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Abstract
Although 20–40% of persons with acute HCV infection demonstrate spontaneous clearance, the
time-course and factors associated with clearance remain poorly understood. We investigated the
time to spontaneous clearance and predictors among participants with acute HCV using Cox
proportional hazards analyses. Data for this analysis were drawn from an international
collaboration of nine prospective cohorts evaluating outcomes following acute HCV infection.
Among 632 participants with acute HCV, 35% were female, 82% were Caucasian, 49% had IL28B
CC genotype (rs12979860), 96% had injected drugs ever, 47% were infected with HCV genotype
1 and 5% had HIV co-infection. Twenty-eight percent were HCV antibody negative/RNA positive
at the time of acute HCV detection (early acute HCV). During follow-up, spontaneous clearance
occurred in 173 of 632 and at one year following infection, 25% (95%CI: 21%, 29%) had cleared
virus. Among those with clearance, the median time to clearance was 16.5 weeks (IQR: 10.5, 33.4
weeks), with 34%, 67% and 83% demonstrating clearance at three, six and twelve months.
Adjusting for age, factors independently associated with time to spontaneous clearance included
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female sex [adjusted hazards ratio (AHR) 2.16; 95%CI 1.48, 3.18], IL28B CC genotype (vs. CT/
TT, AHR 2.26; 95%CI 1.52, 3.34), and HCV genotype 1 (vs. non-genotype 1, AHR 1.56; 95%CI
1.06, 2.30). The effect of IL28B genotype and HCV genotype on spontaneous clearance was
greater among females compared to males.

Conclusions—Female sex, favorable IL28B genotype and HCV genotype 1 are independent
predictors of spontaneous clearance. Further research is required to elucidate the observed sex-
based differences in HCV control.
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Although 20–40% of persons with acute hepatitis C virus (HCV) infection demonstrate
spontaneous clearance (1), the time-course and predictors of clearance remain poorly
understood. Knowledge of clearance following acute HCV infection is limited due to the
generally asymptomatic nature of initial infection and the highly marginalised nature of at-
risk populations, such as people who inject drugs (PWID). Understanding the time-course
and predictors of clearance provides insight into HCV pathogenesis and improves clinical
decision making regarding the need for early therapeutic intervention.

Host factors such as female sex (1–4), immune responses (5, 6), virus-specific neutralizing
antibodies (7) and host genetics (8, 9) have been associated with clearance in prospective
studies of acute HCV infection. The strongest host factor associated with clearance is
polymorphisms in the interleukin-28 (IL28B) gene region which encodes the interferon-λ3
protein (IFN-λ3, IFNL3) (8–10) and is involved in viral control (11). Individuals with non-
favourable IL28B genotypes (rs12979860 CT/TT alleles) are less likely to clear HCV
infection compared to those with favorable genotypes (CC alleles) (4, 8, 9). Pathogen
factors, such as diversity of the HCV viral quasispecies (12) and HCV genotype (13) might
also be linked with clearance. The majority of studies of people with acute HCV and
clearance are limited by the small number of cases, which restricts statistical power,
inference and generalizability.

The International Collaboration of Incident HIV and Hepatitis C in Injecting Cohorts (InC3)
Study, a collaborative of pooled data from nine prospective international cohorts mainly
following PWID (14), provides a unique opportunity to assess clearance in a large number
of well characterized HCV-infected participants with prospective follow-up. The aim of this
study was to investigate time to and predictors of clearance following acute HCV infection.

METHODS
Study population and design

The InC3 Study, a collaboration of nine prospective cohorts evaluating HIV and HCV
infection outcomes from Australia, Canada, the Netherlands, and the United States has been
previously described (14). All cohorts follow participants at regular intervals using
standardized methods. Participants were recruited and followed between 1985 and 2010.
The InC3 Study includes both: 1) Participants without HCV infection (≥2 HCV negative
antibody tests); and 2) Participants with documented acute HCV infection (≥2 HCV
antibody or RNA tests).

