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ABSTRACT

People who inject drugs (PWID) represent the core of the hepatitis C virus (HCV) epidemic in many coun-
tries and HCV-related disease burden continues to rise. There are compelling data demonstrating that
with the appropriate programs, treatment for HCV infection among PWID is successful, with responses
to therapy similar those observed in large randomized controlled trials in non-PWID. However, assess-
ment and treatment for HCV infection lags far behind the numbers who could benefit from therapy,
related to systems-, provider- and patient-related barriers to care. The approaching era of interferon-free
directly acting antiviral therapy has the potential to provide one of the great advances in clinical medi-
cine. Simple, tolerable and highly effective therapy will likely address many of these barriers, thereby
enhancing the numbers of PWID cured of HCV infection. This commentary will consider why we should
strive for the eradication of HCV infection among PWID, whether eradication of HCV infection among
PWID is feasible, components that would be needed to achieve eradication of HCV infection in PWID,
potential settings and strategies required to establish programs targeted towards eradicating HCV infec-
tion among PWID and the feasibility of eradication versus elimination of HCV infection among PWID. This
article forms part of a symposium in Antiviral Research on “Hepatitis C: next steps toward global

eradication.”

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The burden of hepatitis C virus (HCV) infection continues to rise.
People who inject drugs (PWID) represent the core of the HCV epi-
demic in many settings particularly high-income countries
although also increasingly in low- and mid-income countries
(Nelson et al., 2011; Hajarizadeh et al., 2013). Over recent years,
the development of simple, tolerable and highly effective directly
acting antiviral (DAA)-based therapies for HCV infection has
brought great optimism to the sector. The approaching era of inter-
feron-free DAA therapy, with its potential to provide one of the great
advances in clinical medicine, has raised the prospect of HCV treat-
ment as prevention (Grebely et al., 2013). An upward trajectory in
treatment optimism ultimately leads to the question of whether
HCV infection can be eradicated from populations, particularly
PWID?

From a public health perspective, eradication refers to the com-
plete and permanent worldwide reduction to zero new cases of an
infectious disease through deliberate efforts, with no further
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control measures required (e.g. smallpox). Elimination refers to
the reduction of the incidence of infection caused by a specific
agent to zero in a defined geographical area as a result of deliberate
efforts, but requires the presence of continued measures to prevent
re-establishment of transmission (e.g. measles, poliomyelitis). As
such, eradication of HCV infection would represent a considerably
greater challenge compared to elimination.

This commentary will consider why we should strive for the
eradication of HCV infection among PWID, whether eradication
of HCV infection among PWID is feasible, components that would
be needed to achieve eradication of HCV infection in PWID and
potential settings and strategies required to establish programs
targeted towards eradicating HCV infection among PWID. In this
commentary PWID refers to people who are actively or currently
injecting, unless otherwise stated as former PWID.

2. Why should we strive for eradication of HCV infection among
PWID?

2.1. The burden of HCV infection is growing, including among PWID

In high income countries, the majority (80%) of new cases of
HCV infection occur among PWID, with most (60%) existing
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infections among former and current PWID (Fig. 1) (Nelson et al.,
2011; Hajarizadeh et al., 2013). HCV infection is also emerging as
major public health problem among PWID in low and middle
income countries (Nelson et al., 2011; Hajarizadeh et al., 2013).
In 2007, it was estimated that there were 16 million PWID
worldwide (Mathers et al., 2008). Given an estimated global
HCV prevalence of 67% among PWID (Fig. 2) (Nelson et al,
2011), around 10 million PWID have been infected with HCV
(Table 1), with an additional large reservoir of infection among
former PWID.

Given around 25% of people infected with HCV spontaneously
clear virus (Micallef et al., 2006), ~50% of PWID will have chronic
HCV infection (represents 8 million PWID globally). In those with
spontaneous HCV clearance, re-infection in the setting of ongoing
HCV exposure is possible (Grebely et al., 2012). Although many
of those with re-infection clear repeatedly, others develop persis-
tent infection. Development of chronic HCV infection may lead to
progressive hepatic fibrosis, cirrhosis, and complications of liver
failure or hepatocellular carcinoma (Seeff, 2009). Progression to

80%

advanced liver disease is uncommon in the initial 10-20 years of
infection, particularly among PWID who generally acquire infec-
tion at a younger age, but becomes more common with each sub-
sequent decade of infection (Thein et al.,, 2008a,b; Grebely and
Dore, 2011; Kirk et al., 2013).

Although younger individuals with HCV infection are at lower
risk of HCV-related morbidity and mortality, and drug-related
mortality is significant among PWID, the ageing cohort nature of
PWID populations means that liver disease-related mortality is
increasing (Amin et al., 2006; Grebely et al.,, 2011; Deans et al,,
2013; Walter et al., 2011). There is also increasing evidence that
HCV infection is associated with an increase in both hepatic and
extra-hepatic disease, including circulatory diseases, renal dis-
eases, and neuropsychiatric disorders (Lee et al., 2012). There is
also evidence treatment can attenuate hepatitis C-related disease
consequences, including all-cause mortality (van der Meer et al.,
2012). Thus, PWID should receive curative HCV therapy simply be-
cause it is the right thing to do for the individual, impact on erad-
ication notwithstanding.
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Fig. 1. Despite high burden of HCV infection among PWID, treatment uptake remains low. In many high-income countries (and some low- and medium-income countries),
>80% of new cases of HCV infection occur among PWID each year (Hajarizadeh et al., 2013). However, the annual HCV treatment uptake is only 1-2% among PWID (Grebely
et al., 2009; NCHECR, 2010a,b; Mehta et al., 2008; Alavi et al., 2013; Iversen et al., 2014).
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Fig. 2. Prevalence of hepatitis C antibodies in people who use drugs (Permission obtained from Nelson et al. (2011)).
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2.2. HCV transmission continues to occur among PWID

In addition to the considerable burdens of HCV infection and li-
ver disease among PWID, HCV transmission remains unabated in
most settings (Page et al., 2013). Estimated HCV incidence among
PWID ranges from 5% to 45% per annum (Grebely and Dore,
2011). The risk of HCV infection is highest among younger individ-
uals and recent initiates into injecting drug use.

Harm reduction strategies, such as needle syringe programs
(NSP) and opioid substitution treatment (OST), that have been suc-
cessful for HIV prevention among PWID populations, have been
less effective for HCV prevention (Hagan, 2011; Sacks-Davis
et al., 2012; Turner et al., 2011; Palmateer et al., 2010; Van Den
Berg et al., 2007). This is consistent with greater per contaminated
injecting exposure transmission (2.5-5.0% for HCV vs. 0.5-2.0% for
HIV), and higher prevalence (and thus, risk of exposure) (Grebely
and Dore, 2011).

In a recent meta-analysis of studies evaluating strategies to pre-
vent HCV infection among PWID, it was demonstrated that no sin-
gle intervention has been associated with a reduction in HCV
incidence (Hagan, 2011). However, two studies were identified
where combined interventions incorporating OST have led to
reductions in HCV incidence (Van Den Berg et al., 2007; Abou-Saleh
et al., 2008). More recently, pooled data from six studies from the
UK has also demonstrated that combined NSP and OST programs
were associated with an 80% reduction in HCV infection (Turner
et al,, 2011). However, mathematical modelling has suggested that
in a setting with an HCV prevalence of 40%, reducing the preva-
lence to below 20% in 20 years would potentially require NSP
and OST coverage of >80% (Vickerman et al., 2012). In many coun-
tries, low coverage of NSP and OST programs further hinders HCV
prevention efforts (Mathers et al., 2010). Given that HCV transmis-
sion continues to occur among PWID and an effective HCV vaccine
remains remote, alternate strategies to achieve HCV eradication
among PWID must be explored.

3. Why is eradication of HCV infection feasible among PWID?
3.1. HCV treatment is effective among PWID

The goal of HCV therapy is viral eradication as represented by a
sustained virological response (SVR) [HCV RNA undetectable in the
blood six months following treatment]. HCV treatment with pegy-
lated-interferon (PEG-IFN)/ribavirin can achieve SVR in ~50% of
individuals.

Initially, HCV treatment guidelines excluded PWID from consid-
eration, citing concerns about adherence, increased susceptibility
to side effects (e.g. depression) and re-infection (NIH, 1997). How-
ever, there is now compelling evidence that HCV treatment is safe
and effective among PWID (Hellard et al., 2009; Aspinall et al.,
2013; Dimova et al., 2013). In two systematic reviews of studies
assessing treatment for PWID (one specifically focusing on those
with recent injecting at the time of treatment initiation), the over-
all SVR was 56% (Aspinall et al., 2013; Dimova et al., 2013). These
response rates are comparable to large randomized controlled tri-
als of PEG-IFN/RBV treatment (Manns et al., 2006). International
guidelines now recommend treatment for PWID following individ-
ualised assessment (Ghany et al., 2009; EASL Clinical Practice
Guidelines, 2011; Robaeys et al., 2013).

Recent international recommendations have reviewed the evi-
dence on drug use and treatment for HCV infection (Robaeys
etal., 2013). A history of injecting drug use does not generally com-
promise adherence, treatment completion, or SVR, although some
studies have found lower treatment completion. Recent injecting
drug use at treatment initiation has limited impact on adherence,

Table 1
Regional and global estimates of the numbers of PWID who were positive for hepatitis
C antibodies (anti-HCV) in 2010 (Permission obtained from Nelson et al. (2011)).

