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Understanding the earliest virological and immunological events in acute hepatitis C virus (HCV) infection
may provide insight into the determinants of protective immunity. Four cases of HCV viremia with subsequent
viral clearance, but without biochemical hepatitis or anti-HCV seroconversion, are reported from a prospective
cohort study of prison inmates. Two of the subjects who developed sustained viremia were assessed for
production of interferon (IFN)—y, by use of the enzyme-linked immunospot (ELISPOT) method and by
assessment of HCV cytotoxic T lymphocyte (CTL) activity, CD4 lymphocyte proliferative responses, HCV load,
and genotype. After 2-6 months of viremia, all 4 subjects cleared serum HCV RNA. Specific cellular responses
were detected in both of the subjects who were assessed, and production of IFN-y was demonstrated in one
subject. All subjects had weak, but consistent, serological reactivity against HCV nonstructural proteins on
immunoblot testing, despite repeatedly nonreactive HCV ELISA tests. These cases highlight the potential for
cellular immune responses against HCV to facilitate viral clearance, responses that may model those required
for effective HCV vaccination.

The natural history of primary hepatitis C virus (HCV)
infection has previously been defined in posttransfusion
hepatitis [1-3], in cases of HCV infection coming to
clinical attention [4-6], and in cross-sectional studies
of individuals positive for anti-HCV antibodies [7, 8].
On the basis of these data, persistence of HCV infection
is thought to occur in up to 86% of infected individuals.
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However, long-term follow-up studies have suggested
that ~50% of persons infected with HCV may clear the
virus [9-13]. Studies based on serological or biochem-
ical case definitions inevitably underestimate the rate

of viral clearance if viremia without seroconversion or
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biochemical hepatitis occurs. Furthermore, cross-sectional
studies may overestimate the proportion of HCV infections
that progress to chronicity, because complete seroreversion after
clearance of HCV infection is also well recognized [14-16].

The immune response against HCV is characterized by the
generation of HCV-specific antibodies, cytotoxic T lymphocytes
(CTLs), and CD4 lymphocytes and by production of interferon
(IFN)—y [17]. The importance of each of these components of
the immune response, with regard to clearance of HCV infec-
tion, is not clear, because all have been demonstrated in in-
dividuals with chronic infection [17-20]. However, in indi-
viduals with acute HCV infection, viral clearance has been
associated with strong multispecific CD4 lymphocyte and CTL
responses [4, 21-26]. In a limited number of cases, the gen-
eration of IFN-y from CD8 T lymphocytes has been associated
with a reduction in the HCV load [27]. Given that there is no
preventative vaccine and that the treatment of chronic HCV
infection is imperfect [28], a better understanding of the ef-
fective host immune response in individuals with acute HCV
infection is required.

Prisoners are at risk for HCV infection, with a high preva-
lence of HCV recorded among individuals entering prison [29—
33], and transmission of HCV in prison is well documented
[33-36]. The present report details the outcomes for 4 subjects
who developed HCV infection without seroconversion and who
were identified in the Hepatitis C Incidence and Transmission
in Prisons Study (HITS), a prospective cohort study of Aus-
tralian prison inmates. All case patients eliminated HCV vi-
remia without biochemical or clinically apparent hepatitis. This
newly recognized phenomenon challenges the current under-
standing of the natural history of primary HCV infection in
high-risk populations.

SUBJECTS, MATERIALS, AND METHODS

Subjects.  Adult male prison inmates >18 years of age were
eligible for inclusion in the HITS cohort if they were negative
for anti-HCV antibodies, were able to give informed consent,
and were incarcerated full time in New South Wales, Australia.
Subjects were excluded from the cohort if they were severely
mentally ill, if they were forensic inmates (i.e., they were not
able to stand trial by reason of mental illness), or if they had
a prior positive or indeterminate result of testing for the pres-
ence of anti-HCV antibody. The subjects who were enrolled in
the study were prospectively followed, at monthly intervals,
with a structured interview and sampling of blood for detection
of HCV RNA by reverse-transcriptase polymerase chain reac-
tion (RT-PCR).

