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Dear Estie,


As promised here are the links and PDFs.


Weblinks:


1)      InC3 Study: https://inc3.epi-ucsf.org/


Here one will find details on the overall project and each individual cohort as well as
manuscripts.


2)      Stephanie Sapp’s website: http://works.bepress.com/stephanie_sapp/


3)      The TMLE technical report stephanie referenced is located here:
http://works.bepress.com/stephanie_sapp/1/


PDF:


1)      InC3 Cohort Profile


2)      InC3 manuscript using regression techniques. This is the paper that motivated our
collaboration with Dr. Van der Laan resulting in Stephanie’s project she presented on today.


I will send you the PDF of Stephanie’s paper applying TMLE methods to InC3 data to assess
the effect of female gender, viral genotype, and IL28B on spontaneous clearance that is
currently under review at International Journal of Biostatistics once it is accepted.


Thank you again for inviting Stephanie to present today. It sounds like there may be interest
for a larger series on this topic.


Kind regards,


Meghan


<<Grebely_InC3 Cohort Profile_Int J Epidemiol_2012.pdf>> ___________
<<Grebely_EffectsofFemaleSexIL28B_Hepatology2013.pdf>> ____________________


Meghan D. Morris, PhD, MPH
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Université de Montréal, Montreal, Quebec, Canada, 4Department of Medicine, Johns Hopkins Medical Institutions, Baltimore, MD,
USA, 5Harvard Medical School, Boston, MA, USA, 6Tufts Medical School, Boston, MA, USA, 7School of Medical Sciences, University
of New South Wales, Sydney, New South Wales, Australia, 8Burnet Institute, Melbourne, Victoria, Australia, 9Cluster Infectious
Diseases, Public Health Service, Amsterdam, Netherlands and 10Department of Internal Medicine, Academic Medical Center, Center
for Infection and Immunity, Amsterdam, Netherlands



*Corresponding author. Department of Epidemiology and Biostatistics, and Global Health Science, University of California, 50 Beale
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The International Collaboration of Incident HIV and Hepatitis C in
Injecting Cohorts (InC3) Study is an international multi-cohort
project of pooled biological and behavioural data from nine pro-
spective cohorts of people who inject drugs (PWID). InC3 brings
together researchers from Australia, Canada, USA and the
Netherlands with expertise in epidemiology, biostatistics, clinical
and behavioural sciences, virology and immunology to investigate
research questions relevant to hepatitis C virus (HCV) and HIV
outcomes. InC3 was established to: (i) create a merged multi-cohort
study of pooled data from well-characterized cohorts of PWID with
prospective data on HIV and HCV infections, with a particular focus
on HCV; (ii) facilitate new studies not possible within individual
cohorts; and (iii) bring together researchers across disciplines
to answer a broad range of research questions. Study cohorts
identify acute HCV cases through follow-up of high-risk HCV
antibody–negative PWID or through clinical referral networks. To
date, data from 1986 to 2010 have been received from all contribut-
ing cohorts, with 821 HCV-infected and 1216 HCV-uninfected par-
ticipants (overall, n¼ 2037). Data collected include demographics,
host genetics, HCV ribonucleic acid testing, alanine aminotransfer-
ase testing, HIV/hepatitis B virus testing, HCV therapy, loss to
follow-up and mortality. Potential collaborators should contact the
InC3 PI Dr Kimberley Page (kPage@psg.ucsf.edu) for further
information.



Published by Oxford University Press on behalf of the International Epidemiological Association



� The Author 2012; all rights reserved.



International Journal of Epidemiology 2012;1–11



doi:10.1093/ije/dys167



1



 Int. J. Epidemiol. Advance Access published November 30, 2012
 by guest on D



ecem
ber 2, 2012



http://ije.oxfordjournals.org/
D



ow
nloaded from



 





http://ije.oxfordjournals.org/








Why was the cohort set up?
HIV and hepatitis C virus (HCV) infections represent
major public health problems among people who
inject drugs (PWID). In 2007, it was estimated that
there were 16 million PWID worldwide, with approxi-
mately 3 million (19%) living with HIV.1 Although
similar data are not available for HCV, given an
HCV prevalence of 65%,2,3 it is estimated that 10 mil-
lion active PWID have been exposed to HCV and 8
million are living with chronic infection. HIV/HCV
co-infection is also common among PWID in many
parts of the world, resulting in significant co-
morbidity.4