For the current study, only individuals with documented acute HCV were included.
Documented acute HCV is defined as either: 1) HCV seroconversion with an HCV antibody
negative test followed by either an HCV antibody or RNA positive test within two years of
the HCV antibody negative test; or 2) evidence of symptomatic HCV infection (defined by a
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positive HCV antibody/RNA test; jaundice or ALT elevation >400 U/L; and detection of
HCV RNA or history of high-risk exposure within three months of clinical manifestation of
acute HCV). Individuals who were HCV antibody negative/HCV RNA positive at the time
of acute HCV detection (early acute HCV infection) were identified for sub-analyses, given
the well-defined estimated time of infection in this sub-group. Individuals treated for HCV
with an estimated duration of infection <26 weeks were excluded to reduce misclassification
bias due to uncertainty around subsequent spontaneous clearance in the absence of treatment
(n=37). All participants provided written informed consent and cohort protocols approved
by local ethics committees.

Laboratory testing
Choice of qualitative and quantitative HCV RNA testing varied by cohort but consistent at
each site. Qualitative HCV RNA testing was performed using the following assays: Versant
TMA [Bayer, Australia;<10 IU/ml], COBAS AmpliPrep/COBAS TaqMan (Roche,
Branchburg, NJ, USA;<15 IU/ml), COBAS AMPLICOR HCV Test v2.0 (Roche
Diagnostics, Mannheim, Germany; <50 IU/ml) or discriminatory HCV transcription-
mediated amplification component of the Procleix HIV-1/HCV (Gen-Probe, San Diego, CA,
USA; <12 copies/mL). Quantitative HCV RNA testing was performed using the Versant
HCV RNA 3.0 (Bayer, Australia;<615 IU/ml), COBAS AMPLICOR HCV MONITOR 2.0
(Roche Diagnostics, Mannheim, Germany; <600 IU/ml), COBAS AmpliPrep/COBAS
TaqMan (Roche, Branchburg, NJ, USA;<15 IU/ml) or an in-house PCR (<1000 IU/ml) (15,
16). HCV genotype was determined by line-probe assay (Versant LiPa1/LiPa2, Bayer,
Australia) or HCV sequencing at acute HCV detection. Among those with undetectable
HCV RNA (no genotype) and available samples, Murex HCV serotyping was performed to
determine HCV genotype (Murex Biotech Limited, Dartford, UK). IL28B genotype was
determined by sequencing of the rs12979860 single nucleotide polymorphism [as previously
described in (4, 9, 10)].

Estimating the date of acute HCV infection
The estimated date of acute HCV infection was calculated based on a hierarchy using the
most precise information indicating the time of infection. Among individuals who were
HCV antibody negative/HCV RNA positive at the time of acute HCV detection (early acute
HCV infection undergoing HCV seroconversion), the estimated date of HCV infection was
calculated as four weeks prior to the date of acute HCV detection [mid-point between HCV
infection and detection of HCV antibodies (eight weeks) (17, 18)]. Among individuals with
symptomatic acute HCV, the estimated date of infection was calculated as six weeks prior to
its onset (jaundice or ALT >400 IU/mL) (19). Among individuals with HCV
seroconversion, the estimated date of infection was calculated as the mid-point between the
last negative HCV antibody and first positive HCV antibody or RNA test.

Study outcomes
Spontaneous clearance was defined by two consecutive undetectable HCV RNA test results
≥4 weeks apart following infection. The estimated date of clearance was defined as the
midpoint between the first of two consecutive undetectable qualitative HCV RNA tests and
either the last sample with detectable HCV RNA or the estimated date of infection, in the
event that the sample collected at the time of acute detection was HCV RNA undetectable.

The time to clearance was calculated as the time from the estimated date of infection to the
estimated date of clearance. For those without clearance, follow-up time was calculated
from the estimated date of infection until the date of the last therapy-naïve detectable HCV
RNA test. For participants with only one undetectable HCV RNA as their last measurement,
follow-up time was calculated from the estimated date of infection until the date of the last
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positive HCV RNA test. Participants treated for HCV were censored at the date of
treatment.

