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SUMMARY. The majority of new and existing cases of hepa-
titis C virus (HCV) infection occur among people who
inject drugs (PWID). Despite safe and efficacious HCV an-
tiviral therapy, uptake remains low in this population. This
study examined trends in HCV treatment uptake among a
large national sample of PWID attending Australian Needle
and Syringe Programs between 1999 and 2011. Annual
cross-sectional sero-surveys conducted among PWID since
1995 involve completion of a self-administered question-
naire and provision of a dried blood spot for HCV antibody
testing. Multivariate logistic regression identified variables
independently associated with HCV treatment uptake
among 9478 participants with both self-reported and sero-
logically confirmed prior HCV infection. Between 1999 and
2011, the proportion currently receiving treatment
increased from 1.1% to 2.1% (P < 0.001), while the pro-
portion having ever received treatment increased from
3.4% to 8.6% (P < 0.001). Men were significantly more

likely than women to have undertaken HCV treatment
(P =0.002). Among men, independent predictors of HCV
treatment uptake were homosexual identity and older age;
among women, independent predictors included homosex-
ual identity and an incarceration history. Despite increases
in HCV treatment among Australian PWID between 1999
and 2011, uptake remains low. Strategies are required to
increase the proportion of PWID assessed and treated for
HCV infection to address the increasing burden of disease.
Specific approaches that target women may also be war-
ranted. Continued surveillance of HCV treatment uptake
among PWID will be important to monitor the roll-out of
simple, safe and more effective HCV treatments expected to
be available in the future.

Keywords: age, antiviral treatment, gender, hepatitis C
virus, injection drug use, surveillance.

INTRODUCTION

The majority of new and existing cases of hepatitis C virus
(HCV) infection occur among people who inject drugs
(PWID) [1]. Without treatment, 20-30% of people with
chronic HCV infection will develop cirrhosis, with subse-
quent increased risk of hepatocellular carcinoma and death
[2]. Despite the efficacy of HCV treatment among PWID [3—
5] and guidelines encouraging treatment [6-8], uptake of
antiviral treatment remains low in this population [4,9-12].

Abbreviations: ANSPS, Australian NSP Survey; AOR, adjusted
odds ratios; DAA, direct acting antiviral; HCV, hepatitis C virus;
HIV, human immunodeficiency virus; NSP, Needle and Syringe
Program; PWID, people who inject drugs.
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In the general population, data from the United States
[13,14] and Europe [15] estimate that only 3-4% of people
diagnosed with HCV infection had received HCV treatment
in 2005. A similarly low rate of treatment uptake was
observed among PWID during the same period, with 1-6%
having ever received treatment in Australia [9], Canada [10]
and the United States [11,16]. However, recent data on HCV
treatment uptake, particularly among PWID, are limited.

Pegylated-interferon alfa-2a and ribavirin combination
therapy is the current standard of care for the treatment of
HCV, with the addition of a protease inhibitor (telaprevir
or boceprevir) for genotype 1. Interferon-free direct acting
antiviral (DAA) regimens are likely to replace existing ther-
apy over the next 2-5 years, with reduced toxicity, greater
efficacy and simplified delivery (all oral, shorter duration)
[17,18]. Surveillance of HCV treatment will be important
for monitoring the roll-out of DAA-based regimens and
the potential impact of treatment on the burden of HCV
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infection. This study examined trends in HCV treatment
uptake and associated factors over the past decade among
a large, national sample of PWID attending Needle and
Syringe Programs (NSPs) in Australia.

METHODS

Study population

Established in 1995, the Australian NSP Survey (ANSPS) is
a cross-sectional survey, conducted annually at ~50 NSP
services across Australia. During the 1-2 week survey
period, PWID who attend participating NSPs are invited to
provide a capillary blood sample and complete a brief self-
administered questionnaire covering demographics, inject-
ing and sexual risk, history of human immunodeficiency
virus (HIV) and HCV testing, and history of HCV and drug
treatment. Participants provide consent for voluntary,
anonymous, nonreimbursed participation and are eligible
to participate in the study only once during the annual sur-
vey period. ANSPS methodology is described in detail else-
where [19] and previous research indicates ANSPS samples
are representative of the broader population of NSP attend-
ees [20]. Ethical approval was obtained from the University
of New South Wales Human Research Ethics Committee.
The ANSPS dataset was deduplicated to ensure that
reports of previous treatment episodes were counted only
once. Repeat participants were identified using a simple
deterministic linking method, with a matching key created
by combining the first two letters of first and last names,
birth month and year, Indigenous status and gender. For
each repeat participant, only the first participation record
or the first participation record where HCV treatment was
reported was retained. In the event that a unique identifier
could not be created, participation records were not
retained if respondents reported previous ANSPS participa-
tion. Questionnaire items on history of HCV testing, diagno-
sis and treatment were included for the first time in 1999.