The structured interview recorded demographic data, po-
tential risk factors for bloodborne communicable diseases (in-
cluding injection drug use [IDU], tattooing, body piercing,

sexual activity, medical interventions, and physical violence),
and symptoms potentially associated with HCV infection. Sub-
jects who were negative for anti-HCV antibodies and serum
HCV RNA at baseline but who subsequently had HCV viremia
detected were defined as case patients with incident HCV (i.e.,
“incident patients”). Incident patients underwent clinical as-
sessment by a physician and were followed, where possible, on
a weekly basis for 6 weeks, every 2 weeks until week 24, and,
then, at ~3-month intervals thereafter. Individuals who were
negative for anti-HCV antibodies but positive for serum HCV
RNA at enrollment were excluded from the cohort, but they
were followed monthly until viral clearance or seroconversion
was documented. Control subjects for the immunological assays
were selected from outside the prison population; they reported
no risk factors for HCV infection and were negative for anti-
HCV antibodies and serum HCV RNA.

The present study was approved by the human research ethics
committees of the University of New South Wales (Sydney,
New South Wales, Australia), the Corrections Health Service
(Matraville, New South Wales, Australia), and the Department
of Corrective Services (Sydney, New South Wales, Australia).
All participants provided written, informed consent.

Samples.
perature. Samples obtained at screening were stored at 4°C on

Blood samples were transported at room tem-

arrival at the laboratory, before undergoing separation, which
was usually performed within 6 h of the time that the samples
were obtained. This has been demonstrated to have minimal
effect on the quantitation of the HCV load in serum [37, 38].
All subsequent serum samples obtained from prospectively
identified case patients were separated and frozen on arrival at
the laboratory and were received within 4 h of the time that
they were obtained. Archival serum samples stored at —20°C
were obtained with the individual case patients’ permission and
were tested for HCV RNA, alanine aminotransferase (ALT),
and anti-HCV antibody, to screen for HCV infection that may
have occurred before enrollment in the HITS cohort.

Serologic testing.  Serum samples obtained at baseline were
analyzed using a third-generation HCV ELISA (Murex anti-
HCV III; Murex Biotech), and subjects with positive results
were excluded from additional follow-up. Supplemental testing
of serum samples obtained subsequently from incident patients
was performed using Innotest HCV Ab IIT (Innogenetics) and
IMx HCV antibody assay (version 3.0; Abbott Diagnostics).
HCV immunoblot assays were performed using Wellcozyme
HCV Western Blot (Murex Biotech).

Virologic testing.
quots were stored at —80°C and were thawed once, immediately

Serum samples were separated, and ali-

before use. Total RNA was extracted either from 100 uL of serum
(for the qualitative RT-PCR assay) or 200 uL of serum (for the
quantitative RT-PCR assay), by use of a modified method of
Chomczynski [39]. The qualitative RT-PCR result and the HCV
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genotype were determined by amplifying and sequencing the 5'-
untranslated region (5-UTR), respectively [39].

Real-time quantitative RT-PCR was performed using SYBR
Green I detection of products in a LightCycler, as described
elsewhere [40]. Nested RT-PCR was used, with an initial 1-step
RT-PCR and 15 cycles of PCR. The HCV load was then mea-
sured by real-time PCR performed with the use of inner primers
hep21b and hep22 [39]. Reaction mixtures contained 2 uL of
Fast Start DNA Master SYBR Green I, 4 mmol/L MgCl,, 0.5
pmol/L each primer, and 2 uL of template in a total volume
of 20 pL. After initial incubation was performed for 10 min at
95°C, 40 cycles of LightCycler PCR were performed for 15 s
at 95°C, annealing was performed for 5 s at 60°C, and extension
was performed for 10 s at 72°C. Fluorescence was monitored
at 530 nm, and the specificity of the signal was checked by a
melting-curve analysis. A standard curve was calculated using
a series of 10-fold dilutions of quantified plasmid DNA that
contained cloned 5-UTR PCR product. The limit of detection
of the virus load assay was 10 copies/reaction tube, which was
equivalent to 500 copies/mL of serum.

