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The authors characterized human immunodeficiency virus (HIV) and hepatitis C virus (HCV) incidence and
prospective changes in self-reported risk behavior over 2 years among 1,158 injection drug users (IDUs) recruited
in Chennai, India, in 2005–2006. At baseline, HIV prevalence was 25.3%, and HCV prevalence was 54.5%.
Seropositive persons with prevalent HIV infection were used to estimate baseline HIV incidence by means of
the Calypte HIV-1 BED Incidence EIA (Calypte Biomedical Corporation, Portland, Oregon). Longitudinal HIV and
HCV incidence were measured among 865 HIV-negative IDUs and 519 HCV antibody-negative IDUs followed
semiannually for 2 years. Participants received pre- and posttest risk reduction counseling at each visit. Estimated
HIV incidence at baseline was 2.95 per 100 person-years (95% confidence interval (CI): 1.21, 4.69) by BED assay;
observed HIV incidence over 1,262 person-years was 0.48 per 100 person-years (95% CI: 0.17, 1.03). HCV
incidence over 645 person-years was 1.71 per 100 person-years (95% CI: 0.85, 3.03). Self-reported risk behaviors
declined significantly over time, from 100% of participants reporting drug injection at baseline to 11% at 24 months.
In this cohort with high HIV and HCV prevalence at enrollment, the authors observed low incidence and declining
self-reported risk behavior over time. While no formal intervention was administered, these findings highlight the
potential impact of voluntary counseling and testing in a high-risk cohort.

cohort studies; hepacivirus; HIV; India; risk-taking; substance abuse, intravenous

Abbreviations: AIDS, acquired immunodeficiency syndrome; CI, confidence interval; ELISA, enzyme-linked immunosorbent as-
say; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IDU, injection drug user; IRR, incidence rate ratio; OR, odds ratio;
VCT, voluntary counseling and testing.

India has approximately 2.4 million persons infected with
human immunodeficiency virus (HIV), the virus that causes
acquired immunodeficiency syndrome (AIDS) (1). Because
85% of HIV infections in India are acquired heterosexually
(2), prevention programs have targeted heterosexual popu-
lations, resulting in stabilization of HIV incidence and prev-
alence in this group (3, 4). By contrast, national surveillance
data suggest continued expansion of HIV among injection
drug users (IDUs) (1). It is estimated that anywhere from
168,000 to 1.1 million IDUs reside in India (5, 6). Histori-
cally, HIV associated with injection drug use has been re-
stricted to northeastern India (7). However, recent data

suggest emergence of HIV epidemics among IDUs in other
regions (1). IDUs represent a marginalized population with
limited access to HIV prevention and treatment programs.
Understanding the trajectory of the epidemic among IDUs
will be critical to designing future interventions for this
group, yet there are limited longitudinal data on HIV, other
bloodborne infections such as hepatitis C virus (HCV) in-
fection, and associated risk behaviors among IDUs in India.

Chennai is the capital of the southern state of Tamil Nadu.
Together, the states of Tamil Nadu, Andhra Pradesh, Karna-
taka, and Maharashtra account for 60% of HIV infections in
India (1). According to the 2007 surveillance report of the
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National AIDS Control Organisation, Tamil Nadu has a high
prevalence of HIV infection among IDUs: 27.2% (1). We
characterized HIV and HCV incidence and changes in risk
behaviors determined semiannually over 24 months of
follow-up in a cohort of IDUs in Chennai.

MATERIALS AND METHODS

Study population

The Madras Injection Drug User and AIDS Cohort Study
is a community-based prospective cohort study designed to
characterize HIV incidence among IDUs in Chennai. Be-
tween April 2005 and May 2006, a sample of volunteers
was recruited through community outreach in venues fre-
quented by IDUs (e.g., ‘‘shooting galleries’’ and burial
grounds where IDUs congregate to purchase/use drugs).
Participants were aged �18 years and reported having in-
jected drugs at least once during the prior 6 months, as pre-
viously described (8, 9). This study was approved by the
institutional review boards of the Y. R. Gaitonde Centre for
AIDS Research and Education (Chennai, India) and the Johns
Hopkins Bloomberg School of Public Health (Baltimore,
Maryland).