Serological testing

A modified third generation enzyme immunoassay (Abbott
HCV 3.0; Chicago, IL, USA from 1999 to 2004, and
Monolisa Plus anti-HCV EIA version 2; Bio-Rad, Marnes-
la-Coquette, France, from 2005) was used to detect HCV
antibodies from dried blood spots as previously described
[21]. HIV antibody was detected using Genetic Systems
HIV-1 ELISA tests. Reactive specimens were subjected to
Western blot confirmatory testing (Bio-Rad New LAV blot-1,
Marnes-la-Coquette, France).

Study outcome and statistical analysis

The primary outcome for this study included ‘currently’
and ‘ever’ receiving HCV treatment with interferon/pegy-
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lated-interferon alfa and ribavirin. Given that HCV treat-
to the
participants were only retained in the analysis dataset if

ment is only relevant infected population,
they self-reported prior HCV infection and this was con-
firmed by serological testing. Concordance between self-
reported and serological HCV status was assessed to deter-
mine sensitivity (the proportion of HCV-exposed partici-
pants who self-reported prior HCV infection) and specificity
(the proportion of HCV-unexposed participants who self-
reported no prior HCV infection). Changes in the uptake of
HCV treatment (both current and ever) over time were
evaluated and statistical significance assessed using the z°
test for linear trend. Given potential differences in uptake
between men and women [22], analyses were stratified by
gender. Baseline characteristics between participants that
had and had not received HCV treatment were compared
(52 test). Logistic regression models were used to estimate
crude and adjusted odds ratios (AOR) and 95% confidence
intervals (95% CI) to identify factors associated with ever
having received HCV treatment by gender. Factors hypoth-
esized to be associated with HCV treatment uptake were
assessed, including age [22,23], sexual identity, HIV infec-
tion, Indigenous status [10,22,23], country of birth, geo-
graphic location, current opioid substitution therapy
[24,25], drug most recently injected and frequency of
injection [24-27]. All variables associated with the out-
come at P < 0.10 in bivariate analyses were considered in
multiple logistic regression models using a backwards step-
wise approach with factors sequentially eliminated accord-
ing to the result of a likelihood ratio test. All analyses were
conducted using STATA software version 12 (Stata Corpo-
ration, College Station, TX, USA).

RESULTS

Between 1999 and 2011, the ANSPS was completed on
30 883 occasions (Fig. 1). Of these, 4490 records were
identified as belonging to repeat participants and these
records were excluded. Of the 26 393 unique individuals
remaining, the vast majority (n = 22 902, 87%) reported a
history of HCV testing, with a minority reporting never
testing for HCV (n = 2824, 11%) or not reporting their
testing history (n = 667, 3%). Serological results were not
available for 1348 (5%) participants; and 830 (3%) did not
self-report their HCV status. Among 20 724 participants
for whom serological and self-reported HCV status was
determined, sensitivity was 78% and specificity was 82%
(Table 1).

Sample characteristics

Hepatitis C virus treatment uptake was analysed among
HCV antibody-positive participants who were aware of their
serostatus (n = 9478, median age 35 years). Two-thirds
(64%) of the sample were male, the majority identified as
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Fig. 1 Creation of dataset comprising ANSPS participants with self-reported and serologically confirmed prior HCV

infection.

Table 1 Self-reported and serological HCV serostatus

Serological results

Anti-HCV Anti-HCV
positive N (%) negative N (%) Total
Self-report
Prior HCV 9478 (78) 1541 (18) 11 019
infection
No prior HCV 2702 (22) 7003 (82) 9705
infection
Total 12 180 8544 20 724

heterosexual (80%) and 10% identified as Indigenous Aus-
tralian. Participants first injected drugs a median of
16 years prior to survey completion. Heroin was the drug
most recently injected by the largest proportion of partici-
pants (45%), followed by methamphetamine (20%). Over
half (53%) of participants reported injecting daily or more
in the month preceding survey completion.

HCV treatment uptake

A small minority of HCV antibody-positive participants
(range n = 4-17, 0.7-2.4%) reported current HCV treat-
ment at the time of ANSPS completion in all survey years.
There was an overall increase in the proportion of partici-
pants reporting current HCV treatment over the period
1999-2011 (4* trend P < 0.001, Fig. 2). The proportion
of participants reporting a lifetime history of HCV treat-
ment increased from 3.4% (n =28, 95% CI 2.1-4.6) in
1999-8.6% (n = 83, 95% CI 6.5-10.7) in 2011 (y* trend
P < 0.001).