Despite an expanded understanding of HIV and HCV
pathogenesis and rapidly improving treatments, there
are still no protective vaccines and disparities in
access to effective interventions persist.5–10 Although
major improvements have been made in the under-
standing of how to prevent and treat HIV among
PWID, this has not been the case for HCV.
Compared with HIV, HCV is significantly more infec-
tious through percutaneous exposure, raising distinct
challenges for prevention and treatment of HCV
among PWID.5,7,8 Studying incident and acute HCV
infection among this marginalized patient population
is informative for several reasons. Understanding the
factors associated with incident infections provides
information about exposures and factors that drive
transmission, informing the development of prevent-
ive strategies. Ongoing surveillance of acute HCV
infection provides vital statistics on changes in disease
burden, enabling assessment of prevention
policies.11,12 In addition, preventive strategies that
may reduce transmission of HCV among PWID
(such as needle exchange programmes) are also
likely to have a positive impact on HIV transmission
as well. Studying acute HCV infection can provide
valuable insights into HCV pathogenesis, which are
critical for vaccine design. Finally, there may be bene-
fits for early identification and treatment, given that
treatment during the early stages of HCV infection is
more effective than in chronic infection.13,14 Assessing
the dynamics of incident HIV and HCV across geo-
graphic regions, in particular declines in HIV infec-
tion, may yield valuable information relative to
prevention of these different epidemics.



Our knowledge of the epidemiology of acute HIV
and HCV infections in PWID remains limited for
two reasons: (i) the majority of those with recent
HCV infection is asymptomatic, whereas those with
primary HIV are often misdiagnosed with a viral syn-
drome or do not seek medical attention; and (ii) the
identification and follow-up of PWID at risk of these
infections are challenging outside well-defined cohort
studies.



In the past 2 decades, numerous prospective studies
of acute HCV among PWID have been conducted
worldwide, including in Australia,15–18 Canada,19 the
Netherlands20 and the USA.21–24 Each has contributed



significantly to the understanding of acute HCV infec-
tions, and offered unprecedented information on
complex diagnostic, preventive and treatment strate-
gies. However, many important questions remain
understudied and unanswered, with small study
populations representing a major limiting factor.



The International Collaboration of Incident HIV and
Hepatitis C in Injecting Cohorts (InC3) Study is a
merged international multi-cohort project of pooled
behavioural and biological data from nine prospective
cohorts evaluating HIV and HCV infection risk and
outcomes among PWID (Table 1). The InC3 Study
was established to: (i) create a merged multi-cohort
study of pooled data from well-characterized cohorts
of PWID with prospective data on HIV and HCV
infections, with a particular focus on acute HCV;
(ii) facilitate new in-depth studies not formerly pos-
sible within individual research centres; and
(iii) bring together researchers across many discip-
lines to answer a broad range of research questions.
The unique breadth of data on acute HCV infection
are complemented with data on prevalent and inci-
dent HIV infections, enabling a variety of study out-
comes to be evaluated relative to both pathogens.
InC3 brings together a consortium of HIV and HCV
researchers with strong expertise in epidemiology,
biostatistics, clinical sciences, behavioural sciences,
virology and immunology from nine cohorts in
Australia, Canada, the Netherlands and the USA.



This collaboration dates back to March 2009, when
the feasibility of a multinational study of acute HCV
infection among PWID was explored by organizing a
half-day meeting held at the 13th International
Symposium on Viral Hepatitis and Liver Disease in
Washington, DC, USA. This meeting provided an
overview of previous ‘merged’ collaborative studies
of incident HIV infection, potential available cohorts
for inclusion (including study designs and available
data/samples), an overview of important unresolved
research questions in the field of acute HCV (epi-
demiology, clinical sciences, immunology and vir-
ology) and discussions around potential funding
opportunities.



The first data merge, consisting of behavioural, clin-
ical and virological data on 522 participants with
incident HCV infection from eight cohort studies,
was conducted between August and November 2009.
The first analysis from this initial data merge investi-
gated factors associated with spontaneous clearance
of acute HCV infection.25 Subsequent funding from
the Canadian Institutes of Health Research and the
University of New South Wales provided further sup-
port for ongoing organizational activities contributing
to the groups’ formation and structure.



In 2011, the InC3 Study Group was awarded a
5-year grant (2011–2016) from the National
Institute of Drug Abuse (R01DA031056) to conduct
scientific studies and analyses regarding epidemi-
ology, behavioural, clinical and biological factors
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associated with HIV and HCV infections in PWID.
This supports and cultivates a significant and innova-
tive scientific agenda, as well as provides the infra-
structure required to support its execution, including
administration and governance, creation of an InC3



Data Coordinating Center at the University of
California San Francisco, research exchange and
training for junior scientists and selected laboratory
procedures for harmonization of cohort data. The be-
havioural, clinical and virological data and access to
stored specimens from this merged study have the
potential to provide invaluable insights into the con-
trol of HIV and HCV infections, inform vaccine devel-
opment and improve clinical management of these
infections.