Of 1,158 participants recruited, 293 (25.3%) were HIV-
positive by double enzyme-linked immunosorbent assay
(ELISA) (Murex HIV-1.2.O, Abbott Murex, Dartford,
United Kingdom; and Vironostika HIV Uni-Form II Ag/Ab,
bioMérieux Deutschland GmbH, Nürtingen, the Netherlands)
and 631 (54.5%) demonstrated antibodies to HCV (Murex
HIV-1.2.O, Abbott Murex, Johannesburg, South Africa; sen-
sitivity ¼ 100%, specificity ¼ 99.98%) at baseline. Partici-
pants who tested HIV-positive at baseline or follow-up were
referred to an on-site HIV clinic (10). Medical charts were
maintained for all HIV-positive participants who made at least
1 visit to the clinic. The 865 HIV-negative participants were
scheduled for semiannual follow-up; 706 (82%) returned for

at least 1 visit and were included in the longitudinal analysis
(Table 1). Of the 159 persons who did not return for any
follow-up, 18 died within the first year (11). Of the remaining
participants, only 10 were not traceable. Primary reasons
for not returning for follow-up included relocation far from
Chennai (n ¼ 46), work responsibilities (n ¼ 24), drug re-
habilitation (n ¼ 9), incarceration (n ¼ 2), and hospitalization
(n ¼ 1) (11).

Study procedures

Plasma was pooled from the 159 HIV-negative IDUs who
did not return for any follow-up visits (initial pool size¼ 50)
for HIV RNA quantification using the ultrasensitive assay
(limit of detection ¼ 50 copies/mL) of the Roche AMPLI-
COR HIV-1 MONITOR Test, version 1.5 (Roche Diagnos-
tics Corporation, Indianapolis, Indiana) to rule out the
possibility that they were in the window period of HIV
seroconversion at baseline.

Samples obtained from HIV-infected participants at base-
line were tested using the Calypte HIV-1 BED Incidence
EIA (Calypte Biomedical Corporation, Portland, Oregon)
to estimate HIV incidence. This kit has been validated for
HIV subtype C (12), the predominant HIV subtype in India.
Medical records of the 12 HIV-infected participants identi-
fied as recent seroconverters by BED assay were available
and reviewed to rule out false-positive findings (i.e., low
CD4 receptor-positive T lymphocyte (CD4þ cell) counts,
AIDS-defining illnesses, and use of antiretroviral therapy)
(13).

HIV-negative participants completed a structured ques-
tionnaire and underwent blood drawing at each visit.
The questionnaire was administered by trained inter-
viewers and included questions on 1) frequency, types
(e.g., heroin, buprenorphine), and route (injection, nonin-
jection) of drugs used in the prior month and the prior 6
months; 2) injection practices, including frequency and

Table 1. Incidence of Human Immunodeficiency Virus and Hepatitis C Virus Seroconversion Among Injection Drug

Users Enrolled in the Madras Injection Drug Users and AIDS Cohort Study (n ¼ 865), Chennai, India, 2005–2008

No. Eligible
for Visita

No. of
Personsb

Person-Years
of Follow-up

No. of
Seroconversions

Incidence Rate/100
Person-Years

95% Confidence
Interval

HIV incidence

Year 1 847 686 665 4 0.60 0.16, 1.53

Year 2 820 616 597 2 0.34 0.04, 1.20

Overall 865 706 1,262 6 0.48 0.17, 1.03

HCV incidence

Year 1 491 357 383 8 2.09 0.91, 4.07

Year 2 464 277 262 3 1.15 0.23, 3.31

Overall 519 357 645 11 1.71 0.85, 3.03

Abbreviations: AIDS, acquired immunodeficiency syndrome; HCV, hepatitis C virus; HIV, human immunodefi-

ciency virus.
a A total of 865 persons were HIV-antibody-negative at baseline, and 519 were also negative for HCV antibodies at

baseline. Eighteen persons who died in year 1 and 27 who died in year 2 were censored.
b Numbers include persons who had either a 6-month or a 12-month visit in year 1 of follow-up and either an 18-

