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Abstract

AIM: To find correlates to spontaneous clearance of
hepatitis C virus (HCV) infection, this study compared
individuals with self-limited and chronic infection with
regard to clinical, demographic, and serological pa-
rameters.

METHODS: Sixty-seven anti-HCV positive and repeatedly
HCV RNA negative individuals were considered to have
resolved HCV infection spontaneously. To determine the
viral genotype these patients had been infected with
HCV serotyping was performed. For comparison reasons,
62 consecutive patients with chronic hepatitis C were
enrolled. Cases and controls were compared stratified for
age and sex.

RESULTS: Retrospective analysis showed (1) a lower
humoral reactivity to HCV in patients with self-limited
compared to chronic HCV-infection and (2) that younger
age, history of iv drug use, and acute/post-acute
hepatitis A or B co-infections, but not viral genotypes,
are independent correlates for spontaneous HCV
clearance.

CONCLUSION: The stronger humoral reactivity to
HCV in patients with persistent infections and in those
with a history of iv drug use is supposed to be due
to continuous or repeated contact(s) to the antigen.
Metachronous hepatitis A or hepatitis B infections might
favor HCV clearance.
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INTRODUCTION

Hepatitis C virus (HCV) infection represents a serious
threat for the public health worldwide. The natural course
of HCV infection is highly variable and ranges clinically
from asymptomatic to fulminate, and with regard to the
infection status from silent to self-limited to viremia'?.
The course of infection is certainly influenced by viral,
host, or environmental parameters, or by a combination of
these!"”. Acute hepatitis C is heralded by detectable HCV
RNA in serum, usually followed by an antibody response
directed against various structural and non-structural vi-
ral proteins[3’4]. Chronic HCV infection is marked by viral
persistence for at least six months despite the presence
of a humoral immune response. The antibodies produced
either appear not to be able to neutralize the virus” or, as
suggested, they appear delayed at a time when the humoral
response is considered to be dysfunctionalm.

Recovery from HCV infection is defined by the pres-
ence of HCV-specific antibodies in the absence of detect-
able HCV RNA", Initially, self-limited infections were
assumed to be rare, if occurring at all”'’. More definite
calculations revealed an overall chronic rate averaging
80% and implying a rate of self-limited infections of
around 20%"'. Recent studies report even higher
rates of at least 50% spontaneous clearance of HCV
in various populationsl“]. Since some reports indicate
that humoral immunity might be progressively lost in
patients who had recovered from HCV infection spon-
taneously[g’lzl, self-limited virus elimination might have
been underestimated.
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To find correlates to spontaneous viral clearance, this
study compares a group of 67 HCV-infected individu-
als who overcame infection spontaneously to a group of
62 chronic HCV-infected patients with regard to demo-
graphic, clinical, and serological findings, retrospectively.
The diagnosis of an HCV infection that had been resolved
by the host spontaneously (presence of HCV antibodies)
was ascertained by a second, independent assay which de-
tects antibodies to four viral HCV proteins. By applying
this assay, the humoral reactivity to HCV was found to be
lower in individuals with self-limited than in individuals
with chronic HCV infection. Further findings showed that
the ability to clear HCV spontaneously was independently
associated with younger age, history of iv drug use, and
acute/post-acute hepatitis A virus (HAV) or hepatitis B vi-
rus (HBV) co-infections at time of diagnosis of HCV, but
not with HCV genotypes.

MATERIALS AND METHODS

Study population

From 1992 to 2000, a total of 67 patients who were posi-
tive for anti-HCV antibodies, but who repeatedly lacked
detectable levels of HCV RNA, visited the out-patient liver
department. These patients were regarded to as those with
a self-limited HCV infection. To ascertain the diagnosis of
a former HCV infection, the presence of anti-HCV anti-
bodies was tested by a second, independent immunoassay
(see below). For comparison reasons, a randomly selected
group of 62 chronic HCV-infected patients of the same
period were enrolled. Chronic infection was proven by the
presence of HCV antibodies and serum HCV RNA over a
period of at least six months. Liver disease was confirmed
histopathologically. None of the patients were previously
treated with an antiviral therapy. All patients had an anti-
human immunodeficiency virus antibody seronegative sta-
tus. The study was approved by the local ethical committee
and conformed to the ethical guidelines of the 2000 Dec-
laration of Helsinki, and informed consent was obtained
from each patient.