Lower Mid Upper
Eastern Europe 1,244,500 2,346,000 3,918,000
Western Europe 497,000 727,500 1,018,000
East and southeast Asia 1,820,000 2,642,000 3,576,500
South Asia 232,500 354,500 532,000
Central 91,500 146,000 213,000
Caribbean '
Latin America 675,500 1,022,000 1,441 000
Canada and USA 1,099,000 1,673,500 2,471,500
Pacific Island states and territories
Australia and New Zealand 44,500 97,000 165,000
Middle East and north Africa 28,500 63,500 115,500
Sub-Saharan Africa’ 206,500 800,000 1,524,000
Extrapolated global estimates 6,031,000 10,018,000 15,186,500

All figures rounded to nearest 500 people; global figure totaled from regional
estimates prior to rounding. 2010 UN population division estimates were used to
derive 2010 estimates of population sizes of PWID.

" Insufficient data to produce a region-specific estimate for populations of PWID in
this region; countries in this region were still included in global estimates.

¥ Numbers of sub-Saharan African PWID and derived population estimates should
be viewed with caution because injecting drug user prevalence estimates were
derived from three countries in the region (South Africa, Mauritius, and Kenya); the
estimated range of PWID was derived by applying the regional observed error (the
large error band emphasises the uncertainty around these estimates).

treatment completion, or SVR. Some studies have reported lower
treatment completion in those with recent injecting drug use at
treatment initiation. In the first randomized controlled trial among
active drug users, participants randomized to immediate vs. de-
layed directly observed PEG-IFN and self-administrated RBV dem-
onstrated a high SVR (65%), but delayed treatment compromised
subsequent engagement in HCV treatment (Hilsden et al., 2013).
HCV treatment does not have an impact on drug dependency treat-
ment or increase drug use. Occasional injecting drug use during
treatment does not seem to impact adherence, treatment comple-
tion, or SVR. However, lower adherence and SVR has been observed
in persons with frequent injecting drug use (daily/every other day)
during treatment. When discontinuation occurs, it often occurs
early during therapy.

Although there is concern that HCV re-infection may negate the
potential benefits of treatment, the reported rates of reinfection
following successful HCV treatment among PWID are low (1-5%
per year) Aspinall et al., 2013; Grady et al., 2013. Looking forward,
any attempts to eradicate HCV infection among PWID will need to
be closely linked to a foundation of enhanced HCV treatment up-
take, while optimising adherence and retention in care.

3.2. Although HCV treatment uptake is low, treatment willingness is
high among PWID

Despite the high prevalence of HCV infection, favourable HCV
treatment responses and guidelines recommending treatment
among PWID, very few have received HCV treatment (Fig. 1). Be-
tween 2004 and 2005, community-based studies of PWID in Aus-
tralia, Canada and the United States demonstrated HCV
treatment uptake rates ranging from 0.5% to 1.0% per year (5-10
per 1000 infected) (Grebely et al., 2009; NCHECR, 2010a; Mehta
et al.,, 2008). More recently, data from cohorts of current PWID in
Canada (Alavi et al., 2013) and Australia in 2010-2011 (Iversen
et al., 2014), suggest that HCV treatment uptake in PWID settings
has increased to 1.5-2.0% in 2009-2010 (15-20 per 1000 infected)
(Iversen et al., 2013). This is consistent with trends in HCV treat-
ment uptake among the general population in Australia (NCHECR,
2010b), Europe (Lettmeier et al., 2008) and US (Volk et al., 2009).
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So why is uptake of treatment for HCV infection low among
PWID? Many have suggested that it is because PWID are not will-
ing or interested in receiving HCV treatment. However, 53-86% of
PWID report a willingness to receive treatment for HCV under cur-
rent treatment scenarios with PEG-IFN/RBV (Grebely and Tyndall,
2011; Doab et al., 2005; Alavi et al., 2013). The motivation to re-
ceive treatment increases as the treatment response increases,
with one study demonstrating that willingness increased from
63% to 93% under treatment success scenarios of 40% and 70%,
respectively (Doab et al., 2005). Barriers to HCV treatment are mul-
ti-factorial and include issues of access to therapy and barriers at
the level of the patient, practitioner and the health care system
(Grebely and Tyndall, 2011; Grebely et al., 2013, 2008). However,
a major barrier to HCV treatment uptake is the toxicity (e.g. ane-
mia, depression, flu-like symptoms), complexity (once-weekly
injections and twice-daily pills for 6-12 months), and sub-optimal
responses (~50%) of pegylated interferon and ribavirin (PEG-IFN/
RBV)-based regimens. In the IFN-free era, HCV treatment willing-
ness should be even higher, and the large gap between willingness
and uptake should be narrowed.

3.3. Simple, effective IFN-free DAA-based HCV treatments could
substantially improve treatment uptake

Numerous antiviral agents targeting specific HCV viral func-
tions have been developed (direct acting antivirals [DAAs]) (Sarra-
zin et al.,, 2012). The first two DAAs approved for treatment of
genotype 1 infection in combination with PEG-IFN/ribavirin are
the NS3-4A protease inhibitors, telaprevir and boceprevir. Nucleo-
side/nucleotide analogues and non-nucleoside inhibitors of the
HCV RNA-dependent RNA polymerase (NS5B) and inhibitors of
NS5A are in advanced clinical evaluation. The first Phase 3 studies
of IFN-free therapy commenced in 2012 (Dore, 2012) and over the
next 2-3 years several combination DAA regimens should be li-
censed. These regimens offer increased efficacy (>90%), reduced
toxicity, shortened treatment durations (8-24 weeks), simplified
dosing (all oral, possibly once-daily regimens) and monitoring
schedules. The availability of such regimens should markedly im-
prove the feasibility of enhanced HCV treatment uptake and re-
sponses among PWID, making eradication of HCV infection
among PWID a possibility.

3.4. HIV has taught us that treatment as prevention can be effective

The demonstration that ART is an effective strategy for the pre-
vention of HIV transmission has provided considerable optimism
to the field (Cohen et al., 2011). As reviewed elsewhere (The HIV
Modelling Consortium Treatment as Prevention Editorial Writing
Group, 2012; Cohen et al., 2012), the potential of HIV treatment
as a prevention strategy was initially based on findings from obser-
vational studies demonstrating that ART reduces transmission risk
among HIV-serodiscordant couples (i.e. couples in which one part-
ner is infected and the other is not). These data provided the impe-
tus for a randomized controlled trial to evaluate the magnitude and
durability of a prevention effect of ART, the HIV Prevention Trials
Network (HPTN) 052 trial Cohen et al., 2011. The HPTN 052 trial
enrolled 1763 HIV-1 serodiscordant couples and their HIV-infected
partners who were randomized to receive either immediate ART or
were delayed to receive ART once their CD4 count dropped < 250 -
cells/uL. The early initiation of ART was associated with a 96%
reduction [95% confidence interval (95% CI):73-99%] in HIV trans-
mission to uninfected partners as compared to delayed ART, and a
41% (95% Cl: 12-60%) reduction in a composite indicator of mor-
bidity and mortality. These findings have potential benefits at the
individual level for those provided with these medications and at
the population level by limiting transmission and reducing the

overall burden of infection (The HIV Modelling Consortium Treat-
ment as Prevention Editorial Writing Group, 2012).

Mathematical modelling provides a framework for estimating
the potential impact of treatment as prevention at the popula-
tion-level (The HIV Modelling Consortium Treatment as Prevention
Editorial Writing Group, 2012). Two factors influence the impact of
a treatment program on the prevention of infection. First, there are
transmission events occurring prior to treatment which are depen-
dent on the biology of infection, the prevalence of infection, risk
behaviours between partners, the effectiveness of other estab-
lished prevention programs, the rates of testing, and access to care.
Second, there are transmission events occurring after treatment
initiation, which are dependent on treatment efficacy, adherence
and retention in care.

In contrast to HIV, antiviral therapy for HCV infection is both fi-
nite in duration and frequently curative. Thus, a reduction in the
prevalence of active infection can potentially be achieved in a sub-
stantial proportion of cases, in addition to the prevention of sec-
ondary transmission events.

3.5. Substantial reductions in HCV prevalence and incidence could be
achieved with modest increases in treatment uptake with IFN-free
DAA-based regimens

The potential preventative utility of HCV treatment for PWID
has been explored in a number of different mathematical model-
ling studies (Grebely et al., 2013). To evaluate the potential impact
of IFN-free DAA-based therapy on HCV prevalence, a deterministic
mathematical model of HCV transmission was applied to three dif-
ferent settings with varying HCV prevalence (chronic HCV preva-
lence: Edinburgh, Scotland-25%; Melbourne, Australia-50%; and
Vancouver, Canada-65%) (Martin et al., 2013a). With the introduc-
tion of DAA-based therapy (cure rate of 90% and 12 weeks ther-
apy), HCV prevalence could be halved within 15years if
treatment is scaled up to 15, 38 and 75 per 1000 PWID in Edin-
burgh, Melbourne and Vancouver, respectively. Scaling up HCV
treatment to 40 per 1000 PWID annually could achieve a preva-
lence reduction of 91% in Edinburgh, 54% in Melbourne and 22%
in Vancouver over 15 years. These data suggest that if these treat-
ment uptake and response rates to DAA-based therapy can be
achieved among PWID, HCV treatment as prevention could achieve
substantial reductions in the prevalence of HCV infection, with
eradication possible in low HCV prevalence settings.

3.6. Treatment of HCV infection among PWID is cost-effective

Treatment of HCV infection has been demonstrated in a number
of global settings to be cost-effective in non-PWID or those without
risk of reinfection (Martin et al., 2013b). However, there is also
considerable evidence from settings in Australia, Europe, New Zea-
land and the United States demonstrating that HCV treatment
(either PEG-IFN/RBV or PEG-IFN/RBV and a protease inhibitor for
those with genotype 1) for current and former PWID is cost-effec-
tive (Martin et al.,, 2013b). To evaluate the cost-effectiveness of
providing treatment for PWID as compared to treating ex/non-
PWID or no treatment, a dynamic mathematical model of HCV
transmission and disease progression was developed by Martin
et al. Martin et al. (2012). The results demonstrated that treating
chronic HCV infection among both active injectors and ex- or
non-injectors is cost-effective, but that the treatment of active
injectors may be more cost-effective when the chronic prevalence
of HCV infection is below 60% (Martin et al., 2012). Treating PWID
prevents onward transmission and results in greater quality ad-
justed life years gained than are lost through potential HCV rein-
fection. These data provide convincing evidence to suggest that
HCV treatment among PWID should not be withheld (particularly
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given concerns of HCV reinfection), but rather prioritized, given the
potential prevention and cost-effectiveness benefits. A key issue
will be to re-examine the cost-effectiveness of HCV treatment
among PWID in the era of IFN-free DAA-based therapy.