The research programme plans to conduct studies of
risk, incidence and the natural history of HIV and
HCV infection from a unique pooled data set, com-
piled from the nine prospective observational cohorts
studying incident HCV in PWID.15,16,18–23



Who is in the cohort?
The geographic scope of the sample is shown in
Figure 1. InC3 has wide geographical representation,
including four cohorts of PWID from Australia,15–18



one in Canada,19 one in the Netherlands20 and three
in the USA.21–24 Study cohorts identify acute HCV
cases (and some cohorts, HIV cases) through
follow-up of high-risk HCV antibody-negative PWID
(seven cohorts) or through clinical referral networks
(two cohorts). The study methodologies for the co-
horts involved in the InC3 Study are shown in Table 2.



The first merger for the InC3 Study was focused on
data for an analysis of spontaneous clearance of acute
HCV infection in PWID and thus only included those
with acute HCV infection. Criteria for inclusion in the
first pooled InC3 data set included a history of inject-
ing drug use, documented HCV antibody seroconver-
sion within a 2-year window period (recent HCV
infection) and 52 HCV ribonucleic acid (RNA) tests
after HCV seroconversion. Data were pooled on 522
participants from eight participating cohorts for the
first data merge.



The InC3 Study has been expanded for the second
data merge and includes participants who remain
seronegative to HCV antibodies (not exposed) in add-
ition to participants with acute HCV infection to fa-
cilitate investigation into the epidemiology of acute
HCV infection. The inclusion of individuals without
HCV infection provides an opportunity to assess fac-
tors associated with incident HCV infection. Data
from all nine participating cohorts were included.
Criteria for inclusion in the second pooled InC3 data
set included either



(i) HCV-infected participants with HCV antibody
seroconversion (52 HCV antibody or RNA
tests); or



(ii) HCV-uninfected participants with no HCV anti-
body seroconversion (52 HCV antibody tests).



Participants with HIV infection were included if they
met the criteria outlined previously. Documented HCV
antibody seroconversion is defined as either: (i) an
anti-HCV–negative test followed by either an
anti-HCV–positive test or an HCV RNA positive test
within an interval of 2 years or less; or (ii) evidence
of seroconversion illness (jaundice or symptomatic
HCV illness). To date, data from 1986 to 2010 have
been received from all nine contributing cohorts,
including a completed data set (N¼ 2037) with 821
HCV-infected participants and 1216 HCV-uninfected
participants. The participant characteristics among
the overall study population as stratified by HCV sero-
conversion (exposure to HCV) are shown in Table 3.



How often have they been
followed up?
Participant follow-up for InC3 cohorts is shown in
Tables 2 and 4. Behavioural and clinical data are col-
lected as per individual cohort follow-up schedules
(Table 2). Sensitive qualitative HCV RNA testing
(limit of detection: <50 IU/ml) has been performed
in all cohorts. Blood samples are systematically col-
lected and stored in all cohorts, enabling laboratory
testing on historical samples.



Overall, the median follow-up of InC3 participants
was 2.0 years, and cohort-specific median follow-up
ranged from 1.1 to 13 years. Table 4 shows cohort-
specific follow-up characteristics. Participant retention
over the first 2 years of follow-up varied. For example,
at 6 months, retention ranged from 49 to 97%. Similar
patterns are observed at 12, 18 and 24 months of
follow-up. Twelve-month retention ranged from 0 to
87%. The number of behavioural assessments per par-
ticipant was similar between cohorts (median visits:
2–7), with the exception of Amsterdam Cohort
Studies (median visits: 19). The median number of
phlebotomy visits was variable across cohorts.
Several sites had median phlebotomy visits between
two and eight, and three sites had more visits
(median visits: 12, 17 and 20, respectively).



What has been measured?
The preparation of data for the first merger of data for
the InC3 Study was developed based on the HIV
Cohorts Data Exchange Protocol for data sharing.
The centralized data processing for the second set of
analyses from the InC3 Study occurs only once. Each
cohort gathers and computerizes its own data; subse-
quently, it is merged in a database in San Francisco at
the University of California, San Francisco. A standar-
dized operating procedure for formatting of tables and
fields for data submission has been developed and
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implemented as per the first data merger and revised
with the second merger.



