
Assessing the feasibility of hepatitis C virus vaccine trials: 
Results from the Hepatitis C Incidence and Transmission Study- 
community (HITS-c) vaccine preparedness study

Bethany White1, Annie Madden2, Maria Prins3,4, Margaret Hellard5, Handan Wand1, 
Gregory J Dore1, Kimberly Page6, and Lisa Maher1

1The Kirby Institute, UNSW Australia, Sydney, NSW, 2052, Australia 2Australian Injecting & Illicit 
Drug Users League (AIVL), Sydney Building, Level 2/112-116 Alinga Street, Canberra ACT 2600, 
Australia 3Academic Medical Centre, Center for Infection and Immunity Amsterdam (CINIMA) 
University of Amsterdam, The Netherlands 4Cluster of Infectious Diseases, Department of 
Research, Public Health Service, Amsterdam, The Netherlands 5Centre for Population Health, 
The Macfarlane Burnet Institute for Medical Research, 85 Commercial Road, Melbourne Victoria 
3004, Australia 6Department of Epidemiology and Biostatistics, University of California San 
Francisco, 50 Beale Street, Suite 1200, San Francisco, CA 94105, USA

Abstract

Efficacy trials of preventive hepatitis C virus (HCV) vaccine candidates raise complex and 

challenging scientific and ethical issues. Based on data from the first three years of a community-

based prospective observational study – the Hepatitis C Incidence and Transmission Study-

community (HITS-c) – this paper examines the feasibility of conducting trials of candidate HCV 

vaccines with people who inject drugs (PWID). Of the 166 PWID confirmed HCV antibody 

negative and eligible for enrolment, 156 (94%) completed baseline procedures. Retention was 

high, with 89% of participants retained at 48 weeks and 76% of participants completing at least 

75% of study visits within two weeks of schedule. The rate of primary HCV infection was 7.9/100 

py (95% CI 4.9, 12.7). Of the 17 incident cases, 16 completed at least one follow-up assessment 

by 24 weeks and 12 (75%) had evidence of chronic viremia with progression to chronic HCV 

infection estimated to be 6/100 py. Power calculations suggest a chronic HCV infection rate of at 

least 12/100 py (primary HCV infection rate 16/100 py) will be required for stand-alone trials of 

highly efficacious candidates designed to prevent chronic infection. However, elevated primary 

HCV infection was observed among participants not receiving opioid substitution therapy who 

reported heroin as the main drug injected (26.9/100 py 95% CI 14.5, 50.0) and those who reported 
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unstable housing (23.5/100 py 95% CI 7.6, 72.8), daily or more frequent injecting (22.7/100 py 

95% CI 12.2, 42.2) and receptive syringe sharing (23.6/100 py 95% CI 9.8, 56.7) in the six months 

prior to baseline. These data suggest that it is possible to recruit and retain at-risk PWID who 

adhere to study protocols and that modification of eligibility criteria may identify populations with 

sufficiently high HCV incidence. Results support the feasibility of large multi-centre HCV vaccine 

trials, including in the Australian setting.

Keywords

hepatitis C virus; vaccine preparedness study; people who inject drugs

Introduction

Feasibility or vaccine preparedness studies (VPS) support Phase III vaccine trial design 

through increasing understanding of the mechanisms and effects of interventions, identifying 

barriers to trial participation, improving ethical informed consent procedures, and informing 

recruitment, retention and adherence strategies [1–3]. VPS lay the groundwork for future 

trials by answering key scientific questions, building community capacity, and establishing 

the necessary infrastructure for trial conduct [2]. A key aim of these studies is to 

demonstrate capacity to recruit and retain at-risk individuals with sufficient clinical trial 

literacy (CTL) and willingness to participate (WTP) in future trials [1, 4].

Identified over 20 years ago [5], the hepatitis C virus (HCV) is a major cause of morbidity 

and mortality worldwide with approximately 3% of the world’s population infected [6]. 