Statistical analyses
Time to and predictors of clearance were assessed. Hypothesized predictors were
determined a priori and included age (categorized as <30, 30–39 and ≥40 years) (20), sex
(1–4), symptomatic HCV infection (3, 8), ethnicity (21), IL28B genotype (SNP rs12979860;
CC vs. CT/TT) (8–10), HIV infection (21), HCV genotype [genotype 1 versus genotype
non-1 (those with unknown genotypes were not included)] (13, 22) and cohort site (given
that site may introduce unmeasured confounders). The effects of these variables on time to
clearance were assessed by Kaplan-Meier analyses (significance assessed by log-rank test).
The median [interquartile range, (IQR)] time to clearance among those with clearance was
also estimated.

Cox proportional hazards analyses were used to identify predictors of clearance. In
multivariate analyses, all variables with P<0.20 in unadjusted analysis were considered as
potential independent predictors. Initial models were adjusted for age and built using a
backwards stepwise approach with factors sequentially eliminated according to the result of
the likelihood ratio test. Additional models were also considered using a shared ‘frailty’
random effect model to provide improved variance estimates and control for potential
confounding by site.

Given previous data demonstrating an interaction between sex and IL28B genotype in HCV
clearance (4), it was hypothesized that sex would modify the effect of IL28B genotype and
HCV genotype on clearance. Analyses were performed by investigating the separate effects
of these factors and their joint effect. Differences in the susceptibility of the effect of sex and
dichotomous exposures of interest (IL28B and HCV genotype) on clearance were explored
by testing for interaction: a new composite variable with four categories (a−b−, a−b+, a+b−

and a+b+) was redefined for sex and the dichotomous exposure of interest (a− and b− denote
absence of exposure). Adjusted hazard ratios (AHR) were calculated for each category after
adjustment for age and other variables significant in the final multivariate model. Further,
given data suggesting different distributions of HCV genotypes according to IL28B
genotype (23), similar analyses were performed to assess whether the effect of IL28B
genotype on clearance would vary by HCV genotype. Analyses stratified by sex and IL28B
genotype were also performed.

Sensitivity analyses were performed to assess HCV time to and predictors of clearance
among individuals with early acute HCV infection. All analyses were repeated using the
mid-point estimation method for calculating the estimated date of HCV infection for those
with symptomatic acute symptomatic infection and excluding participants receiving HCV
treatment. Statistically significant differences were assessed at P<0.05; p-values are two-
sided. All analyses were performed using Stata v12.0 (College Station, TX, United States).

RESULTS
Participant characteristics

Among the 632 participants with acute HCV infection included, the median age was 26
years, 36% were female, 96% had a history of injecting drug use and 16% received HCV
treatment during follow-up (all treated participants that were included started treatment at an
estimated duration of infection >6 months) (Table 1, Supplementary Table 1). Among those
with data on infecting HCV genotype (n=537), 55% had genotype 1. Among all genotypes,
42% were determined by InnoLipa, 48% by sequencing and 9% by serotyping. Forty-nine
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percent (266 of 542 with test results) were IL28B CC genotype favourable, with no
differences among females and males (48% vs. 50%, P=0.606) or those with HCV genotype
1 and non-1 infection (48% vs. 50%, P=0.592). Untreated individuals had similar
proportions with IL28B CC and HCV genotype 1 infection, but a greater proportion of
females (38% vs. 26%, P=0.017, Supplemental Table 2).

Acute HCV infection was documented by HCV seroconversion in 98% (n=621) of
participants, with 2% (n=11) identified by acute symptomatic infection and a recent history
of high-risk exposure. Among those with available data on symptomatic infection (n=249,
383 missing), 54% (n=138) had symptomatic HCV infection. Twenty-nine percent (n=183)
were HCV antibody negative/HCV RNA positive at acute HCV detection and were defined
as having early acute HCV infection.