As shown in Table 2, data collected include baseline
and longitudinal information on demographics (date of
birth, gender, ethnicity, injecting behaviours), host
genetics (e.g. interleukin-28B testing), HCV RNA
testing (qualitative and qualitative HCV RNA, HCV
genotype, assays used), alanine transaminase testing,
HIV/hepatitis B virus testing, HCV therapy, loss to
follow-up and mortality. Data are sent with password
protection to the co-ordinating centre at the University
of California San Francisco and are converted and
stored in an ORACLE database. After submission,
data are cleaned at the co-ordinating centre and ques-
tions about potential errors and any discrepant infor-
mation are sent to the sites for clarification. The
co-ordinating centre then works with the sites to ad-
dress queries and ensure high data quality. The data
are then subsequently merged for pooled analyses.



What has it found? Key findings
and publications
A better understanding of the host and viral factors
associated with spontaneous clearance of acute HCV
infection is central to guiding vaccine design and
therapeutic management. However, little is known
about factors influencing spontaneous clearance
during acute HCV, given the small numbers of reported



cases and heterogeneity in design and methods be-
tween studies. Using data from the InC3 Study’s first
data merge, factors associated with spontaneous clear-
ance during acute HCV infection were evaluated.26



Among 517 with incident HCV infection (173 were
female), spontaneous clearance was observed in 26%
[95% confidence interval (CI) 22%, 31%] during the
first 2 years of infection. In adjusted logistic regression
analysis (Table 5), female sex (adjusted odds ratio
2.66, 95% CI 1.69–4.18; P < 0.001) and favourable CC
IL28B genotype (vs CT/TT: adjusted odds ratio 2.03,
95% CI 1.30–3.19; P¼ 0.002) were independently asso-
ciated with spontaneous clearance. These data suggest
that delayed therapeutic intervention during acute
HCV infection could be recommended for female indi-
viduals with favourable IL28B genotypes to allow time
for spontaneous clearance.



To guide future vaccine development, in a literature
review by Grebely et al.,27 investigators from the InC3



Study assessed data from studies of HCV clearance, re-
infection and persistence along with insights from stu-
dies of PWID. The review concluded that data from
chimpanzee and human studies of primary HCV infec-
tion, viral clearance and HCV reinfection indicate that
previous HCV infection is unlikely to provide substan-
tial levels of sterilizing immunity. However, those PWID
who spontaneously clear viraemia appear to have some
partial protection against reinfection on recurrent ex-
posure. Therefore, a vaccine designed to enhance spon-
taneous clearance of primary HCV may be effective.



Figure 1 Geographical locations of the nine participating cohorts in the InC3 study. This includes the following cohorts:
(1) Australian Trial in Acute Hepatitis C (ATAHC), Sydney, Australia; (2) Amsterdam Cohort Studies (ACS), Amsterdam,
the Netherlands; (3) Boston Acute HCV Study: Transmission, Immunity and Outcomes Network (BAHSTION), Boston, USA;
(4) Baltimore Before and After Acute Study of Hepatitis (BBAASH), Baltimore, USA; (5) St. Luc Cohort, HEPCO (for the
acute HCV subcohort), Montreal, Canada; (6) Hepatitis C Incidence and Transmission Study–community (HITS-c) (HCV
VPS/HITS-c), Sydney, Australia; (7) Hepatitis C Incidence and Transmission Study (HITS) in prison (HITS-p), Sydney,
Australia; (8) Networks 2 (N2), Melbourne, Australia; and (9) UFO STUDY, San Francisco, USA
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This early work from InC3 provides
important information on HCV
pathogenesis to guide vaccine
development.
A major question that has been explored in studies of
HCV reinfection after spontaneous clearance is whether
previous HCV infection reduces the chance of subse-
quent reinfection and/or increases the likelihood of



clearing any subsequent infection.16,20,22,28–31 Studies
investigating the potential for protection against HCV
reinfection among PWID had similar experimental de-
signs but produced conflicting results. In a study led by
Vickerman et al.,32 it was demonstrated quantitatively,
using mathematical modelling, that studies using long
HCV RNA testing intervals underestimate the incidence
of HCV reinfection and probability of spontaneous HCV
clearance after reinfection. These findings provide em-
pirical support for the hypothesis that long HCV RNA



Table 3 InC3 cohort participant characteristics



Characteristic Total (n¼ 2037)
Without HCV



infection (n¼ 1216)
With HCV



infection (n¼ 821)



Male sex, n (%) 1289 (63) 770 (63) 519 (63)



Age at enrolment, median (IQR) 26 (22–31) 26 (22–31) 26 (22–32)