Men were significantly more likely than women to have
ever received HCV treatment (7% vs. 5% respectively,
P = 0.002). In unadjusted analysis (Table 2), factors asso-
ciated with HCV treatment uptake among men were older
age, homosexual identity and HIV antibody-positive serol-
ogy. Men who had ever received HCV treatment were less
likely to report a history of imprisonment and recent recep-
tive sharing of drug preparation equipment. Among
women, factors associated with HCV treatment uptake in
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Fig. 2 Temporal trends in the proportion of anti-HCV positive ANSPS participants reporting current and ever receiving

HCV antiviral treatment (1999-2011).

unadjusted analysis were homosexual identity, Indigenous
Australian background and a history of imprisonment.
Older age was not associated with HCV treatment uptake
among women and none of the HIV antibody-positive
women (n = 11) had received HCV treatment.

In adjusted analysis, independent predictors of HCV
treatment uptake among men included homosexual iden-
tity (AOR = 2.58, 95% CI 1.70-3.93, P <0.001) and
older age (Table 3). Compared to males aged <30 years,
the likelihood of ever receiving HCV treatment increased
with age; from AOR=1.42 (95% CI 1.00-2.01,
P = 0.049) among men aged 30-34 years to AOR = 2.33
(95% CI 1.50-3.30, P <0.001) among those aged
>50 years. Among women, independent predictors of HCV
treatment uptake were homosexual identity (AOR = 1.87,
95% CI 1.06-3.30, P = 0.030) and a history of imprison-
ment (AOR = 1.41, 95% CI 1.00-1.98, P = 0.049).

DISCUSSION

In this large study of PWID attending Australian NSPs,
uptake of HCV treatment remains low. The proportion of
PWID receiving treatment annually increased modestly
from 0.5% in 1999-2% in 2011 and by 2011, ~10% of
HCV antibody-positive PWID had ever received treatment.
This study presents novel data on trends in HCV treatment
among PWID and demonstrates an important surveillance
tool for monitoring the uptake and impact of novel DAA-
based therapies to become available in the near future.
Data on treatment uptake among PWID are limited
[10,11,16]. Nonetheless, the low rate of current HCV treat-
ment uptake among PWID observed in this Australian
study (0.5-2% per annum) was comparable to previous
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studies, where current HCV treatment uptake was <1% per
annum in both the United States [11,16] and Canada
[10]. Current HCV treatment uptake among PWID also
appears consistent with uptake in the broader population
of Australians living with chronic HCV infection. In Aus-
tralia, an estimated ~226 700 people are chronically
infected and around 3500 people (1-2%) are currently
treated each year [28,29].

Despite the low rate of current treatment uptake among
Australian PWID, the proportion of the sample who had
ever received treatment increased over the period 1999—
2011. A number of factors likely contributed to this out-
come. Therapeutic interventions improved over the study
period, with pegylated-interferon and ribavirin available in
Australia from November 2003, and liver biopsy removed
as a prerequisite for HCV treatment in April 2006.
Although Australian guidelines have endorsed treatment of
PWID since 1999, access to care has most likely increased
through the establishment of novel community-based
services [30-33]. While recent data are not available, the
proportion of PWID in 2004-2005 that had ever received
treatment was 6% in the United States [11] and 1% in
Canada [10]. Among the general population, approxi-
mately 663 000 of the estimated 3.2 million people with
chronic HCV in the United States received treatment
between 2002 and 2007 [13], and the number of patients
ever treated ranged between <1% and 16% across 21
European countries by the end of 2005 [15].

In this study, men were significantly more likely than
women to have initiated HCV treatment. This result is con-
sistent with findings from previous studies of PWID
[10,11], suggesting that specific targeting of HCV treat-
ment to women who inject drugs may be warranted. This
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Table 3 Multivariate logistic regression analysis of factors associated with a history of HCV treatment among male and
female ANSPS participants with self-reported and serologically confirmed prior HCV infection

Male Female
Variable AOR (95% CI) P value
Male
Age
<30 years (reference) - - -
30-34 years 1.42 1.00-2.01 0.049
35-39 years 1.61 1.14-2.25 0.006
40-44 years 1.58 1.11-2.23 0.010
45-49 years 1.94 1.35-2.79 <0.001
>50 years 2.23 1.50-3.30 <0.001
Sexual identity
Heterosexual (reference) - - - - - -
Bisexual 1.38 0.88-2.15 0.156 1.36 0.95-1.96 0.098
Homosexual 2.58 1.70-3.93 <0.001 1.87 1.06-3.30 0.030
History of imprisonment
No (reference) - - - - - -
Yes 0.80 0.64-1.04 0.095 1.41 1.00-1.98 0.049