ELISPOT assay for HCV-specific IEN-y—producing effector
cells.  Peripheral blood mononuclear cells (PBMCs) were pre-
pared by density gradient centrifugation and were cryopre-
served. Autologous Epstein-Barr virus (EBV)—immortalized B
lymphoblastoid cell lines (BLCLs) were established [41] and
were infected with recombinant vaccinia virus (vv) constructs
that encoded HCV genotype la proteins as antigen-presenting
cells. The entire HCV-H genotype 1a polyprotein was encoded
in 2 overlapping constructs (Core-nonstructural [NS] 2 [aa 1-
966] and NS2-NS5 [aa 827-3011], a gift from C. E. Rice, Wash-
ington University, St. Louis, MO) [42]. ELISPOT assays for the
production of IFN-y were performed according to standard pro-
cedures [43, 44]. Controls included vv-Lac (National Institute of
Health AIDS Reagent program), PBMCs cocultured with un-
infected BLCLs, and PBMCs cultured either in media alone or
with phytohemagglutinin (PHA; 10 ug/mL). Spots were counted
using an ELISPOT analyzer (AutoImmun). Results represent
the mean of duplicate wells, expressed as IFN-vy spot-forming
units (sfu)/10° cells. In all assays designated as valid, 2 X 10°
PBMCs demonstrated >500 sfu in response to PHA, the num-
ber of spot-forming units reduced with reducing cell numbers,
and the intra-assay variance was low (designated by an SEM
that was <20%). The number of HCV-specific spot-forming
units was calculated using the following formula: number of
spots X (vv-HCV — vv-Lac).

In vitro restimulation and chromium-release assay for
HCV-specific CTL activity. In vitro restimulation and use of
a standard 6-day chromium-release assay for HCV-specific CTL
activity were performed as described elsewhere [45]. Chro-
mium-labeled BLCLs that were infected with recombinant vv-
HCV constructs were used as the target cell (T) population,

with 10° “hot” targets/well. Non—chromium-labeled “cold” tar-
gets infected with vv-Lac were used to inhibit reactivity to EBV
and vv (ratio of cold targets to hot targets, 50:1). Effector cells
(E) from bulk culture were serially diluted from 10 cells/well
(initial E:T, 100:1), in a 96-well U-bottomed microtiter plate.
The percentage of specific lysis was calculated using the fol-
lowing formula: (release in assay—spontaneous release)/(max-
imum release—spontaneous release) X 100. In all assays des-
ignated as being valid, labeling of 0.1-1 count/min/cell was
achieved, spontaneous release was <20% of maximum release,
specific lysis reduced with a reducing E:T cell ratio, and the
SEM was <10%. Chromium-labeled targets that were infected
with vv-Lac were used to evaluate background reactivity against
EBV and vv antigens.

HCV-specific CD4 lymphocyte proliferative responses.
HCV recombinant antigens derived from genotype 1a (Chiron)
were used [20]. These antigens included c22 (aa 2-120), c100-
3 (aa 1569-1931), c200 (aa 1192-1931), and NS5 (aa 2054—
2995). Recombinant superoxide dismutase and yeast extracts
were used as controls for nonspecific proliferation.

Thawed PBMCs were washed 3 times in medium (RPMI 1640;
Gibco Laboratories) that contained 5% pooled human AB serum
(RPMI*®) and then were stained with the intracellular fluorescent
dye 5-(and -6)—carboxy fluorescein diacetate succinimidyl ester
(CFSE) [46]. Proliferation assays were performed in 96-well U-
bottomed microtiter plates. PBMCs (2 X 10° cells) were added
to each well in 0.2 mL of RPMI*® and were cultured in the
presence and absence of HCV recombinant proteins at final con-
centrations of 0.1, 1, and 10 pg/mL. PHA and tetanus toxoid
were used as positive control and recall antigen, respectively. Cells
were harvested on day 6, were washed, and were stained for CD3
allophycocyanin and CD4 peridinin chlorophyll protein (Becton
Dickinson) for 15 min at room temperature. The cells were
washed and fixed in 0.5 mL of 2% paraformaldehyde, and pro-
liferative responses were analyzed using flow cytometry.

Specific fluorescence intensity was determined using a FACS-
Calibur flow cytometer (Becton Dickinson) with the use of Cell
Quest software. Lymphocytes and blast cells were first gated
according to forward and side-scatter parameters and, secondly,
by CD3 and CD4 expression. Proliferation was detected by a
decrease in CFSE fluorescence relative to unstimulated cells.
Proliferation was considered to be positive when the simulation
index (i.e., the percentage of CD3"/CD4" cells proliferating in
the presence of antigen divided by the percentage of CD3*/
CD4" cells proliferating in the absence of antigen) was =3.
Samples obtained from 10 uninfected control subjects without
risk factors for HCV infection were used to determine back-
ground reactivity in cellular assays.