Race, n (%)



Caucasian 1505 (74) 849 (70) 656 (80)



Black 56 (3) 29 (2) 27 (3)



Aboriginal/native American 142 (7) 87 (7) 55 (7)



Other 187 (9) 122 (10) 65 (8)



Unknown 147 (7) 129 (11) 18 (2)



Grade 12 education or greater, n (%) 782 (55) 455 (52) 327 (59)



Unstable housing at enrolment, n (%)a 429 (43) 253 (45) 176 (41)



Prison ever, n (%) 1175 (73) 779 (81) 396 (61)



HIV infection at enrolment, n (%) 51 (3) 11 (1) 40 (6)



History of injecting drug use, n (%) 2004 (98) 1216 (100) 788 (96)



Recent injecting drug use at enrolment, n (%) 903 (77) 553 (80) 350 (74)



HBV surface antigen positive at enrolment, n (%)b 27 (2) 7 (1) 20 (4)



HCV seronegative for 42 visits during follow-up, n (%)c 1490 (79) 1155 (95) 335 (50)



HCV seroconversion during follow-up, n (%) 614 (92) – 614 (92)



Mode of HCV acquisition, n (%)



Injecting drug use 785 (95) – 785 (95)



Sexual—same sex 24 (3) – 24 (3)



Sexual—opposite sex 6 (1) – 6 (1)



Other 5 (1) – 5 (1)



HCV genotyped, n (%)



Genotype 1 350 (43) – 350 (43)



Genotype 2 43 (5) – 43 (5)



Genotype 3 227 (28) – 227 (28)



Genotype 4 7 (1) – 7 (1)



Genotype 6 4 (0) – 4 (0)



Mixed 14 (2) – 14 (2)



Unknown 176 (21) – 176 (21)



HCV treatment during follow-up, n (%)e 159 (30) – 159 (30)



aIncarcerated participants and those with unknown housing excluded (n¼ 869).
bPercentage of persons with a known test result.
cATAHC and BAHSTION participants recruited after seroconversion and not included (n¼ 219).
dFirst identified genotype.
eTreatment status not reported by BAHSTION and UFO.
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testing intervals may account for lower rates of reinfec-
tion in PWID with spontaneous clearance when com-
pared with rates of primary infection.16,20,22,28–31 The
mechanism behind this finding is simply that broad
HCV testing intervals miss HCV reinfection events
with spontaneous clearance, particularly if the duration
of reinfection is less than the HCV RNA testing inter-
val. The results of this study have important implica-
tions for HCV vaccine design because they suggest that
although absolute protection against primary reinfec-
tion (sterilizing immunity) is probably overestimated,
the rate of spontaneous clearance of reinfection (partial
protective immunity against persistent HCV reinfec-
tion) is also underestimated.



A complete list of publications for the InC3 Study is
located at the following web address: https://inc3.epi-
ucsf.org/publications.aspx?Cat¼1&SubCat¼7. Further
data from subsequent mergers will improve the ability
to perform novel analyses of HCV epidemiology not
possible in other studies. These analyses include, but
are not limited to, examining temporal trends in HIV
and HCV incidence (including associated factors),
estimating the rate and determinants of spontaneous
clearance of acute HCV infection, estimating the rate
and predictors of HCV reinfection and assessing fac-
tors associated with treatment response for acute HCV
infection.



What are the main strengths and
weaknesses?
The nine cohorts comprising InC3 have a great deal in
common, including systematic follow-up with regular
serological testing for HCV and HIV, HCV RNA testing
and methodically collected demographic, behavioural
and clinical information. InC3 offers an unprece-
dented opportunity to overcome the limitations of
current studies and address questions previously un-
answered owing to a lack of statistical power, limited
observation time, heterogeneous populations or other
constraints.



The InC3 Study will significantly enrich the study of
HIV and HCV risk and outcomes in the following
way: (i) as these outcomes are best examined by pro-
spective studies that require time and extensive fund-
ing resources, this project is extremely efficient in
using existing prospective studies and data that
have already been collected; (ii) by merging data,
InC3 will have enough power to study rare outcomes
that may offer significant insights into disease pre-
vention and pathogenesis; (iii) there are opportunities
for researchers to explore new methods to examine
cross-study comparisons; (iv) InC3 will result in new
collaborative explorations and promote long-term po-
tential for the project; and (v) the InC3 team will
encourage further research, generate new hypotheses,
encourage training of postgraduates and postdoctoralT
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fellows and support scientists’ collaborations in new
areas within the fields of virology and immunology.



