
Journal of Urban Health: Bulletin of the New York Academy of Medicine, Vol. 86, No. 1
doi:10.1007/s11524-008-9330-7
* The New York Academy of Medicine
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ABSTRACT High hepatitis C virus (HCV) prevalence has been documented among many
injecting drug user (IDU) populations worldwide; however, there is limited published
data on trends in incidence of infection in these epidemics over time. To address this, we
used a novel method of analyzing data collected via repeat, cross-sectional sero-surveys
by injection initiation cohorts to investigate trends in HCV seropositivity among a
population of needle and syringe program (NSP) attendees in Australia between 1995
and 2004, and thereby infer annual incidence trends. Injection initiation cohorts were
defined by their time of entry into the IDU population. We also investigated the
associations between HCV antibody seroprevalence and risk factor data, and trends in
risk factor data over the decade. Approximately 20,000 NSP attendees participated in
the study over the 10-year period. Within each injection initiation cohort, we found an
increase in HCV prevalence over time, with prevalence appearing to reach saturation
around 90%. There was little indication that the slopes of increase had changed with
more recent initiation cohorts. While duration of injecting was most strongly associated
with HCV seropositivity in this study, we also found that self-reported history of needle
and syringe sharing and imprisonment were independently associated with higher HCV
prevalence regardless of duration of injecting, with the exception of IDUs who have 15
or more years injecting experience. In this group, recent risk behavior had no
relationship to prevalence. In summary, our findings suggest a persistent HCV epidemic
despite significant harm reduction efforts in Australia since the mid-1980s, with HIV
incidence effectively constant in successive initiation cohorts.
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INTRODUCTION

Two decades have passed since needle and syringe programs (NSPs) were introduced
in Australia. During this period, widespread methadone maintenance treatment
(MMT) services have also formed an integral part of Australia’s harm reduction
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strategy, and, more recently, a medically supervised injecting facility was established
at a single site in Sydney. NSPs in particular have been shown to be effective in
reducing blood borne viral infections, as well as being low cost and highly cost
effective.1–3 This has led to Australia’s success in maintaining low human
immunodeficiency virus (HIV) prevalence among injecting drug users (IDUs) since
the 1980s.4,5 In contrast, hepatitis C virus (HCV) prevalence and incidence in
various clinic- and community-based IDU populations throughout Australia, mostly
in major cities and regional urban centers, have remained high.6–10

Routine surveillance data have the potential to increase our understanding of
HCV transmission trends and consequently inform an improved public health
response in the context of a well-established epidemic. To date, there has been
limited published data internationally on trends in HCV infection and related risk
factors in IDU populations over significant time periods, with studies examining
trends in prevalent HCV infection being limited to IDUs recruited via drug treatment
facilities11 or comparison of different data sources over time.12 While studies
published in HIV13–15 and cancer epidemiology16 have used various statistical
methods to estimate trends in incident infection from prevalence data when cohort
studies were not feasible, we are not aware of similar methods being applied to
routinely collected HCV prevalence data.

In Australia, a national annual sero- and risk factor survey of HIV and HCV
infections among IDUs has been conducted via NSPs since 1995, involving
approximately 20,000 IDUs throughout the first decade. In this study, our primary
objective was to apply a novel method of analyzing this data by injection initiation
cohorts, defined by the time of entry into the study population, as a surrogate for
incidence estimation and a basis for disentangling the relationship between duration of
injecting and time period effects on prevalence. We also describe trends in HCV
infection and related risk factors in this unique, large sample of community-based IDUs.

METHODS

Subject Recruitment
The Australian Needle and Syringe Program (NSP) Survey is a cross-sectional study
that has been conducted annually over a 1-week period since 1995. The number of
participating NSP sites increased gradually from 21 in 1995 to more than 40 sites in
2002–2004, with representation from all Australian states and territories. Sites were
initially selected based on needle and syringe distribution, attendance levels,
geographic coverage, and willingness to participate. Twenty four sites participated
in eight or more of the ten survey years, with the vast majority being located in
major cities or regional urban centers.