Detection of anti-HCV antibodies

All sera were screened for the presence of anti-HCV anti-
bodies using a third-generation microparticle enzyme im-
munoassay (HCV version 3.0 Axsym, Abbott Laboratories,
Chicago, IL, USA). For confirmation reasons, a second
assay was applied which also discriminates between differ-
ent antibody specificities (CHIRON RIBA HCV 3.0 SIA,
Ortho Diagnostic Systems Inc., Raritan NJ, USA). This en-
zyme immunoblot assay, in brief, utilizes the recombinant
HCV encoded antigens c33c¢ and NS5 derived from the
NS3 and NS5 region of the virus and three synthetic pep-
tides, c100p, 5-1-1p, and c22p, corresponding to the NS4
and the core encoding regions, respectively. The test is re-
garded positive when reactivity to at least two antigens is
obtained, or indeterminate, if the sample shows reactivity
to one antigen only. Above that, antibody reactivity can
be scored by comparing the intensity of each HCV band
to the intensity of two internal control bands on a scale
from 0 to 4.

Detection of HCV RNA and determination of HCV geno-
and serotypes

Serum RNA was isolated using the QIAamp Viral RNA
Mini Kit (Qiagen, Hilden, Germany). One third of the fi-
nal eluate was reverse transcribed and subjected to a highly
sensitive nested PCR protocol as described'”’. In HCV
RNA positive sera, virus genotyping was performed by us-
ing the Innolipa HCV 1 line probe assay (Innogenetics,
Ghent, Belgium). Sera from patients with non-detectable
HCV RNA, were tested for type-specific antibodies to
HCV genotypes 1, 2, 3, 4, 5, and 6 by using the MUREX
HCV Serotyping 1-6 Assay (Abbott, Wiesbaden, Germany) I

Serologic testing for HAV, HBV, Epstein-Barr virus (EBV),
and cytomegalovirus (CMV) infections

Antibodies directed against HAV (IgM and IgG) were
tested using the Anti-HAV assay (Roche Diagnostics
GmbH, Mannheim, Germany) performed on Elecsys®
2010/Modular Analytics E170. Serologic testing for HBV
infection status was cartied out on the Axsym®system (Ab-
bott. Laboratories, Chicago, II., USA) by determining anti-
HBs (AUSAB®), anti-HBe (Anti-Hbe 2.0), HBeAg (HBE
2.0), anti-HBc (CORE), anti-HBclgM (CORE-M), and
HBsAg (HbsAg V2). HBV-specific DNA was detected as
described"”. Previous or recent contacts to EBV or CMV
were assessed using commercially available test kits.

Statistical analysis

To prevent bias data were stratified by age (< 42 years; >
42 years) and sex. Comparing cases and controls, Mantel-
Haenszel tests wete performed for qualitative data, and lin-
ear models were applied to quantitative data. If necessary,
log-transformations were performed to achieve normal
distributed values; means and limits of confidence inter-
vals are presented re-transformed.

To overcome the problem of multiple testing in sets of
correlated parameters belonging to the same topic (e.g ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST), and y-glutamyltranspeptidase (y-GT)), permutation
tests were performed by randomly allocating study par-
ticipants as cases or controls. The empirical quantile q of
numbers of permutations with the same or more signifi-
cant statistical test (test statistics exceeding the observed
values) was regarded as estimator. The upper 95% con-
fidence limit of ¢, assuming a binomial distribution, was
used as a conservative overall P-value.

Exact conditional logistic regressions were performed
on the result of serological tests for both approaches to
estimate the impact of HAV/HBV co-infections and the
history of iv drug use on the outcome of infection.

The local level of significance was set to a screening
level of o = 0.05. All calculations were performed with
SAS 9.2.