Timeline.  For the purpose of analysis, week 0 (i.e., the
putative onset of viremia) was designated as the midpoint be-
tween the date that the last negative result of testing for HCV
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RNA was obtained and either the date that the subsequent
positive sample was obtained, for incident patients, or the date
of the enrollment visit, for patients who had viremia at baseline.
The week number for archival serum samples (i.e., the samples
obtained before week 0 or study enrollment) was designated
with a minus sign.

Statistics.  Data were analyzed using Stata (version 7.0;

Stata). Data are presented as the mean + SD.

RESULTS

Case patients. In the main phase of the study, 193 subjects
were enrolled up to August 2002; of these subjects, 33 were
excluded from the study because they were anti-HCV positive
at baseline. One case patient with clinically apparent hepatitis
and anti-HCV seroconversion was identified in the prison dur-
ing the pilot phase of the present study and is not included in
the report [34]. Forty-three subjects were not followed (1 had
no baseline result, 1 was too dangerous, 28 were released to
freedom before the first follow-up visit occurred, 11 were not
yet due for follow-up at the time of this analysis, and 2 revoked
consent before the first follow-up visit). Therefore, 117 subjects
had =1 follow-up visit. Three individuals fulfilled the definition
of an incident patient (case patients 1 and 2, and a third subject
who had detectable viremia at a single time point only and
who was not analyzed in detail), as did 1 additional subject
who was anti-HCV seronegative, yet viremic, at enrollment
(case patient 3). The incident patients did not experience any
symptoms that were potentially related to hepatitis, and they
had serum levels of ALT that were persistently in the range
considered to be normal, both during the period of viremia
and in archival samples (which were available for case patient
1 at weeks —45, —15, and —4 and for case patient 2 at weeks
—239 and —114). For case patient 1, the ALT level range was
10-28 U/L (normal range, 10—-63 U/L) at all time points, except
week 19, when it increased to 43 U/L. For case patient 2, the
ALT level range was 7-31 U/L, with all measurements <20 U/
L, except at weeks 20 and 33. Case patient 3 had the ALT level
measured on 3 occasions while he had viremia, and the ALT
level range was 12-18 U/L.

Case patient 1 reported a long history of IDU. Case patients
2 and 3 reported drug use, but not IDU. Case patient 2 had
been in several fights that involved blood-to-blood contact
within the prison system, and, at a subsequent physical ex-
amination, he was noted to have injection marks in the cubital
fossae, consistent with undisclosed IDU. Case patient 3 reported
prior tattooing and body piercing in the baseline interview.
None of the case patients had clinical evidence of immuno-
deficiency, although case patient 1 had type 1 diabetes mellitus.
Case patients 1-3 had detectable anti—hepatitis B virus surface
antibody (case patient 1 also had anti-hepatitis B core anti-

bodies that indicated natural infection; case patients 2 and 3
had serological responses to hepatitis B virus immunization),
and they were also anti-HIV negative.

Virologic findings. HCV viremia was detected in >1 sam-
ple consecutively obtained from case patients 1-3, who had
subsequent clearance of viremia in a pattern suggestive of pri-
mary infection. The HCV genotypes (3a, la, and 1a) did not
change on testing of successive samples (figure 1). The peak
virus load of the 2 incident patients was 40,000 and 27,000
HCV RNA copies/mL, occurring at weeks 10 and 6, respectively.
In comparison, in a case patient with acute HCV associated
with seroconversion, the peak virus load, which was tested using
the same methodology, was 1.4 X 10" HCV RNA copies/mL.
Archival serum samples were HCV RNA negative at week —45,
for case patient 1, and at week —160, for case patient 2.

Serologic findings.  All case patients were found to be anti-
HCV negative in the prospective phase of the study, by use of
third-generation HCV ELISAs. All ratios of optical density to
the cutoff value were <0.30. All assays were valid, according to
the manufacturer’s instructions, with positive and negative con-
trol samples as provided. The same assay kit provided positive
results for other samples from patients with chronic HCV in-
fection. Archival serum samples from both incident patients
were also documented to be anti-HCV negative (for case patient
1, at weeks —45, —15, and —4; for case patient 2, at weeks
—239, —169, —160, —114, and —84). However, HCV im-
munoblot analysis revealed weak antibody responses against
nonstructural viral proteins at weeks 10, 40, 50, and —45, for
case patient 1, at weeks 6, 33, 46, and —160, for case patient
2, and at week 53, for case patient 3 (figure 2). These inde-
terminate responses did not change during viremia, during
follow-up, or in comparison with archival samples (data not
shown). Rheumatoid factor was measured at <20 IU/mL for
case patient 1 at week 40 and for case patient 2 at week 33.

