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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 prospective 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 contributing cohorts, with 821 HCV-infected and 1216 HCV-uninfected participants (overall, n ¼ 2037). Data collected include demographics,
host genetics, HCV ribonucleic acid testing, alanine aminotransferase 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.
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Why was the cohort set up?
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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 approximately 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 million 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 comorbidity.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 understanding of how to prevent and treat HIV among
PWID, this has not been the case for HCV.
Compared with HIV, HCV is significantly more infectious 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 preventive 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 benefits 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 geographic regions, in particular declines in HIV infection, 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 syndrome 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 infections, and offered unprecedented information on
complex diagnostic, preventive and treatment strategies. 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 possible within individual research centres; and
(iii) bring together researchers across many disciplines to answer a broad range of research questions.
The unique breadth of data on acute HCV infection
are complemented with data on prevalent and incident HIV infections, enabling a variety of study outcomes 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 (epidemiology, clinical sciences, immunology and virology) and discussions around potential funding
opportunities.
The first data merge, consisting of behavioural, clinical 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 investigated 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 support 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 epidemiology, behavioural, clinical and biological factors
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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 cohorts 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 injecting drug use, documented HCV antibody seroconversion 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 addition to participants with acute HCV infection to facilitate investigation into the epidemiology of acute
HCV infection. The inclusion of individuals without
HCV infection provides an opportunity to assess factors 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 antibody 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 (N ¼ 2037) with 821
HCV-infected participants and 1216 HCV-uninfected
participants. The participant characteristics among
the overall study population as stratified by HCV seroconversion (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 collected 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 collected 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 cohortspecific 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 participant 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; subsequently, it is merged in a database in San Francisco at
the University of California, San Francisco. A standardized operating procedure for formatting of tables and
fields for data submission has been developed and
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associated with HIV and HCV infections in PWID.
This supports and cultivates a significant and innovative scientific agenda, as well as provides the infrastructure 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 behavioural, clinical and virological data and access to
stored specimens from this merged study have the
potential to provide invaluable insights into the control of HIV and HCV infections, inform vaccine development 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, compiled from the nine prospective observational cohorts
studying incident HCV in PWID.15,16,18–23
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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 questions about potential errors and any discrepant information are sent to the sites for clarification. The
co-ordinating centre then works with the sites to address 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 between studies. Using data from the InC3 Study’s first
data merge, factors associated with spontaneous clearance 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; P ¼ 0.002) were independently associated with spontaneous clearance. These data suggest
that delayed therapeutic intervention during acute
HCV infection could be recommended for female individuals 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, reinfection and persistence along with insights from studies of PWID. The review concluded that data from
chimpanzee and human studies of primary HCV infection, viral clearance and HCV reinfection indicate that
previous HCV infection is unlikely to provide substantial levels of sterilizing immunity. However, those PWID
who spontaneously clear viraemia appear to have some
partial protection against reinfection on recurrent exposure. Therefore, a vaccine designed to enhance spontaneous clearance of primary HCV may be effective.
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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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Six months beginning in 2003.
b
Four-week interval during treatment.
c
Collection based on clinical follow-up.
d
Incident cases have follow-up testing at baseline, 2, 4, 6, 8, 12 and 24 months until October 2010 (baseline, 1 month and 3 months until October 2010 and later).
e
Incident cases have follow-up testing at baseline, 2, 4, 6, 8, 12 and 24 months. Participants enrolled with HCV antibody have follow-up at baseline, 3 months and 6 months.
f
Collection from HIV participants only.
g
Between 1989 and 1994; for HIV þ and a random sample of HIV  participants in 1995 and later.
Cobas, COBAS AMPLICOR HCV Test v2.0 (Roche Diagnostics, Mannheim, Germany); Taqman, COBAS TaqMan HCV Test (Roche Diagnostics, Mannheim, Germany), TMA,
VERSANT HCV RNA Qualitative Assay (TMA) (Siemens Healthcare Diagnostics, Tarrytown, NY, USA), bDNA, VERSANT HCV RNA 3.0 Assay (bDNA) (Siemens Healthcare
Diagnostics, Tarrytown, NY, USA).
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Table 2 InC3 cohort research methods
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Table 3 InC3 cohort participant characteristics
Characteristic

Total (n ¼ 2037)
1289 (63)

Male sex, n (%)
Age at enrolment, median (IQR)

26 (22–31)

Without HCV
infection (n ¼ 1216)
770 (63)
26 (22–31)

With HCV
infection (n ¼ 821)
519 (63)
26 (22–32)

Race, n (%)
Caucasian
Black

1505 (74)

849 (70)

656 (80)

56 (3)

29 (2)

27 (3)

Aboriginal/native American

142 (7)

87 (7)

55 (7)

Other

187 (9)

122 (10)

65 (8)