4. What are the requirements for achieving eradication of HCV
infection among PWID?

4.1. A strong foundation of non-treatment-based HCV prevention
strategies

Any attempts to eradicate HCV infection among PWID will re-
quire an existing framework of harm reduction interventions for
HCV prevention among PWID, such as NSP and OST programmes.
Although harm reduction strategies have been less effective for
HCV prevention among PWID (Hagan, 2011; Sacks-Davis et al.,
2012; Turner et al., 2011; Palmateer et al.,, 2010; Van Den Berg
et al.,, 2007; Macarthur et al., 2013; Des Jarlais et al., 2013; Ab-
dul-Quader et al., 2013), model projections for countries which
have reached and sustained high coverage (such as Australia, the
UK and other countries) suggest that considerable infections have
been averted (Vickerman et al., 2012). For example, in the UK,
the prevalence of HCV infection could be almost 60% higher in
the absence of OST and NSP interventions (Vickerman et al.,
2012). However, reductions in HCV prevalence through NSP and
OST alone may be modest and require many years of sustained
intervention coverage to occur.

One strategy might be to couple HCV treatment with OST and
NSP to achieve a greater prevention benefit. Further work by Mar-
tin and colleagues investigated the impact of modelling a combina-
tion of OST, high coverage NSP and HCV treatment on HCV
prevalence and incidence among PWID (Martin et al., 2013). They
demonstrated that with very feasible HCV treatment rates, large
reductions (>45%) in chronic prevalence over 10 years could be
achieved when HCV treatment was combined with OST and NSP.
Substantial reductions in HCV prevalence (>30% reduction in HCV
prevalence in 10 years) were unlikely to be achieved with NSP/
OST alone in the absence of HCV treatment. However, greater
NSP and OST coverage allowed for a reduction in the number of
PWID who would need to be treated for HCV infection annually
to achieve a specific target HCV prevalence reduction. As such,
any hopes at eradication of HCV infection will need to be built
upon the foundation of existing HCV prevention strategies, such
as OST and NSP programmes.

4.2. Broad expansion of screening and assessment for HCV infection
among PWID

The feasibility of HCV eradication among PWID will rest heavily
on the ability to achieve high screening and diagnosis rates of HCV
infection among PWID and subsequently link infected individuals
into care. Within clinics with large populations of PWID where sys-
tematic programs are established for comprehensive screening and
diagnosis of HCV infection, uptake of testing and assessment of
>85% can be achieved (Lindenburg et al., 2011; Senn et al., 2009;
Harris et al., 2010; Hallinan et al., 2007). However, a vast number
of HCV-infected PWID remain undiagnosed and unlinked to care.

In the primary care setting, interventions based on targeted
case-finding (Cullen et al., 2012), risk-based assessment (Drainoni
et al., 2012; Litwin et al., 2012), birth-cohort screening (Litwin
et al., 2012) and motivational interviewing with case management
(Masson et al., 2013) can be effective in increasing testing for HCV
infection. In the first randomized controlled trial to examine the
efficacy of a hepatitis care coordination model (including motiva-
tional interviewing-enhanced patient navigation and case manage-

ment services) in the OST setting, participants receiving the
intervention were significantly more likely to receive assessment
for HCV infection (65% vs. 37%, odds ratio = 4.10, 95% confidence
intervals: 2.35, 7.17) (Masson et al., 2013). Enhanced screening
could also be achieved through targeted HCV testing initiatives
such as rapid finger-prick testing (Wong et al., 2013; Jewett
et al.,, 2012; Smith et al.,, 2011a,b), oral saliva testing (Jewett
et al., 2012; Smith et al., 2011a,b; Drobnik et al., 2011), and dried
blood spot testing (Tuaillon et al., 2010; Hickman et al., 2008;
Craine et al., 2009; Martin et al., 2013). One study from the UK
demonstrated that the introduction of dried blood spot testing in
addiction services to increase case-finding for HCV infection can
be cost-effective (Martin et al., 2013). The challenge will be to en-
sure that newly diagnosed individuals are effectively linked with
services offering assessment and care for HCV infection.
Assessment of HCV-related liver disease has been long compli-
cated by the fact that liver biopsy is invasive and logistically diffi-
cult. However, the availability of non-invasive fibrosis assessment
methods such as transient elastography (e.g. Fibroscan®) has
greatly improved the ease of liver disease assessment. Transient
elastography has excellent utility for the identification of HCV-re-
lated cirrhosis (Shaheen et al., 2007), can predict HCV-related sur-
vival (Vergniol et al., 2011) and is cost-effective (Liu et al., 2011).
Further, there are several studies demonstrating that transient
elastography is a useful tool for enhancing liver disease screening
among PWID attending addiction clinics (Moessner et al., 2011;
Foucher et al., 2009). Increased community-based liver disease
screening using transient elastrography might be one useful strat-
egy for engaging PWID in HCV care and triaging those with ad-
vanced liver disease who are in most need of immediate treatment.

4.3. Broad expansion of HCV treatment among PWID

The impressive advances in the development of DAA-based
therapy, particularly IFN-free regimens, provide the potential to
cure HCV infection in the vast majority of treated individuals.
However, as shown in Fig. 3, there is a considerable disparity be-
tween the potential treatment efficacy (>90%) and the current
HCV treatment effectiveness (<10%), given that less than 10% of
people have been treated in most countries. Unless the proportion
of individuals screened, assessed and treated for HCV infection is
substantially increased these anticipated therapeutic advances will
have limited impact at the population level.

Barriers at the level of the patient, provider and system need to
be overcome to increase HCV treatment uptake among PWID (Gre-
bely and Tyndall, 2011; Grebely et al., 2013, 2008). It is known that
patient knowledge around the long-term consequences of HCV
infection and its treatment, including the fear of side effects, are
major barriers to assessment and treatment (Grebely et al., 2008,
2011; Treloar et al., 2012). Peer support programs offering HCV
education may be one strategy to enhance HCV education and im-
prove engagement in HCV assessment and treatment (Crawford
and Bath, 2013). At the provider-level, improved patient-provider
interactions with health care professionals are needed to enhance
HCV assessment. Strategies to address this may include promotion
of national HCV testing guidelines, enhanced education and train-
ing of general and drug and alcohol practitioners about HCV testing
and diagnostic criteria, an improved awareness of programs offer-
ing comprehensive multidisciplinary HCV care (particularly for
PWID) and improved pathways for referral. The recent develop-
ment of the first international recommendations for the manage-
ment of HCV infection among PWID is a key step forward in
providing practitioners with an evidence-base for appropriate
assessment and treatment of HCV infection in this group (Robaeys
et al., 2013).
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Fig. 3. The disparity between potential HCV treatment efficacy and projected HCV treatment effectiveness. High efficacy of HCV treatment is projected over 5-10 years. SVR
has increased from 40% with IFN and RBV in 1998, 55% with PEG-IFN and RBV in 2002, ~70% in the era of PEG-IFN, RBV, and a PI in 2012 (genotype 1 only; patients with HCV
genotype 2 or 3 will still have an SVR of ~80% with PEG-IFN-RBV) and IFN-free regimens are anticipated to be available by 2018, with an expected SVR of 90%. However, the
global effects of new treatments are negligible without expanded access given the low treatment uptake among people with HCV infection (NCHECR, 2010b; Lettmeier et al.,
2008; Volk et al., 2009). Abbreviations: IFN; interferon; PEG-IFN, pegylated-interferon; PI, protease inhibitor; RBV, ribavirin; SVR, sustained virologic response (Modified with

permission from Thomas (2013)).

Lastly, improving access to care will require a better under-
standing of the components of successful assessment and treat-
ment models. Integrated, multidisciplinary models of care that
simultaneously address drug dependence, social support (housing,
employment, etc.) and HCV care may serve to address these issues
(Bruggmann and Litwin, 2013). Further, reducing stigma and dis-
crimination related to HCV infection and drug use is essential
(Treloar et al., 2013). Research is needed to better understand
why PWID are not being assessed and receiving treatment so that
strategies can be designed to enhance treatment assessment and
uptake.

4.4. Effective, tolerable, short-duration HCV therapy

Therapeutic regimens that optimize adherence and completion
will also be essential. A simplified regimen consisting of combina-
tion antiviral agents in one tablet taken once-daily that provides
pan-genotypic efficacy and high tolerability would be ideal. As
demonstrated in HIV, improved and simplified ART has led to suc-
cessful treatment outcomes for PWID (Wolfe et al., 2010). Inter-
ventions shown to enhance adherence include adherence
management strategies (pill boxes, electronic reminders), peer
counselling at point of ART delivery, case management and nurse
counselling, integrated treatment into existing health services
(e.g. prisons, OST clinics, primary care), directly observed therapy
and incentives or contributions to food/transport costs. Similar
strategies should be explored for HCV treatment among PWID.

4.5. Drug pricing reform and public health advocacy

The rapid scale-up of therapy required to achieve eradication of
HCV infection will depend considerably on issues related to cost-
effectiveness and government subsidization of IFN-free regimens.
HCV treatment for both active and former PWID is cost-effective
(driven by the prevention benefit among active PWID) (Martin
etal.,, 2012,2011). However, it is uncertain whether HCV treatment
as prevention for PWID will be cost-effective, particularly in the
initial era of DAA-based therapy. Newer, more effective regimens
will undoubtedly come at an increased cost. Price reform and en-
hanced access to therapy for those with HCV infection will require

considerable public health advocacy from all sectors in the HCV
community, including community organizations representing
PWID. The involvement of several pharmaceutical companies in
development of DAA-based therapy may enable more competitive
drug pricing in high-income countries. In low- and middle-income
countries, production of generic DAA regimens will be required,
similar to antiretroviral therapy for HIV.