month or a 24-month visit in year 2 of follow-up; 20 persons who did not make a follow-up visit in year 1 subsequently

made a visit in year 2.
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types of needle-/paraphernalia-sharing, shooting gallery at-
tendance, and needle-cleaning; 3) frequency, quantity, and
types of alcohol consumed; and 4) numbers and types of
sexual practices, condom use, and exchange sex. HIV anti-
bodies were assessed at each visit using double ELISA (sim-
ilar to baseline). HIV testing was accompanied by pre- and
posttest counseling, which included a risk reduction compo-
nent; counseling sessions followed questionnaire administra-
tion and lasted approximately 30 minutes. Participants were
educated on the harms of injection drug use, needle-sharing,
and inconsistent condom use in a one-on-one session with
a trained counselor. The counselors tailored the sessions to
the participants’ responses to questions (e.g., appropriate
cleaning/disposal methods if the participant reported inappro-
priate needle-cleaning). Following this, participants were
asked whether they had any questions.

HCVantibody testing was performed at 12 and 24 months
among participants who were HIV- and HCV-negative at
baseline (519 eligible persons) using the same method as
was used at baseline. A total of 357 participants (70%) had
information from at least 1 of these visits; if a sample tested
positive for HCV antibodies at 24 months, the 12-month
sample was tested to estimate the seroconversion date.

Statistical analysis

HIV-negative IDUs with 1 or more follow-up visits were
compared with IDUs who had no visits beyond baseline
using the chi-squared test and the Mann-Whitney U test.
An absorbance cutoff value of 0.8, corresponding to a sero-
conversion window of 155 days, was used to calculate HIV
incidence (and 95% confidence intervals) by means of the
BED assay, utilizing the manufacturer’s formulae (12, 14,
15). Incidence was calculated as

½ð365=WÞ3Ni�=½Nu þ ð365=WÞðNi=2Þ�3 100;

where W ¼ window period (155 days), Ni ¼ number of
recent infections, and Nu ¼ number uninfected. Samples
were excluded from the calculation if they had evidence
of a false-positive test (e.g., CD4þ cell count < 200 cells/lL,
AIDS-defining illness).

Longitudinal HIV incidence was calculated over the first
4 follow-up visits (24 months) by dividing the number of
new infections by the total person-years of follow-up. Sero-
conversion date was defined as the midpoint between the last
date on which a participant tested HIV-negative and the first
date on which that person tested HIV-positive. Sensitivity
analyses were performed to determine the impact of loss to
follow-up on HIV incidence. Similar methods were used for
HCV incidence. Poisson regression was used to determine
whether there were statistically significant declines in HIV
and HCV incidence over the course of follow-up and to
ascertain whether these declines were associated with
changes in behavior. In this analysis, all HIV-negative par-
ticipants at baseline and those who tested positive by BED
assay were considered to be at risk at baseline, and those
who tested positive by BED were considered to have inci-
dent infection at baseline. Both of these groups were as-
signed 155 days of follow-up at baseline to correspond to

the seroconversion window estimated by BED. For visits for
which an HIV test result was not available (e.g., no blood
could be drawn), HIV status was imputed as negative if both
surrounding visits were negative.

Multivariate analysis was not performed because of the
small number of events. However, we further explored
changes in risk by examining visit-to-visit within-person
changes in risk behaviors through matched-pair odds ratios
calculated using conditional logistic regression. All statisti-
cal analyses were performed using Intercooled STATA, ver-
sion 10.0 (Stata Corporation, College Station, Texas).
Statistical significance was set at P < 0.05.

RESULTS

Demographic characteristics and risk behavior at
baseline

The median follow-up time among the 706 participants
with at least 1 follow-up visit was 1.92 years (interquartile
range, 1.87–1.98). All 706 were male; the median age was
35 years (interquartile range, 29–40). The majority of par-
ticipants followed up were married (67.7%); 26.6% had no
formal education (Table 2). Sixty-two percent reported hav-
ing injected drugs for nonmedical purposes for 5 or more
years. Seventy-four percent reported injecting drugs in the
prior month; 82.4% reported alcohol use. The median num-
ber of alcoholic drinks consumed per drinking episode was 4
(interquartile range, 4–4). Forty-nine percent reported hav-
ing engaged in sexual intercourse during the prior month.
No demographic or risk behaviors significantly differed
between participants with at least 1 follow-up visit and the
159 participants who were lost to follow-up (P > 0.15 for
all; Table 2). None of the HIV-antibody-negative IDUs who
were lost to follow-up tested positive for HIV RNA by poly-
merase chain reaction (i.e., all persons lost to follow-up
were truly HIV-negative at baseline).