Following the estimated date of HCV infection, participants had a median of five HCV RNA
tests (IQR:2, 9; range:1–55), with a median of 60 days (IQR;28, 120) between tests. The
overall median follow-up time from the estimated date of infection to the last HCV RNA
measurement was 1.51 years (IQR;0.72, 2.99). Across cohorts, the median follow-up ranged
from 0.63 years (HITS-c) to 9.42 years (ACS). The median interval from the estimated date
of infection to the first positive HCV antibody or RNA test at the time of acute HCV
detection was 9.0 weeks (IQR;4.0, 20.4).

Spontaneous clearance of acute HCV infection
During follow-up, clearance was observed in 173/632 overall and 43/183 in those with early
acute HCV infection. At one year following infection, 25% [95% confidence
interval(95%CI): 21%, 29%] had cleared virus overall and 22% (95%CI 17%, 30%; 43/183)
had cleared virus among those with early acute HCV. Figure 1 shows the proportion with
viral persistence as a function of number of years following HCV infection among the
overall population (Figure 1A) and those with early acute HCV infection (Figure 1B).
Among those who cleared HCV, the median time to clearance was 16.5 weeks (IQR, 10.5,
33.4) overall and 18.9 weeks (IQR, 13.3, 33.4) among those with early acute HCV.

Among those with clearance, 34% (95%CI, 27%, 42%, n=59) and 67% (95%CI, 60%, 74%,
n=116) had cleared infection by three months and six months following infection,
respectively. At 12, 18 and 24 months following infection, 83% (95%CI, 77%, 88%,
n=144), 92% (95%CI, 87%, 96%, n=160) and 97% (95%CI, 93%, 99%, n=167) of those
who did clear, had cleared infection. Among those with early acute HCV infection and
clearance (n=43), the proportion of participants with clearance by 3, 6, 12, 18 and 24 months
were 23% (95%CI, 12%, 39%, n=10), 63% (95%CI, 47%, 77%, n=27), 84% (95%CI, 69%,
93%, n=36), 88% (95%CI, 75%, 96%, n=38) and 93% (95%CI, 81%, 99%, n=40). The rate
of spontaneous clearance was 42 per 100 p-yrs (95%CI, 35, 51) within the first six months
of infection and 10 per 100 p-yrs (95%CI, 8, 13) six months following infection.

Factors predicting spontaneous clearance of acute HCV infection
In Kaplan-Meier and unadjusted Cox proportional hazards analyses, clearance was
associated with female sex, symptomatic HCV infection, IL28B CC genotype and HCV
genotype 1 (Figure 2, Table 2). Given that for 61% (n=383) of participants data were
missing on symptomatic infection, this variable was not explored in multivariate analyses.
Due to the a priori hypothesis that HCV genotype 1 would have higher clearance (13, 22),
the small numbers within some genotype categories (2/4/6/mixed) and the observation that
all genotypes other than genotype 1 demonstrated lower clearance in unadjusted analysis
(Table 2), all HCV genotype non-1 infections were grouped together. There was no

Grebely et al. Page 5

Hepatology. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



difference in clearance by HCV genotyping assay. Neither ethnicity nor HIV status was
associated with clearance.

Factors independently predicting clearance included female sex [vs. male, AHR 2.16;
95%CI 1.48, 3.18. P<0.001], IL28B CC genotype (vs. CT/TT, AHR 2.26; 95%CI 1.52, 3.34,
P<0.001) and HCV genotype 1 (vs. non-genotype 1, AHR 1.56; 95%CI 1.06, 2.30, P=0.025)
(Table 2, Figure 3). In sensitivity analyses, results did not substantially change when
analyses were restricted to individuals with early acute HCV infection, when the mid-point
method was used to estimate the date of HCV infection or when participants treated for
HCV infection were excluded (Supplementary Table 2). Adjustment for site also did not
change the results (Table 2).

The effect of sex and IL28B genotype on spontaneous clearance
Clearance rates were highest among females with the IL28B CC genotype (Figure 4A). After
adjusting for age and HCV genotype (Table 3), females with the IL28B CC genotype had the
greatest probability of clearance as compared to males with the CT/TT genotype (AHR 4.65;
95%CI 2.71, 7.96, P<0.001). The AHR for males with the CC genotype was close to the
AHR for female with the CT/TT genotype (Table 3). The interaction between sex and IL28B
was not significant on the multiplicative scale (P=0.265).