RESULTS

Sera from patients, who were tested positive for anti-HCV
antibodies by a third-generation microparticle enzyme im-
munoassay, were subjected to an independent immunoas-
say. This assay allows the detection of antibodies to four
different HCV proteins and a semi-quantitative estimate
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Table 1 Frequency of reactivity to HCV proteins in individuals

with self-limited and chronic HCV infection

Self-limited Chronic
HCV infection HCV infection
Antibody to (n = 55) (n=58) Level of
Qualitative reactivity (nvos/noes) slgnificance
Quantitative reactivity( mean + SD)
Overall 49'/2 56/2 P =0.2073
8.79 £5.04 13.07 +4.14 P <0.0001
C22p (core) 46/9 56/2 P =0.0737
2.80 £1.58 3.74+0.92 P =0.0003
C33c (NS3) 50/5 56/2 P =04142
2.74 +1.47 3.67 £0.95 P =0.0002
C100p +5-1-1p (NS4)  42/13 53/5 P =0.0681
2.09+1.62 3.31+1.29 P < 0.0001
NS5 (NS5) 20/35 43/15 P =0.0002
1.11+£1.63 2.35+1.76 P =0.0002

All tests were stratified for sex and age; '4 patients classified as
indeterminate.

of their reactivity (scored from O to 4). Analysis was per-
formed with 55 or 58 patients with self-limited or chronic
HCV infections, respectively. Analysis revealed reactivity
or an indeterminate result in 53 of 55 patients (96.4%)
with self-limited infection and in 56 of 58 patients (96.6%0)
with chronic hepatitis C. Thus, the overall qualitative assay
reactivity (test regarded as positive or negative) was com-
parably high for both groups (P = 0.2073). The number
of antigens patients’ sera were reactive to, however, were
lower in patients who had overcome infection than in pa-
tients with chronic hepatitis C (e.g. 29% of patients with a
self-limited infection showed 4 positive tests compared to
74% of chronic hepatitis C patients, P = 0.0001, data not
shown). Moreover, the overall quantitative assay reactivity,
given as the sum of reactivity scores, is significantly differ-
ent between the groups (P < 0.0001). Patients with chronic
hepatitis C reached a mean score of 13.07, being close to
the maximum of 16, whereas patients with self-limited
HCV infection showed a mean score of 8.79 (Table 1).
This decreased reactivity in patients with self-limited com-
pared to those with chronic infection was seen for each
of the four antigens. Since the demographic comparison
revealed that individuals with a self-limited HCV infec-
tion were significantly younger than those with a chronic
infection at the time of diagnosis, and the proportion of
males is, although not reaching statistical significance (P =
0.1197), higher (Table 2), these results were obtained after
stratification for age and sex.

Further analyses, which were also adjusted for age and
sex, revealed significant lower levels of serum ALT, AST,
and y-GT activity in patients who overcame infection than
those with a chronic infection. The source of infection
was also found to be significantly different between both
groups (P = 0.0089). The majority of individuals with a
self-limited HCV infection had a history of iv drug use
(79%), whereas the most frequent source of known modes
of infection among chronic hepatitis C patients was the
administration of blood transfusions, blood products, or
dialysis (47%). Moreover, both groups differ in the status
of HAV and/or HBV infections (P < 0.0001). This is pri-
marily due to the fact that the group with self-limited HCV
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infection does, in contrast to the group with chronic infec-
tion, contain a considerable number of patients with acute
or post-acute HAV or HBV infections (33% #5 0%). Both
groups had a similar incidence of EBV or CMV infections.

With respect to viral genotype patients have or had
been infected with, HCV RNA positive sera from persis-
tently infected individuals were tested for viral genotypes
directly using a sequence-based technique, whereas HCV
RNA negative sera from individuals who overcame the
infection were tested for type-specific antibodies to HCV
(Table 2). By comparing both groups, we found no signifi-
cant difference in HCV genotype distribution (P = 0.2283).
Nevertheless, the number of HCV type 3 infected patients
was slightly higher in those with self-limited compared to
those with persistent infections (29% vs 12%).

By applying a regression model, an overall lower reac-
tivity against HCV antigens in patients with self-limited in-
fection was confirmed (P = 0.0012). By considering HCV
type 1 infected individuals separately, those with a history
of iv drug use were found to show higher reactivity to
HCV antigens than those without. This finding is valid,
both for patients with self-limited and persistent infections
(Figure 1). Quantitative reactivity appears not to be affect-
ed by the outcome or the source of infection in patients

with HCV types 2 or 3 (P = 0.9512).

DISCUSSION

This retrospective study identified 67 individuals over a
period of ecight years who tested positive for anti-HCV
antibodies, but who repeatedly lacked detectable levels
of HCV RNA. These patients were considered as those
with a previous HCV infection who had spontancously
eradicated the virus. To our knowledge, this series repre-

sents the largest single-center cohort of patients with self-
limited HCV infection.

