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Summary

Background: We evaluated the effectiveness of integrated care centers (ICCs), which provided 

single-venue HIV testing, prevention, and treatment services for people who inject drugs (PWID) 

and men who have sex with men (MSM), in India.

Methods: We conducted baseline respondent-driven sampling (RDS) surveys in 27 sites across 

India, and selected 22 of these (12 PWID and 10 MSM) for a cluster randomised trial on the basis 

of high HIV prevalence and logistical considerations. We used stratified (PWID and MSM), 

restricted randomisation to allocate sites to either the ICC intervention or usual care (11 sites per 

arm). We implemented ICCs in 11 cities (6 PWID ICCs embedded within opioid agonist treatment 

centers and 5 MSM PWIDs embedded within locations of government-sponsored health services), 

with a single ICC per city in all but 1 city. After a 2-year intervention phase, we conducted 

evaluation RDS surveys of target population members 18 years or older at all sites. The primary 

outcome was self-reported HIV testing in the prior 12 months (recent testing) in the evaluation 

survey. We used a biometric identification system to estimate ICC exposure (visited an ICC at 

least once) among evaluation survey participants at intervention sites. This trial is registered with 

ClinicalTrials.gov (NCT01686750).
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Findings: ICCs provided HIV testing for 14,689 unique clients during the intervention phase. In 

the evaluation phase (August 2016 to May 2017) we surveyed 11,721 PWID and 10,005 MSM 

participants using RDS. In the primary population-level analysis, recent HIV testing was 31% 

higher in ICC than usual care sites (adjusted prevalence ratio [aPR] 1·31, 95% confidence interval 

[CI] 0·95, 1·81, p=0·09). Among survey participants at intervention sites, ICC exposure was lower 

than expected (median exposure 40% at PWID sites and 24% at MSM sites). In intervention sites, 

survey participants who visited an ICC were 3·5-fold (95% CI 2·9, 4·1) more likely to report 

recent HIV testing than participants who had not. Post-hoc analyses suggested that greater ICC 

exposure was associated with higher recent testing (aPR for sites with >35% exposure vs. usual 

care 1·77, 95% CI 1·30, 2·41).

Interpretation: Although ICCs provided HIV testing for large numbers of PWID and MSM, they 

were not associated with a statistically significant population-level effect on recent HIV testing at 

the α=0.05 level. Our finding that biometrically-tracked ICC exposure rates were low at 

intervention sites suggests that the scale-up of a single ICC in most cities was insufficient to serve 

large underlying PWID and MSM populations. Future work should address the use of population 

size estimates to guide the “dose” of combination HIV interventions targeting key populations.

Introduction

Outside of sub-Saharan Africa, key populations account for the majority of HIV infections 

worldwide. Key populations (groups at high risk for HIV due to risk behaviors) are 

commonly subject to stigma and criminalization of behaviors that adversely affect access to 

HIV services.1,2 Achieving Joint United Nations Programme on HIV/AIDS (UNAIDS) 

targets for HIV diagnosis and treatment3 requires new strategies for engaging key 

populations, particularly in low- and middle-income countries. India has an estimated 2·1 

million people living with HIV.4 While overall HIV prevalence and incidence have declined 

in India due to successful efforts targeting heterosexual transmission routes,5 people who 

inject drugs (PWID) and men who have sex with men (MSM) have among the highest HIV 

prevalence in India and low utilization of evidence-based services. In a 2013 survey, the HIV 

prevalence among MSM and PWID across 27 Indian cities was 7.0% and 21.1%, 

respectively. Moreover, only 35.3% of MSM had 44.6% of PWID had ever been tested for 

HIV.6–8

In India, like many settings, HIV testing, prevention, and treatment services are supported by 

the government, but services are typically non-integrated and provided in separate venues.

9,10 For example, although government-supported HIV testing venues are widely available 

in India, these venues do not provide wrap-around key population-focused services. 