However, many of the challenges facing the InC3



Study relate to strengths enumerated previously.
Challenges for merging pooled data across multiple
studies present both structural and contextual chal-
lenges. Participating cohorts bring a range of data
types and structures that present issues surrounding
both inconsistent measurement and biological data
testing protocols. Further, ‘retrofitting’ data from
cohorts presents special challenges with respect to
handling and testing synchronization of events.
Nevertheless, these challenges provide opportunities
to use our team’s diverse collective expertise to
develop new methodologies to provide solutions.
Internationally, behaviours and exposures can vary
for many reasons, such as types of drugs and routes
of administration. Although some differences between
sites may impose limitations, we also foresee these
differences as opportunities to explore population-
related factors, temporal features and access to care.



Can I get hold of the data? Where
can I find out more?
We encourage the participation of other interested in-
vestigators and graduate students to collaborate with
the InC3 Study. As the InC3 Study evolves, it is



anticipated that new sites may be invited to partici-
pate to expand the geographic and population repre-
sentation in the collaboration. Potential collaborators
should contact the InC3 principal investigator Dr
Kimberly Page (KPage@psg.ucsf.edu) for further in-
formation. Readers who wish to find out more should
visit the InC3 website at https://InC3.epi-ucsf.org.



Funding
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M.H. additionally by a VicHealth Senior Research



Table 5 Factors associated with spontaneous clearance of HCV infection



Characteristic
Odds
ratio 95% CI P Overall



Adjusted
odds ratio 95% CI P



Age (years) –



<25 1.00 – – – – – –



25–29 0.94 0.57–1.56 0.818 – – –



30–34 1.01 0.55–1.85 0.984 0.971 – – –



535 0.88 0.49–1.56 0.653 – – – –



Female sex (vs male) 2.32 1.55–3.49 <0.001 – 2.66 1.69–4.18 <0.001



Ethnicity



Caucasian 1.00 – – – – – –



Indigenous 2.06 1.00–4.26 0.050 – – – –



Asian 0.93 0.25–3.51 0.920 0.139 – – –



Black 0.28 0.04–2.22 0.228 – – – –



Recent injecting drug use (vs none) 0.52 0.30–0.90 0.020 – – – –



HIV infection (vs none) 1.06 0.50–2.26 0.882 – – – –



HCV genotype



Genotypes 2/3 1.00 – – – – – –



Genotype 1 1.49 0.94–2.35 0.091 0.237 – – –



Other genotypes 1.20 0.42–3.47 0.735 – – – –



IL28B favourable genotype
(rs12979860 CC vs. CT/TT)



1.89 1.23–2.91 0.004 – 2.03 1.30–3.19 0.002



THE INC3 STUDY 9



 by guest on D
ecem



ber 2, 2012
http://ije.oxfordjournals.org/



D
ow



nloaded from
 





https://InC3.epi-ucsf.org


http://ije.oxfordjournals.org/








Fellowship. Other research support includes NIH U19
AI088791 (A.C.), NIH U19 AI066345 (A.K., G.L. and
B.M.), U19 AI082630 (NIAID; A.K., G.L. and B.M.),
R01 DA033541 (NIDA; A.K., G.L. and B.M.), and RO1
DA016017 (K.P.)



Acknowledgements
All authors contributed to the design of the InC3



Study. All authors contributed data to the InC3



Study. Authors J.G., M.M. and T.R. drafted the first
draft of the manuscript, which was reviewed by K.P.
The primary statistical analysis was conducted by T.R.,
J.G., M.M. and K.P. reviewed the data analysis. All
authors contributed to and have approved the final
manuscript.



Conflict of interest: None declared.



KEY MESSAGES



� Spontaneous clearance of HCV occurs in �26% of individuals with acute infection and associated
factors include female sex and favourable interleukin-28B genotype.



� Data from chimpanzee and human studies of primary HCV infection, viral clearance and HCV re-
infection indicate that previous HCV infection is unlikely to provide substantial levels of acquired
sterilizing immunity, but characterization of the course of primary HCV infection and reinfection
suggests that some protection against persistent HCV reinfection is developed through previous HCV
infection.



� Studies using long HCV RNA testing intervals underestimate the incidence of HCV reinfection and
the probability of spontaneous HCV clearance after reinfection, thus underestimating the potential for
partial protective immunity against persistent HCV reinfection, which has important implications for
HCV vaccine design.
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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 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. 
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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 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. 
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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, 
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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 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 
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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.  
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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).
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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 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 
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(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.  
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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 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; 
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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).  
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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 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). 
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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 
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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.  



