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Abstract

Background and aims—To decrease infectious disease transmission, China is expanding
methadone maintenance treatment (MMT). This study evaluated the prevalence of hepatitis C
virus (HCV) infection at MMT entry, seroconversion rates after admission and potential risk
factors for HCV seroconversion during MMT in Wuhan, China.

Design—Cross-sectional survey of all patients entering MMT and prospective follow-up of
patients HCV seronegative at admission.

Setting—AIll MMT clinics in Wuhan, China.

Participants—A total of 12 755 opiate-dependent individuals entering MMT between May 2006
and June 2011; 1200 participants HCV seronegative at admission were followed.

Measurements—Serological tests for HCV and self-report data on risk behaviors at MMT
admission; urine toxicology results and repeated assessments of serological status and risk
behaviors during treatment on patients HCV seronegative at admission.

Findings—HCYV seroprevalence at admission was 72.1% [95% confidence interval (Cl) = 71.3-
72.9%] and 555/1200 (46.3%, 95% CI = 43.5-49.1%) patients seroconverted to HCV during
MMT. The mean time to HCV seroconversion was 3 (95% CI = 2.84-3.07) years with a
cumulative seroconversion rate of 34.5 (95% CI = 31.5-36.9) per 100 person-years. Significant
predictors of HCV conversion included injection drug use in the past 30 days [relative hazard
(RH) 2.0, 95% CI: 1.6 — 2.4, P=0.002] and the rate of opiate-positive urine tests during MMT (RH
2.0, 95% CI = 1.3-3.1, P<0.001).

Conclusions—Methadone maintenance treatment patients in Wuhan, China show a high
prevalence of hepatitis C virus at admission (72.1%) and a high rate of seroconversion during
treatment (46.3%). Seroconversion is associated with continuing injection drug use.
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INTRODUCTION

An estimated 130-170 million people world-wide are chronically infected with hepatitis C
virus (HCV), an agent that can cause considerable morbidity and mortality [1]. Estimates of
HCV prevalence rates among people who inject drugs (PWIDs) vary widely, with rates up to
85-95% infected in some regions, including Asia [2-5]. HCV infection incidence rates often
exceed human immunodeficiency virus (HIV) incidence rates in PWIDs [6-9] by a
substantial margin and illustrate the hyperendemic nature of HCV infection in this
population. In China, the number of registered individuals who use drugs exceeded 2 million
in 2013 [10], of whom 75-85% use heroin and 50-70% inject the drug. Injection drug use is
now the predominant mode of both HCVand HIV transmission, with HCV prevalence
ranging from 11 to 91% and HIV prevalence ranging from 12.6 to 52.5% among PWIDs in
different regions of China [11]. As the number of people who use and who inject drugs
continues to increase, HCV is quickly becoming a major public health problem in China
[12].

Methadone maintenance treatment (MMT) was introduced in China in 2004 [13] as a
strategy to reduce drug use and transmission of HIV [14-17]. Since then, MMT has been
expanded into a nation-wide program consisting of more than 763 clinics, covering all
provinces, with a cumulative total of more than 412 000 patients enrolled by the end of 2013
[18]. MMT in China has been associated with many positive outcomes, including reductions
in heroin use, risky injection practices and criminal behaviors among patients [17]. Although
MMT has been reported to reduce the risk of HIV seroconversion [19] and reductions in
HIV risk behaviors, including reduced injection frequency and related risk behaviors
[20,21], previous studies have failed to demonstrate significant reductions in HCV
seroconversion among MMT patients [22-24].

Very few studies have addressed HCV, drug use and related risk factors or the effects of
MMT on HCV transmission in China. Consequently, the aim of the current study was to
evaluate the prevalence of HCV at MMT admission, HCV seroconversion rates during
MMT and potential risk factors for HCV seroconversion among opiate-dependent patients
entering MMT in Wuhan China.

METHODS

Settings and participants

We reviewed the clinical records of all patients enrolled in all the 20 MMT clinics in
Wauhan, China. Between May 2006 and June 2011, there were 16 085 entrants; 12 755
(79.3%) received HCV test at MMT entry and 3330 refused the test or were not tested for
other reasons. Of the remaining 3558 MMT patients who tested HCV-negative at MMT
entry, 47.8% (1702 of 3558) agreed to participate in the prospective follow-up. To ensure
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that HCV antibody seroconversions investigated in the current study were the result of
transmission during the MMT program, only participants who had HCV-negative blood
specimens collected twice, at MMT entry and at least 3 months later, and who completed at
least one follow-up interview were included in the final study sample; 502 of 1702 (29.5%)
eligible patients were excluded from the study sample because either they did not return for
follow-up interviews or the duration of follow-up was less than 6 months. Consequently,
1200 participants were included in the prospective follow-up sample, where they received
HCV tests at least every 6 months for the entire study duration or until they tested HCV-
positive. Patients testing HCV-positive at any time during MMT were not tested again
during subsequent follow-up interviews.

