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Abstract

In China, injection drug use is a major transmission route for HIV and hepatitis C virus (HCV) infection. Timely HIV and HCV
testing among drug users is vital to earlier diagnosis, linkage to care, and retention. This study aimed to examine HIV and
hepatitis C virus (HCV) testing delays at methadone clinics in Guangdong Province, China, and identify individual-level and
clinic-level factors associated with delayed testing. Data from 13,270 individuals at 45 methadone clinics in Guangdong
were abstracted from a national web-based surveillance database. A two-level binomial logit model was used to examine
the association between individual- and clinic-level factors and delayed HIV and HCV testing, defined as receiving a test
seven or more days after initial entry into the methadone system. Among 10,046 patients tested for HIV, 1882 (18.7%) had
delayed testing; among 10,404 patients tested for HCV, 1542 (14.8%) had delayed testing. Among delayed testers, the
median time to HCV testing was significantly longer than the median time to HIV testing (73 vs. 54 days, p,0.05). In the
multivariate analysis, the likelihood of delayed HIV testing was higher among individuals with high school or greater
education (adjusted odds ratio [aOR] 1.32, 95% confidence interval [CI] 1.02–1.72) and individuals enrolled at clinics with
more patients (aOR 1.41, 95% CI 1.05–1.91, for each increase in 100). The likelihood of delayed HCV testing was higher
among women (aOR 1.51, 95% CI 1.11–2.06) and employed individuals (aOR 1.21, 95% CI 1.02–1.43). Delayed testing for HIV
and HCV is common among patients at methadone clinics in Guangdong, with many patients experiencing delays of two or
more months. Structural interventions are needed to expedite testing once individuals enter the methadone maintenance
program.
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Introduction

Timely HIV testing among most-at-risk populations is vital to

earlier diagnosis, linkage to care, and retention. Although HIV

testing is currently accessible in a variety of health care settings in

many countries, delayed diagnosis continues to be a common

problem worldwide [1], [2], [3], [4], [5]. The clinical and public

health benefits of expedited HIV treatment were demonstrated in

the HIV Prevention Trials Network (HPTN) 052 trial, which

showed a large reduction in HIV transmission and death or serious

opportunistic infections in the early therapy group [6]. In contrast,

diagnostic and therapeutic delay in HIV-infected patients can lead

to increased risk of ongoing transmission [7], morbidity [8], and

mortality [9].

In China, late HIV diagnosis continues to play a substantial role

in late access to ART [10], [11]. Early diagnosis and enrollment in

care is particularly important in a setting like China, where a large

proportion of patients diagnosed HIV-positive are already

considerably immunosuppressed [10]. For these patients, earlier

identification could have a large impact in terms of opportunistic

infections and care required, with implications for the patients’

long-term morbidity and mortality. Similarly, earlier detection of

hepatitis C virus (HCV) infection can allow for earlier initiation of

therapy, which in turn can prolong survival and prevent cirrhosis

and hepatocellular carcinoma [12].

In China, where injection drug use is a major transmission

route for HIV and HCV infection affects nearly half of injection

drug users [13], national guidelines recommend routine opt-out,

provider-initiated HIV and HCV testing for all patients at

methadone clinics upon entry. Injection drug users face

numerous barriers to accessing health care services, including

stigmatization and criminalization of drug use. Methadone

clinics offer a unique opportunity to access this hard-to-reach

population and provide care. Approximately 700 methadone

clinics serve 300,000 drug users nationwide [14]. However,

retention rates in methadone maintenance programs in China

are low [14], [15], [16], with as many as a quarter of the

patients dropping out within one month of enrollment [16].

Thus, expediting HIV and HCV testing is important for

ensuring that infected patients complete CD4 cell count testing,

disease staging, and initiation of treatment while they are

actively enrolled in methadone maintenance services.

Individual-level factors, such as younger age and lower

educational status, that might influence patients’ initial willing-
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ness to undergo testing can lead to delays in HIV and HCV

testing. Additionally, clinic-level factors–staffing, intake proto-

cols, and quality of pre-test counseling–can contribute to testing

delays. Most studies of expedited HIV testing have focused on

improving individual test-seeking behavior [3], [5], neglecting

the institutional and structural factors that also contribute to

delayed HIV testing. We examine HIV and HCV testing delays

at methadone clinics in Guangdong Province, China and

identify individual-level and clinic-level factors associated with

delayed testing.