The effect of sex and HCV genotype on spontaneous clearance
Clearance rates were highest among females with HCV genotype 1 (Figure 4B). After
adjusting for age and IL28B genotype (Table 3), females with HCV genotype 1 had the
greatest probability of clearance as compared to males with HCV genotype non-1 (AHR
3.30; 95%CI 1.94, 5.62, P<0.001). The AHR for males with the HCV genotype 1 was close
to the AHR for female with HCV genotype non-1 (Table 3). The interaction between sex
and HCV genotype was not statistically significant on the multiplicative scale (P=0.560).

The effect of HCV genotype and IL28B genotype on spontaneous clearance
Clearance rates were lowest among individuals with HCV genotype non-1 and CT/TT
IL28B genotype, (Figure 4C). After adjusting for age and sex (Table 3), compared to those
with HCV genotype non-1 and CT/TT IL28B genotype, individuals with HCV genotype
non-1 and IL28B CC genotype (AHR 3.82; 95%CI 1.86, 7.84, P<0.001), HCV genotype 1
and CT/TT IL28B genotype (AHR 2.66; 95%CI 1.30, 5.47, P=0.008) and HCV genotype 1
and IL28B CC genotype (AHR 4.56; 95%CI 2.28, 9.12, P<0.001) all had an increased
probability of clearance. The interaction between HCV genotype and IL28B genotype did
not reach statistical significance on the multiplicative scale (P=0.068).

Spontaneous clearance in females and males
Given the differential effect of IL28B genotype and HCV genotype on time to clearance by
sex, the impact of IL28B genotype and HCV genotype was also explored separately for
females and males. Among females, after adjusting for age (Table 3), IL28B CC genotype
(vs. CT/TT, AHR 2.89; 95%CI 1.60, 5.22, P<0.001) and HCV genotype 1 (vs. non-genotype
1, AHR 1.78; 95%CI 1.00, 3.17, P=0.052) independently predicted clearance. Among
males, after adjusting for age, only IL28B CC genotype (vs. CT/TT, AHR 1.79; 95%CI 1.05,
3.06, P=0.033) independently predicted clearance but genotype did not (genotype 1 vs.
non-1, AHR 1.40; 95%CI 0.82, 2.38, P=0.220).

Spontaneous clearance stratified by IL28B genotypes
Given the differential effect of HCV genotype on clearance by IL28B genotype, the impact
of HCV genotype on clearance was examined separately for those with CT/TT and CC
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IL28B genotypes after adjusting for age and female sex. Among those with CT/TT IL28B
genotype, HCV genotype 1 (vs. non-genotype 1, AHR 2.65; 95%CI 1.29, 5.46, P=0.008)
independently predicted clearance. Among those with CC IL28B genotype, after adjusting
for age and sex, there was no statistically significant effect of HCV genotype 1 on clearance
(vs. non-genotype 1, AHR 1.18; 95%CI 0.74, 1.90, P=0.488).

DISCUSSION
This study describes the time-course and independent predictors of spontaneous clearance in
a large sample of participants with well-defined acute HCV infection, the majority of whom
were PWID. The proportion with clearance at one year was 25%. Among those with
clearance, the median time to clearance was 16.5 weeks, with two-thirds clearing within the
first six months of infection. Independent predictors of clearance included female sex,
favorable IL28B genotype and HCV genotype 1 infection. The effect of both IL28B
genotype and HCV genotype on clearance tended to be greater in females compared to
males. This study provides important insights into factors affecting HCV viral control and
offers guidance in clinical decision-making for the treatment of acute HCV infection.

The overall proportion with spontaneous clearance of 25% at one year is consistent with a
weighted mean clearance of 26% reported in a systematic review of prospective acute HCV
studies (1). Confirmation of this estimate is important, given that the systematic review by
Micallef et al. was limited by heterogeneity of studies in terms of sample size, inclusion
criteria and follow-up (1). The large sample size, well-defined population and frequent
follow-up within the InC3 study provide a more precise estimate of the rate of clearance
among individuals with acute HCV infection.

