and at reduced frequencies compared with occult
HCYV infection. On the other hand, the magnitudes of CD4™"
and CD8" T-cell responses were in parallel and correlated
inversely with the extent of liver HCV infection in patients with
occult HCV (9). Therefore, the finding of HCV-specific T cells
in occult HCV-infected patients suggests that virus persistence
in the liver in aviremic individuals can cause a cellular response
which may be maintained by HCV replication within infected
hepatocytes (or in circulating immune cells as well), producing
discrete amounts of antigens (2, 3, 21, 27).

The lack of anti-HCV antibodies and HCV RNA in the sera
of patients with occult HCV infection differentiates this state
from HCV-seropositive chronic infection. Given the latent na-
ture of the disease prior to clinical presentation, the actual rate
of HCV transmission and persistence may be underscored.
Hepatitis C virus remains a large health care problem world-
wide (18). However, in the absence of known risk factors for
infection, it may be difficult to understand the epidemiology
of occult HCV and cryptogenic liver disease (15). Important
implications include the need to trace the origin and spread
of the infection and to determine whether it is community
acquired and if a common mode of HCV acquisition is being
a household contact of an occult HCV-infected patient.
Thus, epidemiological studies to assess viral transmission
are ongoing.

Together, the findings of the present work demonstrate that
patients with occult HCV infection have an HCV-specific cel-
lular immune response in the peripheral blood, supporting the
presence of HCV infection despite the absence of detectable
serum HCV RNA and antibodies. Patients with occult HCV
are similar to those who have previously been considered to
have recovered because they consistently test HCV RNA neg-
ative without detectable HCV-specific humoral responses (41).
The presence of HCV-specific T-cell responses could be im-
portant to keep HCV in the infected liver under control (39).
This would explain the absence of HCV RNA in serum and
provide at least partial protective immunity (23). Nevertheless,
because detectable HCV persists in the liver, the role of these
cellular responses in virus elimination may need reevaluation.

Our results and those of others (13, 28, 38) indicate that it
may be important to introduce sensitive assays for virus-spe-
cific cellular immune responses to test for HCV exposure in
diverse populations, such HCV-seronegative individuals with
liver disease, hemodialysis patients, or blood donors. These
analyses could provide important information about the status
of HCV, with potential implications in the clinical setting and
in the possible modification of our understanding of the nat-
ural history of HCV infection.
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