Methods

Ethics Statement
This study was approved by the Health Bureau of Guangdong

Province and the Ethics Review Committee at Sun Yat-sen

University. Written informed consent was provided by clinical

directors who answered the questionnaire. All patients gave their

written consent for their information to be stored in the national

web-based administrative database and allowed to use for

research.

National Web-based Disease Surveillance Database of the
Methadone Maintenance Program
A national unified web-based HIV/AIDS information system

has been established by the Chinese Centers for Disease Control

and Prevention (CDC). Details of this system have been described

elsewhere [17]. Methadone maintenance treatment is one of its

eight core subsystems, and the only subsystem conducting opt-out,

provider-initiated routine testing among drug users. Clinic clients

include individuals who self-refer and those who are enrolled as

part of a post-incarceration rehabilitation plan.

According to national guidelines, providers at methadone clinics

routinely conduct HIV and HCV testing when clients register at

methadone clinics and enter results into the web-based manage-

ment database [18]. In addition, individual socio-demographic

characteristics, drug use behavior, and daily methadone dosage

are also entered into the database.

HIV and HCV Treatment
Individuals who test positive for HIV or HCV at methadone

clinics are referred by clinic staff to outside health care facilities for

further evaluation and treatment. HIV- and HCV-infected

patients are treated according to national guidelines [19], [20].

HIV patients undergo clinical and immunological staging, and

those with CD4 cell counts #3506106/L or AIDS-defining

illnesses are initiated on standardized first-line treatment regimens

that typically consist of three antiretroviral drugs [19]. HCV

patients are classified as having chronic or acute HCV infection

based on clinical and laboratory examinations and initiated on

therapy if indicated [20].

Setting
Of the people living with HIV in China who were infected

through injecting drug use, 84.2% live in six of the country’s 33

provinces/autonomous regions, including Guangdong Province

[21]. A systematic review estimated that the prevalence of HIV

and HCV among drug users in Guangdong was 2.44% and 44.6%

respectively [13]. At the time of this study, 49 methadone

maintenance clinics were established in Guangdong, covering 18

of the 23 cities in the province. This cross-sectional study was

conducted in all methadone clinics in Guangdong.

Measures
Our primary outcome was delayed testing, a dichotomous

outcome defined as receiving an HIV or HCV test seven or more

days after initial entry into the methadone system, which was

based on the date the blood sample was collected. This cutoff was

chosen because according to national guidelines seven days is the

threshold for considering someone a drop-out from the methadone

maintenance program [18]. Additionally, high rates of early

attrition from the methadone program have been observed in

Guangdong, with 24.1% of enrolled patients dropping out by the

end of the first month [16]. Early testing is necessary to ensure that

these high-risk patients are tested before they become lost to

follow-up. Thus, we used a strict definition for timely HIV and

HCV testing in methadone clinics in China.

Individual-level socio-demographic and clinical characteristics

included in the analysis were sex, age (,29 years old, 30–39 years

old,.40 years old), marital status (married, unmarried), education

completed (none/primary school, middle school, high school and

above), employment status (employed, unemployed), and drug

injecting experience (injecting, non-injecting), HIV infection status

(infected, non-infected), HCV infection status (infected, non-

infected), and years of heroin use (#5, 5 to 10, .10). Clinic-level

factors included were economic region (Pearl River Delta, non-

Pearl River Delta), administrative level (town/village level, city

level), affiliated institution (CDC, non-CDC), number of nurses

and physicians employed (2–4, 5–7, 8–10), number of clients

(,200, 200–399, $400), integration of voluntary HIV counseling

services (yes, no), clinic finances (for-profit, non-profit), and

distance between the clinic and most clients’ residences (#5

kilometers, .5 kilometers).

Data Collection
Data were collected during November and December 2008. All

individual characteristics were obtained from the web-based

management system. Clinical staff downloaded the data and

removed all identifying information. Clinic characteristics were

obtained through a self-administered questionnaire completed by

the director of each methadone clinic.

Data Analysis
Four clinics were opened less than one month prior to the study

and were not included in the analysis. A total of 13,442 individuals

were registered in the remaining 45 methadone clinics in

Guangdong Province at the time of study. 172 (1.28%) individuals

were excluded from the analysis because they had three or more

individual-level variables missing from their dataset.