The survey methods have been described elsewhere in detail.5,7 In brief, all IDUs
who attended participating NSP sites during the designated survey week were
invited to participate by NSP workers. Participation was anonymous and voluntary.
There was no reimbursement for participation. Annual participation rates ranged
from 41% to 60% between 1995 and 2004.4,17 Participants were asked to complete
a brief, self-administered questionnaire on demographic characteristics and injecting
and sexual risk behaviors (www.web.med.unsw.edu.au/nchecr/Publications, National
Data Report) and to provide a capillary blood sample for antibody HIV and HCV
testing. Sharing of needles and syringes was defined as reuse of a needle and syringe
after someone else had used it.
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HCV Antibody Testing
Capillary blood was obtained by finger prick using single-use, disposable lancets and
cotton-fiber blotting paper. Specimens were kept at room temperature at the survey
sites, then couriered to a central collection point before they were forwarded to the
laboratory. HIV antibody was detected using Genetic Systems HIV-1 ELISA tests.
Repeatedly reactive specimens were subjected to Western blot confirmatory testing.
A modified, third generation enzyme immunoassay (Abbott hepatitis C 3.0,
Chicago, IL, USA) was used to test for HCV antibody. A modified cutoff value for
optical density was calculated to capture greater than 95% of the sero-negative
population. Specimens were considered positive for HCV antibody if the optical
density to cutoff ratio was greater than or equal to one on initial and subsequent
testing.

Statistical Analysis
We restricted all analyses reported in this paper to data collected at a sub-set of 24
NSP sites that participated in at least eight of the ten survey years to minimize
sampling inconsistency over time. For the logistic regression analysis only, we used a
de-duplicated version of the dataset so that individuals who participated in multiple
survey years would not be overrepresented when data from all survey years were
combined. De-duplication was performed using the SAS version 9.1 computer
package (SAS Institute Inc., Cary, NC, USA) and involved identification and
selection of the first occasion of participation attributed to each individual during
the 10-year period, using a combination of the following variables as a unique
identifier: birth month and year; first name and surname codes (first two letters of
each); and sex and Indigenous status.

Data were analyzed using the STATA version 8.2 computer package (StataCorp
LP, College Station, TX, USA). p values less than 0.05 were considered statistically
significant. All tests for trend or homogeneity were performed using logistic
regression analysis, with missing data excluded. Pearson chi-square tests were used
to assess any difference in proportions between groups. Participants with missing
data for variables presented graphically were excluded from the relevant analyses.

Associations between HCV antibody prevalence and covariates were explored
using univariate and multivariate logistic regression analysis among participants
with anti-HCV serology in the de-duplicated dataset. Missing data for covariates
were included in the analysis. Covariates were entered into the multivariate model if
they had a p value less than 0.10 in the univariate analysis. The forward stepwise
regression method was used using the likelihood ratio statistic to assess contribution
to the model.

For all other analyses, duplicates were included in the dataset. To investigate
temporal trends in HCV antibody prevalence by the time of entry into the study
population, an analysis of injection initiation cohorts was performed. We also
investigated temporal trends in HCV prevalence across injection duration groups. In
this study, injection initiation cohorts are based on the same concept as birth cohorts
in age–period–cohort analyses, commonly used in cancer epidemiology,16,18 with the
year of first injection effectively replacing year of birth. Similarly, injection duration
groups in our analyses are similar to age groups in age–period–cohort analyses. First
injection year and duration of injection experience were calculated from the
continuous variables age at first injection and age at survey participation.
Participants were grouped into 16 2-year injection initiation cohorts on the basis
of their first year of injecting, ranging from 1973–1974 to 2003–2004. Participants
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with a calculated year of first injection prior to 1973 were excluded because of the
small numbers in these cohorts. The term “older cohorts” will be used to refer to
cohorts that commenced injecting prior to other cohorts.