The study was approved by the Institutional Review Boards (IRB) of the Wuhan Center for
Disease Control and Prevention (CDC). Participants were not provided with incentives. The
self-report and urine and serological testing collected in the study did not differ substantially
from the data collected during the routine treatment and follow-up for patients enrolled in
MMT in Wuhan. Study participation was voluntary, and data on reasons for refusing to
participate were not collected. Participation in standard evaluation components offered
during MMT is also voluntary, and patients in MMT in Wuhan can refuse follow-up blood
tests and follow-up evaluation.

MMT programs in Wuhan, and similarly elsewhere in China, offer fairly limited services,
including daily dispensing of methadone at the clinics and occasional group counseling,
typically offered once per month and attended by relatively small groups of volunteering
patients. MMT patients are required to pay a daily fee of approximately US$1.50 (10 RMB)
every time they come to receive their methadone dose. This fee is fixed, regardless of the
medication dose or services received on any given day (e.g. patients can request a visit with
a doctor or a nurse to discuss issues related to their MMT treatment or other concerns). In
general, patients are prescribed maintenance doses within a therapeutic range, between 60
and 120 mg per day. However, a substantial proportion of MMT patients do not attend
clinics every day. During MMT, patients are required to submit a urine sample for
toxicology testing (morphine metabolites only) approximately once per month; however,
compliance with this requirement is fairly low despite that, in general, there are no
treatment-related consequences for continued drug use or testing positive during MMT.

HCV antibody determinations

Participants were tested for HCV and HIV at treatment entry; those who tested negative for
HCYV at treatment entry were retested 3 months later; those who tested negative on both
occasions were classified as HCV seronegative at admission and retested approximately
every 6 months thereafter. Specimens of 10 ml venous blood were collected in K3-
ethylenediamine tetraacetic acid (EDTA) tubes, kept at +4°C, and transferred to the
laboratory of the Wuhan CDC. Plasma specimens were separated on the same day and
stored at —20°C frozen in aliquots until analysis. HCV antibody testing was performed using
the third-generation enzyme-linked immunoassay (EIA-3) system (Kehua Biotechnology
Inc., Shanghai, China). Specimens found to be initially reactive by EIA-3 were repeated in
duplicate. Repeat reactive specimens were assumed to be seropositive.
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Risk factors

To identify potential risk factors for HCV, we used de-identified data extracted from the
computerized database maintained by the Chinese CDC. MMT clinic staff (doctors and
nurses) collect data on all patients at MMT treatment entry and at approximately 6-month
follow-ups in all MMT clinics in China using a questionnaire developed by the Chinese
CDC. Information collected and stored in the computerized database maintained by the
Chinese CDC included sociodemographics data (e.g. employment, living status), self-report
data (life-time and the past 30 days) on illicit drug use history, needle/equipment sharing
history, drug rehabilitation and treatment history, limited data on sexual risk behaviors and
criminal history and results of urine toxicology screens tested for opiate (morphine)
metabolites. While the database aims to include a broad range of relevant information, many
self-report variables have missing data, limiting an ability to conduct comprehensive
multivariate analyses of all inter-related and potentially important factors and risk behaviors
that may affect the HCV transmission in this population. Consequently, this study focused
on evaluation of factors related to ongoing drug use and injection drug use during MMT
based both on self-report and urine toxicology tests results.

Statistical analyses

Descriptive statistics were used to characterize the study sample. The 2 tests were used to
evaluate the statistical significance of differences on categorical variables among
seroconverters and non-converters, as well as among the study cohorts (participants versus
non-participants). Kaplan—-Meier survival analyses were conducted to calculate the HCV
seroconversion rates and to compare seroconversion rates between the groups of participants
who reported past-month injection drug use (IDU) and those who did not. The time
characteristics of seroconversion for HCV in the study sample were calculated using the
person-years method [25], where the date of seroconversion was taken as the mid-point of
the follow-up period. Univariate analyses of the statistical significance of factors associated
with HCV seroconversion were performed using hazard ratios (HR) and 95% confidence
intervals (Cl). The Cox model for multivariate analyses was used to evaluate the relationship
between IDU in the past 30 days and the rates of opiate-positive urine toxicology tests on
seroconversion rates. An analysis of variance was used to compare the rates of opiate-
positive urine tests between seroconverters and non-converters. Comparisons were based on
all available data collected between the MMT entry and the first HCV-positive test for
seroconverters and during the entire follow-up for non-converters. Additionally, a
proportion of study participants who seroconverted during the first year of the follow-up was
calculated.