Estimated incidence based on the BED assay

Of the 293 seropositive participants with prevalent HIV
infection, 12 were identified as having incident infections by
BED. One person’s sample was excluded because the CD4þ
cell count was 144 cells/lL. The median CD4þ cell count
of the remaining 11 samples was 711 cells/lL (range, 356–
1,171 cells/lL); none of these persons had ever used anti-
retroviral therapy, and none had an AIDS-defining illness.
Assuming a follow-up period of 155 days, incidence was
estimated (using the 11 infections identified as incident by
BED and the 865 HIV-negative samples) to be 2.95 per 100
person-years (95% confidence interval (CI): 1.21, 4.69).

HIV incidence based on longitudinal follow-up

There were 6 HIV seroconversions in 1,262 person-years
of follow-up (incidence rate per 100 person-years ¼ 0.48,
95% CI: 0.17, 1.03) (Table 1). Five participants reported
having injected drugs during the 6 months prior to their first
seropositive visit; all of the 5 reported needle-sharing. As-
suming an average of 24 months of follow-up for the 159
persons with no follow-up, we calculated incidence over
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a range of different assumptions, from an incidence compa-
rable to that of persons who had follow-up (0.48 per 100
person-years) to more than 4 times’ that incidence (1.92 per
100 person-years). Even with the highest value, estimated
incidence for the entire cohort would have been only 0.76
per 100 person-years (95% CI: 0.39, 1.32).

There was a statistically significant decline in HIV inci-
dence over the course of follow-up (incidence rate ratio
(IRR) per visit¼ 0.51, 95% CI: 0.33, 0.79). The linear trend
was significantly attenuated after we accounted for injection
drug use in the prior 6 months (IRR ¼ 0.79, 95% CI: 0.47,
1.34). No other risk behaviors affected the association be-
tween follow-up time and HIV incidence (data not shown).

HCV incidence

There were 11 HCV seroconversions in 645 person-years
of follow-up (incidence rate per 100 person-years ¼ 1.71,
95% CI: 0.85, 3.03) (Table 1). None of the HCV serocon-
versions occurred in HIV seroconverters. Six persons re-
ported injecting drugs during the 6-month interval prior to
seroconversion; 2 of them reported needle-sharing. Notably,
in the 5 persons who did not report drug injection, the se-
roconversion window was greater than 6 months. HCV in-
cidence also declined over the course of follow-up, but this
trend was not statistically significant (IRR per year ¼ 0.70,
95% CI: 0.35, 1.36).

Table 2. Baseline Demographic Characteristicsa and Risk

Behaviors of Injection Drug Users Enrolled in the Madras Injection

Drug Users and AIDS Cohort Study, by Follow-up Status, Chennai,

India, 2005–2008b

Variable

IDUs With Follow-
up (n 5 706)

IDUs Lost
to Follow-up
(n 5 159)

No. % No. %

Marital status

Married or live-in
partner

478 67.7 106 66.7

Single 203 28.8 48 30.2

Separated 16 2.3 3 1.9

Divorced/widowed 9 1.3 2 1.3

Highest level of
education

None 188 26.6 48 30.2

Primary 237 33.6 55 34.6

Secondary 185 26.2 36 22.6

High school/
university/
professional

96 13.6 20 12.6

Frequency of alcohol
consumption,
times/week

Never drinker 124 17.6 27 17.0

�2 419 59.4 99 62.3

>2 163 23.1 33 20.8

Duration of injection
drug use, years

<1 52 7.4 19 12.0

1–4.9 214 30.3 59 37.1

5–10 189 26.8 31 19.5

>10 251 35.6 50 31.5

No. of times drugs
were injected in
prior month

0 186 26.4 38 23.9

1–30 430 60.9 95 59.8

>30 90 12.8 26 16.4

Table continues

Table 2. Continued

Variable

IDUs With Follow-
up (n 5 706)