The median time from the estimated date of infection to clearance was 16.5 weeks. This is
longer than previously reported (8–11 weeks) (19, 24, 25), but these studies had larger
proportions of cases with symptomatic infection (19, 24, 25). Consistent with another study
(3), symptomatic infection was associated with clearance in this study. Unfortunately, the
majority of cohorts in the InC3 study did not systematically collect information on the
presence of symptoms at the time of infection, precluding the ability to assess this factor in
adjusted analyses. Previous studies are limited by short follow-up time (and thus less likely
to include late clearance), small sample sizes and heterogeneous definitions for infection and
clearance, which may also impact estimates of time to clearance.

The finding that one-third of participants who demonstrated clearance did so more than six
months following infection must be interpreted with caution. This is greater than reported in
previous studies (19, 24, 25). Although one explanation for this difference might be longer
follow-up in InC3 (19, 24, 25), it is more likely that there is imprecise characterisation of
time of clearance in InC3, particularly in cases with broader intervals of HCV RNA testing.

Female sex independently predicted spontaneous clearance, after adjusting for IL28B
genotype and HCV genotype, consistent with previous reports (1–4). The effect of IL28B
genotype on clearance was greater among females than among males. While this is
consistent with previous data demonstrating an interaction between female sex and IL28B
genotype on clearance (4), this interaction was not statistically significant in the current
study. The impact of HCV genotype 1 on clearance was also greater among females. This is
consistent with very high proportions of females with clearance (52–54%) following HCV
genotype 1 infection through contaminated anti-D immune globulin (26, 27). Taken
together, these results are striking and suggestive of the potential role of sex in modifying
factors important in HCV clearance.

Grebely et al. Page 7

Hepatology. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mechanisms behind the association of female sex and clearance may be linked to sex-based
differences in immunity. Females have a lower burden of infections (28), a higher
prevalence of several autoimmune diseases (28) and an increased number and magnitude of
immune and inflammatory responses (29), as compared to males. The prevailing hypothesis
to explain immunological differences between males and females is that sex steroids bind to
specific receptors expressed in lymphoid tissue cells, macrophages, dendritic cells and
lymphocytes, thereby influencing the function of immune cells (29). However, despite
considerable research demonstrating differences in immune function between females and
males, there are little data on sex-based differences in immune profiles in those with HCV.
Further studies should focus on mechanisms explaining differences in clearance between
males and females as this may contain important information for understanding HCV viral
control.

Genetic variation in the IL28B gene independently predicted spontaneous clearance,
consistent with previous reports (4, 8–10). The large number of cases and detailed
demographic and clinical information in InC3 provided sufficient power to adjust for
multiple factors. The molecular mechanism linking IL28B genotype to clearance remains to
be elucidated.

HCV genotype 1 was independently associated with spontaneous clearance. Few studies
have investigated the impact of HCV genotype on clearance in acute HCV infection, partly
due to the difficulties in identifying people early during infection to detect and genotype
HCV RNA. Limitations of previous studies include small numbers, the potential
misclassification of genotype by HCV serotyping assays (13, 30), the large proportion with
an unknown HCV genotype status among those with clearance who could not be genotyped/
serotyped and a lack of genotypic diversity in some groups (22). Among studies that have
investigated the impact of HCV genotype on spontaneous clearance, results are conflicting
(13, 22, 30), with some studies demonstrating lower (30), higher (13, 22) or comparable (4)
proportions with clearance among individuals with HCV genotype 1 when compared to
other genotypes. The association between HCV genotype 1 and clearance observed in InC3

is convincing due to the well-defined nature of acute HCV infection, and the fact that the
large majority of HCV genotyping was performed via either line-probe assay or HCV
sequencing at the time of acute HCV detection.

Those with CT/TT IL28B genotypes and HCV genotype non-1 infection demonstrated a
lower likelihood of spontaneous clearance, suggesting a biological interaction between HCV
genotype and IL28B genotype. Although it has been demonstrated that the expression of
interferon-stimulated genes (ISG) is higher among individuals with HCV genotype 1
infection with chronic infection (31), there are no studies investigating ISG expression
during acute infection stratified by IL28B and HCV genotype. The role of a potential
interaction between the effect of HCV genotype and IL28B on clearance during acute HCV
requires further investigation.