RESULTS

Participant characteristics and HCV prevalence at MMT admission

The median age and duration of drug use at enrollment for all 16 085 patients were 39 years
[interquartile range (IQR) = 33-44 years] and 11 years (IQR = 7-14 years), respectively.
The study sample was predominantly male (73%), with 99% of Han ethnicity, 73% with
junior high school or lower education, 43% married or with a steady partner and 87%
unemployed. More than 78% reported injection or injection and inhalation as the main drug
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use route, and more than 58% reported more than 10 years’ duration of drug use. The
prevalence of HIV among all patients enrolled in MMT in Wuhan was less than 0.5%, and
data collected by Wuhan CDC also showed that the prevalence of HIVamong PWID in
Wuhan who were not in treatment was less than 1%. At MMT entry, 9197 of 12 755 (72.1%,
95% CI = 71.3-72.9%) patients were HCV-positive. In the followed sample, two of 1200
(0.2%) participants were infected with HIVand 18 of 1200 (1.5%) with syphilis. The
differences in baseline characteristics between those who refused to participate and those
who agreed to participate were not statistically significant. See Table 1 for a complete set of
baseline characteristics of the study participants.

HCV seroconversion rates and time to seroconversion

The median duration of follow-up for the 1200 initially HCV-negative study participants
was 1.8 years (IQR = 1.1-2.7 years), and the mean number of follow-up interviews was 4.0
+ 2.0. As of December 2011, 555 of 1200 (46.3%, 95% CI = 43.5-49.1%) of the initially
HCV seronegative participants had become HCV-infected, yielding a cumulative
seroconversion rate of 34.5 per 100 person-years (95% CI = 31.5-36.9). During the first
year of follow-up, 193 of 1200 (16.1%, 95% CI = 14.1-18.3%) study participants
seroconverted to HCV.

The total HCV surveillance time during the study period was 2419.3 person-years. The
mean time to HCV seroconversion was 2.96 years (95% CI = 2.84-3.07) and a substantial
proportion of the HCV seroconversions occurred during the first 3 years of follow-up (Fig.
1).

Factors associated with HCV seroconversion

In a multivariate Cox model, time to HCV seroconversion was associated significantly with
injection drug use in the past 30 days [relative hazard (RH) = 2.0, 95% CI = 1.6-2.4,
P=0.002] and the rate of opiate-positive urine tests during MMT (RH = 2.0, 95% CI = 1.3—
3.1, P<0.001). Additionally, 79.5% of study participants had at least one opiate-positive
urine toxicology test during MMT, and HCV seroconverters had a significantly higher rate
of opiate-positive tests than non-converters (19.4 versus 16.0%, t = 3.12, P=0.002). These
two variables (IDU in the past 30 days and the rate of opiate-positive urine test) correlated
significantly (r=0.208, P<0.001).

The Kaplan—Meier survival analyses also showed significant differences in time to
seroconversion between those who reported drug injection in the past 30 days and those who
reported no injection in the past 30 days. The median time to HCV seroconversion for these
two groups of patients was 2.04 versus 3.48 years (log-rank x2=61.39, P<0.01), respectively
(also see Fig. 2).

Factors related to MMT

The CDC database collected self-reported data at each follow-up on the average daily
methadone dose in the past 3 months. At the most recent follow-up, this information was
reported by 1143 participants. The reported doses ranged between 8 and 170 mg daily, with
53% of participants reporting the average doses between 60 and 120 mg. While data based

Addiction. Author manuscript; available in PMC 2015 October 09.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 6

on objective measures of MMT adherence for the entire time between treatment enrollment
and follow-up assessments was not available, at the most recent follow-ups 1143 of 1200
participants provided self-reported number of days in the past 3 months when they came to
clinic and took their methadone dose. The range was from 1 to 90 days, with approximately
22% reporting up to 30 days, 37% reporting between 30 and 60 days and the remaining 41%
reporting between 60 and 90 days out of 90 possible days of clinic attendance. These two
variables did not significantly predict seroconversion rates or time to seroconversion
independently or in multivariate analyses.

DISCUSSION

In this study of patients enrolled in all 20 MMT clinics operating in Wuhan, China, we
found an alarmingly high HCV prevalence among patients entering MMT (72%) and a very
high rate of HCV seroconversion (46%), with a cumulative seroconversion rate of 34.5 per
100 person-years during MMT. The high HCV prevalence among study participants
indicates a potentially very high HCV prevalence among all drug users in Wuhan and their
engagement in high-risk behaviors prior to entering MMT. Consistent with other studies of
MMT in China [26], a considerable proportion of the patients entering MMT in Wuhan
continued during MMT to use illicit opioids and potentially to engage in other behaviors
exposing them to risk of HCV infection, sexually transmitted diseases and other infectious
or communicable diseases. The findings of the present study, showing that predictors of
HCV seroconversion included injection drug use and that a substantial proportion of HCV
seroconversions occurred during the first 3 years of MMT, add urgency to the importance of
improving MMT treatment services to obtain maximum benefit from this approach.