Chimpanzee studies indicate that generation of protective immunity against HCV via 

vaccination is possible [7–10]. In two Phase I trials, preventive vaccines candidates were 

shown to be safe and immunogenic [11, 12]. An additional two trials in humans are 

currently in progress. The first is a Phase I trial of healthy volunteers and people with HCV 

(ClinicalTrials.gov identifier: NCT01296451) and the second is a staged Phase I/II trial of 

the same preventive candidate among people who inject drugs (PWID)(ClinicalTrials.gov 

identifier: NCT01436357).

As the key population at risk of HCV in developed countries [13], effective engagement and 

recruitment of large numbers of exposed but uninfected PWID will be required for 

successful Phase III vaccine trials. Trials of candidate HCV vaccines are likely to face 

particular challenges in attracting and retaining suitable participants and in developing 

appropriate protocols to assess safety, immunogenicity and efficacy [1]. The identification 

of populations with sufficiently high HCV incidence to demonstrate vaccine candidate 

efficacy will be of particular importance.

Previous Australian studies have documented high incidence of HCV among PWID [14, 

15]. HCV incidence in community-based cohorts of PWID has ranged between 10.7/100 py 

(95% CI 6.8, 16.8) [1990–1995] in Victoria [16], 30.8/100 py (95% CI 24.3, 39.0) [1999–

2002] in NSW and 44.1/100 py (95% CI 34.4–56.6) [1999–2002] in South West Sydney 

[17]. However, recent evidence suggests that HCV incidence may be declining among 

Australian PWID [18]. Temporal variations in HCV incidence highlight the importance of 
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current and accurate estimates of HCV incidence, which are crucial to power trials of 

candidates designed to prevent chronic HCV infection. Of note, the preventive vaccine 

candidate currently being assessed (ClinicalTrials.gov identifier: NCT01436357 & 

NCT01296451) aims to elicit a T-cell response associated with spontaneous clearance and 

therefore viral persistence estimates (progression to chronic HCV infection) are necessary 

for sample size projections for Phase III assessment.

While HIV VPS have included PWID, this population has typically comprised only a 

minority of study participants [19–21]. As part of the first HCV VPS, this paper reports key 

outcomes impacting HCV vaccine trial feasibility in PWID based on a community-based 

prospective observational study of HCV antibody negative PWID – the Hepatitis C 

Incidence and Transmission Study- community (HITS-c). The study aimed to identify 1) 

retention at 48 weeks; 2) adherence to study protocols; 3) HCV incidence by baseline 

characteristics and risk behaviour; 4) progression to chronic HCV infection; and 5) sample 

size estimates for future trials based on retention and chronic HCV infection observed in the 

HITS-c cohort.

Methods

Research methods have been previously described [22, 23]. Briefly, recruitment sites in 

three Sydney regions (South West, Inner and Western Sydney) were selected following ten 

months of ethnographic fieldwork [24]. Potentially eligible PWID were identified via 

targeted outreaching sampling [25] or incentivised peer referral. Those identified via 

targeted outreach sampling were approached directly by study staff and were not 

incentivised for referring peers to the study. The incentivised peer-referred sample were 

referred by their peers who received $30 AUD for each referral (up to three each), who were 

in turn incentivised $30 AUD for each peer they referred. Behavioural data and sera were 

collected by research assistants trained in venepuncture and pre- and post-test counselling.

Eligibility criteria for study screening were aged 16 years or older, self-reported HCV 

antibody (anti-HCV) negative or unknown status, injected drugs in the past 12 months and 

willingness to provide at least three forms of contact information. Enrolled participants 

received $50 AUD for the completion of baseline and follow-up risk behaviour and 

serological assessments every 24 weeks.

HCV antibody and RNA testing

Venous blood samples were screened for anti-HCV using standard ELISA (Abbott 

Architect™) and confirmed by Monlisa HCV Ultra Ag/Ab (BioRad™) and for HCV RNA 

by quantitative HCV detection assay COBAS Ampliprep/COBAS TaqMan HCV 2.0 

(Roche™). Anti-HCV and RNA testing was conducted every 12 or 24 weeks depending on 

HCV infection status.