Cellular immune response. In control subjects who were
free of risk factors for HCV infection, the ELISPOT assay for
production of IFN-vy yielded results of 50 + 150 HCV-specific
sfu/10° PBMCs. The ratio of spot-forming units produced in
the presence of the vv-HCV constructs to spot-forming units
produced in the presence of vv-Lac was 1.0 * 0.5. Accordingly,
study samples were considered to be positive if >350 HCV-
specific sfu/10° PBMCs were produced (mean of control sub-
jects + 2 SD) and if the number of spot-forming units in the
presence of the vv-HCV constructs exceeded the number of
spot-forming units in the presence of vv-Lac by a factor of at
least 2. The background lysis of vv-Lac—infected targets in the
CTL assay was 8% = 6%, at an E:T ratio of 100:1. HCV-
specific lysis from subjects free of risk factors for HCV infection
was 13% = 5%. Study samples were considered to be positive
if lysis was >12% (42 SD) above background lysis and >23%
with regard to absolute percentage (mean of control subjects
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Figure 1. Details of 3 cases of acute hepatitis C virus (HCV) infection. The HCV genotypes were 3a, for case patient 1, and 1a, for case patients
2 and 3. HCV-specific interferon (IFN)—y production against core-NS2 (O) and NS2-NS5 (X) constructs are shown as the no. of spot-forming units
(sfu) of HCV-specific IFN-y production, as measured by ELISPOT assay. Samples were considered to be positive if >350 HCV-specific sfu/10° peripheral
blood mononuclear cells (PBMCs) were produced, and if the no. of spot-forming units in the presence of the vaccinia virus (vw)-HCV constructs
exceeded the no. of spot-forming units in the presence of vv-Lac by a factor of at least 2. Results for which the difference between the HCV-specific
and nonspecific responses was <0 were designated as 0. Cytotoxic T lymphocyte (CTL) responses are shown to be positive if a response was detected
against either construct. Samples were considered to be positive if lysis was >12% above background lysis and >23% with regard to absolute
percentage. ELISA, anti-HCV antibody assay by third-generation ELISA, as described in Subjects, Materials, and Methods; PCR, detection of serum
HCV RNA, as determined by an in-house qualitative reverse-transcriptase polymerase chain reaction (PCR) assay, as described in Subjects, Materials,
and Methods. @, HCV load; dashed line, the cutoff of the virus load assay (500 HCV RNA copies/mL); arrows, time points when HCV genotyping
was undertaken.
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Figure 2.

Negative control

Strong positive control
Weak positive control
Case patient 1, week 40
Case patient 2, week 46

Case patient 3, week 53

Representative samples of hepatitis C virus (HCV) immunoblot assays. Wellcozyme HCV Western Blot (Murex Biotech) was performed

according to the manufacturer's instructions. Indeterminate antibody responses (responses weaker than that of the weak positive control) against
nonstructural regions of HCV were demonstrated for all 3 case patients. The intensity of bands was similar at all time points studied (weeks 10, 40,
50, and —45 for case patient 1; weeks 6, 33, 46, and —160 for case patient 2; and week 53 for case patient 3; data not shown).

+ 2 SD). The range of magnitude of the positive HCV-specific
responses was 25%—34% specific lysis. The background stim-
ulation index (SI) in the proliferation assay, in the presence of
superoxide dismutase, was 1.0 + 0.6. The SI for control subjects
free of risk factors for HCV infection was 1.6 = 0.7. Accord-
ingly, study samples were considered to be positive if the SI
was greater than 1.4 (+2 SD) above background lysis and was
>3.0 (mean of control subjects + 2 SD).

The cellular immune response of case patient 1 featured
consistently positive results of ELISPOT assays for production
of IFN-y against both vv-HCV constructs during the period
of detectable viremia. These responses progressively decreased
during viral clearance (figure 1). Between weeks 6 and 24, the
number of HCV-specific sfu/10° PBMCs decreased from 1870
to 650 sfu/10° PBMCs and from 2190 to 940 sfu/10° PBMCs
in the vv-Core-NS2 and vv-NS2-NS5 wells, respectively. Case
patient 1 also demonstrated HCV-specific CTL activity against
the vv-NS2-NS5 construct, but not against vv-Core-NS2. HCV-
specific CD4 lymphocyte responses were detected against core,
€200, and NS5 (figure 3).

