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Abstract

Context: Aboriginal and Torres Strait Islanders (Aboriginal) account for approximately 3% of the Australian population. They have
the poorest health, economic and social outcomes. Higher notification rates of hepatitis C antibodies (anti-HCV) have been reported
among Aboriginal compared with non-Aboriginal people. The identification of Aboriginal people in national surveillance has some
weaknesses, with only four of the eight jurisdictions included in national reporting. To address some of these limitations, we aim
to estimate the pooled prevalence of anti-HCV among Aboriginal people in Australia.
Evidence Acquisition: We searched the databases: Pubmed, Web of Science and Informit, and the New South Wales and Northern
Territory Public Health Bulletins. A study was included if it reported the number of Aboriginal people testing positive for anti-HCV
and the number tested for anti-HCV. A meta-analysis by population-group was conducted if three or more studies reported a preva-
lence estimate. Variables included: author, year of publication, study design, study period, gender (female, male), age, population
group (Aboriginal people in prison, Aboriginal people who inject drugs), number testing anti-HCV positive, number tested for anti-
HCV and prevalence (%). Due to a long time period, we separated the studies estimating the prevalence anti-HCV among Aboriginal
people in prison into two time periods, 1994 - 2004 and 2005 - 2012.
Results: Overall, 15 studies met our inclusion criteria. Among Aboriginal people in prison, the pooled prevalence of anti-HCV was
18.1% (95%CI: 6.6 - 29.7). The pooled prevalence among Aboriginal people in prison was 25.7% (95%CI: 4.1-47.3) in studies published
between 1994 - 2004 and 14.5% (95%CI: 1.7 - 27.3) in studies published from 2005 - 2012. The pooled prevalence of anti-HCV was 58.7%
(95%CI: 53.9 - 63.5) among Aboriginal people who inject drugs and 2.9% (95%CI: 0.30 - 6.1) among Aboriginal people who did not inject
drugs, however there was significant heterogeneity (I2 > 90.0%, P < 0.01). There was significant selection bias in the studies as most
included individuals who inject drugs.
Conclusions: Our analysis shows that the overall prevalence of anti-HCV was significantly biased towards people who inject drugs;
resulting in an over-estimation of anti-HCV prevalence among Aboriginal people. Our review highlights that unsafe injecting is the
main transmission route for HCV infection among Aboriginal people in Australia.
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1. Context

In Australia, an estimated 80% of new hepatitis C virus
(HCV) infections occur through unsafe injecting (1), and
one in two people who inject have been exposed to HCV
(2). If left untreated an estimated 15% - 40% of people liv-
ing with HCV will develop hepatocellular carcinoma (HCC)
(3).

In 2014, there were an estimated 713,600 Australian
Aboriginal and Torres Strait Islanders (Aboriginal); ac-
counting for 3% of the Australian population (4). Com-
pared with non-Aboriginal people, Aboriginal people have
higher rates of chronic and communicable diseases, un-
employment, lower levels of home ownership, school com-

pletion and life expectancy (4). Aboriginal people account
for 27% of the prison population compared with 2.5% of
non-Aboriginal people (5). As a result, the Australian gov-
ernment has released national strategies including the
fourth national aboriginal and Torres Strait Islander blood-
borne viruses (BBV) and sexually transmissible infections
(STI) strategy, 2014 - 2017 (6). This strategy includes a
number of targets including safer injecting practices, in-
creased testing among people at risk of HCV infection and
increased access to treatment for people living with hep-
atitis C. The incidence of HCC is estimated to be two to
eight times higher among Aboriginal compared with non-
Aboriginal people (7).

An estimated 230,000 people in Australia are living
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with HCV, with Aboriginal people accounting for 8% of
newly diagnosed cases of HCV in 2014 (8). The notifica-
tion rate of newly diagnosed HCV among Aboriginal peo-
ple increased by 38% from 119 in 2010 to 164 per 100,000
in 2014; in contrast among non-Aboriginal people the no-
tification rate decreased by 15% from 41 in 2010 to 35 per
100,000 in 2014 (8). However, only four of the eight juris-
dictions in Australia are included in national HCV surveil-
lance when reporting notification rates among Aboriginal
and non-Aboriginal people.

In response to the emergence of HIV in Australia, the
first needle and syringe program (NSP) was established in
Sydney in 1986. NSPs were subsequently established in
other cities and in regional areas; resulting in a national
network of NSPs across Australia (9). By 1995, an estimated
15 million needles and syringe had been distributed na-
tionally, with distribution doubling to 33 million by 2009
(10). The Australian NSP network currently includes ~ 75
primary outlets, 700 secondary outlets, ~ 200 needle and
syringe vending machines and ~ 2,500 pharmacies (9). Be-
tween 2000 and 2009, an estimated 96,667 new HCV infec-
tions were prevented as a result of NSPs in Australia (11, 12).