First, we calculated the percentage of patients who had not yet

been tested for HIV and HCV at 3 days, 5 days, 7 days, 15 days,

and 1 month, among individuals who eventually underwent

testing, and examined the time trend. Second, we examined the

univariate associations between individual-level and clinic-level

characteristics and delayed HIV and HCV testing. Group

comparisons were examined with chi-square tests at the individual

level and with nonparametric Kruskal-Wallis tests at the clinic

level.

We observed clustering of observations at the clinic level and

decided to use multilevel modeling in order to examine the

interactions between individual- and clinic-level factors. A two-

level binomial logit model was used to estimate the effect of

individual- and clinic-level factors on delayed HIV and HCV

testing. The form and interpretation of the model are described

elsewhere [22]. In a sensitivity analysis, we re-estimated the

multilevel model using 5 days and 10 days as the cutoff for delayed

testing. The multilevel analysis was conducted using MLwiN
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Version 2.02 (Center for Multilevel Modelling, University of

Bristol, Bristol, UK), and all other analyses were conducted using

SAS Version 9.1 (SAS Institute Inc, Cary, NC, USA). Reported p-

values were two-sided, and a p-value below 0.05 was considered

significant.

Results

Data from 13,270 individuals at 45 clinics were analyzed. The

majority of individuals were male (93.9%) and heroin users

(99.6%), and 82.6% were between 20 and 40 years old. Most

individuals had completed nine years or less of school and were

unemployed at the time of the survey (Table 1).

Among the 13,270 individuals analyzed, 10,046 (75.7%) had an

HIV test and 10,404 (78.4%) underwent HCV testing. Among

those who ultimately were tested, 1882 (18.7%) had delayed HIV

testing and 1542 (14.8%) had delayed HCV testing. Among

delayed testers, the median time to HIV testing was 54 days

(range, 8–731) and the median time to HCV testing was 73 days

(range, 8–997). More individuals had delayed HIV test uptake

compared to HCV test uptake (p,0.05, see Figure S1). After one

month, 77.4% and 66.1% of the delayed HIV and HCV testers,

respectively, had still not received testing.

The majority of methadone clinics had HIV and HCV testing

delays that affected less than 10% of the clients who ultimately

were tested (Figure 1). At a small number of clinics, however, more

than 40% of clients tested experienced HIV or HCV testing

delays. In most cases, the clinics with a high percentage of delayed

HIV testing were not the same ones with a high percentage of

delayed HCV testing.

In the univariate analysis, several individual-level factors were

associated with delayed HIV testing, but no clinic-level factors

were found to be significant (see Table S1). These individual-level

factors were younger age, unmarried, high school level or above

education, non-injecting drug use, HIV-negative serostatus, and

years of heroin use. The final two-level model predicting delayed

HIV testing included one individual-level factor (higher education)

and one clinic-level factor (larger number of clients enrolled)

(Table 2). Compared with individuals who received no education

or only finished primary school, individuals who finished high

school or above were more likely to have delayed HIV testing

(adjusted odds ratio [aOR] 1.32, 95% confidence interval [CI]

1.02–1.72). Enrollment at methadone clinics with a larger number

of patients was also associated with increased likelihood of delayed

HIV testing (aOR 1.41, 95% CI 1.05–1.91).

Table 1. Individual-level characteristics of individuals at methadone clinics in Guangdong Province (N = 13,270).

Characteristic N (%) total individuals N (%) individuals tested for HIV N (%) individuals tested for HCV

Overall 13270 (100) 10046 (100) 10404 (100)

Sex

Male 12463 (93.9) 9400 (93.6) 9753 (93.7)

Female 807 (6.1) 646 (6.4) 651 (6.3)

Age (years)

,20 36 (0.3) 25 (0.2) 25 (0.2)

20–29 3242 (24.4) 2346 (23.4) 2411 (23.2)

30–39 7725 (58.2) 5907 (58.5) 6148 (59.1)

40–49 2080 (15.7) 1621 (16.1) 1664 (16.0)

50–59 177 (1.3) 140 (1.4) 149 (1.4)

.59 10 (0.1) 7 (0.1) 7 (0.1)

Marital status

Married 6446 (48.6) 4911 (48.9) 5079 (48.8)

Unmarried 6824 (51.4) 5135 (51.1) 5325 (51.2)

Education

None/primary school 2760 (20.8) 1695 (16.9) 2158 (20.7)

Middle school 8325 (62.7) 6292 (62.6) 6517 (62.6)

High school and above 2185 (16.5) 2059 (20.5) 1729 (16.6)