Ultimately, markedly enhanced global public health advocacy
and investment along the lines of the Global Fund for HIV, tubercu-
losis and malaria, will be required to enable broadened access to
highly effective HCV therapy, including for PWID.

5. What are the specific settings and strategies for achieving
HCV eradication among PWID?

5.1. Programs based in OST, the prison and the community will be
essential

A strategy aimed at the eradication of HCV infection among
PWID will require targeted programs in settings where there are
large numbers of PWID at risk of transmitting infection. As shown
in Fig. 4, this will include PWID in the community, those receiving
OST and those in prisons. In Australia, among the 230,000 people
with chronic HCV infection, it is estimated that 88,000 are PWID
(Fig. 4) (The Kirby Institute, 2013). Around 47,000 people in Aus-
tralia are currently receiving OST through a range of services
including public and private clinics and pharmacies, with around
half in active PWID and half in former PWID groupings (AIHW,
2012). The prevalence of HCV infection is 75-80% among people
on opiate pharmacotherapy (50% chronic HCV prevalence) (Day
and Haber, 2009), giving an estimate of 24,000 in the OST setting
with chronic HCV infection at any one time, of whom around
12,000 would be active PWID. It is estimated that 50,000 people
in Australia are detained in prisons each year (ABS, 2013). The
prevalence of chronic HCV infection is estimated to be 20% among
people detained in prison, giving an estimate of 10,000 in the pris-
on system each year, the vast majority PWID (Butler and Papanas-
tasiou, 2008). Thus, the proportion (around 25%) of PWID in either
prison or OST settings in a given year, and the considerable move-
ments between PWID in the community, OST and prison settings
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Fig. 4. Specific settings and strategies for achieving HCV eradication among PWID.
A strategy aimed at the eradication of HCV among PWID will require targeted
programs in settings where there are large numbers of PWID at risk of transmitting
infection. This will include PWID in the community, those receiving OST and those
in prisons. In Australia, among the 230,000 people with chronic HCV infection, it is
estimated that 88,000 are PWID (The Kirby Institute, 2013). The prevalence of HCV
is 75-80% among the 47,000 people on opiate pharmacotherapy (50% chronic HCV
prevalence) (Day and Haber, 2009), giving an estimate of 24,000 in the OST setting
with chronic HCV at any one time, of whom around 12,000 would be active PWID. It
is estimated that 50,000 people in Australia are detained in prisons each year (ABS,
2013). The prevalence of chronic HCV is estimated to be 20% among people
detained in prison, giving an estimate of 10,000 in the prison system each year, the
vast majority PWID (Butler and Papanastasiou, 2008). The considerable movements
between PWID in the community, OST and prison settings provides a unique
opportunity to capitalize on these settings as HCV treatment access points.

provides a unique opportunity to capitalize on these settings as
HCV treatment access points. The simplification of HCV treatment
through combination DAA regimens, particularly if treatment
duration can be shortened to 8-12 weeks for the majority, should
enhance uptake and importantly treatment completion in these
dynamic transitioning settings.

Programs most successful in treating HCV infection among
PWID have often been built upon existing medical infrastructures
for drug user health (e.g. community health centres, OST clinics,
general practitioners) (Bruggmann and Litwin, 2013). The common
theme from this spectrum of HCV care models among PWID, is that
“one size does not fit all”. When barriers are systematically ad-
dressed within a supportive environment, HCV assessment and
treatment among PWID can be very successful. In Australia, the
Enhancing the Treatment for Hepatitis C in Opiate Substitution Set-
tings (ETHOS) Study, has demonstrated that when HCV nursing
and specialist support are integrated into existing OST or commu-
nity health clinics, a high proportion of active and former PWID
with chronic HCV infection assessed by a nurse can be engaged
in HCV specialist assessment and treatment (Alavi et al., 2013).
This is consistent with other data from Australia (Hallinan et al.,
2007; Lloyd et al., 2013; Alavi et al., 2013), Canada (Grebely
et al., 2010), Europe (Lindenburg et al., 2011) and the United States
(Harris et al., 2010), demonstrating that when programs are specif-
ically designed to address barriers to care among PWID with an
appropriate infrastructure for screening, testing and assessment,
PEG-IFN/ribavirin treatment uptake is 3-5% per year (30-50 per
1000 infected) (Lindenburg et al., 2011; Hallinan et al., 2007; Gre-
bely et al., 2010). But, this will need to increase substantially if
eradication of HCV infection is to be achieved.

Prison-based settings also provide considerable opportunity for
addressing eradication of HCV infection (Post et al., 2013), given
the high HCV incidence (Larney et al., 2013; Lloyd et al., 2013),
moderate prevalence (25%) Larney et al., 2013; Lloyd et al., 2013,
availability of effective screening and treatment programs (Lloyd
et al., 2013) and high rates of transitioning between prisons and
communities (Post et al., 2013). This presents prisons as an impor-
tant setting in which to evaluate the feasibility of HCV treatment as
prevention. The Surveillance and Treatment of Prisoners with Hep-
atitis C (SToP-C) Study which is to begin in Australia in 2014 and
will explore the hypothesis that a rapid scale-up of HCV treatment
with IFN-free DAA-based therapy in prison inmates can achieve a
reduction in the incidence of HCV infection.

Lastly, given that the majority of HCV infection occurs in the
community, strategies need to also be explored for PWID not di-
rectly engaged with health services. One approach that has been
proposed is “bring a friend” that would utilise the close social
and injecting networks among PWID (Rolls et al., 2013). Recent
mathematical modelling indicates that HCV treatment of commu-
nity-based PWID through assessment and treatment of index cases
and their close social network contacts would have a greater im-
pact than treatment of random individual PWID with chronic
HCV infection (Rolls et al., 2013). Recent data also indicates close
social and injecting networks in low and middle-income countries,
with rapid recruitment of PWID into research proposals in India an
example of how “bring a friend” strategies may have applicability
in diverse settings (Latkin et al., 2011).

5.2. Optimal HCV treatment delivery among PWID

At the population-level (Fig. 5), HCV treatment as prevention
may have the greatest impact on reducing the prevalence and inci-
dence of HCV infection in the long term if therapy is targeted to
groups and settings associated with the highest risk of transmis-
sion (prisons, younger injectors, and newer initiates to injecting).
To date, HCV transmission research has generally focused on risk
factors for HCV acquisition (Page et al., 2013; Grebely and Dore,
2011). Further research is required to identify HCV-infected indi-
viduals with the highest risk of transmitting virus, and social/
injecting networks with particularly high rates of HCV spread.

However, at the individual-level (Fig. 5), in the short-term, HCV
treatment may have the greatest impact on disease morbidity and
mortality if targeted to those PWID who have already been in-
fected with HCV for many years with the greatest risk of disease

POPULATION LEVEL INDIVIDUAL LEVEL

Optimal targeting of HCV
treatment among PWID
‘ 7? |

Risk of HCV
transmission

Risk of liver-related
morbidity and mortality

15 25 35 45 55 65
Years of age

Fig. 5. Optimal targeting of HCV treatment among people who inject drugs (PWID).
At the population level, HCV treatment as prevention may have the greatest impact
on reducing the prevalence and incidence of HCV infection if therapy is targeted to
those at greatest risk of transmitting infection (younger injectors or newer initiates
to injecting). However, at the individual level, HCV treatment may have the greatest
impact on disease morbidity and mortality if targeted to individuals with the
greatest risk of disease progression and death (former PWID who are older and have
more advanced disease, but may be at lower risk of transmitting infection)
(Modified with permission from Grebely et al. (2013)).
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progression and death (Grebely et al., 2013). This population may
include those receiving OST (some of whom will also be actively
injecting) and PWID who have ceased injecting (although active
and former PWID populations are dynamic, given initiation and
cessation of injecting). Targeting therapy to these groups might
not achieve a large prevention benefit given the lower risk of trans-
mitting infection. However, given higher levels of HCV treatment
uptake among former PWID (Gidding et al., 2011; Conway et al.,
2005; Bini et al., 2005; Kanwal et al., 2007) and greater healthcare
engagement among those receiving OST, HCV assessment and
treatment may be more easily targeted towards these groups ini-
tially. At the individual level, this approach will clearly limit
HCV-related morbidity and mortality, but will have less impact
on HCV incidence at the population level. Given this balance of
individual-level and population-level health, and the uncertainties
related to the cost of future IFN-free DAA-based regimens, further
research (including mathematical modelling of cost-effectiveness)
is needed to understand the optimal delivery of HCV treatment
among PWID in the short- and long-term.

6. Elimination is probably more feasible than eradication
among PWID

Although this commentary has suggested a number of reasons
why we should strive for global eradication of HCV infection
among PWID, there are key limitations which suggest that elimina-
tion among this group is more feasible at this point.