Temporal trends in recent sharing of needles and syringes and recent imprisonment
in different duration of injecting groups were also explored and presented graphically.
Duration of injection was categorized using a log2 scale. Those with 31 or more years
injecting duration were combined with the 15 to 30 years injecting duration group to
avoid comparison of small numbers of participants.

Ethics
Verbal consent was obtained from all participants. Ethic approval for the study was
received by all relevant institutional review boards.

RESULTS

Between 1995 and 2004, 21,839 surveys were collected at participating NSP sites,
including multiple occasions of survey participation attributed to the same
individual across different survey years. Of these, 15,232 were recruited at NSPs
that participated in more than eight of the ten survey years.

Following de-duplication of the dataset, a total of 12,754 participants who had
available antibody HCV results were included in the logistic regression analysis. Of
these, 65% were male and approximately half reported ≥8 years duration of
injecting, daily or more frequent injection in the month prior to the survey, opiates
as the last drug injected, and prior hepatitis B virus (HBV) vaccination. Fifteen
percent reported imprisonment in the last year and sharing a needle and syringe at
least once in the month prior to the survey. Seven percent of participants identified
as Indigenous Australians, and 8% reported sex work in the month prior to survey
participation.

There was a significant difference in the distribution of all covariates by HCV
antibody status, with the exception of HBV vaccination. After adjustment for
covariates, HCV antibody seropositivity remained associated with a longer duration
of injecting, older age, participation in the state of New South Wales, opiates as the
last drug injected, imprisonment in the last year, female sex, daily or more frequent
injection, sharing needles and syringes in the last month, sex work, and survey
participation in 2000–2004 (Table 1). Indigenous status did not remain significant in
the final multivariate model. The same covariates were significantly associated with
HCV seropositivity when the multivariate analysis was performed on the
unrestricted primary dataset (data not shown). Of all the covariates included in
the model, duration of injecting, followed by age, were most strongly associated
with antibody HCV prevalence.

To further investigate the effect of duration of injecting on HCV status,
participants were stratified into 2-year injection initiation cohorts. Figure 1a shows
temporal trends in HCV antibody prevalence within each cohort between 1995 and
2004. There was a significant increase in HCV prevalence across survey years
among the younger cohorts (1989–1990 to 1999–2000) (pG0.01). Older cohorts
(1973–1974 to 1987–1988) did not show a significant trend in HCV prevalence
across survey years (p90.05), though successively older cohorts had successively
higher prevalence of HCV.

From 1995 to 2004, HCV prevalence increased significantly among IDUs with
less than 2 years, 2–4 years, 4–6 years, and 6–8 years injecting experience (all pG
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0.01) (Figure 1b). These four injection duration groups represent 43% of all surveys
collected at consistently participating NSP sites. There were significant decreasing
trends in HCV prevalence among injection duration groups with more than 12 but
less than 24 years duration of injecting.

Overall, there was significant variation in self-reported sharing of needles and
syringes in the month prior to survey participation, ranging from 14% to 30% (pG
0.01), with no observable differences between injection duration groups (Figure 2).
There was a decreasing trend in the proportion of respondents reporting sharing of

FIGURE 1. Temporal trends in hepatitis C virus prevalence among a injection initiation cohorts
and b injection duration groups: The Australian NSP Survey 1995–2004. a: dashed lines indicate
injection initiation cohorts with non-significant trends over time; solid lines indicate injection
initiation cohorts with significant trends over time. b: dashed lines indicate injection duration
groups with non-significant trends over time; solid lines indicate injection duration groups with
significant trends over time.

FIGURE 2. Temporal trends in the proportion of NSP attendees reporting recent sharing of
needles and syringes by injection duration groups: The Australian NSP Survey 1995–2004.
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needles and syringes among all injection duration groups (pG0.02) except those with
less than 1 year injecting experience. There was higher HCV prevalence in
respondents reporting recent sharing of needles and syringes among duration of
injecting groups with less than 15 years injecting experience, while there was no
observable difference after 15 years of injecting when the population prevalence
almost reached saturation (Figure 3). A similar pattern was observed with recent
imprisonment (Figure 4).