Integrated service models that target key populations have been advocated,11 but empirical 

support for this strategy is limited. Non-randomized studies conducted in Ukraine11 and 

Greece12 found evidence that integrated interventions for PWID improved service utilization 

and HIV outcomes. A cluster-randomized trial targeting female sex workers in Zimbabwe 

found that an integrated service intervention increased HIV diagnosis rates and treatment 

access, but did not affect community viral load.13 We evaluated the population-level 

effectiveness of PWID- and MSM-focused integrated care centers (ICCs), which provided 

integrated HIV testing, prevention, and treatment services in a single venue.
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Methods

Study Design and participants

Due to the structural nature of the intervention (designed to change physical, social, or 

organizational structures), we compared the ICC strategy with usual care in a stratified 

(PWID and MSM) cluster-randomized trial in 22 sites across India.14 We defined clusters as 

key population members (either PWID or MSM) that were 18 years or older residing in an 

Indian city. We initially identified 27 candidate sites where key populations were believed to 

be large or underserved (Figure 1).4 We conducted baseline respondent-driven sampling 

(RDS) surveys in each site (15 PWID and 12 MSM) to characterize risk behaviors, HIV 

testing experience, and the HIV care continuum.6–8 We selected 22 sites (12 PWID and 10 

MSM) for the cluster-randomized trial based on high HIV prevalence, low access to 

services, and logistical considerations. Specifically, we excluded 3 sites with the lowest 

estimated HIV prevalence (Lucknow and Mangalore in the MSM stratum, and 

Bhubaneshwar in the PWID stratum), 1 PWID site with a low HIV prevalence and travel 

challenges (Gangtok), and 1 PWID site, in which ongoing civil unrest and militarization 

threatened its viability as a study site (Moreh). Following randomisation, we implemented 

ICCs at intervention sites for approximately 2 years, after which we conducted evaluation 

RDS surveys in all 22 sites for outcome assessments.

We conducted baseline RDS survey prior to the intervention and evaluation RDS survey 

after the intervention using identical methods. We initiated each RDS survey from a single 

field site in each city with 2 or 3 “seed” participants (influential and connected members of 

the key population, identified by research staff during focus groups and ethnography in each 

city prior to beginning the survey), who were given two coupons to recruit network 

members.15 Recruits returned to the field site with a coupon and, if eligible, were enrolled 

and given 2 new coupons to recruit others. We continued recruitment through successive 

RDS waves until a target of ~1,000 participants was enrolled at each site. “Seed” 

participants were excluded from analyses. We reimbursed participants for completing the 

study visit (INR 250 [USD 3·60]) and for each eligible participant that they recruited (INR 

50 [USD 0·70], maximum 2). We used bar-coded coupons and RDS Coupon Manager 

software to track recruitment chains. We used a fingerprint-based biometric tracking system 

in the RDS surveys (Hamster Plus, SecuGen Corp., Santa Clara, CA) to prevent individuals 

from participating in the same survey more than once, to identify participants who sought 

services in an ICC, and to identify participants who participated in both the baseline and 

evaluation surveys.

Participants were eligible to participate in the surveys if they 1) were 18 years or older, 2) 

presented a valid recruitment coupon (except “seeds”), 3) spoke Hindi, English, or the local 

language, and 4) were competent to provide consent. Additionally, in PWID sites, 

participants needed to report injection drug use in the prior 2 years and in MSM sites, 

participants had to self-identify as male and report oral or anal intercourse with a man in the 

prior year. Participants provided a blood sample and completed an interviewer-administered 

electronic survey, which queried demographics, risk behaviors, and access to HIV testing 

and services. To minimize reporting bias due to social desirability, survey interviewers were 
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not affiliated with the ICCs (in intervention sites) or with local organizations serving the key 

population in question.

In both the baseline and evaluation surveys, we provided pre-test counseling and rapid HIV 

testing using 3 rapid test kits, with Western Blot confirmation if needed (appendix p 2). 

Participants received their HIV test results and post-test counseling after completing the 

survey. HIV-positive participants were provided with referrals to government ART centers. 

Samples were shipped to the central laboratory in Chennai, India, where additional testing 

was done and aliquots stored. We measured CD4 cell counts and HIV RNA in HIV-positive 

participants by flow cytometry and RealTime HIV-1 (Abbott Laboratories, Abbott Park, IL, 

USA), respectively. Additionally, all samples from HIV-positive participants were tested 

with the Limited Antigen (LAg) Avidity EIA (Maxim Biomedical Inc, Rockville, MD, 

USA) and the JHU-modified Bio-Rad Avidity assay (Bio Rad Laboratories, Hercules, CA, 

USA) to identify those with recent HIV infection (appendix p 2).16 Participants provided 

oral consent and ethical oversight was provided by the Johns Hopkins Medicine, Johns 

Hopkins Bloomberg School of Public Health, and the YR Gaitonde Centre for AIDS 

Research and Education institutional review boards. Additionally, trial activities were 

reviewed by a data and safety monitoring board and an advisory board for the PWID and 

MSM strata, respectively.