6.1. The implementation of harm reduction strategies is still limited in
many countries

Despite a number of effective available harm reduction strate-
gies (e.g. NSP and OST), access to and uptake of HCV prevention
strategies globally remains suboptimal (Mathers et al., 2010). In a
systemic review of available prevention strategies for PWID among
200 countries globally, only 41% (n = 82) of countries had imple-
mented NSPs and 35% (n=70) had implemented OST (Mathers
et al., 2010). Further, regional and national coverage varied sub-
stantially with the highest rates of needle-syringe distribution
(up to 202 needle-syringes per PWID per year) in Australasia and
the lowest rates in Latin America and the Caribbean, Middle East
and north Africa, and sub-Saharan Africa (0.1-0.5 needle-syringes
per PWID per year). Western Europe had the highest levels of OST
coverage (61 per 100 PWID), but low levels were observed in cen-
tral Asia, Latin America and sub-Saharan Africa (1 per 100 PWID).
Of the 16 million PWID with HCV infection globally, 12 million
people are in low- and middle-income countries (Mathers et al.,
2008). As Page and colleagues have highlighted, even in a country
like the United States, “public health and political efforts to in-
crease clean syringe/needle availability have been met with ideo-
logical, social, and political barriers, effectively thwarting the
delivery of one of the most efficacious biomedical technologies
for preventing injection-related infections” (Page et al., 2013). Glo-
bal eradication could only be achieved with a substantial increase
in the coverage of NSP and OST interventions internationally, and
even then elimination is probably the realistic goal.

6.2. Eradication among PWID would likely require an HCV vaccine

The only infectious disease in humans that has been success-
fully eradicated through deliberate efforts is smallpox (WHO,
1999). In 1796, Edward Jenner successfully demonstrated the effi-
cacy of smallpox vaccination using a challenging inoculation with
variola virus, representing the discovery of vaccination (WHO,
1999). Subsequently, it was shown that prophylaxis through a

global mass vaccination program using a highly effective smallpox
vaccine (consisting of live vaccinia virus) could lead to the eradica-
tion of an infectious disease. Key components of success included
that smallpox infections are restricted to humans, variola virus
cannot establish latent or persistent infections, smallpox was
symptomatic and signs were easily noticed, the vaccine induced
long-lasting protective immunity and was effective against all
strains of variola virus, no variants of variole virus could escape
protective immunity and the vaccine was easy to prepare, cheap
and stable without refrigeration.

As reviewed elsewhere (Cox and Thomas, 2013), although there
are several HCV vaccine candidates in development, there are sig-
nificant challenges to testing a vaccine among PWID. In 2012, the
first HCV vaccine trial in at-risk HCV-uninfected PWID was initi-
ated. The results from this and other ongoing studies will guide
vaccine development, which is probably a critical component for
achieving global eradication of HCV infection.

The availability of a highly effective HCV vaccine would still re-
quire major global investment and advocacy for implementation.
Further, inclusion in the childhood immunization schedule would
not be inevitable in most countries, and the sub-optimal delivery
of HBV vaccine to PWID a lesson in the difficulties of targeted pub-
lic health interventions in highly marginalized populations.

6.3. Treatment as prevention is less effective in high HCV prevalence
settings

There are a number of mathematical modelling studies have
illustrated the potential preventative utility of HCV treatment for
PWID (Grebely et al.,, 2013). However, a key theme that has
emerged is that the effectiveness of an HCV treatment as preven-
tion strategy is highly dependent on the baseline HCV prevalence.
For example, in modelling studies of DAA-based HCV treatment as
prevention, in a low chronic HCV prevalence setting (e.g. Edin-
burgh, Scotland; 25% chronic HCV prevalence) compared to a high
chronic prevalence setting (e.g. Vancouver, Canada; 65% chronic
HCV prevalence) a lower annual treatment uptake is required to
achieve a 50% reduction in HCV prevalence over 15 years (15 vs.
75 per 1000 PWID annually) (Martin et al., 2013a). Similarly, at a
treatment uptake of 40 per 1000 PWID, the prevalence reduction
would be 91% in Edinburgh as compared to 22% in Vancouver over
15 years. Given an estimated global HCV prevalence of 67% among
PWID (Fig. 2) (Nelson et al., 2011), the majority of countries in the
world will have difficulty in achieving even elimination among
PWID in the short to medium term.

6.4. Reinfection among PWID may compromise DAA-based HCV
treatment

Despite successful response to HCV therapy observed among
PWID, there are still concerns that re-infection due to recurrent
risk behaviours will negate the potential benefit of treatment. In
the era of PEG-IFN and RBV combination therapy, the reported
rates of reinfection following successful HCV treatment among
PWID are low (1-5% per year) Aspinall et al., 2013; Grady et al.,
2013. However, studies of reinfection following successful HCV
treatment are limited by the small sample sizes, heterogeneous
study populations, retrospective study designs and incomplete lon-
gitudinal follow-up. Further, little is known about whether the
incidence of HCV reinfection will be higher in the DAA-based era,
given the potential for broader expansion to PWID with more re-
cent injecting risk behaviours. Although an increase in the rate of
HCV reinfection would be concerning, given the lack of available
evidence, it is certainly not justifiable to withhold HCV treatment
to PWID based on the potential concern of HCV reinfection. None-
theless, education and counselling about the risk of reinfection and
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potential strategies for risk reduction should be a key component
for PWID initiating treatment for HCV infection as reinfection can
occur. If very high rates of HCV reinfection would be observed
among PWID in the DAA-based era, it would certainly compromise
efforts to eradicate HCV infection in this group.

7. Conclusions

Eradication of HCV infection, defined as the complete and per-
manent worldwide reduction to zero new cases through deliberate
efforts, with no further control measures required (e.g. smallpox),
is a considerable challenge. Elimination of HCV infection, defined
as the reduction of the incidence of infection caused by a specific
agent to zero in a defined geographical area, requiring the presence
of continued measures to prevent re-establishment of transmission
(e.g. measles, poliomyelitis), is probably much more feasible. It is
likely that the incidence of HCV infection could be reduced to zero
in defined geographical areas with continued interventions to pre-
vent re-emergence of infection (e.g. NSP and OST), rather than a
complete and permanent worldwide reduction to zero.

This is an exciting era for the field of HCV. As newer IFN-free
DAA agents become available, HCV treatment as prevention may
be an attractive option to reduce the future burden of HCV-related
disease. Any strategy will need to build upon the existing founda-
tion of prevention and care for PWID. HCV treatment as prevention
is part of a larger challenge to expand access to HCV testing and
care. Both individual-level and population-based strategies will
be required for a comprehensive approach for the control and
eventual elimination of HCV transmission and disease. Cost-effec-
tiveness evaluations are needed to determine how services can be
optimally allocated. Future research in this area will help better
understand the role of HCV treatment as prevention in the hope
of eradicating HCV infection, or at least eliminating the virus in
specific population groups such as PWID populations in many
settings.

Financial Support

The Kirby Institute is funded by the Australian Government
Department of Health and Ageing. The views expressed in this pub-
lication do not necessarily represent the position of the Australian
Government. JG is supported by a National Health and Medical Re-
search Council Career Development Fellowship. GD is supported by
a National Health and Medical Research Council Practitioner Re-
search Fellowship.

Conflict of interest

]G is a consultant/advisor and has received grants from Merck
and Gilead. GD is a consultant/advisor and has received research
grants from Roche, Merck, Janssen, Gilead, and Bristol Myers
Squibb.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.antiviral.2014.01.
002.

References

Abdul-Quader, A.S., Feelemyer, J., Modi, S., et al., 2013. Effectiveness of structural-
level needle/syringe programs to reduce HCV and HIV infection among people
who inject drugs: a systematic review. AIDS Behav. 17, 2878-2892.

Abou-Saleh, M., Davis, P., Rice, P., et al.,, 2008. The effectiveness of behavioural
interventions in the primary prevention of hepatitis C amongst injecting drug
users: a randomised controlled trial and lessons learned. Harm Reduct. J. 5, 25.

http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/
4517.0Main+Features12013?0penDocument (accessed: 01.09.2013).

AIHW, 2013. National Opioid Pharmacotherapy Statistics Annual Data Collection
2012. Drug treatment series no. 20. Cat. no. HSE 136. AIHW, Canberra.

Alavi, M., Grebely, ]., Micallef, M., Dunlop, A]., Balcomb, A.C., Day, C.A,, Treloar, C.,
Bath, N., Haber, P.S., Dore, G.J., 2013. Assessment and Treatment of Hepatitis C
Virus Infection Among People Who Inject Drugs in the Opioid Substitution
Setting: ETHOS Study. Clin. Infect. Dis. 57 (Suppl. 2), S62-S69. http://dx.doi.org/
10.1093/cid/cit305.

Alavi, M., Raffa, ].D., Deans, G.D., Lai, C,, Krajden, M., Dore, GJ., Tyndall, M.W.,
Grebely, J., 2013. Continued low uptake of treatment for hepatitis C virus
infection in a large community-based cohort of inner city residents. Liver Int..
http://dx.doi.org/10.1111/liv.12370 [Epub ahead of print].

Amin, J., Law, M.G., Bartlett, M., Kaldor, J.M., Dore, G.J., 2006. Causes of death after
diagnosis of hepatitis B or hepatitis C infection: a large community-based
linkage study. Lancet 368, 938-945.

Aspinall, EJ., Corson, S., Doyle, J.S., et al., 2013. Treatment of hepatitis C virus
infection among people who are actively injecting drugs: a systematic review
and meta-analysis. Clin. Infect. Dis. 57 (Suppl. 2), S80-S89.

Bini, EJ., Brau, N, Currie, S., et al., 2005. Prospective multicenter study of eligibility
for antiviral therapy among 4084 U.S. veterans with chronic hepatitis C virus
infection. Am. J. Gastroenterol. 100, 1772-1779.

Bruggmann, P., Litwin, A.H., 2013. Models of care for the management of HCV
among people who use drugs: one size does not fit all. Clin. Infect. Dis. 57 (Supp
2), S56-S61. http://dx.doi.org/10.1093/cid/cit271.

Butler, T., Papanastasiou, C., 2008. National Prison Entrants’ Bloodborne Virus and
Risk Behaviour Survey Report 2004 & 2007. National Drug Research Institute
(Curtin University) & National Centre in HIV Epidemiology and Clinical
Research (University of New South Wales). ISBN: 1 74067 582 7.

Cohen, M.S., Chen, Y.Q., McCauley, M., et al., 2011. Prevention of HIV-1 infection
with early antiretroviral therapy. N. Engl. ]. Med. 365, 493-505.