IDUs Lost
to Follow-up
(n 5 159)

No. % No. %

Type(s) of drugs
injected in prior
month

None 185 26.2 38 23.9

Heroin only 333 47.2 77 48.4

Buprenorphine only 132 18.7 27 17.0

Heroin and
buprenorphine

56 7.9 17 10.7

Sharing needles in
prior month

No 473 67.0 104 65.4

Yes 233 33.0 55 34.6

Cleaning needles in
prior month

No 347 49.2 78 49.1

Yes 359 50.9 81 50.9

Injecting at a dealer’s
house in
prior month

No 644 91.2 145 91.2

Yes 62 8.8 14 8.8

Sexual intercourse in
prior month

No 357 50.6 75 47.2

Yes 349 49.4 84 52.8

Incarcerated in prior
6 months

No 617 87.4 145 91.2

Yes 89 12.6 14 8.8

Abbreviation: AIDS, acquired immunodeficiency syndrome; IDUs,

injection drug users.
a All IDUs were human immunodeficiency virus-negative at base-

line. The median age was 35 years (interquartile range, 29–40)

among IDUs with follow-up and 33 years (interquartile range,

28–41) among IDUs lost to follow-up.
b The 2 groups were compared using the chi-squared test for cat-

egorical variables and the Mann-Whitney U test for continuous vari-

ables; all P ’s > 0.15.
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Changes in self-reported risk behaviors

The prevalence of reported injection drug use in the prior 6
months by IDUs declined from 100% at baseline to 35% at 12
months and 11% at 24 months (Figure 1). The odds ratio for
injecting any drug in the prior month at 6 months versus
baseline was 0.02 (95% CI: 0.01, 0.04; Table 3), representing
a 50-fold reduction in risk. Participants were also signifi-
cantly less likely to report noninjection drug use at 6 months
(odds ratio (OR) ¼ 0.31, 95% CI: 0.22, 0.45). Declines in
drug use continued through 24 months, with statistically sig-
nificant declines being seen even from 12 months to 24
months. By 12 months, we also observed a significant reduc-
tion in needle-sharing (OR ¼ 0.11, 95% CI: 0.003, 0.80).

Compared with baseline, the odds ratio for having sex with
a nonregular partner was 0.68 (95% CI: 0.46, 0.99) at 6
months (Table 3). This trend continued through 12 months,
where we observed increased condom use among persons
reporting sexual intercourse with nonregular partners,
although the finding was not statistically significant (OR ¼
3.33, 95% CI: 0.86, 18.8). Trends in most sexual behaviors
remained stable between 12 months and 24 months.

The only risk behavior that increased significantly over
timewas alcohol use. Compared with baseline, the proportion
of participants who reported drinking alcohol more than 2
times per week increased consistently over time (Figure 1).
In addition, we observed increases between 12 months and 24
months (OR ¼ 3.14, 95% CI: 2.05, 4.95). The median num-
ber of reported drinks per occasion remained constant at 4.

DISCUSSION

To our knowledge, our estimates represent the first longi-
tudinal assessment of HIVand HCV incidence among IDUs

in India. Observed HIVand HCV incidence were lower than
expected, particularly given the high baseline prevalence of
both infections and the BED-estimated incidence. Based on
HIV prevalence estimates, lack of access to antiretroviral
therapy in this population, and a median survival of 92
months for HIV-infected persons in Chennai (16), an HIV
incidence of 2–4 per 100 person-years was expected; ex-
pected HCV incidence would be even higher, as has been
shown in other settings (17).