There are several limitations to this study. Nine cohorts of individuals with acute HCV
(mainly PWID) were combined. Participating cohorts bring a range of data types and
structures presenting issues surrounding both inconsistent measurement and biological data
testing protocols (e.g. HCV RNA assays differed across cohorts). As such, there was some
heterogeneity across the cohorts with respect to the availability of data on certain variables
known to be associated with clearance (e.g. symptomatic infection) and it was not possible
to adjust our analyses for these factors. The availability of only one HCV RNA negative test
at last follow-up limited the ability to assess late clearance outcome in a small minority
(<5%). In contrast, some instances of late clearance may be due to very early clearance and
subsequent reinfection (with clearance of the second infection detected) (32). Broad
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intervals of HCV RNA testing in some individuals reduced the precision of estimated time
of clearance. There were also small numbers for some categorized variables in this study
(HIV and ethnicity) and the absence of an observed effect does not imply the absence of an
association. Further, potential unmeasured confounding factors may have influenced the
results.

In conclusion, female sex, favorable IL28B genotype and HCV genotype 1 infection are
independent predictors of spontaneous HCV clearance following acute infection. Further
research is required to better understand the mechanism behind the potential effect of female
sex on HCV viral control.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Kaplan-Meier graphs of time to spontaneous clearance in A) the overall population with
acute HCV infection (n=632) and B) those with early acute HCV infection (n=183). 95%
confidence intervals are in shaded grey.
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Figure 2.
Kaplan-Meier graphs of time to viral clearance by A) Age; B) Sex; C) Symptomatic HCV
infection; D) IL28B genotype; and E) HCV genotype.
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Figure 3.
Predictors of time to spontaneous HCV clearance among participants with acute HCV
infection.
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Figure 4.
Kaplan-Meier graphs of time to viral clearance by A) Sex and IL28B genotype; B) Sex and
HCV genotype; and C) IL28B genotype and HCV genotype.
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Table 1

Characteristics of participants with acute HCV infection in the InC3 Study (n=632)

Overall (n=632), n (%)† Spontaneous Clearance (n=173), n (%)‡

Site

 UFO (United States) 115 (18) 31 (27)

 ATAHC (Australia) 119 (19) 27 (23)

 BAHSTION (United States) 49 (8) 14 (29)

 BBAASH (United States) 114 (18) 41 (36)

 HEPCO (Canada) 75 (12) 16 (21)

 HITS-c (Australia) 10 (2) 3 (30)

 HITS-p (Australia) 89 (14) 17 (19)

 N2 (Australia) 17 (3) 4 (24)

 ACS (the Netherlands) 44 (7) 20 (45)

Median age, yrs (IQR)* 26 (23–32) 26 (23–30)

Age, categorized*

 <30 years 403 (64) 122 (30)

 30–39 years 103 (16) 28 (27)

 ≥40 years 75 (12) 14 (19)

 Missing 51 (8) 9 (18)

Female Sex# 228 (36) 86 (38)

Ethnicity

 Caucasian 516 (82) 141 (27)

 Aboriginal 32 (5) 10 (31)

 Asian 12 (2) 3 (25)

 Black 24 (4) 4 (17)

 Other 48 (8) 15 (31)

History of injecting drug use 608 (96) 165 (27)

Symptomatic HCV infection*

 No 111 (18) 15 (14)

 Yes 138 (22) 37 (27)

 Unknown 383 (61) 121 (32)

IL28B genotype (rs12979860)

 TT 63 (10) 15 (24)

 CT 213 (34) 46 (22)

 CC 266 (42) 98 (37)

 Missing 90 (14) 14 (16)

HIV infection*

 No 531 (84) 147 (28)

 Yes 29 (5) 7 (24)

 Missing 72 (11) 19 (26)

HCV genotype*
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Overall (n=632), n (%)† Spontaneous Clearance (n=173), n (%)‡