Randomisation and masking

To minimize the likelihood of large baseline imbalances between study arms, which can 

occur when the number of clusters is relatively small, we used a stratified, restricted 

randomisation protocol.14 Briefly, after stratifying by key population (PWID and MSM), we 

applied restrictions to ensure both stratum-specific and overall balance across arms in 

geographical factors (for political reasons) and HIV related factors including recent HIV 

testing and HIV prevalence. Of 232,848 possible cluster allocation sequences, 596 met the 

restriction criteria. Of these, one allocation was selected in a number drawing ceremony on 

December 15, 2013 that was certified by 3 impartial observers (video available at https://

www.youtube.com/watch?v=vmHYHgv_uS0). Because of the nature of the intervention, 

assignments were not masked.

Procedures

We designed ICCs as PWID- or MSM-focused centers that provided vertically-integrated 

HIV testing, prevention, and treatment assistance in a supportive setting.14 We established 

one ICC in each intervention site, with the exception of Imphal where we established three 

ICCs to accommodate a large PWID population and limited transportation in that city. 

PWID ICCs were established within existing opioid agonist treatment (OAT) programs. 

MSM ICCs were generally established in office buildings where government-sponsored 

health services were available. Each ICC was staffed with a supervisor, 1–2 nurses, a 

counselor, a phlebotomist, 1–3 outreach workers, and a part-time physician. ICCs provided 

services to any client seeking them (including families of PWID and MSM), without regard 

to risk behaviors or participation in research surveys. Clients visiting the ICCs were not 

compensated.
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Rapid HIV counseling and testing was the cornerstone service at ICCs. The ICCs used 

clients’ social networks and outreach workers to identify new clients and link them to the 

ICCs. Outreach workers and other ICC staff accompanied HIV-positive clients on initial 

linkage visits to government HIV clinics, where free ART was available. Subsequently, ICC 

staff assisted with ART refills and tracked retention to HIV care. ICCs provided additional 

wrap-around services including condoms, sexually transmitted infection (STI) screening and 

treatment, tuberculosis screening and referral, and counseling (risk reduction, substance use, 

depression/anxiety). In addition, PWID ICCs provided OAT on-site and needle and syringe 

exchange through field-based outreach workers. The National AIDS Control Organisation 

(NACO) and state AIDS control societies provided ICCs with HIV test kits, condoms, STI 

treatment kits, OAT supplies, and needles/syringes. ICCs provided services in accordance 

with NACO guidelines. ICCs did not provide pre-risk exposure prophylaxis (PrEP) as this 

was not a component of the government HIV program and was not available free-of-charge 

at any site. As in the RDS surveys, we used a biometric system at ICCs to track client visits 

and service utilization. In the first quarter of 2016, research staff not involved in the 

intervention conducted brief, non-reimbursed, client satisfaction surveys in a convenience 

sample of ICC clients. Sites assigned to usual care received no specific intervention 

following the baseline RDS survey. HIV counseling and testing, ART, condoms, STI 

services, tuberculosis diagnosis and treatment, OAT, and needle and syringe exchange were 

available free of charge in usual care sites, but were not integrated.

Outcomes

We assessed study outcomes in the evaluation RDS survey, which was conducted at all sites 

after approximately 2 years of ICC service delivery in the intervention sites. The primary 

outcome was recent HIV testing at the population-level, defined as self-reported HIV testing 

in the prior 12 months, which was assessed in all participants, except those that reported 

HIV-positive status with a diagnosis more than 12 months previously. Secondary, HIV-

related outcomes were assessed in participants testing positive for HIV in the study, and 

included awareness of status, receipt of HIV medical care in prior 6 months, CD4 cell count, 

use of trimethoprim-sulfamethoxazole, and current use of ART and HIV RNA <150 copies 

per mL among treatment-eligible participants. Consistent with Indian treatment guidelines 

that were in effect throughout the trial period,17 we considered HIV-positive persons to be 

treatment eligible if they had a current CD4 count <350 cells per μLor had ever been 

prescribed ART.