HCV incident case definitions

Incident cases included participants who tested anti-HCV negative at screening and were 

positive for anti-HCV and/or HCV RNA at their first or subsequent 24 week follow-up visit 

post-baseline. Two additional participants with acute infection (anti-HCV negative at 
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screening and HCV RNA positive at baseline one week later) were included as prevalent 

incident cases. For all cases, date of infection was estimated as the midpoint between the last 

negative and first positive anti-HCV test, with the two prevalent incident cases contributing 

minimal HCV negative follow-up time given the first positive anti-HCV test occurred within 

six weeks of last negative test for both. Spontaneous HCV viral clearance was defined as a 

minimum of two consecutive negative RNA tests following incident infection by 24 week 

follow-up. Participants who did not demonstrate spontaneous clearance by 24 weeks were 

considered chronically infected.

Measures

Factors assessed for association with retention, adherence and HCV incidence included 

recruitment method, recruitment region and demographic characteristics: age (< the median 

age of 27 vs. those aged ≥27), gender, ethnic background (Anglo-Australian vs. culturally 

and linguistically diverse [CALD]), education, housing and employment status. 

Incarceration history, recent needle and syringe program (NSP) access and injecting risk 

behaviour were also examined in relation to all three outcomes. A composite variable was 

created to examine the proportion of participants potentially eligible for, but not currently 

receiving, opioid substitution therapy (OST), by combining responses to questions about the 

main drug injected and OST uptake in the last six months. Participants who indicated mainly 

injecting an opioid (primarily heroin but also methadone, buprenorphine or other opiates) 

and having been prescribed OST (methadone, buprenorphine or Suboxone) were the 

reference group. Associations between HCV incidence and WTP in future HCV vaccine 

trials were also examined. Finally whether HCV vaccine CTL was associated with HCV 

incidence was assessed (those who scored < the median score of 5 vs. those scoring ≥5 out 

of ten true/false questions) [22].

Data analysis

Data were analysed using Stata 12.1 [26]. Retention at 48 weeks was defined as completion 

at least one follow-up visit by 48 weeks post-enrolment. Factors significantly associated 

with retention (p≤0.05) in bivariate logistic regression were entered into a multivariate 

model. Using backwards stepwise elimination, only variables remaining significant at 

p≤0.05 were retained in the final model given a lack of consistently reported risk factors in 

the literature (e.g.[17, 27–30]). Adherence was examined among participants who had 

completed four quarterly study visits, with participants completing at least three out of four 

visits (75%) within 14 days of schedule defined as adherent. Using a similar approach, 

factors significantly associated with adherence (p≤0.1) in unadjusted logistic regression 

were entered into a multivariate model with stepwise elimination used to identify variables 

remaining significant at p≤0.1 for retention in the final model. Cumulative HCV incidence 

was estimated by dividing the total number of incident infections observed during the first 

three years of the study by the total number of person years (py) of observation, calculated 

from the date of screening to the estimated date of infection (incident cases) or the date of 

last follow-up prior to 31 October 2011 (non-infected cases). The exact binomial method 

was used to calculate 95% confidence intervals (CI). Cox proportional hazards models were 

used to assess baseline factors bivariately associated with HCV infection, producing hazard 

ratios (HRs) and corresponding CIs.
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Results

Between November 2008 and October 2011, 268 PWID were screened with 166 (62%) 

confirmed anti-HCV negative of whom 156 (94%) were enrolled. Slightly more participants 

were recruited via incentivised peer referral (n=91, 58%) than targeted outreach sampling 

(n=65, 42%). A majority were recruited in South West Sydney (n=97, 62%), with similar 

proportions recruited in Inner (n=30, 19%) and Western (n=29, 19%) Sydney.

Retention at 48 weeks

Eighty nine percent (106/119) of participants who had been enrolled for a minimum of 48 

weeks completed at least two follow-up visits by their 48 week anniversary. Factors 

independently associated with 48 week retention were recruitment in South West Sydney 

(adjusted odds ratio [AOR] 4.79; CI 1.00, 22.88), no incarceration in the past year (AOR 

6.09; CI 1.56, 23.75) and stable housing (AOR 4.79; CI 0.98, 23.28) (Table 1). Retention at 

72 weeks (89%) and 96 weeks (83%) remained high.