This finding was unexpected and in contrast to incidence
estimates from IDU cohorts in Eastern Europe and Asia.
Kozlov et al. (18) reported an incidence of 4.5 per 100
person-years among 520 IDUs in St. Petersburg, Russia,
with a baseline prevalence of 30%. Zhang et al. (19) re-
ported an incidence of 8.8 per 100 person-years among
508 IDUs in China with a baseline prevalence of 29%.
Vanichseni et al. (20) observed an incidence of 5.8 per
100 person-years among IDUs in Bangkok, Thailand, with
a baseline HIV prevalence of 30%. More recently, Ruan
et al. (17) reported an incidence of 2.3 per 100 person-years
among 333 IDUs in Xichang City, China, with a baseline
prevalence of 11%. HCV incidence estimates from these
regions are limited but when available are several orders
of magnitude higher than what was observed in Chennai
(e.g., 33 per 100 person-years in China) (17).

The longitudinal measured HIV incidence (0.48 per 100
person-years) was nearly 5 times lower than the BED-
estimated incidence at baseline (2.95%). Indeed, the BED
estimate was more consistent with the reports described
above. While the BED assay has some acknowledged lim-
itations (13, 21), which may lead to overestimation, we
addressed these limitations by using double ELISA testing
for confirmation, CD4þ cell counts, and review of medical
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Figure 1. Changes in risk behavior among injection drug users enrolled in the Madras Injection Drug Users and AIDS Cohort Study, Chennai,
India, 2005–2008. Heavy alcohol use was defined as consumption of 4 or more alcoholic drinks per day on 3 or more days per week.

HIV Incidence Among IDUs in Chennai, India 1263

Am J Epidemiol 2010;172:1259–1267



charts to rule out AIDS. Further, our BED-estimated inci-
dence is consistent with the recent suggestion that the ex-
pected annual HIV incidence in India is 10% of the baseline
prevalence (22). Applying the method used for this estimate
to the median survival time among HIV-infected persons in
Chennai, we would expect an incidence that is 13.1% of the
baseline prevalence, which is comparable to our estimate of
2.95 per 100 person-years (11.7% of baseline prevalence).

The discrepancies between our observed incidence and
the BED results, as well as findings from other cohorts in
the region, raise the question of whether our observation of
low measured longitudinal incidence is valid or may reflect
underlying unmeasured biases. Arguing against bias is the
fact that the low HIV incidence rates were accompanied by
dramatic declines in self-reported risk behaviors associated
with HIV incidence. There were major reductions in self-
reported injection as well as other risk behaviors (e.g., needle-
sharing and anonymous sex) between baseline and 6 months,
which continued through 24 months. On the other hand,
several other factors should be considered before attributing
the low incidence to declining risk behaviors.

Of concern is emigrative selection bias due to deaths and
losses to follow-up. High mortality has previously been re-
ported in this cohort; among HIV-negative persons, mortal-
ity was associated with daily drug injection (11). Thus,
persons who died may also have been more likely to acquire
HIV and HCV. However, those who were lost for other rea-
sons were no different than those who remained with respect
to HIV risk behaviors, and none had unrecognized incident
infections. Further, the majority reported missing visits

because of work or migration for work, which would be
expected to result in greater stability, lower risk, and lower
HIV incidence. Patterns of loss to follow-up in this cohort
were also similar to those in other large IDU cohorts (23,
24). Finally, even under the assumption that HIV incidence
was 4 times greater in those lost, incidence would have only
reached 0.76 per 100 person-years.

When behaviors are primarily self-reported, information
bias is a concern. It is possible that some persons may have
falsely claimed a history of injection drug use at baseline in
order to benefit from compensation. However, a number of
preventive measures were in place. Participants were not
informed of inclusion criteria before or after screening.
Most participants were recruited from locations where IDUs
congregate by field staff who themselves were former IDUs.
Moreover, the HIV and HCV prevalence estimates were
consistent with those observed in cross-sectional studies
among IDUs in Chennai (25, 26). Mortality rates were also
comparable with, if not higher than, those in other cohort
studies of IDUs, and the leading cause of death among
HIV-negative persons was overdose (11). Finally, we indepen-
dently recruited 400 wives/sexual partners of these partici-
pants, and all confirmed their husbands’ injection behavior
(27).