DISCUSSION

Despite widespread availability of NSPs throughout Australia, we found little
indication that transmission of HCV infection among more recent initiates to
injecting changed between 1995 and 2004. We found an increase in HCV prevalence
within injection initiation cohorts over time, with prevalence appearing to reach
saturation around 90% in the older cohorts. While duration of injecting was most
strongly associated with HCV seropositivity in this study, we also found that self-

FIGURE 3. Temporal trends in hepatitis C prevalence by recent sharing of needles and syringes
among injection duration groups: The Australian NSP Survey 1995–2004. Closed black circles=recent
sharing of needles and syringes, open black circles=no recent sharing of needles and syringes.

FIGURE 4. Temporal trends in hepatitis C prevalence by recent imprisonment status among
injection duration groups: The Australian NSP Survey 1995–2004. Closed black circles=recent
imprisonment; open black circles=no recent imprisonment.
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reported recent needle and syringe sharing and imprisonment were independently
associated with higher HCV prevalence regardless of duration of injecting.
However, for those who had been injecting for 15 years or more, recent risk
behavior had no relationship to prevalence. Our novel injection initiation cohort
analysis suggests that there are opportunities to overcome the challenges in
estimating trends in HCV incidence in large IDU populations using routinely
collected HCV prevalence data, and to realize the potential of existing surveillance
data that have been invested in over long periods of time.

Our injection initiation cohort analysis clearly illustrates the rapid accumulation
of HCV during the early years following injection initiation within a series of
cohorts defined by year of injection initiation. This observation is consistent with
studies of HCV incidence among young IDUs over shorter time periods, both locally
and internationally.9,19–22 While there was no detectable increase in prevalence
among the older cohorts during the decade of study, we observed that successively
older cohorts had a successively higher prevalence of HCV. This pattern may
represent decreasing incidence rates within cohorts over time, with a progressive
increase in HCV prevalence towards a common plateau of approximately 90%.
Alternatively, HCV prevalence may have reached a plateau at a lower level in the
younger cohorts in this sample. The latter has been observed among IDUs accessing
drug treatment centers in New York between 1990 and 2001 following large-scale
expansion of harm reduction services in the city over that time period.11 Overall,
this study suggests that routinely collected, cross-sectional survey data may provide
a useful indication of trends in HCV incidence in the context of limited resources
and the challenges associated with conducting long-term incidence studies of HCV
infection among IDU populations.

We found little indication that transmission of HCV infection among more
recent initiates to injecting changed between 1995 and 2004, with significantly
increasing trends in HCV prevalence among IDUs with less than 8 years injecting
experience over the study period. Given the majority of prevalent cases among IDUs
with less than 2 years injecting experience reflects recent transmission, our findings
suggest that there may have even been an increase in HCV incidence among new
initiates to injecting over the decade. However, we are limited by the cross-sectional
nature of the data when it comes to inferring trends in transmission of HCV among
those with more than 2 years injecting experience.

Our data indicate that self-reported recent sharing of needles and syringes was
independently associated with higher HCV prevalence regardless of duration of
injecting, with the exception of those injecting for 15 years or more. Among those
with longer injecting duration, the population prevalence of HCV was close to
saturation and recent risk behavior had no relationship to prevalence. This is
consistent with what one would expect to observe in a group in which the period of
susceptibility is long past for the majority of individuals. It is most likely that survey
respondents moved in and out of the high risk behavior group throughout their
injecting drug use career, providing continual opportunity for naïve infection, and
therefore an incrementally higher prevalence in successively more experienced drug
injection groups. This would for the most part explain the incremental increases in
HCV prevalence across duration of injection groups both among survey respondents
who reported, and did not report, recent sharing of needles and syringes in our
study. It is also possible that some cases of infection occurred via use of other
contaminated drug preparation equipment9,23 rather than sharing of needles and
syringes at some point in time since injection initiation; however, we were unable to
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account for this in our analysis. While it is likely that the prevalence of sharing of
needles and syringes was underreported in our study due to the highly stigmatized
nature of the behavior and the perceived need to provide socially desirable responses
in the survey context,24 it is unlikely that the direction of the trends observed would
have been affected by underreporting over time.