New interferon-free HCV treatments called direct-
acting antiviral (DAA) have recently became available in
Australia. DAAs provide three key benefits for people liv-
ing with HCV compared to previous interferon-based treat-
ments (13). These include, shorter treatment duration, a
higher cure rate and fewer side-effects (13). On 1st March
2016, the Australian government included DAAs on the
Pharmaceutical Benefits Scheme (PBS) which significantly
subsidises the price for people purchasing DAAs to as low
as AUD $6.20 per prescription for people with low incomes
(14). It is anticipated that universally accessible DAAs will
lead to an increased number of people living with chronic
HCV being able to afford treatment, increased access to
treatment and completion of treatment (13).

To date, estimates of the prevalence of anti-HCV among
Aboriginal people have predominantly come from na-
tional surveillance and NSP surveillance data. NSP data
only includes those who inject drugs and choose to access a
NSP and national HCV surveillance data only includes HCV
notifications from four of the eight jurisdictions of Aus-
tralia due to some jurisdictions having limitations in iden-
tifying Aboriginal people. We aim to fill this gap in estimat-
ing the prevalence of anti-HCV and provide a description of
the anti-HCV burden among sub-groups of Aboriginal peo-
ple in Australia through pooling the prevalence from stud-
ies conducted in a number of jurisdictions in Australia.
It will also provide an estimate of anti-HCV prevalence in
Aboriginal people before the impact of DAAs has on new
anti-HCV infections.

2. Evidence Acquisition

2.1. Search Strategy

This review was guided by the PRISMA statement (15).
In September 2015, the lead author searched the databases
Pubmed and Web of Science and then a searched for rele-
vant articles in grey literature in the database Informit, the
New South Wales (NSW) and Northern Territory (NT) Public
Health Bulletins, the Aboriginal and Islander Health Jour-
nal and the 2010 - 2014 Australasian Viral Hepatitis Con-
ference abstract Handbooks was conducted. The reference
lists of the included studies were also examined for rel-
evant papers. The search was conducted using title and
keywords in Pubmed, Web of Science and Informit. Only
manuscripts written in English were included.

The following Medical Subject Headings (MeSH) search
terms and variations were used:

1, Hepatitis C OR HCV AND; 2, Aboriginal OR Indigenous
AND; 3, Australia

2.2. Inclusion/Exclusion Criteria

Information from each study was extracted by the lead
author. The studies were then independently assessed by
the last author for inclusion. Both authors discussed the in-
cluded studies until a consensus was reached. A study was
included if it reported the prevalence of anti-HCV in Abo-
riginal people in Australia. Studies that reported an overall
prevalence of anti-HCV in Aboriginal and non-Aboriginal
people combined were included if the proportion of Abo-
riginal people in the cohort was greater than 80%. The defi-
nition of Aboriginal people who injected drugs was if they
have ever injected drugs.

Studies were included if they reported the prevalence
of anti-HCV as follows:

- Numerator = number of Aboriginal people who tested
positive for anti-HCV.

- Denominator = number of Aboriginal people tested
for anti-HCV.

2.3. Data Extraction

For each study that met the inclusion criteria, informa-
tion was extracted on: author, year of publication, study
design, study period, gender (female, male), age, popula-
tion group (Aboriginal people in prison, Aboriginal people
who attended NSPs, Aboriginal adults, haemodialysis pa-
tients, people diagnosed with HCC), number testing anti-
HCV positive, number tested for anti-HCV, prevalence (%),
and 95% confidence intervals (95% CIs). If studies did not
report 95% CIs, they were calculated by the lead author us-
ing the exact binomial method. Due to a long time period,
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we separated the studies estimating the prevalence of anti-
HCV among Aboriginal people in prison into two time pe-
riods, 1994 - 2004 and 2005 - 2012 to examine if there was a
difference in prevalence between the two periods.

2.4. Statistical Analysis

A meta-analysis was conducted, however if fewer than
three studies reported a prevalence estimate by any of the
collected variables, then the meta-analysis was not con-
ducted on this factor (e.g gender). We used the I2 test
to estimate the approximate proportion of total variabil-
ity in point estimates that could be attributed to hetero-
geneity other than that due to chance (presented as forest
plots). We used the following strategy to assess the level of
between-study heterogeneity (16):

- I2 < 25%, fixed effects meta-analysis to estimate the
common prevalence (95% CIs), assuming that all or most
between-study variability is due to chance; or I2 > 25%, ran-
dom effects meta-analysis to estimate the average preva-
lence (95%CIs).