In contrast, case patient 2 demonstrated no HCV-specific
IFN-y ELISPOT responses. CTL activity was initially unde-
tectable at week 6, but it became consistently positive between
weeks 7 and 12 and then became undetectable at week 24.
Strong HCV-specific CD4 proliferative responses were detected
at all time points tested (figure 3). Unlike case patient 1, case
patient 2 also had CD4 proliferative responses against c100,
and the peak response against c100 correlated with the reso-
lution of viremia (at week 12), with a shift in the dose-response
curve, such that the response at this time point occurred at a
10-fold lower concentration of antigen. HCV-specific CD4 lym-

phocyte responses persisted beyond clearance of viremia in both
case patients.

DISCUSSION

This is the first report to prospectively study high-risk subjects
for the development of acute HCV infection by use of a nucleic-
acid detection system with frequent blood sampling. There are
no other reports that have demonstrated sustained viremia
without seroconversion or biochemical hepatitis with subse-
quent viral clearance. HCV viremia without seroconversion has
been recognized in immunocompetent individuals, but these
reports are limited by the use of less sensitive serological assays
or a limited duration of follow-up [47-55]. This phenomenon
has also been reported in HIV-infected individuals and in sub-
jects with hypogammaglobulinemia [56, 57]. Of importance,
no previous studies have demonstrated sustained HCV viremia
without seroconversion, by use of a sensitive third-generation
ELISA in a high-risk population. The findings indicate that
transient viremia (viremia lasting weeks to months) without
anti-HCV seroconversion may be unrecognized in populations
at high risk for HCV infection. Therefore, a potentially unrec-
ognized, but transiently infectious, population with HCV in-
fection may exist. These cases would not be detected clinically,
biochemically, or serologically, and, therefore, anti-HCV anti-
body—negative blood samples from high-risk individuals should
be considered to be potentially infectious. Seroconversion may
be abrogated in case patients with acute HCV infection treated
with IFN-« [58, 59], but none of the case patients who we
have described received this treatment. It is possible that the
phenomenon reported in the present study represents very low-
level chronic viremia without hepatitis or seroconversion. Such
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Week 5 Week 33

Case patient 2

Hepatitis C virus (HCV}-specific proliferative responses, over time, for case patient 1 and case patient 2. CD4 proliferation assays were

performed as outlined in Subjects, Materials, and Methods. Peripheral blood mononuclear cells from multiple time points were cultured in the presence
or absence of HCV antigens. Each antigen was tested at 3 different concentrations (10, 1, and 0.1 mg/mL). Samples were harvested at day 6, and
the percentage of proliferating CD3* CD4* T lymphocytes was determined by flow cytometry. The peak response for each antigen over time is shown.
The stimulation index (SI) was defined as the percentage of CD4* T cells proliferating in the presence of antigen divided by the percentage of CD4*
T cells proliferating in the absence of antigen. SI = 3 was considered to be positive as shown by the dashed line. *, The peak proliferative response
was observed at an antigen concentration 10-fold less than that noted at week 5; **, the peak proliferative response was observed at an antigen

concentration 100-fold less than that noted at week 5.

a phenomenon has not been reported in immunocompetent
hosts, and it is less likely, given the pattern of viremia and the
presence of documented risk exposures occurring before the
onset of viremia in 2 of the case patients.

The immunological features of this phenotype include a
broad cellular immune response with little evidence of an HCV-
specific humoral response. These observations support the hy-
pothesis that cellular immune responses are important in the
clearance of HCV infection [15, 21, 24, 26, 27, 60]. Evidence
for a critical role of the immune response in viral clearance
may be inferred from the temporal associations of response
and clearance.