Importantly, our study indicates that recent imprisonment is also strongly
associated with higher HCV prevalence, except among IDUs with more than
15 years injecting experience. Imprisonment may be an indicator of more
marginalized IDUs in community settings who may find themselves in high risk
environments more often because of factors such as unstable accommodation and
who may also participate in more high risk injecting behavior. However, some
survey respondents are clearly moving in and out of the prison environment, which
poses a high level of risk of HCV exposure, with approximately half of incarcerated
IDUs injecting while in prison.25 This could potentially explain the incremental
increases in HCV prevalence across duration of injection groups among those who
reported, and did not report, recent imprisonment. While we cannot draw firm
conclusions as to why or how IDUs reporting recent imprisonment have higher
HCV prevalence from this study, our results confirm the vulnerability of this
marginalized population.

To our knowledge, this is the first study of prevalent HCV infection in an IDU
population that has adopted a injection initiation cohort analysis approach.
Although we do not have verification of incidence in this population, the estimated
trends in incidence from our injection initiation cohort analysis seem plausible
because they increase over time within each cohort, defined by year of first injection.
Ideally, we would follow the same IDUs over time to determine trends in incident
HCV infection; however, this is not feasible. Therefore, our injection initiation
cohort method offers an alternative method that may be useful for inferring trends in
incident HCV infection using routinely collected data.

This study has several other strengths, including multi-site sampling from a
range of geographical areas and different models of NSP service delivery across all
states and territories of Australia, and recruitment of a large, heterogeneous sample
of community-based IDUs who access NSPs. Further, we restricted our analysis to
data from NSP sites that consistently participated in at least eight of the ten survey
years, and used the same risk factor study questions over time, both of which aim to
reduce any bias that may have been incurred from inconsistent survey methods over
the study period.

Our study also has some limitations. The sample was not selected randomly
given the inherent difficulties involved with identifying a sample frame for what is
effectively a “partially hidden” population.26 Further, survey participation rates
were approximately 50%, which may have incurred some selection bias. While both
of the above factors may have affected the generalizability of our results to the
broader IDU population in Australia, a recent investigation into the representative-
ness of the Australian NSP Survey study population found that survey responders
were representative of the broader group of IDUs attending NSPs, including those
who chose not to participate in the survey.27 Based on these data, IDUs who were
male, aged less than 25 years or reported last injecting cocaine at the time of the
survey may have been less likely to participate in the survey compared to IDUs who
were female, aged over 35 years, or reported last injecting other drugs. Given the
association between cocaine use and injection frequency,28 it is possible that there
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was a selection bias against IDUs with this particular high risk behavior. In this
circumstance, our estimates are likely to be conservative.

In summary, our injection initiation cohort approach to analyzing routinely
collected HCV prevalence data suggests that there are opportunities to overcome the
challenges in estimating trends in HCV incidence in large IDU populations in the
context of a well-established epidemic. Despite widespread availability and uptake
of NSPs in Australia, we found little indication of change in transmission of HCV
among recent initiates to injecting between 1995 and 2004, suggesting that
community-based NSPs alone are not sufficient to prevent HCV transmission
among IDUs. Further, we showed that recent sharing of needles and syringes and
imprisonment are associated with higher HCV prevalence across duration of
injecting groups and time, until the stage when population prevalence approximates
saturation. While NSPs have played a significant role in maintaining low HIV
prevalence among IDUs in Australia to date,5,29 current harm reduction efforts need
to be enhanced, taking into account high risk environments such as prison, in order
to reduce HCV transmission and ensure that HIV prevalence remains low among
this vulnerable population.
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