2.5. Assessment of Bias and Quality of Studies

To assess publication bias we used Egger’s correlation
test by regressing prevalence by its standard error and
calculated the prevalence and 95% CIs. An assessment of
within study bias (selection, measurement and confound-
ing) (17) was undertaken to examine the potential effects of
bias for each individual study.

Data were analysed using Stata 13.0 statistical software
(Stata corporation, college station TX) and Microsoft Excel
2010 (18).

3. Results

3.1. Study Selection

The study inclusion process is presented in Figure 1 and
the included papers are summarised in Table 1. Overall,
15 studies were included, three cohort and twelve cross-
sectional studies (19-33). A total of two studies were among
adults(28, 31), eight among prisoners (19, 20, 22-24, 29, 32,
33), three among PWID who attended NSPs (21, 25, 27), one
among people who were haemodialysis patients (26) and
one among people diagnosed with HCC (30). There was one
study conducted in remote areas (28), two in regional (22,
24), two in urban areas (21, 31) and ten studies were national
analyses or included multiple geographical locations (19,
20, 23, 25-27, 29, 30, 32, 33). Of the 15 studies, ten studies re-
ported anti-HCV prevalence by Aboriginal status (19, 20, 22,
23, 25, 27-30, 33) and four reported the proportion who had
ever injected drugs (21, 23, 25, 27). Overall, 11 of the 15 studies
included individuals at high risk of HCV infection such as

Aboriginal people who inject drugs and Aboriginal people
in prison (19-25, 27, 29, 32, 33).

3.2. Meta-Analysis

3.2.1. Aboriginal People in Prison

A total of eight studies reported a prevalence estimate
in Aboriginal people in prison; with a total sample size of
5,234. The pooled prevalence was 18.4% (95%CI: 8.0-28.8);
however there was significant heterogeneity in each pop-
ulation group (I2 = 98.8 %, Figure 2). There were 343 individ-
uals included in studies conducted between 1997-2004 and
4,891 in studies conducted between 2005-2014. The pooled
prevalence was 25.7% (95%CI: 4.1 - 47.3) in studies published
between 1994 - 2004 and 14.5% (95%CI: 1.7 - 27.3) in studies
published from 2005 - 2012; however there was significant
heterogeneity among Aboriginal people in prison between
the two time periods (I2 = 98.8%, Figure 2).

3.2.2. Aboriginal People Who Inject Drugs

Overall, four studies reported the prevalence of anti-
HCV among Aboriginal people who inject drugs and one
among Aboriginal people who did not inject drugs; with a
total sample size of 1,703 (1,563 Aboriginal people who in-
ject drugs and 140 Aboriginal people who did not inject
drugs). The pooled prevalence of anti-HCV was 58.7% (95%
CI: 53.9 - 63.5) among Aboriginal people who inject drugs
(I2 = 19.3%, P = 0.29).

3.3. Assessment of Bias

3.3.1. Assessment of Bias Between Studies

There was evidence of publication bias in estimating
the pooled prevalence of anti-HCV (odds ratio: 0.24 (95% CI:
0.04 - 0.44, P = 0.02).

3.3.2. Assessment of Bias Within Each Study

An assessment of bias (selection, measurement, and
confounding) is summarized in Table 2 Appendix 1 in Sup-
plementary File provides a detailed assessment of within
study bias. Overall, seven of the 15 studies reported re-
sponse rates (19-23, 27, 33), which ranged from 28.0% to
95.4%. As a result this increases the risk of non-response
bias especially among high risk individuals. These four
studies did report the reasons why the participants refused
to participate, including: being uncomfortable with nee-
dles and among Aboriginal people in prison; a fear that the
blood test would be used to detect drug use. Seven studies
had a sample size less than 400 (21, 22, 24, 26, 27, 29, 30), re-
ducing the representativeness of these studies and poten-
tially increases sampling variability when estimating the
pooled prevalence of anti-HCV. There was a high degree of
selection bias in nine studies as they included populations
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Figure 1. Flow Chart of Included Studies
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at high risk of HCV infection (Aboriginal people in prison
and Aboriginal people who inject drugs) (19, 20, 22-25, 29,
32, 33). There was a high degree of confounding among
studies of Aboriginal people in prison because they do not
have access to harm reduction programs such as NSPs; po-
tentially increasing the risk of unsafe injecting behaviours.