 



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 
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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 
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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 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 
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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.  
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Table 1. Characteristics of participants with acute HCV infection in the InC
3
 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*   
   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) 
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†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 2. Cox proportional hazards analysis of predictors of time to spontaneous HCV clearance among participants with acute 



HCV infection (n=632). 



 



  



Clearance 
Rate  



(/100 pyo) 
Unadjusted  



HR (95% CI) P 



P 



overall 



Model 1  
Adjusted for age 



HR¥ 
(95% CI) P 



Model 2  
Adjusted for age and site 



HR‡ 
(95% CI) P 



Site         
   UFO 21.3 1.00 - 0.313 - - - - 
   ATAHC 26.5 0.89 (0.53, 1.49) 0.645 - - - - - 
   BAHSTION 33.8 1.23 (0.65, 2.31) 0.527 - - - - - 



   BBAASH 21.4 1.19 (0.75, 1.90) 0.464 - - - - - 
   HEPCO 18.2 0.80 (0.44, 1.47) 0.476 - - - - - 
   HIT-c 48.7 1.51 (0.46, 4.94) 0.497 - - - - - 



   HIT-p 11.2 0.63 (0.35, 1.13) 0.123 - - - - - 
   N2 14.4 0.75 (0.26, 2.13) 0.589 - - - - - 
   ACS 21.1 1.36 (0.77, 2.39) 0.289 - - - - - 



Age categorized*         
   <30 years 23.3 1.00 - 0.185 1.00 - 1.00 - 
   30-39 years  20.0 0.86 (0.57, 1.29) 0.456 - 0.99 (0.61, 1.62) 0.976† 1.05 (0.63, 1.74) 0.862†† 
   >40 years 14.8 0.61 (0.35, 1.06) 0.077 - 0.80 (0.41, 1.57) 0.522 0.84 (0.42, 1.69) 0.630 
Female sex (vs. male sex) 34.3 2.03 (1.51, 2.74) <0.001 - 2.16 (1.48, 3.18) <0.001 2.11 (1.43, 3.10) <0.001 
Symptomatic HCV infection*         
   No 11.5 1.00 - 0.007 - - - - 
   Yes 32.5 2.48 (1.36, 4.52) 0.003 - - - - - 
   Unknown 20.0 2.29 (1.34, 3.92) 0.003 - - - - - 
Ethnicity         
   Caucasian 20.8 1.00 - 0.763 - - - - 
   Aboriginal 20.4 1.11 (0.58, 2.10) 0.760 - - - - - 
   Asian 21.7 0.90 (0.29, 2.82) 0.852 - - - - - 
   Black 9.8 0.54 (0.20, 1.47) 0.231 - - - - - 
   Other 22.5 1.13 (0.67, 1.93) 0.643 - - - - - 
IL28B CC genotype (vs. CT/TT) 29.5 1.90 (1.38, 2.62) <0.001 - 2.26 (1.52, 3.34) <0.001 2.20 (1.48, 3.26) <0.001 
HIV infection (vs. no HIV infection) 23.1 0.88 (0.41, 1.88) 0.744 - - - - - 
HCV genotype 1 (vs. genotype non-1)



£,ρρρρ 18.1 1.49 (1.03, 2.16) 0.035 - 1.56 (1.06, 2.30) 0.025 1.44 (0.97, 2.14) 0.074 
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*At the time of incident HCV infection, ¥includes 448 participants in the final adjusted model, †overall P=0.813, ††overall P=0.856, ‡includes 448 participants in the 
final adjusted model and is adjusted for site using a random-effects model including a frailty term to adjust for site, £among those with available genotypes. pyo, 
person-years observation, 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. ρHCV genotype 
2  (vs 1; HR 0.84; 95%CI, 0.39, 1.82), HCV genotype 3 (vs 1; HR 0.68; 95%CI, 0.45, 1.02), HCV genotype 4 (vs 1; HR 0.41; 95%CI, 0.06, 2.98), mixed HCV 
genotype (vs 1; HR 0.57; 95%CI, 0.14, 2.32), unknown genotype (vs. 1; HR 3.40, 95%CI, 2.38, 4.87).
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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 genotype



α
   



 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 genotype



β
   



 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, ‡includes 297 participants in the final adjusted model, αincludes 227 participants in the final 
adjusted model, βincludes 221 participants in the final adjusted model.
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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. 



 



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. 



 



Figure 3. Predictors of time to spontaneous HCV clearance among participants with acute 



HCV infection. 



 



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.  