Additional secondary HIV-related outcomes included prevalence of viremic individuals 

(HIV RNA ≥150 copies per mL) in the population, a measure of community viral load,18 

and HIV incidence estimated by a validated multi-assay algorithm (appendix p 2).16 Other 

secondary outcomes included measures of stigma,19 alcohol use,20 depression,21 self-

reported spousal testing (among married participants) and transmission risk behaviors and 

service utilization that were population specific. For PWID this included injection 

abstinence, needle/syringe sharing, use of needle and syringe exchange services, and use of 

OAT. For MSM this included unprotected anal intercourse with a non-main partner, number 

of non-main male partners, STI symptoms, positive syphilis serology, and use of STI 

services.
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Statistical analysis

With 22 sites, 1000 participants recruited per site, an RDS design effect of 2, a 2-sided α of 

0·05, a within-stratum coefficient of variation of 0·25, and an outcome prevalence of 30% in 

the usual care arm, we had 80% power to detect a relative difference (prevalence ratio [PR]) 

of 1·40 or higher for recent HIV testing, which corresponds to an absolute difference of 12 

percentage points or higher.14,22

In the primary analysis, we compared the RDS II-weighted prevalence23 of outcomes in ICC 

and usual care sites from the evaluation RDS, adjusted for baseline cluster-level prevalence. 

We used linear regression models that had terms for intervention status (ICC vs. usual care), 

stratum (PWID vs. MSM) and the baseline proportion of the outcome being assessed. Site-

level proportions from both the evaluation and baseline RDS were log transformed before 

being entered into the regression model.22 The exponentiated coefficients for intervention 

status, therefore, represent the PR with 95% confidence intervals (CI) and are interpreted as 

the relative percentage difference in the outcome associated with the intervention.

We conducted several pre-specified sensitivity analyses14 including 1) using unweighted 

cluster-level estimates, 2) consideration of adjustment for demographic factors (age, sex, 

marital status, educational attainment) in regression models if the factor had large (odds ratio 

>2 or <0·5) and statistically significant (p<0·05) associations with the intervention and the 

outcome, 3) modeling the difference in outcome proportions between the evaluation and 

baseline RDS surveys, 4) using a participant-level approach with multi-level random effects 

regression models with a random intercept for each cluster to account for the dependence of 

individual-level responses within clusters24 and 5) in analyses restricted to intervention sites, 

we compared outcomes among evaluation participants who had and had not visited the ICC, 

according to biometric match. Finally, we conducted pre-specified population-stratified 

(PWID and MSM) analyses for all outcomes.

We defined population ICC exposure as the weighted proportion in the evaluation survey 

that had visited an ICC at least once. To assess for dose-response relationship at the 

intervention sites, we conducted a post-hoc analysis comparing site-level change in recent 

HIV testing (between the baseline and evaluation surveys) against population ICC exposure, 

using linear regression. Further, we reevaluated the primary analysis comparing the RDS II-

weighted prevalence of HIV testing from the evaluation RDS, considering different levels of 

population ICC exposure (<20%, 20–35%, >35%). To assess if HIV testing and treatment 

referrals done in the baseline survey may have diluted the effect of the intervention, we 

conducted a post-hoc analysis in which we excluded evaluation survey participants that had 

also participated in the baseline survey. We used Stata version 15 software (StataCorp, 

College Station, TX) for statistical analyses. This trial is registered at ClinicalTrials.gov 

(NCT01686750).

Role of the funding source

The funders of the study had no role in study design, data collection, data analysis, data 

interpretation, or writing of the report. The corresponding author had full access to all the 

data in the study and had final responsibility for the decision to submit for publication.
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Results

Across the 22 trial sites, we recruited 11,993 PWID and 9,997 MSM in the baseline RDS 

survey (September 2012 to December 2013) and 11,721 PWID and 10,005 MSM in the 

evaluation survey (August 2016 to May 2017) (Table 1). A total of 1,631 PWID (14%) and 

944 MSM (9%) participated in both the baseline and the evaluation surveys. Twenty-one of 

22 evaluation surveys met their target enrollment (1,000 participants). We truncated the 

evaluation survey at the Mumbai site (PWID) at 724 participants due to slower than 

expected enrollment and inability to keep the survey site operating longer. In the evaluation 

surveys, the median number (site range) of RDS recruitment waves was 14 (9, 27) and the 

median time (site range) for survey enrollment was 154 days (95, 269). At the evaluation 

survey, the median age ranged from 26 to 36 years at PWID sites and from 23 to 32 years at 

MSM sites. In the PWID sites, 493 (5.8%) women were recruited. The weighted HIV 

prevalence ranged from 5·6% to 38·0% at PWID sites and from 3·3% to 32·8% at MSM sites 

(see appendix pp 3–4 for unweighted percentages).