Employment status

Employed 4926 (37.1) 3752 (37.3) 3650 (35.1)

Unemployed 8344 (62.9) 6294 (62.7) 6754 (64.9)

Ever injected drugs

Yes 11011 (83.0) 8348 (83.1) 8663 (83.3)

No 2259 (17.0) 1698 (16.9) 1741 (16.7)

Years of heroin use

#5 2642 (19.9) 1876 (18.7) 1910 (18.4)

5 to 10 3578 (27.0) 2694 (26.8) 2794 (26.8)

.10 7050 (53.1) 5476 (54.5) 5700 (54.8)

doi:10.1371/journal.pone.0066787.t001
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The factors associated with delayed HCV testing differed from

those associated with delayed HIV testing. Significant factors in

the univariate analysis included younger age, employment, and

non-injecting drug use. The final two-level model predicting

delayed HCV testing included sex and employment status

(Table 3). Women were more likely to have delayed HCV

compared to men (aOR 1.51, 95% CI 1.11–2.06), and employed

individuals were more likely than unemployed individuals to have

delayed HCV testing rate (aOR 1.21, 95% CI 1.02–1.43). No

clinic-level factor was significantly associated delayed HCV testing

in the multivariate analysis.

In the sensitivity analysis, the multivariate model for delayed

HIV testing did not change when the threshold for delayed testing

was increased from 7 to 10 days. However, education dropped out

of the multivariate model when the cutoff was reduced to 5 days.

In all three multivariate models, the relationship between clinic

volume and delayed HIV testing remained significant (see Table

S2). For HCV, changing the threshold to 5 days resulted in gender

dropping out of the multivariate model. When the cutoff was

increased to 10 days, the significance of the gender and

employment variables was reduced but the p-value remained less

than 0.1 (see Table S3).

Discussion

Effective systems of HIV and HCV care require prompt testing,

linkage to care, and retention. This study in Guangdong Province,

China revealed that delays in HIV and HCV testing are common

at methadone clinics and often persist for months. A total of 18.7%

and 14.8% of HIV and HCV testers, respectively, were delayed in

receiving tests, despite being enrolled in the methadone clinic

system. Among delayed testers, the median delay to testing was 54

days for HIV and 73 days for HCV.

Although the importance of preventing delayed HIV and HCV

testing has been recognized, studies of testing delays often focus on

individual patient characteristics associated with late testing and

neglect the important role of institutional and systems issues.

Structural factors associated with delays in time to testing once

individual patients have accessed facilities offering HIV testing

have been understudied and underappreciated. Additionally,

delays in HCV testing among high-risk groups like injection drug

users have been understudied compared to delayed HIV diagnosis.

Methadone clinics provide a unique opportunity to explore how to

optimize these systems in order to expedite HIV and HCV testing

for drug users. To our knowledge, this is the first study of structural

factors associated with delayed HIV and HCV testing in

methadone clinics.

Existing definitions of delayed testing used in previous studies

have a number of limitations. Studies of HIV testing delays

commonly examine the outcome of delayed diagnosis, which is

defined according to CD4 count at the time of diagnosis [1], [2],

[3], [4], [23]. For HCV, delayed diagnosis has been defined as the

time from the estimated date of infection (date of initiation of

injection drug use) to the diagnosis date [24]. These definitions do

not distinguish between patient delays in accessing sites where

testing is available and delays that occur once patients have

presented for care at these sites. Other studies have reported the

occurrence of ‘‘missed opportunities,’’ defined as documented

clinical encounters when patients with clinical syndromes associ-

ated with HIV or patients belonging to high-risk groups did not

Figure 1. Distribution of delayed HIV and HCV testing rates at methadone clinics in Guangdong, China.
doi:10.1371/journal.pone.0066787.g001
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undergo testing [25], [26], [27]. Two previous studies have

reported the median time to HIV testing following patients’ initial

encounter with the health facility [25], [28]. However, there is no

established threshold for measuring delayed testing. Moreover,

these studies were undertaken among outpatients at general

hospitals and clinics, not in methadone clinic settings where

patients are evaluated on a daily basis.