Our study revealed a lower humoral immunity against
HCV in patients with self-limited infections compared to
those with persistent infections (Table 1 and Figure 1).
This finding, which is in line with an observation by oth-
ers'’ might reflect the fact that the humoral response,
such as cellular responses, declines in magnitude over time
because of the absence of the pathogen'. This could
explain that two of our patients with self-limited HCV
infection showed no reactivity when tested against four
individual HCV encoded proteins in a recombinant immu-
noblot assay. Support for this notion is also provided by a
direct comparison of humoral and cellular responses that
was possible in a cohort of women who were accidentally
exposed to HCV™. Besides a decline of both humoral and
cellular responses, this study revealed cellular responses to
be detectable over a longer period than humoral responses.

By comparing both groups to each other, differences
in clinical and demographic parameters as serum activities
of liver-specific enzymes, age, sex, the source of infection,
and the status of HAV/HBV co-infections also became
evident (Table 2). HAV/HBV co-infections have been
recently described as a correlate of spontaneous HCV
clearance among people with hemophilia”. Since HBV
and HCV have the same transmission routes, co-infections
due to a simultaneous or a superinfection may occur and
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Table 2 Demographic, clinical, and virological characteristics of patients with self-limited and chronic HCV infection

Self-limited HCV infection (# = 67) Chronic HCV infection (7 = 62)

Level of significance

Sex (M/F) 50/17
(75%/25%)
Age (mean £SD) M 38+9.6
F 38+10.5
ALT (U/L)! 15.2 (11.9-19.5)
Over normal 22 (33%)
AST (U/L)* 11.8 (9.9-14.1)
Over normal 15 (22%)
y-GT (U/L)’ 15.5 (11.7-20.5)
Over normal 19 (28%)
Source of infection (count)
iv drug use 44 (79%)*
Blood transfusion/ dialysis 6 (11%)
Others 6 (11%)
Unknown 11 ()
HAV/HBV infections (count)
None of both 21 (34%)
Previous HAV or HBV infection 20 (33%)°
At least one acute/ post-acute infection® 20 (33%)°
Vaccination 6(-)
Unknown S
EBV infection (count)
Previous 39 (95%)"
None 2 (5%)
Unknown 26 (-)
CMYV infection (count)
Previous 26 (76%)
Nnone 8 (24%)
Unknown 33 (1)
HCV genotype (la-1b''-
both/2b/3a"/other)
HCV serotype (1/2/3/other) 21/1/7/2

67%/3%/23% /6%

36/26 P=0.1197
(58%/42%)

484124
51 +10.7

46.7 (45.6-47.9)
52 (84%)

28.7 (24.0-34.3)
43 (69%)

24.8 (18.7-32.9)
32 (52%)

P <0.0001"
P <0.0001"
P <0.0001"
P =0.0228"
14 (41%)
16 (47%)

4(12%)
28 (-)

P =0.0089"

19 (31%)
42 (69%)°
1(-)

P <0.0001"*

21 (100%)

- P =0.4292"
41 ()
16 (84%)
3 (16%) P =0.3605"
43 (-)
11-35-2/3/6/1
83%/5%/10%/2% P =0.2283"

"Upper normal limit is 23 U/L for males, and 19 U/L for females; “‘Upper normal limit is 19 U/L for males, and 15 U/L for females; "Upper normal limit is 28

U/L for males, and 18 U/L for females; ‘“The amount was larger in men younger than 42 yr (93%) than in the older (57%); *Previous HAV (1 = 5), previous/
chronic HBV (1 = 6/n = 5), previous HAV and HBV (1 = 4); ‘Previous HAV (1 = 17), previous HBV (1 = 10), previous HAV and HBV (1 = 13), previous HAV
and chronic HBV (1 = 2); "Comparison of self-limited and persistent infection regarding the number of none versus previous HAV/HBV infections revealed a

lack of significance (P = 0.1892); “Diagnosis of acute infections with HAV or HBV: presence of IgM antibodies; diagnosis of post-acute infections with HAV or
HBV: decreasing transaminase activities, increasing anti-HBcIgG or anti-HAV-IgG antibodies, decreasing anti-HBcIgM or anti-HAV-IgM antibodies; *18/20
patients (90%) had a history of iv drug use; '%3/39 patients with acute EBV infection; "HCV genotype 1b was found in 70% older than 42 yr, but only in 33% of
the younger patients (P = 0.0089); "HCV genotype 3 was more frequent in individuals with a history of iv drug use than in non-drug users (23% vs 8%, P = 0.5787);