Adherence to study protocols

Virtually all (105/106) participants retained at 48 weeks completed all four quarterly study 

visits by their 48 week anniversary, of whom 80 (76%) completed at least three out of four 

(75%) visits within two weeks of schedule. Factors associated with adherence in unadjusted 

analyses at p≤0.1 included longer time since first injection (OR 2.25; CI 0.90, 5.63), 

recruitment via targeted outreach sampling (OR 0.43; CI 0.15, 1.18) and recruitment in 

South West Sydney (OR 3.13; CI 1.05, 9.34) which were entered into multivariate logistic 

regression. Only recruitment in South West Sydney remained independently associated with 

adherence (AOR 3.73; CI 1.17, 11.97).

Hepatitis C virus incidence by baseline characteristics and risk behaviour

Seventeen HCV incident infections were observed over 215 py of follow-up, yielding an 

incidence rate of 7.90/100 py (CI 4.9, 12.7). While higher HCV incidence was observed 

among female participants (12.9/100 py CI 6.7, 27.2), those from CALD backgrounds 

(13.6/100 py CI 7.1, 26.2) and those aged less than 27 years (12.8/100 py CI 0.74, 21.9) 

(Table 2), only age remained independently associated with incidence in multivariate 

analysis (adjusted HR 5.10; CI 1.54, 16.81) [31].

To examine whether modified eligibility criteria could identify populations at highest HCV 

risk, HCV incidence was calculated by baseline characteristics and risk behaviour (Table 3). 

Participants not on OST who reported heroin as the main drug injected in the past six 

months had an elevated rate of HCV infection (26.9/100 py CI 14.5, 50.0), as did those who 

reported unstable housing (23.5/100 py CI 7.6, 72.8), daily or more frequent injecting 

(22.7/100 py CI 12.2, 42.2), receptive syringe sharing (23.6/100 py CI 9.8, 56.7) and 

ancillary equipment sharing (17.6/100 py CI 5.7, 54.5) (Table 3). However, as previously 

reported, incident HCV infection was only independently associated with daily or more 

frequent injecting in the six months prior to baseline and not being on OST while mainly 

injecting heroin [31]. HCV incidence did not vary by stated WTP in future HCV vaccine 

trials or by CTL score (Table 4).
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Chronic HCV infection

Among the 16/17 incident cases who completed at least one follow-up assessment by 24 

weeks post-infection, four (25%) spontaneously cleared primary infection. The incidence of 

HCV with progression to chronic infection was estimated to be 0.75*7.9/100 py= 5.9/100 py 

(CI 3.7, 9.5).

Sample size estimates

Sample size estimates were informed by retention at 48 weeks and the observed incidence of 

chronic HCV infection at 24 weeks. Double the primary HCV infection incidence was also 

assessed as a comparison (16/100 py), guided by optimisation of eligibility criteria. 

Candidate vaccine efficacies (60%, 70% and 80%) were informed by prior HCV vaccine 

modelling [32] and consultation with investigators involved in a current Phase I/II HCV 

preventive vaccine trial among PWID in the US (ClinicalTrials.gov identifier: 

NCT01436357).

Sample size projections for the estimates of chronic HCV infection stratified by candidate 

efficacy were calculated (Tables 5 and 6). Based on the incidence of chronic HCV infection 

(6/100 py), an initial sample of n=912 anti-HCV negative PWID would be required for a 

trial of a candidate of 60% efficacy (Table 5). Alternatively, a candidate with 80% efficacy 

would reduce the required sample to n=344. Only when the rate of chronic infection was 

twice the observed rate (i.e. 12/100 py), and the efficacy of the candidate high (80%), did 

the required sample size required fall to n=176, a sample of comparable size to the HITS-c 

cohort (n=156).