4. Conclusions

Our review highlights that studies examining the
prevalence of anti-HCV were significantly biased towards
studies that included people at high risk of HCV infection.
The highest prevalence estimates of anti-HCV were among
Aboriginal people who inject drugs. As a result this study
represents the prevalence of anti-HCV among Aboriginal
people with a high risk of anti-HCV infection instead of the
overall anti-HCV prevalence among the general Aboriginal

population.

To our knowledge, this is the first systematic review
and meta-analysis examining the prevalence of anti-HCV
among Aboriginal people in Australia. A number of lim-
itations should be considered when interpreting our re-
sults. Firstly, the majority of the studies were among Abo-
riginal people in prison or Aboriginal people who inject
drugs. This significantly increases the risk of our study
over-estimating the pooled anti-HCV prevalence among
Aboriginal people. Also, among people in prison there is a
higher risk of HCV exposure through unsafe injecting and
unsterile tattooing (34). There is a potential increase risk of
selection bias for one of the studies which included Aborig-
inal clinic attendees for two reasons; firstly, the individuals
that were tested have sought health services and secondly,
those tested for anti-HCV could have identified themselves
as being at high risk of HCV infection and therefore a test
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Table 1. Studies Which Reported the Prevalence of Hepatitis C Antibodies in Aboriginal People in Australia

Author, Year
published

Study Design Study Period Setting Gender Age, y Lab Test Response Rate
(%)

Number Positive Number Tested Prevalence (%) 95% CIs

Butler, 1997 (19) Cross-sectional 1994 Prison M N/S Innotest HCVAbIII 28.0 15 41 36.6 22.1 - 53.1

Butler, 1999 (20) Cross-sectional 1997 Prison F,M 18 - 67 Innotest HCVAbIII 94.4 80 228 35.1 28.9 - 41.7

Roberts, 2000
(21)

Cross-sectional 1998 NSP F,M N/S NS 54.2 22 31 70.6 52.0 - 86.0

Gilles, 2008 (22) Cross-sectional 2006 Prison F,M 18-54 NS 82.0 7 155 4.5 1.8 - 9.1

Van der Poorten,
2008 (23)

Cross-sectional 2002 - 2005 Prison F,M 16-20 Abbott AxSYM 68.0 13 179 7.3 3.9 - 12.1

Templeton, 2010
(24)

Cross-sectional 2004 Prison M 14-20 NS NS 5 74 6.8 2.2 - 15.1

Ward, 2011 (25) Cross-sectional 1998 - 2008 NSP F,M N/S NS NS 791 1,380 57.3 54.7 - 60.0

Davies, 2012 (26) Longitudinal 2000 - 2009 HP F,M 5 - 78 Abbott ARCHITECT NS 7 371 1.9 0.8 - 3.9

Paquette, 2013
(27)

Cross-sectional 2008 NSP F,M N/S NS 77.0 45 75 60.0 48.0 - 71.1

Su, 2013 (33) Cross-sectional 2003 - 2006 Prison F,M N/S NS 95.4 32 2,132 1.5 1.0 - 2.1

Foy, 2014 (28) Cross-sectional 2006 - 2013 Adults F,M N/S NS NS 11 91 12.1 6.2 - 20.6

Luciani, 2014 (29) Longitudinal N/S Prison F,M N/S NS NS 16 58 27.6 16.7 - 40.9

Parker, 2014 (30) Longitudinal 1991 - 2010 HCCP F,M N/S NS NS 1 37 2.7 0.1 - 14.2

Harrod, 2014 (31) Cross-sectional 2009 - 2013 Adults F,M 15 - 54 NS NS 580 2,975 19.5 18.1 - 21.0

Saulo, 2014 (32) Cross-sectional N/S Prison F,M N/S NS NS 532 1,752 30.4 28.2 - 32.6

NOTE: Weights Are from Random Effects Analysis
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Figure 2. Prevalence of Hepatitis C Antibodies by Aboriginal People in Prison and Time Period

was conducted which is recommended by Australian HCV
guidelines (35). As a result, this study could represent the
prevalence of anti-HCV among Aboriginal people with a
high risk of anti-HCV infection instead of the overall anti-
HCV prevalence among the general Aboriginal population.

There was significant heterogeneity between studies (I2 >
95%) reducing the reliability of the pooled estimates in our
study and our assessment of between study bias found evi-
dence of publication bias (P = 0.02). These limitations sug-
gest that our results are generalisable to Aboriginal people

Hepat Mon. 2016; 16(7):e38640. 5



Graham S et al.