Cohen, M.S., Muessig, K.E., Smith, M.K., Powers, K.A., Kashuba, A.D., 2012. Antiviral
agents and HIV prevention: controversies, conflicts, and consensus. Aids 26,
1585-1598.

Conway, B., Grebely, J., Tossonian, H., Lefebvre, D., de Vlaming, S., 2005. A systematic
approach to the treatment of HIV and hepatitis C virus infection in the inner
city: a Canadian perspective. Clin. Infect. Dis. 41 (Suppl. 1), S73-S78.

Cox, A.L,, Thomas, D.L., 2013. Hepatitis C virus vaccines among people who inject
drugs. Clin. Infect. Dis. 57 (Suppl. 2), S46-50.

Craine, N., Parry, J., O'Toole, J., D’Arcy, S., Lyons, M., 2009. Improving blood-borne
viral diagnosis; clinical audit of the uptake of dried blood spot testing offered by
a substance misuse service. J. Viral Hepat. 16, 219-222.

Crawford, S., Bath, N., 2013. Peer support models for people with a history of
injecting drug use undertaking assessment and treatment for hepatitis C virus
infection. Clin. Infect. Dis. 57 (Suppl. 2), S75-S79.

Cullen, B.L., Hutchinson, S.J., Cameron, S.0., et al., 2012. Identifying former injecting
drug users infected with hepatitis C: an evaluation of a general practice-based
case-finding intervention. J. Public Health (Oxf) 34, 14-23.

Day, C.L.,, Haber, P., 2009. Managing drug dependence in people with hepatitis C. In:
Dore, G.J., Temple-Smith, M. (Eds.), Hepatitis C: An Expanding Perspective. IP
Communications, East Hawthorn.

Deans, G.D., Raffa, J.D., Lai, C., et al., 2013. Mortality in a large community-based
cohort of inner-city residents in Vancouver, Canada. CMAJ Open 1, E68-E76.

Des Jarlais, D.C., Feelemyer, ].P., Modi, S.N., Abdul-Quader, A., Hagan, H., 2013. High
coverage needle/syringe programs for people who inject drugs in low and
middle income countries: a systematic review. BMC Public Health 13, 53.

Dimova, R.B., Zeremski, M., Jacobson, .M., Hagan, H., Des Jarlais, D.C., Talal, A.H.,
2013. Determinants of hepatitis C virus treatment completion and efficacy in
drug users assessed by meta-analysis. Clin. Infect. Dis. 56, 806-816.

Doab, A., Treloar, C., Dore, G.J., 2005. Knowledge and attitudes about treatment for
hepatitis C virus infection and barriers to treatment among current injection
drug users in Australia. Clin. Infect. Dis. 40 (Suppl. 5), S313-S320.

Dore, G.J., 2012. The changing therapeutic landscape for hepatitis C. Med. ]. Aust.
196, 629-632.

Drainoni, M.L,, Litwin, A.H., Smith, B.D., et al., 2012. Effectiveness of a risk screener
in identifying hepatitis C virus in a primary care setting. Am. J. Public Health
102, e115-121.

Drobnik, A., Judd, C., Banach, D., Egger, J., Konty, K., Rude, E., 2011. Public health
implications of rapid hepatitis C screening with an oral swab for community-
based organizations serving high-risk populations. Am. ]. Public Health 101,
2151-2155.

EASL Clinical Practice Guidelines, 2011. Management of hepatitis C virus infection. J.
Hepatol. 55, 245-264.

The HIV Modelling Consortium Treatment as Prevention Editorial Writing Group,
2012. HIV treatment as prevention: models, data, and questions-towards
evidence-based decision-making. PLoS Med. 9, e1001259.

Foucher, J., Reiller, B., Jullien, V., et al., 2009. FibroScan used in street-based outreach
for drug users is useful for hepatitis C virus screening and management: a
prospective study. J. Viral Hepat. 16, 121-131.

Ghany, M.G., Strader, D.B., Thomas, D.L., Seeff, L.B., 2009. Diagnosis, management,
and treatment of hepatitis C: an update. Hepatology 49, 1335-1374.

Gidding, H.F., Law, M.G., Amin, ]., et al., 2011. Predictors of deferral of treatment for
hepatitis C infection in Australian clinics. Med. J. Aust. 194, 398-402.


http://dx.doi.org/10.1016/j.antiviral.2014.01.002
http://dx.doi.org/10.1016/j.antiviral.2014.01.002
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0005
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0005
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0005
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0010
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0010
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0010
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4517.0Main+Features12013?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4517.0Main+Features12013?OpenDocument
http://dx.doi.org/10.1093/cid/cit305
http://dx.doi.org/10.1093/cid/cit305
http://dx.doi.org/10.1111/liv.12370
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0040
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0040
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0040
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0050
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0050
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0050
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0055
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0055
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0055
http://dx.doi.org/10.1093/cid/cit271
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0070
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0070
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0075
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0075
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0075
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0080
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0080
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0080
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0085
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0085
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0090
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0090
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0090
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0095
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0095
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0095
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0100
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0100
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0100
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9010
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9010
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9010
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0110
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0110
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0115
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0115
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0115
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0120
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0120
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0120
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0125
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0125
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0125
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0130
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0130
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0135
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0135
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0135
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0140
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0140
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0140
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0140
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0145
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0145
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0150
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0150
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0150
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0155
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0155
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0155
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0160
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0160
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9035
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9035

J. Grebely, G.J. Dore/Antiviral Research 104 (2014) 62-72 71

Grady, B.P., Schinkel, J., Thomas, X.V., Dalgard, O., 2013. Hepatitis C virus reinfection
following treatment among people who use drugs. Clin. Infect. Dis. 57 (Suppl.
2), S105-S110.

Grebely, J., Dore, G.J., 2011. What is killing people with hepatitis C virus infection?
Semin. Liver Dis. 31, 331-339.

Grebely, J., Dore, G.J., 2011. Prevention of hepatitis C virus in injecting drug users: a
narrow window of opportunity. J. Infect. Dis. 203, 571-574.

Grebely, J., Tyndall, M.W., 2011. Management of HCV and HIV infections among
people who inject drugs. Curr. Opin. HIV AIDS 6, 501-507.

Grebely, ]J., de Vlaming, S., Duncan, F., Viljoen, M., Conway, B., 2008. Current
approaches to HCV infection in current and former injection drug users. J.
Addict. Dis. 27, 25-35.

Grebely, J., Genoway, KA., Raffa, J.D., et al.,, 2008. Barriers associated with the
treatment of hepatitis C virus infection among illicit drug users. Drug Alcohol
Depend. 93, 141-147.

Grebely, J., Raffa, ].D., Lai, C,, et al., 2009. Low uptake of treatment for hepatitis C
virus infection in a large community-based study of inner city residents. J. Viral
Hepat. 16, 352-358.

Grebely, J., Knight, E., Genoway, KA., et al, 2010. Optimizing assessment and
treatment for hepatitis C virus infection in illicit drug users: a novel model
incorporating multidisciplinary care and peer support. Eur. J. Gastroenterol.
Hepatol. 22, 270-277.

Grebely, J., Raffa, ].D., Lai, C., et al., 2011. Impact of hepatitis C virus infection on all-
cause and liver-related mortality in a large community-based cohort of inner
city residents. J. Viral Hepat. 18, 32-41.

Grebely, J., Bryant, J., Hull, P, et al., 2011. Factors associated with specialist
assessment and treatment for hepatitis C virus infection in New South Wales,
Australia. J. Viral Hepat. 18, e104-e116.

Grebely, J., Prins, M., Hellard, M., et al., 2012. Hepatitis C virus clearance, reinfection,
and persistence, with insights from studies of injecting drug users: towards a
vaccine. Lancet Infect Dis. 12, 408-414.

Grebely, ]., Matthews, G.V., Lloyd, A.R., Dore, G.J., 2013. Elimination of hepatitis C
virus infection among people who inject drugs through treatment as
prevention: feasibility and future requirements. Clin. Infect. Dis. 57, 1014-
1020.

Grebely, J., Oser, M., Taylor, L.E.,, Dore, G.J., 2013. Breaking down the barriers to
hepatitis C virus (HCV) treatment among individuals with HCV/HIV coinfection:
action required at the system, provider, and patient levels. ]. Infect. Dis. 207
(Suppl. 1), S19-S25.

Hagan, H., Pouget, E.R., Des Jarlais, D.C., 2011. A systematic review and meta-
analysis of interventions to prevent hepatitis C virus infection in people who
inject drugs. J. Infect. Dis. 204, 74-83.

Hajarizadeh, B., Grebely, ]J., Dore, G.J., 2013. Epidemiology and natural history of
HCV infection. Nat. Rev. Gastroenterol. Hepatol. 10, 553-562. http://dx.doi.org/
10.1111/j.1360-0443.2012.03932.x.

Hallinan, R., Byrne, A., Agho, K., Dore, G.J., 2007. Referral for chronic hepatitis C
treatment from a drug dependency treatment setting. Drug Alcohol Depend. 88,
49-53.

Harris Jr., K.A., Arnsten, ].H., Litwin, A.H., 2010. Successful integration of hepatitis C
evaluation and treatment services with methadone maintenance. J. Addict.
Med. 4, 20-26.

Hellard, M., Sacks-Davis, R., Gold, ]., 2009. Treatment for injection drug users: a
review of the available evidence. Clin. Infect. Dis. 49, 561-573.

Hickman, M., McDonald, T., Judd, A., et al., 2008. Increasing the uptake of hepatitis C
virus testing among injecting drug users in specialist drug treatment and prison
settings by using dried blood spots for diagnostic testing: a cluster randomized
controlled trial. J. Viral Hepat. 15, 250-254.