Given the limitations of the existing literature, we used an

operational definition of seven or more days from enrollment to

testing to define delayed testing. We based our definition on the

number of days since enrollment because we sought to examine

the institutional issues that affect time to testing after patients’

enrollment in the methadone maintenance program. We chose

our cutoff for delayed testing with the understanding that

methadone clinics differ from other health care settings in two

key ways–the patients are evaluated on a daily basis, and they are

at high-risk for HIV and HCV infection. Given the high rates of

early attrition documented at methadone clinics in Guangdong

[16], we used a strict definition for timely testing (,7 days) in

methadone clinics in China. The testing delays documented in this

study demonstrate that there is room for improvement within the

medical system to achieve timely HIV and HCV testing among

drug users. More research is needed to better understand how to

decrease time to testing within medical infrastructures.

We found that the median delay to HCV testing was longer

than the median delay to HIV testing by almost three weeks.

Previous studies in Canada and Europe have identified poor

perception of the risk of HCV infection and the harm caused by

HCV as the main reason for delayed or missed HCV testing or

failure to seek treatment [29], [30]. Inadequate education about

Table 2. Multivariate analysis of factors associated with delayed HIV testing at methadone clinics (N = 10,046).

Characteristic
N (%) patients with delayed HIV
testing

Adjusted odds ratio (95%
confidence interval) p-value

Overall 1882 (18.7) NA

Sex

Male 1750 (18.6) – –

Female 132 (20.4) – –

Age

#29 years old 526 (22.2) – –

30–39 years old 1081 (18.3) – –

$40 years old 275 (15.6) – –

Marital status

Married 884 (17.2) – –

Unmarried 998 (20.3) – –

Education

None/primary school 382 (18.6) 1.00

Middle school 1147 (18.2) 1.17 (0.96–1.44) 0.122

High school and above 353 (20.8) 1.32 (1.02–1.72) 0.036

Employment status

Unemployed 1200 (19.1) – –

Employed 682 (18.2) – –

Ever injected drugs

Yes 1474 (17.7) – –

No 408 (24.0) – –

HIV

Infected 64 (10.7) – –

Non-infected 1818 (19.2) – –

HCV*

Infected 1219 (19.4) – –

Non-infected 560 (19.3) – –

Years of heroin use

#5 501 (26.7) – –

5 to 10 561 (20.8) – –

.10 820 (15.0) – –

Total number of clients (for each increase in 100) ** - 1.41 (1.05–1.91) 0.024

*103 individuals who had delayed HIV testing did not undergo HCV testing.
**Total number of clients is the only clinic-level variable associated with delayed HIV testing in the multivariate analysis. Other non-significant clinic-level variables are
not presented in the table. The complete results of the univariate analysis of clinic-level variables are presented in Table S1.
doi:10.1371/journal.pone.0066787.t002
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HCV among drug users in China may result in poor recognition of

the importance of HCV testing and longer testing delays

compared to HIV [31]. Perceptions of lower HCV risk among

women may also account for relationship between female gender

and delayed HCV testing found in our study.

Our study found that methadone clinics seeing a greater

number of patients had more frequent HIV test delay. Methadone

clinic staff shortage is a national problem in China and may partly

explain this relationship [32]. Health care providers in a typical

methadone clinic in China experience a heavy workload, a

problem that has also been reported in the U.S [33]. Often two or

three clinicians are managing care for more than 100 patients,

including writing prescriptions, providing counseling and health

education, tracking patients lost to follow-up, and preparing

reports [32]. The relationship between number of clients and

delayed testing was not observed for HCV. We hypothesize that

this may be because HIV counseling may require more staff time

in order to be effective; since HIV is both more stigmatized and

less prevalent compared to HCV, more intensive counseling may

be needed to overcome individuals’ resistance to testing at entry to

the methadone maintenance program.

A limitation of this study is that the methadone clinics in

Guangdong Province may differ from others in China in terms of

the type of testing technology used and existing relationships with

local hospitals to expedite routine screening. However, there were

no HIV or HCV point-of-care tests available in China at the time

of this study. Moreover, the characteristics of the study population

were comparable with those reported at methadone clinics in

other parts of China [15]. Another limitation is that we cannot

evaluate the clinical impact of delayed HIV or HCV testing.

Individuals who test positive HIV and HCV at methadone clinics

are referred to outside health care facilities for further evaluation

Table 3. Multivariate analysis of factors associated with delayed HCV testing at methadone clinics (N= 10,404).