In this regard, CTL activity developed during viremia in case
patient 2 and then resolved in parallel with the resolution of
viremia. Similarly, case patient 1 had detectable CTL responses
during viremia. Unfortunately, fresh PBMCs were not available
at earlier and later time points, to further delineate the possible
role of CTLs in viral clearance in this subject. A similar analysis
of IFN-v production and viral clearance revealed that ELISPOT
responses were strong and that they decreased in concert with
the decrease in the HCV load in case patient 1. Conversely,
case patient 2 was able to clear HCV viremia without apparent
production of IFN-vy from CD8 T cells (at least during periods
of detectable viremia). This finding contrasts with the findings
of Thimme et al. [27], who found that the presence of cells

producing IFN-y coincided closely with control of viral rep-
lication in cases of acute HCV infection with biochemical hep-
atitis. In the present study, both case patients demonstrated
multispecific CD4 lymphocyte responses. However, in case pa-
tient 1, these responses were not sustained during viremia,
whereas, in case patient 2, the response against nonstructural
proteins was consistently present and peaked in concert with
viral clearance. This may be noteworthy, because demonstra-
tion of CD4 lymphocyte responses against nonstructural re-
gions of the virus has been a feature of previous reports of viral
clearance [4, 18, 20, 22, 24, 25, 27, 61]. Taken together, the
findings of these studies suggest that multiple effector mech-
anisms are associated with resolution of HCV viremia. The high
rate of clearance in the present study (4 of 4 subjects), compared
with the rate of clearance in the study of Thimme et al. (1 of
5 subjects), may indicate a bias toward an efficient cellular,
rather than humoral, immune response. Therefore, additional
studies of comparable case patients without seroconversion may
better define the determinants of viral clearance. Differences in
the populations studied (prison inmates vs. health care work-
ers) may also influence the outcome, particularly if prior and,
perhaps, repeated exposure to HCV with viral clearance is im-
portant in the difference between the outcomes in these 2 stud-
ies. Recent data from the chimpanzee model of HCV infection
support the validity of this phenotype [62].
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The indeterminate serological responses, on HCV immu-
noblot analysis, for the case patients described in the present
study were detected in serum samples obtained before the onset
of viremia and did not alter during viremia or follow-up. This
finding suggests that these responses did not contribute to viral
clearance but, rather, may reflect prior exposure and serorever-
sion after previous resolved HCV infection [14-16]. Similar
patterns of serological responses against nonstructural antigens
were detected in aviremic chimpanzees that were able to clear
a subsequent viral challenge [63]. The absence of significant
titers of rheumatoid factor in these case patients suggests that
HCV-associated cryoglobulinemia is unlikely to be the cause of
the low virus titers seen or the inability to detect seroconversion
with sensitive serological assays [64]. The HCV loads in the
present report are lower than those found in other reports of
acute HCV infection [50, 65-68]. This pattern of a low peak
virus load and weak antibody production is similar to that seen
in chimpanzees that clear HCV infection when reinfected [69,
70]. The recent study by Mehta et al. [71] also found lower peak
HCV loads in subjects who were positive for anti-HCV antibody
and developed recurrent HCV viremia. Of importance, cellular
immunity was not studied in subjects in that report.

The current estimates of viral clearance in subjects with HCV
infection are likely to be underestimated, because the case pa-
tients with the phenotype reported in the present study would
not be detected by HCV ELISA, by the presence of biochemical
hepatitis, or by clinical presentation. Cross-sectional studies
that have used an RT-PCR-based method of case ascertainment
[52, 72] may also have failed to detect such cases, because the
duration of viremia in the present study was 8-23 weeks. Sim-
ilarly, prospective studies that assess subjects at 6 monthly in-
tervals may not detect transient episodes of viremia. The natural
history of cases of acute HCV infection defined by RT-PCR
may also be more benign than that of cases defined by the
presence of the anti-HCV antibody. This may be one of the
reasons why such a high response rate was seen in a recent
uncontrolled trial of IFN-¢ therapy in subjects with RT-PCR—
defined acute HCV infection [73]. It should be noted that the
subjects in that study differed from the case patients described
in the present study, because they had biochemical hepatitis.
Controlled studies of such interventions are still warranted.

The present study indicates that selected high-risk subjects
can mount an effective immune response against HCV infection
in the absence of antibody production and that they may have
a higher likelihood of viral clearance in that setting. It is quite
possible that the subjects described in the present study have
been previously infected and have successfully cleared primary
HCV infection, and that the responses detected in this study
represent polarized type 1 cellular immunity following from
earlier exposure. These findings may represent a form fruste

of the immune responses likely to be required from an effective
HCV vaccine.
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