Hilsden, RJ., Macphail, G., Grebely, J., Conway, B., Lee, S.S., 2013. Directly observed
pegylated interferon plus self-administered ribavirin for the treatment of
hepatitis C virus infection in people actively using drugs: a randomized
controlled trial. Clin. Infect. Dis. 57 (Suppl. 2), S90-S96.

The Kirby Institute, 2013. HIV, viral hepatitis and sexually transmissible infections
in Australia Annual Surveillance Report 2013. The Kirby Institute, The
University of New South Wales, Sydney NSW 2052.

Iversen, ]., Grebely, J., Topp, L, Wand, H., Dore, G., Maher, L., 2014. Uptake of
hepatitis C treatment among people who inject drugs attending Needle and
Syringe Programs in Australia, 1999-2011. ]. Viral Hepat. 21 (3), 198-207.
http://dx.doi.org/10.1111/jvh.12129.

Jewett, A., Smith, B.D., Garfein, R.S., Cuevas-Mota, ., Teshale, E.H., Weinbaum, C.M.,
2012. Field-based performance of three pre-market rapid hepatitis C virus
antibody assays in STAHR (Study to Assess Hepatitis C Risk) among young
adults who inject drugs in San Diego. CA. ]. Clin. Virol. 54, 213-217.

Kanwal, F., Hoang, T., Spiegel, B.M., et al., 2007. Predictors of treatment in patients
with chronic hepatitis C infection - role of patient versus nonpatient factors.
Hepatology 46, 1741-1749.

Kirk, G.D., Mehta, S.H., Astemborski, J., et al., 2013. HIV, age, and the severity of
hepatitis C virus-related liver disease: a cohort study. Ann. Intern. Med. 158,
658-666.

Larney, S., Kopinski, H., Beckwith, C.G., et al., 2013. The incidence and prevalence of
hepatitis C in prisons and other closed settings: results of a systematic review
and meta-analysis. Hepatology 58 (4), 1215-1224. http://dx.doi.org/10.1002/
hep.26387.

Latkin, C.,, Yang, C., Srikrishnan, A.K,, et al., 2011. The relationship between social
network factors, HIV, and Hepatitis C among injection drug users in Chennai,
India. Drug Alcohol Depend. 117, 50-54.

Lee, M.H., Yang, H.I, Lu, S.N,, et al., 2012. Chronic hepatitis C virus infection
increases mortality from hepatic and extrahepatic diseases: a community-
based long-term prospective study. J. Infect. Dis. 206, 469-477.

Lettmeier, B., Muhlberger, N., Schwarzer, R, et al., 2008. Market uptake of new
antiviral drugs for the treatment of hepatitis C. ]. Hepatol. 49, 528-536.

Lindenburg, C.E., Lambers, F.A., Urbanus, A.T., et al., 2011. Hepatitis C testing and
treatment among active drug users in Amsterdam: results from the DUTCH-C
project. Eur. J. Gastroenterol. Hepatol. 23, 23-31.

Litwin, A.H., Smith, B.D., Drainoni, M.L., et al, 2012. Primary care-based
interventions are associated with increases in hepatitis C virus testing for
patients at risk. Dig. Liver Dis. 44, 497-503.

Liu, S., Schwarzinger, M., Carrat, F., Goldhaber-Fiebert, ].D., 2011. Cost effectiveness
of fibrosis assessment prior to treatment for chronic hepatitis C patients. PLoS
ONE 6, e26783.

Lloyd, AR, Clegg, ]., Lange, ., Stevenson, A., Post, ].]., Lloyd, D., Rudge, G., Boonwaat,
L., Forrest, G., Douglas, J., Monkley, D., 2013. Safety and effectiveness of a nurse-
led outreach program for assessment and treatment of chronic hepatitis C in the
custodial setting. Clin. Infect. Dis. 56, 1078-1084.

Macarthur, G.J., Velzen, E., Palmateer, N., et al., 2013. Interventions to prevent HIV
and Hepatitis C in people who inject drugs: a review of reviews to assess
evidence of effectiveness. Int. J. Drug Policy. http://dx.doi.org/10.1016/
j.drugpo.2013.07.001, pii: S0955-3959(13)00116-3. [Epub ahead of print].

Manns, M.P., Wedemeyer, H., Cornberg, M., 2006. Treating viral hepatitis C: efficacy,
side effects, and complications. Gut 55, 1350-1359.

Martin, N.K., Pitcher, A.B., Vickerman, P., Vassall, A., Hickman, M., 2011. Optimal
control of hepatitis C antiviral treatment programme delivery for prevention
amongst a population of injecting drug users. PLoS ONE 6, e22309.

Martin, N.K., Vickerman, P., Miners, A, et al., 2012. Cost-effectiveness of hepatitis C
virus antiviral treatment for injection drug user populations. Hepatology 55,
49-57.

Martin, N.K,, Hickman, M., Hutchinson, SJ., Goldberg, D.., Vickerman, P., 2013.
Combination interventions to prevent HCV transmission among people who
inject drugs: modelling the impact of antiviral treatment, needle and syringe
programs, and opiate substitution therapy. Clin. Infect. Dis. 57 (Suppl 2), S39-
S45. http://dx.doi.org/10.1093/cid/cit296.

Martin, N.K., Hickman, M., Miners, A., Hutchinson, S.J., Taylor, A., Vickerman, P.,
2013. Cost-effectiveness of HCV case-finding for people who inject drugs via
dried blood spot testing in specialist addiction services and prisons. BM] Open 3.

Martin, N.K.,, Vickerman, P., Grebely, J., Hellard, M., Hutchinson, S.J., Lima, V.D.,
Foster, G.R., Dillon, J.F., Goldberg, D.J., Dore, G.J., Hickman, M., 2013a. Hepatitis C
virus treatment for prevention among people who inject drugs: Modeling
treatment scale-up in the age of direct-acting antivirals. Hepatology 58 (5),
1598-1609. http://dx.doi.org/10.1002/hep.26431.

Martin, N.K., Vickerman, P., Miners, A., Hickman, M., 2013b. How cost-effective is
hepatitis C virus treatment for people who inject drugs? ]. Gastroenterol.
Hepatol. 28, 590-592.

Masson, C.L., Delucchi, K.L., McKnight, C., et al., 2013. A randomized trial of a
hepatitis care coordination model in methadone maintenance treatment. Am. J.
Public Health 103, e81-88.

Mathers, B.M., Degenhardt, L., Phillips, B., et al., 2008. Global epidemiology of
injecting drug use and HIV among people who inject drugs: a systematic
review. Lancet 372, 1733-1745.

Mathers, B.M., Degenhardt, L., Ali, H., et al., 2010. HIV prevention, treatment, and
care services for people who inject drugs: a systematic review of global,
regional, and national coverage. Lancet 375, 1014-1028.

Mehta, S.H., Genberg, B.L., Astemborski, J., et al., 2008. Limited uptake of hepatitis C
treatment among injection drug users. J. Community Health 33, 126-133.
Micallef, ].M., Kaldor, ].M., Dore, G.J., 2006. Spontaneous viral clearance following
acute hepatitis C infection: a systematic review of longitudinal studies. ]. Viral

Hepat. 13, 34-41.

Moessner, B.K., Jorgensen, T.R., Skamling, M., et al., 2011. Outreach screening of
drug users for cirrhosis with transient elastography. Addiction 106, 970-976.

NCHECR, 2010a. Australian NSP Survey National Data Report 2005-2009. National
Centre in HIV Epidemiology and Clinical Research, The University of New South
Wales, Sydney, NSW.

NCHECR, 2010b. Epidemiological and economic impact of potential increased
hepatitis C treatment uptake in Australia. National Centre in HIV Epidemiology
and Clinical Research, The University of New South Wales, Sydney, NSW.

Nelson, P.K., Mathers, B.M., Cowie, B., et al., 2011. Global epidemiology of hepatitis B
and hepatitis C in people who inject drugs: results of systematic reviews. Lancet
378, 571-583.

NIH, 1997. National Institutes of Health Consensus Development Conference Panel
statement: management of hepatitis C. Hepatology 26, 25-10S.

Page, K., Morris, M.D., Hahn, ].A., Maher, L., Prins, M., 2013. Injection drug use and
hepatitis C virus infection in young adult injectors: using evidence to inform
comprehensive prevention. Clin. Infect. Dis. 57 (Suppl. 2), S32-S38.

Palmateer, N., Kimber, J., Hickman, M., Hutchinson, S., Rhodes, T., Goldberg, D., 2010.
Evidence for the effectiveness of sterile injecting equipment provision in
preventing hepatitis C and human immunodeficiency virus transmission among
injecting drug users: a review of reviews. Addiction 105, 844-859.

Post, J.J., Arain, A, Lloyd, A.R.,, 2013. Enhancing assessment and treatment of
hepatitis C in the custodial setting. Clin. Infect. Dis. 57 (Suppl. 2), S70-S74.
Robaeys, G., Grebely, J., Mauss, S., et al., 2013. Recommendations for the
management of hepatitis C virus infection among people who inject drugs.