Once someone is enrolled in a study, self-reported data
on personal behaviors can be compromised by social de-
sirability. As participants establish rapport with interviewers
and undergo repeated HIV risk reduction counseling, they
may underreport their risk behavior. While prior studies
have confirmed the validity of self-reports among IDUs

Table 3. Changes in Risk Behavior Over Time Among Injection Drug Users Enrolled in the Madras Injection Drug

Users and AIDS Cohort Study, Chennai, India, 2005–2009

Behaviora
6 Months vs. 0 Months

(n 5 628)
12 Months vs. 0 Months

(n 5 546)
24 Months vs. 12 Months

(n 5 500)

ORb 95% CI ORb 95% CI ORb 95% CI

Injecting any drug 0.02 0.01, 0.04 0.01 0.004, 0.03 0.28 0.10, 0.67

Any noninjection drug use 0.31 0.22, 0.45 0.28 0.19, 0.40 0.97 0.69, 1.37

Sharing needlesc 0.71 0.28, 1.73 0.11 0.003, 0.80 NCd

Injecting at a dealer’s housec 0.38 0.22, 0.66 NC NC

Cleaning needlesc 1.02 0.84, 1.23 0.94 0.60, 1.50 NC

Any sexual intercourse 1.05 0.78, 1.42 0.91 0.68, 1.22 1.22 0.85, 1.76

Condom use with a
regular partnere

1.00 0.27, 3.74 0.50 0.08, 2.34 0.67 0.06, 5.82

Sex with a nonregular partner 0.68 0.46, 0.99 0.56 0.37, 0.84 1.11 0.69, 1.79

Condom use with a
nonregular partnerf

2.17 0.77, 6.95 3.33 0.86, 18.85 2.00 0.29, 22.11

Exchanging money/drugs for sex 0.95 0.61, 1.50 0.73 0.45, 1.18 1.15 0.66, 2.00

Alcohol use >2 times/week 1.28 0.99, 1.67 2.40 1.83, 3.16 3.14 2.05, 4.95

Abbreviations: AIDS, acquired immunodeficiency syndrome; CI, confidence interval; NC, not calculated; OR, odds

ratio.
a All behaviors were self-reported and represented behaviors engaged in during the month prior to the interview.
b Matched-pair odds ratio calculated using conditional logistic regression.
c Data were restricted to participants who reported injecting drugs during the prior month at both time points.
d Not calculated because too few people reported these behaviors at the 12-/24-month visit.
e Data were restricted to participants who reported having had sex with a regular partner.
f Data were restricted to participants who reported having had sex with a nonregular partner.
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(28), these studies were not conducted in India, where cul-
tural differences may exist. However, the questionnaires
were based on surveys used in the United States, Thailand,
and Vietnam (24), and participants would have also had
a disincentive to report other high-risk behaviors (e.g., al-
cohol use) that increased over time. Finally, the low inci-
dences of HIV and HCV further support declining rates of
injection drug use.

Because our analysis focused on individual-level data, we
did not have data on social networks or environmental fac-
tors. It is possible that the IDU community in Chennai com-
prises many small and dense social networks with minimal
interaction between networks, implying that HIV and HCV
are transmitted quickly within networks but more slowly
between networks. We did not have data on environmental
factors such as drug availability and pricing, which can
fluctuate. Expanded harm reduction programs, including sy-
ringe exchange programs, drug treatment, and voluntary
counseling and testing (VCT), have been associated with
reduced HIV incidence in the West (29–31), so a period
effect should be considered, particularly when comparing
results with those of studies conducted earlier. However, an
impact of such trends is unlikely, given that: 1) the Tamil
Nadu government is just beginning to incorporate IDUs into
interventions; 2) opiate substitution, particularly methadone
maintenance, is not widely available in India, and the pri-
mary treatment available is detoxification (32); 3) fewer
than 1% of participants reported procuring needles from
syringe exchange programs; and 4) anecdotal evidence from
focus groups suggests that the majority of IDUs in this co-
hort were exposed to VCT for the first time through this
study.