ICCs were operational in the 11 intervention sites for a median (site range) of 26 months 

(22, 29) prior to the evaluation survey. PWID ICCs registered 10,757 unduplicated clients 

across 6 sites (site median, 1,581, site range, 1091, 3305) and MSM ICCs registered 8,489 

unduplicated clients across 5 sites (site median 1,627, site range, 1180, 2444) (Table 2). Of 

ICC clients that were not known to be HIV-positive at registration, 7,630 (87%) of PWID 

and 7,068 (92%) of MSM were tested for HIV at least once in the ICCs; 420 (5.5%) PWID 

and 350 (5.0%) MSM were diagnosed HIV-positive. A total of 2,636 (site median, 426, site 

range, 302, 684) and 1,691 (site median, 308, site range 105, 656) clients at PWID and 

MSM ICCs, respectively, completed anonymous client satisfaction surveys (appendix pp 5–

13). On a 5-point Likert scale, 2,490 (94%) PWID clients surveyed and 1,680 (99%) MSM 

clients surveyed responded “strongly agree” or “agree” with the statement, “I am satisfied 

with the services I received today.”

In the PWID stratum at evaluation, the average weighted percentages reporting recent HIV 

testing were 26·8% (95% CI 25·9, 27·8) and 39·6% (95% CI 38·5, 40·7) at usual care and 

ICC sites, respectively; while the corresponding values at MSM sites were 25·2% (95% CI 

23·3, 27·1) and 33·9% (95% CI 32·8, 35·2) (Figure 2; appendix p 14). The within-strata 

coefficients of variation at the evaluation survey were 0·40 and 0·31 for PWID and MSM 

sites, respectively. In the primary cluster-level analysis, recent HIV testing was 31% higher 

in ICC compared with usual care sites (adjusted PR 1·31, 95% CI 0·95, 1·81, p=0·09, Figure 

3), which corresponded to a difference of 7·7 percentage points (95% CI −1·3, 16·6). In pre-

specified sensitivity analysis using a multi-level random effects model, the ICC effect on 

recent HIV testing was statistically significant (adjusted PR 1·31, 95% CI 1·03, 1·67, 

p=0·029). There was no statistical evidence of effect modification by key population stratum 

in either analysis (p >0·1 for interaction terms). Demographic factors did not meet pre-

specified criteria for inclusion in the model. Inferences were unchanged in sensitivity 

analyses using unweighted sample estimates (appendix p 14). Finally, in a sensitivity 

analysis in which we excluded 2,557 participants (12%) from the evaluation survey who 

participated in the baseline survey, point estimates for ICC effect on recent HIV testing and 

HIV-specific outcomes were minimally changed (appendix p 15).
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There were no statistically significant intervention effects, overall or in key population 

strata, for HIV-specific outcomes, including awareness of status, accessing HIV care in the 

prior 6 months, use of ART among eligible persons, viral load suppression among ART-

eligible persons, and prevalence of viremic individuals (Figure 3; appendix pp 16–20). 

Average viral suppression among those ART-eligible at baseline was 27·4% (95% CI 25·5%, 

29·3%) and 40·6% 95% CI 32·8%, 48·4%) for PWID and MSM sites, respectively; at 

evaluation, average suppression was 34·5% (95% CI 32·6%, 36·4%) and 64·1% (95% CI 

56·4, 71·9%), respectively, with no ICC effect compared with usual care (adjusted PR: 0.91, 

95% CI: 0.65, 1.28). Data suggested that MSM made larger improvements in HIV care 

continuum outcomes than PWID (appendix pp 16–19). There were no statistically 

significant differences between study arms in use of trimethoprim-sulfamethoxazole or CD4 

cell counts (data not shown). At the evaluation survey, the average estimated HIV incidence 

was 5·16 (95% CI 4·33, 5·98) and 1·44 per 100 PY (95% CI 1·05, 1·82) at PWID and MSM 

sites, respectively, with no evidence of an ICC compared with usual care (adjusted incidence 

rate ratio 0·69; 95% CI: 0·11, 4·36; appendix p 21).