Clin. Infect. Dis. 57 (Suppl. 2), S129-S137.


http://refhub.elsevier.com/S0166-3542(14)00014-X/h0170
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0170
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0170
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0175
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0175
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0180
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0180
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0185
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0185
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0190
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0190
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0190
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0195
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0195
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0195
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0200
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0200
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0200
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0205
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0205
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0205
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0205
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0210
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0210
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0210
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0215
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0215
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0215
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0220
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0220
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0220
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0225
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0225
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0225
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0225
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0230
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0230
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0230
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0230
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0235
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0235
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0235
http://dx.doi.org/10.1111/j.1360-0443.2012.03932.x
http://dx.doi.org/10.1111/j.1360-0443.2012.03932.x
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0245
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0245
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0245
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0250
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0250
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0250
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0255
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0255
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0260
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0260
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0260
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0260
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0265
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0265
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0265
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0265
http://refhub.elsevier.com/S0166-3542(14)00014-X/h1000
http://refhub.elsevier.com/S0166-3542(14)00014-X/h1000
http://refhub.elsevier.com/S0166-3542(14)00014-X/h1000
http://dx.doi.org/10.1111/jvh.12129
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0280
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0280
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0280
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0280
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0285
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0285
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0285
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0290
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0290
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0290
http://dx.doi.org/10.1002/hep.26387
http://dx.doi.org/10.1002/hep.26387
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0300
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0300
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0300
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0305
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0305
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0305
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0310
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0310
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0315
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0315
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0315
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0320
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0320
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0320
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0325
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0325
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0325
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0330
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0330
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0330
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0330
http://dx.doi.org/10.1016/j.drugpo.2013.07.001
http://dx.doi.org/10.1016/j.drugpo.2013.07.001
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0345
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0345
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0350
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0350
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0350
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0355
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0355
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0355
http://dx.doi.org/10.1093/cid/cit296
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0365
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0365
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0365
http://dx.doi.org/10.1002/hep.26431
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0375
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0375
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0375
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0380
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0380
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0380
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0385
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0385
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0385
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0390
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0390
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0390
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0395
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0395
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0400
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0400
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0400
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0405
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0405
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9030
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9030
http://refhub.elsevier.com/S0166-3542(14)00014-X/h9030
http://refhub.elsevier.com/S0166-3542(14)00014-X/h2000
http://refhub.elsevier.com/S0166-3542(14)00014-X/h2000
http://refhub.elsevier.com/S0166-3542(14)00014-X/h2000
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0420
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0420
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0420
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0425
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0425
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0430
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0430
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0430
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0435
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0435
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0435
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0435
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0440
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0440
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0445
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0445
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0445

72 J. Grebely, G.J. Dore/Antiviral Research 104 (2014) 62-72

Rolls, D.A., Sacks-Davis, R., Jenkinson, R., McBryde, E., Pattison, P., Robins, G.,
Hellard, M., 2013. Hepatitis C transmission and treatment in contact networks
of people who inject drugs. PLoS One 8 (11), e78286. http://dx.doi.org/10.1371/
journal.pone.0078286, eCollection 2013.

Sacks-Davis, R., Horyniak, D., Grebely, ], Hellard, M. 2012. Behavioural
interventions for preventing hepatitis C infection in people who inject drugs:
a global systematic review. Int. J. Drug Policy 23, 176-184.

Sarrazin, C., Hezode, C., Zeuzem, S., Pawlotsky, J.M., 2012. Antiviral strategies in
hepatitis C virus infection. ]J. Hepatol. 56 (Suppl. 1), S88-100.

Seeff, L.B., 2009. The history of the “natural history” of hepatitis C (1968-2009).
Liver Int. 29 (Suppl. 1), 89-99.

Senn, O., Seidenberg, A., Rosemann, T., 2009. Determinants of successful chronic
hepatitis C case finding among patients receiving opioid maintenance
treatment in a primary care setting. Addiction 104, 2033-2038.

Shaheen, A.A., Wan, AF., Myers, RP., 2007. FibroTest and FibroScan for the
prediction of hepatitis C-related fibrosis: a systematic review of diagnostic test
accuracy. Am. J. Gastroenterol. 102, 2589-2600.

Smith, B.D., Teshale, E., Jewett, A., et al., 2011a. Performance of premarket rapid
hepatitis C virus antibody assays in 4 national human immunodeficiency virus
behavioral surveillance system sites. Clin. Infect. Dis. 53, 780-786.

Smith, B.D., Drobeniuc, J., Jewett, A., et al., 2011b. Evaluation of three rapid
screening assays for detection of antibodies to hepatitis C virus. J. Infect. Dis.
204, 825-831.

Thein, H.H., Yi, Q., Dore, G.J., Krahn, M.D., 2008a. Natural history of hepatitis C virus
infection in HIV-infected individuals and the impact of HIV in the era of highly
active antiretroviral therapy: a meta-analysis. Aids 22, 1979-1991.

Thein, H.H., Yi, Q., Dore, G.J., Krahn, M.D., 2008b. Estimation of stage-specific fibrosis
progression rates in chronic hepatitis C virus infection: a meta-analysis and
meta-regression. Hepatology 48, 418-431.

Thomas, D.L, 2013. Global control of hepatitis C: where challenge meets
opportunity. Nat. Med. 19, 850-858.

Treloar, C., Hull, P., Dore, G.J., Grebely, J., 2012. Knowledge and barriers associated
with assessment and treatment for hepatitis C virus infection among people
who inject drugs. Drug Alcohol Rev. 31, 918-924.

Treloar, C., Rance, J., Backmund, M., 2013. Understanding barriers to hepatitis C
virus care and stigmatization from a social perspective. Clin. Infect. Dis. 57
(Suppl. 2), S51-S55.

Tuaillon, E., Mondain, A.M., Meroueh, F., et al., 2010. Dried blood spot for hepatitis C
virus serology and molecular testing. Hepatology 51, 752-758.

Turner, K.M., Hutchinson, S., Vickerman, P., et al., 2011. The impact of needle and
syringe provision and opiate substitution therapy on the incidence of hepatitis
C virus in injecting drug users: pooling of UK evidence. Addiction 106, 1978-
1988.

Van Den Berg, C., Smit, C., Van Brussel, G., Coutinho, R., Prins, M., 2007. Full
participation in harm reduction programmes is associated with decreased risk
for human immunodeficiency virus and hepatitis C virus: evidence from the
Amsterdam Cohort Studies among drug users. Addiction 102, 1454-1462.

van der Meer, AJ., Veldt, BJ., Feld, JJ., et al., 2012. Association between sustained
virological response and all-cause mortality among patients with chronic
hepatitis C and advanced hepatic fibrosis. JAMA 308, 2584-2593.

Vergniol, J., Foucher, J., Terrebonne, E., et al., 2011. Noninvasive tests for fibrosis and
liver stiffness predict 5-year outcomes of patients with chronic hepatitis C.
Gastroenterology 140 (1979), e1971-e1973, 1970-1979.

Vickerman, P., Martin, N., Turner, K., Hickman, M., 2012. Can needle and syringe
programmes and opiate substitution therapy achieve substantial reductions in
hepatitis C virus prevalence? Model projections for different epidemic settings.
Addiction 107, 1984-1995.

Volk, M.L., Tocco, R., Saini, S., Lok, A.S., 2009. Public health impact of antiviral
therapy for hepatitis C in the United States. Hepatology 50, 1750-1755.

Walter, S.R., Thein, H.H., Amin, ], et al., 2011. Trends in mortality after diagnosis of
hepatitis B or C infection: 1992-2006. J. Hepatol. 54, 879-886.

WHO, 2010. Scientific review of variola virus research. WHO, Geneva, pp. 1-128.

Wolfe, D., Carrieri, M.P., Shepard, D., 2010. Treatment and care for injecting drug
users with HIV infection: a review of barriers and ways forward. Lancet 376,
355-366.

Wong, V.W., Wong, G.L, Chim, A.M,, et al., 2013. Targeted hepatitis C screening
among ex-injection drug users in the community. J. Gastroenterol. Hepatol. 29
(1), 116-120. http://dx.doi.org/10.1111/jgh.12355.


http://dx.doi.org/10.1371/journal.pone.0078286
http://dx.doi.org/10.1371/journal.pone.0078286
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0455
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0455
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0455
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0460
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0460
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0465
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0465
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0470
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0470
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0470
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0475
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0475
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0475
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0480
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0480
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0480
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0485
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0485
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0485
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0490
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0490
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0490
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0495
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0495
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0495
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0500
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0500
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0505
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0505
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0505
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0510
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0510
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0510
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0515
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0515
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0520
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0520
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0520
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0520
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0525
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0525
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0525
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0525
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0530
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0530
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0530
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0535
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0535
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0535
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0540
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0540
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0540
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0540
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0545
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0545
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0550
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0550
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0555
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0560
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0560
http://refhub.elsevier.com/S0166-3542(14)00014-X/h0560
http://dx.doi.org/10.1111/jgh.12355

	Can hepatitis C virus infection be eradicated in people who inject drugs?
	1 Introduction
	2 Why should we strive for eradication of HCV infection among PWID?
	2.1 The burden of HCV infection is growing, including among PWID
	2.2 HCV transmission continues to occur among PWID

	3 Why is eradication of HCV infection feasible among PWID?
	3.1 HCV treatment is effective among PWID
	3.2 Although HCV treatment uptake is low, treatment willingness is high among PWID
	3.3 Simple, effective IFN-free DAA-based HCV treatments could substantially improve treatment uptake
	3.4 HIV has taught us that treatment as prevention can be effective
	3.5 Substantial reductions in HCV prevalence and incidence could be achieved with modest increases in treatment uptake with IFN-free DAA-based regimens
	3.6 Treatment of HCV infection among PWID is cost-effective

	4 What are the requirements for achieving eradication of HCV infection among PWID?
	4.1 A strong foundation of non-treatment-based HCV prevention strategies
	4.2 Broad expansion of screening and assessment for HCV infection among PWID
	4.3 Broad expansion of HCV treatment among PWID
	4.4 Effective, tolerable, short-duration HCV therapy
	4.5 Drug pricing reform and public health advocacy

	5 What are the specific settings and strategies for achieving HCV eradication among PWID?
	5.1 Programs based in OST, the prison and the community will be essential
	5.2 Optimal HCV treatment delivery among PWID

	6 Elimination is probably more feasible than eradication among PWID
	6.1 The implementation of harm reduction strategies is still limited in many countries
	6.2 Eradication among PWID would likely require an HCV vaccine
	6.3 Treatment as prevention is less effective in high HCV prevalence settings
	6.4 Reinfection among PWID may compromise DAA-based HCV treatment

	7 Conclusions
	Financial Support
	Conflict of interest
	Appendix A Supplementary data
	References