Discussion

Primary HCV incidence in our study was ~8/100 py and the incidence of chronic infection 

was ~6/100 py. Sample size projections suggest that a primary infection rate double that 

observed in HITS-c would be required to evaluate a highly efficacious (80%) preventive 

candidate aiming to elicit a T-cell response associated with spontaneous clearance with a 

similar sample size. However, rates of primary HCV infection higher than 16/100 py were 

observed in several subgroups of HITS-c participants, including those who reported mainly 

injecting heroin while not receiving OST, those with unstable housing, and those who 

reported daily or more frequent injecting, receptive syringe and ancillary equipment sharing. 

These results suggest that by optimising eligibility criteria, sub-populations with sufficient 

HCV incidence can be identified, supporting future HCV vaccine field trial feasibility. Our 

data also suggest that the provision of OST and NSP in the context of future vaccine trials 

will be a necessary component of the standard of care.

The observed HCV incidence of 7.9/100 py in the current study is markedly lower than the 

30.8/100 py observed in PWID in NSW a decade earlier and substantially lower than the 

rate of 44.1/100 py observed in the Sydney arm of the same study [17]. Temporal variations 

in incidence underline the potential impact of this crucial element on trial planning. Indeed, 

lower than expected incidence rates have resulted in the premature termination of late-stage 

HIV prevention trials [4]. Further, sample size estimates for a Phase III Tenofovir trial 
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among PWID in Thailand, initially based on the earlier AIDSVAX B/E Vaccine Trial [33], 

had to be revised and the sample substantially increased due to an observed decrease in risk 

behaviour among participants [34].

A recent meta-analysis of HCV infection among PWID concluded that the acquisition of 

HCV in this group appears to vary both over time and between settings [35]. The authors 

suggested that the interval between injection initiation and HCV seroconversion may be 

widening, possibly as a result of the scaling-up of harm reduction interventions. Further, the 

cyclical nature of drug markets [36, 37] impact the natural history of injecting drug use, and 

interact with prevention coverage and HCV transmission. Epidemic stage and saturation of 

infection within at risk populations are also likely to impact observed incidence rates [19], as 

are changes in demographics, including mortality [38]. Consequently, continued monitoring 

of incident HCV infection among PWID is critical to ensure that trial designs are informed 

by contemporary data in order to reduce the risk of premature termination and null findings.

Retention in HITS-c at 48 weeks was 89% and remained high (83%) at 96 weeks, 

demonstrating that it is possible to retain anti-HCV negative active PWID in long-term 

follow-up. HITS-c retention was comparable to a previous HIV VPS (comprising only 23% 

PWID) which reported 88% retention at 18 months [19]. Importantly, we documented 

adherence to study visit protocols, an outcome rarely reported in HIV VPS. Adherence to at 

least three out of four study visits within two weeks of schedule was 76% suggesting the 

feasibility of future HCV vaccine field trials from this perspective. Both retention and 

adherence were independently associated with recruitment in South West Sydney, the region 

visited by the study team three times each week (compared to one day/week in the other 

regions) providing participants enrolled in these sites with greater opportunity to complete 

follow-up assessments.

Retention at 48 weeks was also independently associated with not having been incarcerated 

in the past year and stable housing at baseline. Unstable housing and recent criminal justice 

system involvement could be considered potential exclusion in future trials, given neither 

was associated with HCV infection and both factors reduced the odds of retention. However, 

incarceration [39, 40] and unstable housing [41–43] have been associated with HCV 

incidence in other settings, and HCV incidence was notably higher (23.5/100 py) among 

unstably housed participants in the current study. The optimisation of eligibility criteria 

should be considered in the context of the local epidemiology of HCV infection among 

PWID, with the identification of sub-populations at increased risk of both loss-to-follow-up 

and HCV infection likely to require specific consideration and additional resources to 

minimise attrition and maximise trial completion.