Table 2. Summary of Within Study Bias for Each Studya , b

Author Types of Bias (17)

Year Selection Measurement Confounding

Butler (19) 1997 ++ +++ +++

Butler (20) 1999 ++ +++ +++

Roberts (21) 2000 +++ +++ +++

Gilles (22) 2008 ++ ++ ++

VanDer Poorten (23) 2008 ++ ++ ++

Templeton (24) 2010 ++ ++ ++

Ward (25) 2011 +++ ++ +++

Davies (26) 2012 +++ ++ ++

Paquette (27) 2013 +++ +++ +++

Su (33) 2013 ++ ++ +++

Foy (28) 2014 +++ +++ +++

Luciani (29) 2014 ++ ++ +++

Parker (30) 2014 ++ ++ ++

Harrod (31) 2014 ++ ++ ++

Saulo (32) 2014 ++ ++ +++

aJudgment: Risk of bias, + = Low, ++ = Medium, +++ = High.
bA more detailed description of bias for each study is included in Appendix 1.

at high risk of hepatitis C infection and not Aboriginal peo-
ple at a population level. A meta-analysis of risk-behaviour
could not be conducted as only one study provided an esti-
mate comparing Aboriginal people who inject drugs with
Aboriginal who did not inject drugs.

In our study, the prevalence of anti-HCV among Abo-
riginal prisoners was 18.1% which is consistent with a 2010
study of Australian prisoners where the age-standardized
anti-HCV prevalence was 23.2% (36). We also found that the
prevalence of anti-HCV among Aboriginal people in prison
decreased from 25.7% between 1994 - 2004 to 14.5% be-
tween 2005 - 2012. However, this likely reflects changes in
patterns of incarceration, particularly among people who
serve short terms sentences and are in and out of prison
frequently and access NSPs while out of prison. Also there
has been no policy shift to prevent HCV transmission oc-
curring within prisons in Australia including no NSP or
harm reduction programs have been implemented. A sur-
vey of 618 Australian prisoners documented an anti-HCV
prevalence of 55.1% among prisoners who reported a his-
tory of injecting drugs (36), suggesting that anti-HCV infec-
tions are related to unsafe injecting practices rather than
imprisonment.

The highest anti-HCV prevalence in our study was
among people who inject drugs (58.7%). In 2013, the

Australian National Needle and Syringe Program Survey
(ANSPS) reported that 14% of respondents were Aboriginal
(9); with 52% testing positive for anti-HCV (9). The ANSPS
also highlights that approximately 45% of attendees re-
ported ever being in prison (9). Another factor impacting
our results is that although Aboriginal people account for
an about 3% of the Australian population, they account for
an estimated 27% of the prison population (37). The risk
of HCV transmission in prison is increased due to NSPs not
being available in Australian prisons. This highlights that
unsafe injecting practices and being in prison can increase
the risk of HCV transmission and the importance of NSPs as
a prevention strategy.

The impact of new DAA treatments becoming available
through the PBS in Australia could be significant. Includ-
ing DAAs onto the Australian government’s PBS will result
in a greater number of people living with HCV be able to
access and afford treatment. Promoting DAAs to people
living with HCV is important so they can make informed
decisions about where to access treatment, costs and sup-
port while on treatment. Although this provides an excit-
ing prospect for people currently living with HCV; contin-
ued efforts must be maintained in preventing new HCV in-
fections through NSPs and advocacy efforts to prevent HCV
transmission among people in prison.

6 Hepat Mon. 2016; 16(7):e38640.
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The prevalence of anti-HCV was highest among Aborig-
inal people who inject drugs. More population-based stud-
ies are needed to estimate the population prevalence of
anti-HCV among Aboriginal people in Australia. As most
of the studies included these two higher risk groups, this
analysis over estimates the anti-HCV prevalence among
Aboriginal people and does not provide a pooled preva-
lence among the general Aboriginal population. As a re-
sult, our study provides an anti-HCV prevalence among
two high risk groups, Aboriginal people in prison and Abo-
riginal people who inject drugs. In Australia, prevention
strategies such as NSPs have proven highly successful in
preventing new HCV and HIV infections but further advo-
cacy is needed of NSPs for people in prison. This review pro-
vides a baseline of anti-HCV prevalence among Aboriginal
people who inject drugs and could be used to measure the
impact of DAAs on new HCV infections among Aboriginal
people in prison or who inject drugs.

SupplementaryMaterial

Supplementary material(s) is available here.
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