Unknown
Grade 12 education or greater, n (%)
Unstable housing at enrolment, n (%)a
Prison ever, n (%)
History of injecting drug use, n (%)
Recent injecting drug use at enrolment, n (%)
HBV surface antigen positive at enrolment, n (%)b
HCV seronegative for 42 visits during follow-up, n (%)

c

129 (11)

18 (2)

455 (52)

327 (59)

429 (43)

253 (45)

176 (41)

1175 (73)

779 (81)

396 (61)

51 (3)

11 (1)

40 (6)

2004 (98)

1216 (100)

788 (96)

903 (77)

553 (80)

350 (74)

27 (2)

7 (1)

20 (4)

1490 (79)

1155 (95)

335 (50)

614 (92)

–

614 (92)

Injecting drug use

785 (95)

–

785 (95)

Sexual—same sex

24 (3)

–

24 (3)

HCV seroconversion during follow-up, n (%)
Mode of HCV acquisition, n (%)

Sexual—opposite sex

6 (1)

–

6 (1)

Other

5 (1)

–

5 (1)

350 (43)

–

350 (43)

HCV genotyped, n (%)
Genotype 1
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
Unknown
HCV treatment during follow-up, n (%)e

14 (2)

–

14 (2)

176 (21)

–

176 (21)

159 (30)

–

159 (30)

a

Incarcerated participants and those with unknown housing excluded (n ¼ 869).
Percentage of persons with a known test result.
c
ATAHC and BAHSTION participants recruited after seroconversion and not included (n ¼ 219).
d
First identified genotype.
e
Treatment status not reported by BAHSTION and UFO.
b

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 subsequent 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 designs 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 empirical support for the hypothesis that long HCV RNA
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HIV infection at enrolment, n (%)

147 (7)
782 (55)

16 (n/a)b
–
2 (2)
0 (0)
7 (3)
–
2 (6)

What are the main strengths and
weaknesses?

Percentage of participants with known survival status.
Denominator unknown owing to high false-negative rate.
b

a

29 (18)
Deaths, n (%)a

5 (3)

4 (2–7)

4 (2–6)
7 (4–9)

6 (4–9)
3 (2–5)

2 (1–3)
5 (4–6)

5 (4–6)
8 (4–14)

5 (3–8)
–

13 (4–23)
6 (4–9)

–
5 (3–6)

12 (8–16)

19 (9–32)

20 (9–32)
Number of phlebotomy visits, median (IQR)

143 (87)
Enrolled at 24 months, n (%)

Number of behavioural interviews, median (IQR)

186 (45)

128 (31)
44 (57)

56 (73)
258 (52)

221 (44)
0 (0)

37 (37)

160 (53)

161 (61)

191 (64)

18 (29)

150 (91)
Enrolled at 18 months, n (%)

31 (20)

159 (96)
Enrolled at 1 year, n (%)

57 (37)

21 (33)

184 (69)

238 (58)
63 (82)

72 (94)
331 (66)

295 (59)
67 (68)

85 (86)

220 (73)
26 (41)

208 (78)

244 (81)
31 (49)
160 (97)
Enrolled at 6 months, n (%)

103 (66)

130 (83)

242 (91)

N2
77
HITS-p
500
HITS-c
99
HEPCO
266
BBAASH
300
BAHSTION
63
ATAHC
156
ACS
165
Enrolled at baseline, n (%)

testing intervals may account for lower rates of reinfection in PWID with spontaneous clearance when compared 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 interval. The results of this study have important implications for HCV vaccine design because they suggest that
although absolute protection against primary reinfection (sterilizing immunity) is probably overestimated,
the rate of spontaneous clearance of reinfection (partial
protective immunity against persistent HCV reinfection) is also underestimated.
A complete list of publications for the InC3 Study is
located at the following web address: https://inc3.epiucsf.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 factors associated with treatment response for acute HCV
infection.

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 unprecedented opportunity to overcome the limitations of
current studies and address questions previously unanswered 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 prospective studies that require time and extensive funding 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 prevention 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 potential for the project; and (v) the InC3 team will
encourage further research, generate new hypotheses,
encourage training of postgraduates and postdoctoral
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Table 4 InC3 cohort follow-up characteristics by cohort

312 (76)
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Table 5 Factors associated with spontaneous clearance of HCV infection
Characteristic
Age (years)

Odds
ratio

95% CI

P

Overall
–

–

–

Adjusted
odds ratio

95% CI

P

<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

–

–

–

–

2.32

1.55–3.49

<0.001

–

2.66

1.69–4.18

<0.001

–

Female sex (vs male)

–

–

–

–

–

–

Ethnicity
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

–

–

–

–

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

–

–

–

–

1.89

1.23–2.91

0.004

–

2.03

1.30–3.19

HCV genotype

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

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 challenges. 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 populationrelated 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 investigators and graduate students to collaborate with
the InC3 Study. As the InC3 Study evolves, it is

–

0.002

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

 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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