HCV incidence was unrelated to WTP and CTL in the current study. However, as previously 

reported, our participants indicated a strong desire to participate in future HCV vaccine trials 

with 88% expressing WTP [44]. Further, CTL increased significantly following a brief 

intervention designed to improve understanding of key HCV vaccine trial concepts [22], 

suggesting this group has the capacity to provide truly informed consent and that the ethical 

implementation of HCV vaccine trials will be possible in Australia.
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With promising Phase I trials of preventive candidates recently completed [11, 12] and 

ongoing assessment Phase I/II trials in the US (ClinicalTrials.gov identifier: NCT01436357) 

and UK (ClinicalTrials.gov identifier: NCT01296451), our findings are particularly apposite 

and timely. Despite recent advances in direct acting anti-viral therapies for HCV infection 

and the potential impact of these new agents on trends in HCV incidence [45], barriers to 

access and prohibitive costs mean that uptake by PWID is likely to remain low [46], and the 

development of a safe and effective vaccine remains an important public health goal. This 

study has identified key elements for successful recruitment and retention of PWID eligible 

for future HCV vaccine trials. While sample size estimates suggest that a primary HCV 

infection rate of at least 16/100 py will be required for stand-alone trials of preventive 

candidates with chronic HCV infection as the primary endpoint, results support the 

feasibility of large multi-centre HCV vaccine trials, including in the Australian setting.
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Table 5

Estimated sample sizes for trials of candidate vaccines of various efficacies designed to prevent chronic HCV 

infectiona

Incidence of chronic HCV infection
(number of participants required)

Vaccine efficacy 6/100py 12/100py

60% (HR=0.40) 912 466

70% (HR=0.30) 568 290

80% (HR=0.20) 344 176

a
Estimates assumed 80% power (p<0.05), 90% retention

Vaccine. Author manuscript; available in PMC 2015 July 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

White et al. Page 18

T
ab

le
 6

Im
pa

ct
 o

f 
ex

pe
ct

ed
 r

at
es

 o
f 

H
C

V
 c

hr
on

ic
 in

fe
ct

io
n,

 v
ac

ci
ne

 e
ff

ic
ac

y 
an

d 
re

te
nt

io
n 

on
 s

am
pl

e 
si

ze
*

C
hr

on
ic

 in
fe

ct
io

ns
 e

xp
ec

te
d

6/
10

0p
y

12
/1

00
py

12
 m

on
th

s 
po

st
 

va
cc

in
at

io
n 

(n
)

18
 m

on
th

s 
po

st
 

va
cc

in
at

io
n 

(n
)

A
nn

ua
l i

nc
id

en
ce

 o
f 

ch
ro

ni
c 

H
C

V
 in

fe
ct

io
n

T
ot

al
 f

ol
lo

w
ed

 w
it

h 
90

%
 r

et
en

ti
on

 (
n)

A
nn

ua
l i

nc
id

en
ce

 o
f 

ch
ro

ni
c 

H
C

V
 in

fe
ct

io
n

T
ot

al
 f

ol
lo

w
ed

 w
it

h 
90

%
 r

et
en

ti
on

 (
n)

60
%

 e
ff

ic
ac

y 
(H

R
=0

.4
0)

Pl
ac

eb
o

26
39

6%
41

0
12

%
21

0

V
ac

ci
ne

10
15

2.
4%

41
0

4.
8%

21
0

T
ot

al
36

54
–

82
0

–
42

0

70
%

 e
ff

ic
ac

y 
(H

R
=0

.3
0)

Pl
ac

eb
o

16
24

6%
25

6
12

%
13

1

V
ac

ci
ne

5
8

1.
8%

25
6

3.
6%

13
1

T
ot

al
21

32
–

51
2

–
26

2

80
%

 e
ff

ic
ac

y 
(H

R
=0

.2
0)

Pl
ac

eb
o

10
15

6%
15

5
12

%
79

V
ac

ci
ne

2
3

1.
2%

15
5

2.
4%

79

T
ot

al
12

18
–

31
0

–
15

8

* E
st

im
at

es
 a

ss
um

ed
 8

0%
 p

ow
er

 (
p<

0.
05

)

Vaccine. Author manuscript; available in PMC 2015 July 21.