 Genotype 1 297 (47) 79 (27)

 Genotype 2 32 (5) 7 (22)

 Genotype 3 183 (29) 33 (18)

 Genotype 4 7 (1) 1 (14)

 Genotype 6 4 (1) 0 (0)

 Mixed genotype 14 (2) 2 (14)

 Unknown genotype 95 (15) 51 (54)

†
Percentages indicate column percentages,

‡
Percentages indicate row percentages,

*
At the time of incident HCV infection,

#
Includes 2 missing.

UFO, UFO STUDY; ATAHC, Australian Trial in Acute Hepatitis C; BAHSTION, Boston Acute HCV Study: Transmission, Immunity and
Outcomes Network; BBAASH, Baltimore Before and After Acute Study of Hepatitis; HEPCO, St. Luc Cohort, HEPCO; HITS-c, Hepatitis C
Incidence and Transmission Study-Community; HITS-p, Hepatitis C Incidence and Transmission Study-Prison; N2, Networks 2; ACS, Amsterdam
Cohort Studies.
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Table 3

Cox proportional hazards models of predictors of time to spontaneous HCV clearance among participants with
acute HCV infection.

Model Adjusted HR¥ (95% CI) P

1 Age, sex/IL28B genotype and HCV genotype¥

Sex and IL28B genotype

 Male, CT/TT 1.00 -

 Male, CC 1.81 (1.06, 3.10) 0.029

 Female, CT/TT 1.64 (0.87, 3.08) 0.129

 Female, CC 4.65 (2.71, 7.96) <0.001

HCV genotype 1 (vs. genotype non-1) 1.53 (1.04, 2.27) 0.031

2 Age, sex/HCV genotype and IL28B genotype¥

Sex and HCV genotype

 Male, genotype non-1 1.00 -

 Male, genotype 1 1.40 (0.82, 2.37) 0.217

 Female, genotype non-1 1.87 (0.99, 3.54) 0.053

 Female, genotype 1 3.30 (1.94, 5.62) <0.001

IL28B CC genotype (vs. CT/TT) 2.23 (1.50, 3.30) <0.001

3 Age, HCV genotype/IL28B genotype and sex¥

HCV genotype and IL28B genotype

 Genotype non-1, CT/TT 1.00 -

 Genotype non-1, CC 3.82 (1.86, 7.84) <0.001

 Genotype 1, CT/TT 2.66 (1.30, 5.47) 0.008

 Genotype 1, CC 4.56 (2.28, 9.12) <0.001

Female sex (vs. male sex) 2.23 (1.52, 3.28) <0.001

4 Females: Age, IL28B genotype and HCV genotype┼

IL28B CC genotype (vs. CT/TT) 2.89 (1.60, 5.22) <0.001

HCV genotype 1 (vs. genotype non-1) 1.78 (1.00, 3.17) 0.052

5 Males: Age, IL28B genotype and HCV genotype‡

IL28B CC genotype (vs. CT/TT) 1.79 (1.05, 3.06) 0.033

HCV genotype 1 (vs. genotype non-1) 1.40 (0.82, 2.38) 0.220

6 IL28B CT/TT genotype: Age, sex and HCV genotypeα

Female sex (vs. male sex) 1.74 (0.92, 3.30) 0.089

HCV genotype 1 (vs. genotype non-1) 2.65 (1.29, 5.46) 0.008

7 IL28B CC genotype: Age, sex and HCV genotypeβ

Female sex (vs. male sex) 2.64 (1.62, 4.31) <0.001

HCV genotype 1 (vs. genotype non-1) 1.18 (0.74, 1.90) 0.488

All models adjusted for age, Tests for interaction on the multiplicative scale: Model 1: P = 0.265; Model 2: P = 0.560; Model 3: P = 0.068.

¥
includes 448 participants in the final adjusted model,

┼
includes 151 participants in the final adjusted model,
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‡
includes 297 participants in the final adjusted model,

α
includes 227 participants in the final adjusted model,

β
includes 221 participants in the final adjusted model.
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