Characteristic
N (%) patients with
delayed HCV testing

Adjusted odds ratio (95% confidence
interval) p-value

Overall 1542 (14.8) NA

Sex

Male 1437 (14.7) 1.00

Female 105 (16.1) 1.51 (1.11–2.06) 0.013

Age

#29 years old 403 (16.5) – –

30–39 years old 922 (15.0) – –

$40 years old 217 (11.9) – –

Marital status

Married 764 (14.4) – –

Unmarried 778 (15.3) – –

Education

None/primary school 308 (14.3) – –

Middle school 985 (15.1) – –

High school and above 249 (14.4) – –

Employment status

Unemployed 933 (13.8) 1.00

Employed 609 (16.7) 1.21 (1.02–1.43) 0.032

Ever injected drugs

Yes 1236 (14.3) – –

No 306 (17.6) – –

HIV*

Infected 75 (16.3) – –

Non-infected 1271 (14.6) – –

HCV

Infected 1061 (14.9) – –

Non-infected 481 (14.6) – –

Years of heroin use

#5 289 (15.1) – –

5 to 10 449 (16.1) – –

.10 804 (14.1) – –

*196 individuals who had delayed HCV testing did not undergo HIV testing.
Note: Only individual-level variables are included in this table. None of the clinical-level variables were associated with delayed HCV testing in the final multilevel model.
The complete results of the univariate analysis of clinic-level variables are presented in Table S1.
doi:10.1371/journal.pone.0066787.t003
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and HIV and HCV treatment. Their treatment data, including

timing of treatment initiation and CD4 counts, are recorded in a

separate administrative system maintained by the local CDC,

which was not accessible for the current study. Finally, patients in

the methadone program not only differ in the characteristics we

examined in this study, but also in their dependence level and

mental health. We did not include these factors because the

methadone maintenance program system does not routinely

collect information about mental health and dependence level,

but these factors may affect time to testing.

A strength of this study is that we included data from nearly all

of the 49 methadone clinics in Guangdong Province. Only four

clinics that opened less than one month prior to the study were not

included in the analysis. Another major strength of our study is

that it examines salient clinic-level factors that could be modified

to improve routine, prompt HIV and HCV testing in methadone

clinics. Our results suggest that methadone clinics that serve a

large number of patients may require capacity strengthening in

order to manage their patient load and prevent HIV testing delays.

Other clinic-level variables that we examined were not signifi-

cantly associated with testing delays in the multivariate model.

However, examination of the percentage of delayed testing at the

clinic level revealed that there is a small subset of methadone

clinics where the percentage of clients who experience delayed

HIV or HCV testing is higher than average. Clinic-level variables

that we did not examine–such as measures of staff buy-in, staff

training, or clinic resources–may account for this clinic-level

variation. Further research is needed to understand why these

clinics perform poorly on timeliness of HIV and HCV testing.

Although current national guidelines recommend routine opt-

out, provider-initiated HIV and HCV testing for all patients at

methadone clinics upon entry, testing procedures may need to be

further integrated into the intake protocols of methadone clinics in

order to ensure implementation of prompt testing. For example,

the intake protocol could require that providers offer HIV and

HCV testing routinely at multiple specified times during the first

week after entry to the methadone maintenance program. Such

redundancy early in the process could help to ensure that initial

patient refusal or individual providers’ failure to offer testing at

intake not result in prolonged testing delays.

Expediting HIV and HCV testing among drug users in China is

particularly important because they are a high-risk and hard-to-

reach population [34]. Methadone clinics are a key point of

contact between drug users and the Chinese health care system.

The cascade of services that must be completed for optimal care of

HIV or HCV infection includes initial screening, testing confir-

mation, linkage to care, disease staging, initiation of treatment,

and retention in care [35]. The existing infrastructure of

methadone clinics could be used to enhance care for drug users

infected with HIV or HCV if these services could be further

streamlined. Methadone clinics in China face a high rate of early

attrition [16]. Thus, prompt HIV and HCV testing after intake is

important for ensuring patients complete the full cascade of HIV

and HCV care services while still enrolled in the methadone

maintenance program.

Supporting Information

Figure S1 Percentage of delayed HIV and HCV testing by the

number of days after enrollment at the methadone clinic.

(TIF)

Table S1 Clinic-level characteristics associated with delayed

HIV and HCV testing at methadone clinics in Guangdong

Province (N= 45).

(DOC)

Table S2 Multivariate analysis of factors associated with delayed

HIV testing at methadone clinics (N= 10,046).

(DOC)

Table S3 Multivariate analysis of factors associated with delayed

HCV testing at methadone clinics (N= 10,404).