Finally, it is well recognized that self-reported risk be-
haviors often decrease after people enroll in a study (the
‘‘Hawthorne effect’’), and the sheer fact that people are
being observed prompts them to change their behavior.
While this bias would have played a role in the other cohort
studies described above, it is possible that the impact was
even greater in our study. Importantly, our data were not
derived from a randomized clinical trial. No formal inter-
vention was administered, so such a dramatic behavior
change was not expected. All participants did receive the
prevention standard of care at each visit, which included
VCT. VCT has previously been associated with declines
in risk behavior in other populations and regions, especially
following first exposure (33). Although we did not specifi-
cally ask about prior VCT, anecdotal evidence from focus
groups and clinic interactions suggests that this group had
limited prior exposure to VCT. Thus, it is important to ac-
knowledge the possibility that the ‘‘enhanced’’ VCT (VCT
plus individually tailored risk reduction counseling) admin-
istered as part of our standard study procedures had some
impact on behavior change.

We have previously observed similar effects of VCT in
other populations in Chennai. In a study of 500 high-risk
men and women from sexually transmitted infection
clinics (2003–2004), a low HIV incidence of 0.44 per 100
person-years was observed after risk reduction counseling
(34). In several HIV prevention trials where VCT was not
actually the intervention being tested, low HIV incidence

was observed in both intervention and control groups, sug-
gesting that even the standard-of-care VCT received by the
control group may have had some impact. For example,
among 254 female sex workers in Chennai followed as part
of a vaginal microbicide study, no seroconversions were
observed (35). Among 3,521 wine-shop patrons and female
sex workers followed for 24 months for assessment of
a peer-based motivational intervention, only 6 HIV serocon-
versions were observed in more than 6,500 person-years of
follow-up (David Celentano, Johns Hopkins Bloomberg
School of Public Health, unpublished manuscript). These
consistent reports support the hypothesis that VCT may in-
fluence behavior change to a large enough extent to affect
disease incidence, at least in Chennai.

As we described in detail above, we were limited in this
study by not being able to rule out other explanations. The
question of whether the low incidence of bloodborne infec-
tions can be causally attributed to behavior change and po-
tentially VCT could only be answered through a randomized
trial, with the intervention arm being exposed to VCT and
the control arm being unexposed. However, such a trial
would not be ethical, as it would deny some participants
the standard of care (VCT). Another valuable comparison
might be with another cohort study in India where the risk
reduction component of VCT may have been less intensive;
however, to date, we know of no other longitudinal studies
among IDUs in India. Additional factors may also affect
generalizability. Compared with other Asian cohorts, there
were fewer daily heroin injectors in the Madras Injection
Drug Users and AIDS Cohort Study. For example, Kozlov
et al. (18) and Zhang et al. (19) required for study inclusion
that IDUs had to have injected drugs or shared injecting
equipment at least 3 times per week during the prior month.
The patterns of drug use observed in the Madras Injection
Drug Users and AIDS Cohort Study may reflect lower levels
of physiologic dependence in comparison with other co-
horts; for example, Vanichseni et al. (20) recruited their
cohort of IDUs from drug treatment centers, suggesting
higher levels of dependence. Anecdotal reports have sug-
gested that heroin in Chennai is of low purity, which can
also affect dependence. Finally, we observed that declines in
injection drug use were compensated for by simultaneous
increases in alcohol use. In focus groups, participants re-
ported ‘‘substituting’’ alcohol for drugs in order to maintain
feelings of intoxication (unpublished data), which further
supports the potential for psychological addiction to the
practice of drug use rather than physiologic dependence
on opioids. This finding is of particular concern given that
65% of the IDUs in this cohort were positive for HCV
antibodies (8) and that alcohol accelerates the progression
of liver disease (36).

These limitations notwithstanding, we observed low in-
cidences of HIVand HCV infection coupled with substantial
reductions in self-reported risk behaviors in this cohort of
IDUs. Although we cannot definitively conclude that this
was due to VCT, our data support increased access to
VCT in this population. VCT targeted at IDUs has not been
a key component of HIV prevention programs in India,
especially outside of the northeast, but it represents a valu-
able first step and a cost-effective option that could be
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implemented without difficulty. Given the already high
prevalence of HIV and HCV infection in this population,
VCT may also serve as an entry point to medical care.
Finally, it is important to factor in the impact of VCT on
risk reduction and HIV/HCV incidence when estimating
sample sizes for prevention trials in high-risk populations.
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