There were no statistically significant intervention effects on PWID-specific risk behaviors 

or service use in the prior 6 months, including recent injecting, needle or syringe sharing, 

accessing needle and syringe exchange, or accessing OAT (appendix p 22). Similarly, there 

were no statistically significant intervention effects on MSM-specific risk behaviors or 

service use in the prior 6 months, including number of non-main sex partners, unprotected 

anal intercourse with a non-main partner, sexually transmitted infection symptoms or testing, 

or syphilis seropositivity. Among the 4 stigma indices,19 where higher scores indicate more 

severe stigma, vicarious stigma was significantly lower at ICC sites compared with usual 

care sites (score difference −1·8, 95% CI −3·0, −0·6), although this difference was driven by 

the PWID stratum (score difference −3·1, 95% CI −4·5, −1·7) versus the MSM stratum 

(score difference −0·1, 95% CI −2·0, 1·7).

At the ICC sites, 2375 PWID and 1313 MSM who participated in the evaluation survey 

attended an ICC at least once, corresponding to a median (range) population ICC exposure 

of 40% (17, 56) at PWID sites and 24% (10, 41) at MSM sites (Table 1). Higher site-level 

ICC exposure at the evaluation survey was significantly associated with larger increases in 

recent HIV testing between the baseline and the evaluation survey (p=0·002, R-

squared=0.68) (Figure 4). Moreover, in cluster-level analyses, adjusting for baseline 

prevalence of recent HIV testing, we observed a dose-response relationship between 

population ICC exposure and recent HIV testing. Compared with usual care sites, there was 

no statistically significant effect of intervention sites that had <20% exposure (adjusted PR 

0·75, 95% CI 0·48, 1·18) or 20–35% exposure (adjusted PR 1·12, 95% CI 0·80, 1·59), but 

there was a statistically significant effect for sites with >35% exposure (adjusted PR 1·77, 

95% CI 1·30, 2·41).

At ICC sites, evaluation survey participants that had visited an ICC at least once were over 

3-fold more likely to report recent HIV testing than participants that had not visited an ICC 

(adjusted PR 3·46, 95% CI 2·94, 4·06). Similarly, ICC-exposed HIV-positive participants 

were more likely to be aware of their HIV status (adjusted PR 1·43, 95% CI 1·25, 1·64) and 

to be using ART if eligible (adjusted PR 1·25, 95% CI 1·02, 1·53) than unexposed 
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participants (appendix pp 14–19). However, ART-eligible ICC-exposed participants were not 

more likely to have a suppressed viral load compared with unexposed persons (adjusted PR 

1·07, 95% CI 0·89, 1·29). At PWID intervention sites, ICC-exposed persons were more 

likely than non-exposed persons to report injecting abstinence for 6 months or longer 

(adjusted PR 1·62, 95% CI 1·10, 2·41). Compared with non-exposed participants, ICC-

exposed individuals were significantly more likely to report population-specific service use 

in the prior 6 months (appendix p 22), including use of needle and syringe exchange among 

active injectors at PWID sites (adjusted PR 2·27, 95% CI 1·76, 2·94), use of OAT at PWID 

sites (adjusted PR 4·25, 95% CI 3·17, 5·69), and evaluation and treatment for STI symptoms 

at MSM sites (adjusted PR 3·71, 95% CI 2·05, 6·73). Finally, in combined PWID and MSM 

strata, ICC-exposed participants were more likely than unexposed participants to report that 

their spouse or opposite-sex partner had been tested for HIV (adjusted PR 1·61, 95% CI 

1·36, 1·91).