(DOC)

Acknowledgments

The authors thank the staff of all methadone clinics for their support in

collecting data. The authors also thank Dr. Qi Zhang for his helpful

comments on an earlier version of this manuscript, and thank the U.S.

Fulbright Student Program for its support in Megan McLaughlin’s study in

China.

Author Contributions

Conceived and designed the experiments: YX WC LL. Performed the

experiments: YX WC LL. Analyzed the data: YX JDT. Contributed

reagents/materials/analysis tools: YX WC LL. Wrote the paper: YX

MMM JDT. Obtained funding: LL JDT.

References

1. Fisher M (2008) Late diagnosis of HIV infection: major consequences and

missed opportunities. Curr Opin Infect Dis 21: 1–3.

2. Wanyenze RK, Kamya MR, Fatch R, Mayanja-Kizza H, Baveewo S, et al.

(2011) Missed opportunities for HIV testing and late-stage diagnosis among

HIV-infected patients in Uganda. PLoS One 6: e21794.

3. Dickson N, McAllister S, Sharples K, Paul C (2012) Late presentation of HIV

infection among adults in New Zealand: 2005–2010. HIV Med 13: 182–189.

4. Nhac-Vu HT, Giard M, Phong ND, Vanhems P (2010) Risk factors for delayed

HIV diagnosis at the Hospital of Tropical Diseases in Ho Chi Minh City,

Vietnam. Int J STD AIDS 21: 802–805.

5. Hayashida T, Gatanaga H, Takahashi Y, Negishi F, Kikuchi Y, et al. (2012)

Trends in early and late diagnosis of HIV-1 infections in Tokyoites from 2002 to

2010. Int J Infect Dis 16: e172–177.

6. Cohen MS, Chen YQ, McCauley M, Gamble T, Hosseinipour MC, et al. (2011)

Prevention of HIV-1 infection with early antiretroviral therapy. N Engl J Med

365: 493–505.

7. Donnell D, Baeten JM, Kiarie J, Thomas KK, Stevens W, et al. (2010)

Heterosexual HIV-1 transmission after initiation of antiretroviral therapy: a

prospective cohort analysis. Lancet 375: 2092–2098.

8. Sterne JA, May M, Costagliola D, de Wolf F, Phillips AN, et al. (2009) Timing of

initiation of antiretroviral therapy in AIDS-free HIV-1-infected patients: a

collaborative analysis of 18 HIV cohort studies. Lancet 373: 1352–1363.

9. May M, Gompels M, Delpech V, Porter K, Post F, et al. (2011) Impact of late

diagnosis and treatment on life expectancy in people with HIV-1: UK

Collaborative HIV Cohort (UK CHIC) Study. BMJ 343: d6016.

10. Zhang F, Dou Z, Ma Y, Zhang Y, Zhao Y, et al. (2011) Effect of earlier initiation

of antiretroviral treatment and increased treatment coverage on HIV-related

mortality in China: a national observational cohort study. Lancet Infect Dis 11:

516–524.

11. Wen Y, Zhao D, Dou Z, Ma Y, Zhao Y, et al. (2011) Some patient-related

factors associated with late access to ART in China’s free ART program. AIDS

Care 23: 1226–1235.

12. Ward JW (2013) The epidemiology of chronic hepatitis C and one-time hepatitis

C virus testing of persons born during 1945 to 1965 in the United States. Clin

Liver Dis 17: 1–11.

13. Bao YP, Liu ZM (2009) Systematic review of HIV and HCV infection among

drug users in China. Int J STD AIDS 20: 399–405.

14. Yin W, Hao Y, Sun X, Gong X, Li F, et al. (2010) Scaling up the national

methadone maintenance treatment program in China: achievements and

challenges. Int J Epidemiol 39 Suppl 2: ii29–37.

15. Che Y, Assanangkornchai S, McNeil E, Li J, You J, et al. (2011) Patterns of

attendance in methadone maintenance treatment program in Yunnan Province,

China. Am J Drug Alcohol Abuse 37: 148–154.

16. Chen A, Xia YH, Chen W, Ling L, Tan WK, et al. (2009) Predictors of

retention related factors at the initial methadone maintenance treatment clinics

in Guangdong province. Chin J Epidemiol 30: 1230–1233.

HIV and HCV Testing Delays at Methadone Clinics

PLOS ONE | www.plosone.org 7 June 2013 | Volume 8 | Issue 6 | e66787



17. Mao Y, Wu Z, Poundstone K, Wang C, Qin Q, et al. (2010) Development of a

unified web-based national HIV/AIDS information system in China.