study also found that, with the exception of homosexual
identity, factors associated with treatment uptake differed
according to gender. Homosexual identity was associated
with an increased likelihood of ever receiving treatment
among both males and females. While the demographic
characteristics of homosexual participants were similar to
those of their heterosexual counterparts (data not shown),
homosexual men were significantly more likely to report
recent HIV screening, possibly providing increased opportu-
nity for HCV treatment assessment and referral. Although
data on access to education programmes regarding preven-
tion and treatment of blood borne viral infections were not
collected, it is probable that homosexual PWID have bene-
fited from campaigns that target this community. While it
was encouraging that HIV coinfection was associated with
HCV treatment uptake among males, the proportion of this
group who had received treatment was still unacceptably
low at 14%, and none of the eleven HIV-infected women
had received HCV treatment. This is concerning given that
HCV/HIV coinfection may result in increased liver disease
progression and HCV-related mortality [34,35].

Older age was associated with an increased likelihood of
HCV treatment uptake among males, a finding that may
be related to prioritization of treatment among patients
with advancing liver disease. Compared to those without a
history of incarceration, previously incarcerated men
tended towards decreased odds of having received HCV
treatment, however, previously incarcerated women were
significantly more likely to have received treatment. A ret-
rospective study of attendees at hepatitis clinics located
within correctional facilities in one Australian jurisdiction
(NSW) reported that 18% of attendees were female, despite
women comprising only 7% of the NSW prison population.

Although data on HCV treatment setting were not col-
lected, it is probable that some respondents in this study
received HCV treatment while incarcerated.

Given the vast majority of ANSPS participants reported
previous HCV screening and more than three-quarters of
antibody-positive participants were aware they had been
exposed to HCV, the low rates of treatment uptake reported
here cannot be attributed to lack of awareness of infection
status. Barriers to HCV treatment uptake among PWID are
well documented and include patient factors (e.g. lack of
knowledge of assessment and treatment, alcohol use,
patient preferences); provider factors (e.g. concerns about
adherence or reinfection); and system-level factors (e.g.
lack of referral, centralization of treatment within tertiary
care) [4,10,11,36]. However, many of these factors are
modifiable and potentially alleviated by integrated models
of HCV treatment and care that move beyond hospital-
based specialist clinics [37,38].

In Australia and elsewhere, alternative models of HCV
assessment and treatment have been established within
primary health care [32,39,40], opioid substitution ther-
apy clinics [33,41] and correctional facilities [31,42,43].
Such services increase the accessibility of HCV treatment
by PWID and may explain why treatment uptake among
Australian PWID was comparable to that of the general
population. However, the challenge over the next decade
will be to increase the number of individuals treated each
year, while ensuring that PWID continue to have access to
HCV education, assessment and treatment services. New
therapeutic regimes will be significantly shorter than those
presently available [17,18,44], and existing services may
have the capacity to treat a larger number of patients. This
is an important factor with regard to the delivery of
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treatment within correctional facilities, where prevalence
of chronic HCV infection is high and incarceration of
PWID is [30,45]. As
decreases, opportunities for the commencement and com-
pletion of HCV therapeutic regimes within correctional
facilities will likely improve [30,31,45].

This study has several limitations. Treatment uptake
was self-reported and not confirmed by medical records.
However, the survey specifically asked participants if they

common treatment duration

were currently receiving or had ever received pegylated-
interferon and/or ribavirin, so it is unlikely that this would
be subject to considerable error or social desirability bias.
HCV RNA testing was not performed and analyses were
restricted to HCV antibody-positive participants. Given
approximately 25% of people spontaneously clear HCV
infection and would not be indicated for therapy, HCV
treatment uptake is underestimated in this study. While
this study was unable to account for higher rates of spon-
taneous clearance among women [46,47], this would not
have substantially impacted trends observed over time. It is
also acknowledged that this study is limited to PWID who
attend NSPs. Although ANSPS samples have previously
been demonstrated to reflect the broader NSP population
and most likely the broader population of Australian PWID
[20], NSP attendees may have better access to HCV infor-
mation and referral services than the estimated 17% of
Australian PWID who obtain injecting equipment exclu-
sively from pharmacies [48].

Given mounting evidence that treatment of active PWID
is efficacious [3,4], cost effective [49] and has the potential
to decrease prevalence through prevention of secondary
transmission [50,51], services that engage with PWID
must consider how to best inform this group about antici-
pated improvements in HCV treatment. Assessment and
treatment services must also begin to consider how they
will respond to a likely increase in demand once new ther-
apeutic interventions become available. Existing models of
integrated care and treatment must be evaluated and suc-
cessful interventions resourced to enable scale-up. In addi-
tion, surveillance tools, such as the ANSPS, that have the
capacity to monitor HCV treatment uptake and outcomes
among PWID will become increasingly valuable. Such sys-
tems provide important opportunities to monitor the roll-
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