BStratified for sex; 14Adjusted for age and sex, retransformed from In-transformation.

even persist in the same patient. De Mitri ef al™ found
that HBV can suppress HCV replication in half of the
patients co-infected with HBV and HCV. The sequence of
infections has been regarded to be important in the clini-
cal course. Unfortunately, we do not know whether HCV
infection was cleared during the acute episode of HAV
or HBV infection or whether it might have been already
cleared before. However, from a study by Sagnelli ez al™) it
is known that patients having been simultaneously infected
with both HBV and HCV recovered from HBV infection,
but progressed to HCV-related chronic hepatitis, as hap-
pens in most cases with single HBV or HCV infection'. Su-
perinfection of chronic hepatitis C patients with HBV, on
the other hand, led to a recovery from HCV infection in
half of the patientsm]. Moreover, simultaneous clearance
of preexisting persistent HCV infection during an acute
HBV superinfection has been described for some cases
by us and others™¥. In fact, 26% of our individuals with
self-limited HCV infection had acute or postacute HBV

co-infection at time of HCV diagnosis was made com-
pared to none of the chronic HCV-infected group. Thus,
our data support the hypothesis that acute HBV infection
in HCV chronic carriers might lead to an eradication of
the HCV infection. Superinfection of chronic hepatitis B
patients with HCV, on the other hand, has been reported
to be clinically severe and long-term prognosis to be worse
in terms of the development of liver cirrhosis and he-
patocellular carcinoma™?". Four individuals with a self-
limited HCV infection presented with acute or postacute
HAV superinfection at time of HCV diagnosis was made.
HAV was self-limited and the clinical course benign in ac-
cordance with Sagnelli ef al”™, although conflicting results
are known from the literature (reviewed in*). Our finding
is also in line with a recent study from Germany showing
an association of HAV superinfection and decreased HCV
replication which was suggested to lead to recovery from
HCV in some individuals™”.

In accordance with previous epidemiological studies on
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Figure 1 Serological reactivity to HCV encoded proteins with respect to virus type,
the putative source and the outcome of infection. Grey indicates iv drug use and
white indicates iv non-use. Mean values are indicated by x, medians by -, boxes
show the interquartil range (central 50% of observations) and whiskers show the
largest and lowest observed value (if not identified as outlier). By applying a
regression model, an overall lower reactivity in patients with self-limited infection
could be confirmed (P = 0.0012). Quantitative reactivity appears not to be
affected by the outcome or the source of infection in patients with HCV types 2
or3 (P=0.9512).

viral genotype distribution among chronic hepatitis C pa-
tients from Germany, HCV 1b was the predominant geno-
type among the patients studied, especially in those older
than 42 yearspwzj. Since HCV type 1 also predominates
among patients with self-limited infections, type 1 infected
individuals obviously are quite able to clear an HCV infec-
tion (Table 2). This is in line with two studies on 22 and 24
patients with a self-limited HCV infection who were also
infected with HCV type 1 (59% and 50%) in a consider-
able number™Y,

Active iv drug users have been described to have a high
incidence of re-infection with HCV, and a relationship
between antibody titer and the presence of the antigen has
been assumed”™. Our study thus strengthens this view
(Figure 1), although we do not have reliable anamnestic
information on the actual status of drug consumption.
Apart from that, drug use itself, or even drug use in the
past might have significant effects on immune functions
including viral persistence””: On the one hand, opioids
have been shown to inhibit the expression of antiviral
cytokines as IFN-q and IFN-y. On the other hand, par-
ticularly HCV replication has been shown to be enhanced
both by morphine and by morphine withdrawal in a repli-
con system[sg].

Taken together, our study provides an extensive clinical
and demographic characterization of a group of 67 pa-
tients who were enrolled over a period of cight years and
who can be considered to have spontaneously resolved an
infection with HCV. Major findings are (1) a stronger hu-
moral immunity to HCV in patients with chronic hepatitis
C and in those with a history of iv drug use and (2) that
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younger age, history of iv drug use, and an acute HAV or
HBV co-infection, but not viral genotypes are independent
correlates for spontaneous HCV clearance.
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