Int J Epidemiol 39 Suppl 2: ii79–89.

18. Ministry of Health of China, Ministry of Public Security of China, State Food

and Drug Administration (2006) [Work plan for community-based methadone

maintenance treatment for opiate addicts]. Beijing: Ministry of Health.

19. Chinese Medical Association and Chinese Center for Disease Control and

Prevention (2006) Guidelines for diagnosis and treatment of HIV/AIDS in

China (2005). Chinese Medical Journal 119: 1589–1608.

20. Chinese Medical Association Hepatology Branch (2004) [Guideline of

prevention and treatment of hepatitis C]. Zhonghua Yu Fang Yi Xue Za Zhi

38: 210–215.

21. Ministry of Health of China, Joint United Nations Programme on HIV/AIDS,

World Health Organization (2010) 2009 estimates for the HIV/AIDS epidemic

in China. Beijing.

22. Tucker JD, Yang LG, Yang B, Zheng HP, Chang H, et al. (2011) A twin

response to twin epidemics: integrated HIV/syphilis testing at STI clinics in

South China. J Acquir Immune Defic Syndr 57: e106–111.

23. Girardi E, Aloisi MS, Arici C, Pezzotti P, Serraino D, et al. (2004) Delayed

presentation and late testing for HIV: demographic and behavioral risk factors in

a multicenter study in Italy. J Acquir Immune Defic Syndr 36: 951–959.

24. Witteck A, Schmid P, Hensel-Koch K, Thurnheer MC, Bruggmann P, et al.

(2011) Management of hepatitis C virus (HCV) infection in drug substitution

programs. Swiss Med Wkly 141: w13193.

25. Kuo AM, Haukoos JS, Witt MD, Babaie ML, Lewis RJ (2005) Recognition of

undiagnosed HIV infection: an evaluation of missed opportunities in a

predominantly urban minority population. AIDS Patient Care STDS 19:

239–246.

26. Liddicoat RV, Horton NJ, Urban R, Maier E, Christiansen D, et al. (2004)

Assessing missed opportunities for HIV testing in medical settings. J Gen Intern
Med 19: 349–356.

27. Burns FM, Johnson AM, Nazroo J, Ainsworth J, Anderson J, et al. (2008) Missed

opportunities for earlier HIV diagnosis within primary and secondary healthcare
settings in the UK. AIDS 22: 115–122.

28. Ivers LC, Freedberg KA, Mukherjee JS (2007) Provider-initiated HIV testing in
rural Haiti: low rate of missed opportunities for diagnosis of HIV in a primary

care clinic. AIDS Res Ther 4: 28.

29. Swan D, Long J, Carr O, Flanagan J, Irish H, et al. (2010) Barriers to and
facilitators of hepatitis C testing, management, and treatment among current

and former injecting drug users: a qualitative exploration. AIDS Patient Care
STDS 24: 753–762.

30. Grebely J, Genoway KA, Raffa JD, Dhadwal G, Rajan T, et al. (2008) Barriers
associated with the treatment of hepatitis C virus infection among illicit drug

users. Drug Alcohol Depend 93: 141–147.

31. Du J, Wang Z, Xie B, Zhao M (2012) Hepatitis C knowledge and alcohol
consumption among patients receiving methadone maintenance treatment in

Shanghai, China. Am J Drug Alcohol Abuse 38: 228–232.
32. Lin C, Wu Z, Rou K, Pang L, Cao X, et al. (2010) Challenges in providing

services in methadone maintenance therapy clinics in China: service providers’

perceptions. Int J Drug Policy 21: 173–178.
33. Shoptaw S, Stein JA, Rawson RA (2000) Burnout in substance abuse counselors.

Impact of environment, attitudes, and clients with HIV. J Subst Abuse Treat 19:
117–126.

34. Wolfe D, Carrieri MP, Shepard D (2010) Treatment and care for injecting drug
users with HIV infection: a review of barriers and ways forward. Lancet 376:

355–366.

35. Kilmarx PH, Mutasa-Apollo T (2013) Patching a leaky pipe: the cascade of HIV
care. Curr Opin HIV AIDS 8: 59–64.

HIV and HCV Testing Delays at Methadone Clinics

PLOS ONE | www.plosone.org 8 June 2013 | Volume 8 | Issue 6 | e66787