Continuing illicit opioid use during MMT adversely affects MMT adherence [27] and MMT
treatment outcomes. Findings from this study indicate that ongoing illicit drug use, and in
particular injection drug use during MMT, are also associated with higher rates of HCV
seroconversion during treatment. While objective data on treatment adherence and dosing
characteristics were not available in this study, self-reported data support the substantial
variability of these factors in the studied cohort.

Optimally effective scale-up of MMT to prevent HCV transmission may require a close
monitoring of patients for continued injection drug use and provision of additional
interventions to reduce drug use during treatment, in particular injection drug use, with a
goal to reduce transmission risk significantly. In some settings, more intensive and multi-
component interventionism, including antiretroviral treatment and availability of needle and
syringe exchange programs, along with MMT, have reduced HCV transmission [28-30].
However, China, and Wuhan specifically, have not undertaken a large scale-up of needle
and syringe distribution programs. There was a very small needle and syringe exchange
program on the outskirts of Wuhan, enrolling fewer than 100 individuals. Syringes and
needles can be purchased without significant restrictions and without prescription in
pharmacies throughout China, including Wuhan. They are inexpensive, and generally
pharmacies have no shortages of supply. As supported by the findings of a recent systematic
review, multi-component interventions combining drug treatment, behavioral counseling to
reduce or eliminate injection drug use and encourage safer injection practices, and provision
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of sterile needles, syringes and other injection equipment, are likely to have the greatest
impact in preventing HCV transmission [31]. Similar approaches may be effective in MMT
programs in China.

Also of note, we found that the HCV seroconversion rate for those reporting past-month
IDU was significantly faster than for those denying past month IDU, but there was
nevertheless a substantial rate of HCV seroconversion among participants denying past-
month IDU. One reason for this may have been the difference between the short (30-day)
interval for self-reported injection drug use and the longer (6-month) potential exposure
period. Other reasons could include under-reporting of injection drug use or, less likely,
exposure through non-injection transmission routes.

Approximately 20% of participants enrolling in MMT did not have an initial HCV test, and
slightly fewer than half (47.8%) of participants who were HCV seronegative at MMT
admission participated in the follow-up assessments. Consequently, the results may not
reflect the overall population of patients entering MMT or of patients testing seronegative at
MMT admission in Wuhan. Post-hoc comparisons of participating and non-participating
MMT patients found no significant differences between the groups, although non-
participants reported slightly higher IDU. The 46.3% seroconversion rate found in this study
may underestimate the overall seroconversion rate, as patients who refused to participate or
were lost to follow-up (e.g. because they left treatment early) may be more likely to continue
drug use and high-risk behaviors.

The study findings are based mainly on self-reported data collected every 6 months, while
the report covered the past 30 days. Although restricting recall to the past 30 days may miss
some periods of drug or injection drug use, recall for more recent behavior generally has
greater reliability and validity. Of note, we obtained a similar pattern of findings based on
urine toxicology screens—participants who seroconverted had higher rates of urine tests
positive for opiates during MMT—supporting the validity of the self-report data. Missing
data in many of the variables included in the computerized clinical records database
precluded fully comprehensive multivariate analyses of all potentially relevant
characteristics of the studied cohort and their impact on HCV seroconversion. Additionally,
data on HCV seroincidence among people who use drugs who are not engaged in MMT in
Wouhan were not available, precluding discussion or interpretation of potential beneficial
effects of MMT participation on HCV seroconversion rates. Finally, MMT patients in
Wuhan may not be fully representative of drug using individuals in other regions of China,
and the effectiveness of MMT for reducing risk behaviors or HCV conversion may also
differ in other regions or depending on the availability of other harm reduction interventions
[11,31].

CONCLUSIONS

The findings in the current study of a high prevalence of HCV at MMT entry and high rates
of HCV seroconversion during MMT support the critical importance of developing
comprehensive and more effective infectious disease prevention interventions for out-of-
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treatment PWIDs and for individuals receiving MMT [31]. The current study is a critical
first step towards identifying factors potentially contributing to HCV transmission among
MMT patients and developing specific interventions to reduce HCV seroconversion risk

during MMT, with the goal of substantially reducing the rates of HCV seroconversion in this
high-risk population.
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Cumulative rate of hepatitis C virus (HCV) seroconversion among methadone maintenance
treatment (MMT) patients in Wuhan between May 2006 and December 2011
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Hepatitis C virus (HCV) seroconversion rates among study participants who reported past
30-day injection drug use (IDU) and those who did not
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