 



 



Page 30 of 37



Hepatology



Hepatology











  



 



 



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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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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Predictors of time to spontaneous HCV clearance among participants with acute HCV infection.  
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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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Supplementary Table 1. Characteristics of participants with acute HCV infection in the 



InC
3
 Study by cohort (n=632) 



Site 



Mean age at 



detection of 



acute HCV 



infection (SD) 



Female 



sex  



(n, %
†
) 



IL28B CC 



genotype 



(n, %
†
) 



HCV 



genotype 1 



(n, %
†
)  



Clearance 



rate (/100 



pyo*) 



UFO (n=115, 18%) 23.5 (3.7) 41 (36) 44 (44) 56 (55) 21.3 



ATAHC (n=119, 19%) 33.1 (9.9) 38 (32) 58 (50) 56 (49) 26.5 



BAS (n=49, 8%) 28.4 (8.5) 26 (53) 13 (37) 27 (73) 33.8 



BBAASH (n=114, 18%) 24.5 (3.7) 50 (45) 50 (52) 80 (80) 21.4 



HEPCO (n=75, 12%) 34.0 (9.5) 12 (16) 27 (59) 22 (45) 18.2 



HITC (n=10, 2%) 25.0 (5.0) 5 (50) 6 (60) 3 (43) 48.7 



HITP (n=89, 14%) 27.7 (7.0) 32 (36) 41 (59) 32 (40) 11.2 



NET (n=17, 3%) 24.9 (4.2) 5 (29) 7 (50) 6 (38) 14.4 



ACS (n=44, 7%) 30.7 (8.0) 19 (43) 20 (47) 15 (50) 21.1 



* person-years observation, 
†
Percentages indicate column percentages, 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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Supplementary Table 2. Characteristics of participants with acute HCV infection in the 



InC
3
 Study who did (estimated duration of infection >26 weeks) and did not receive HCV 



treatment (n=632) 



  



Treated 



(n=101) 



Untreated 



(n=531) 



Site 



   UFO 0 (0) 115 (22) 



   ATAHC 71 (70) 48 (9) 



   BAHSTION 10 (10) 39 (7) 



   BBAASH 0 (0) 114 (21) 



   HEPCO 13 (13) 62 (12) 



   HIT-c 0 (0) 10 (2) 



   HIT-p 4 (4) 85 (16) 



   N2 0 (0) 17 (3) 



   ACS 3 (3) 41 (8) 



Female sex 



   Male 75 (74) 327 (62)
#
 



   Female 26 (26) 202 (38) 



IL28B genotype (rs12979860) 



   TT/CT 51 (53) 225 (51) 



   CC 46 (47) 220 (49) 



HCV genotype* 



   Genotype non-1 44 (46) 196 (44) 



   Genotype 1 51 (54) 246 (56) 



All percentages indicate column percentages, *At the time of incident HCV infection, 
# 
P=0.017; 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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Supplementary Table 3. Sensitivity analyses investigating separate Cox proportional 



hazards models restricting to those with early acute HCV infection (n=121), when the mid-



point method was to estimate the date of HCV infection (n=448) or when participants 



treated for HCV infection were excluded (n=335). 



Model   



Adjusted HR 



(95% CI) P 



1 Early acute HCV infection
¥
   



 Adjusted for age, sex,  IL28B genotype and HCV genotype   



 Female sex (vs. male sex)  4.48 (2.04, 9.86) <0.001 



 IL28B CC genotype (vs. CT/TT) 4.40 (1.91, 10.14) 0.001 



 HCV genotype 1 (vs. genotype non-1) 4.19 (1.58, 11.11) 0.004 



    



2 Mid-point estimation for calculating date of infection‡   



 Adjusted for age, sex and IL28B genotype and HCV genotype   



 Female sex (vs. male sex)  2.19 (1.49, 3.22) <0.001 



 IL28B CC genotype (vs. CT/TT) 2.29 (1.54, 3.38) <0.001 



 HCV genotype 1 (vs. genotype non-1) 1.57 (1.06, 2.32) 0.023 



    



3 Treated individuals excluded†   



 Adjusted for age, sex and IL28B genotype and HCV genotype   



 Female sex (vs. male sex)  2.14 (1.46, 3.14) <0.001 



 IL28B CC genotype (vs. CT/TT) 2.21 (1.49, 3.27) <0.001 



 HCV genotype 1 (vs. genotype non-1) 1.60 (1.09, 2.37) 0.017 
¥
includes 121 participants in the final adjusted model due to missing data for some participants, 



‡
includes 448 



participants in the final adjusted model due to missing data for some participants, 
†
includes 335 participants in the 



final adjusted model due to missing data for some participants. 
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