Discussion

In this cluster-randomised trial, we evaluated the effectiveness of PWID- and MSM-focused 

ICCs in India that aimed to provide vertically integrated HIV testing, risk-reduction services, 

and treatment linkage in non-discriminatory settings. Compared with usual care, ICCs were 

associated with a 31% relative population-level increase in recent HIV testing in the 

evaluation survey, although this difference did not achieve statistical significance at the 

α=0·05 level. Despite providing HIV testing to almost 15,000 unduplicated clients in a two-

year period, biometric data suggested that ICC reach was suboptimal within the target 

populations - the median ICC exposure among evaluation survey participants was only 40% 

and 24% at PWID and MSM sites, respectively. However, in pre-specified individual-level 

analyses, we found that evaluation survey participants that had ever visited an ICC had 

significantly higher rates of recent HIV testing, were more likely to be aware of their status 

and to be taking ART (among HIV-positive persons) and had lower rates of injection-related 

and sexual risk behavior, compared with participants that had not visited an ICC. We also 

found that higher ICC exposure at intervention sites was associated with larger increases in 

recent HIV testing between the baseline and evaluation survey. These sensitivity analyses 

should be interpreted with caution given the potential for selection bias in the first analysis 

and the ecologic nature of the second comparison. However, the findings suggest that, 

relative to larger than anticipated key population sizes, a marginal ICC “dose” (all cities, 

except one, had only a single ICC) constrained the population-level impact of the 

intervention. We hypothesize that scaling up more ICCs in the intervention sites or allowing 

the ICCs to operate longer would have yielded larger population-level improvements. 

Alternatively, it may be that there are subsets within key populations that are not effectively 

reached by the ICC model.25

It is important to consider alternate explanations for why we did not observe a more 

substantial effect of the ICC intervention at the population-level. First, it is possible the ICCs 

were ineffective at engaging the target populations. However, this appears unlikely as large 

numbers of clients visited ICCs for services, the vast majority of clients that were not known 

to be HIV-positive at intake completed HIV testing, and clients favorably reviewed ICCs in 

anonymous satisfaction surveys. Second, in the baseline survey, we provided HIV 
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counseling and testing at all sites. These baseline activities may have diluted the observed 

benefit of the intervention, particularly for the primary outcome, as has been observed in 

other combination prevention trials.26

Beyond HIV testing, the ICC intervention was not associated with improvements in HIV-

specific outcomes, including awareness of status, access to care, use of ART, viral 

suppression, prevalence of viremic individuals, or estimated HIV incidence. We observed no 

significant differences between ICCs and usual care in population-specific risk behaviors or 

access to services. It is important to note that ICCs had only indirect ability to promote ART 

use among HIV-positive clients. Outreach workers linked out-of-care HIV-positive clients to 

government treatment clinics, but ICCs did not have their own supplies of antiretroviral 

drugs and could not independently initiate treatment. Work in Ukraine suggests that co-

location of PWID services and ART can be successful,11 and India is increasingly open to 

decentralized models of ART distribution.27

Our results should be considered in the context of other trials of combination intervention 

strategies. A cluster-randomised trial in Zimbabwe compared the effectiveness of enhanced 

services (increased HIV testing, on-site ART initiation, and pre-exposure prophylaxis) with 

regular services in female sex worker clinics to reduce the prevalence of viremic women.13 

Similar to our study, this group found that enhanced services for female sex workers were 

not associated with a statistically significant reduction in the prevalence of viremic women 

compared with regular services, despite more HIV testing and diagnoses, ART initiation, 

and use of pre-exposure prophylaxis at intervention sites compared with regular service 

sites.

HIV Prevention Trials Network (HPTN) 043 (Project Accept)28 evaluated an intervention 

that aimed to increase testing accessibility among young people in a cluster-randomised trial 

at 48 African and Thai sites. The intervention was associated with a statistically significant 

25% higher HIV testing rate compared with the control condition, although the difference in 

estimated HIV incidence (primary outcome) was not statistically significant. The magnitude 

of increased HIV testing in Project Accept was similar to our finding that ICCs increased 

recent HIV testing by 31%. HPTN 071 (PopART) is an ongoing trial29 evaluating two 

interventions against standard care in 21 African sites with generalized HIV epidemics. The 

more intensive intervention includes health promotion efforts, annual population HIV 

testing, and immediate ART initiation in HIV-positive individuals.

Our study has several strengths. First, this is among the first cluster-randomised trials to 

evaluate the population-level effectiveness of a combination intervention strategy in key 

populations. Key populations account for the majority of HIV infections outside of sub-

Saharan Africa, but are often stigmatized and disenfranchised, particularly in low- and 

middle-income countries. Second, we implemented an innovative design and sampled large 

numbers of PWID and MSM using RDS before and after the intervention period. Sites were 

separated by large distances or mountainous geography that minimized the risk of 

contamination. Finally, we used state-of-the-art methods to estimate changes in community 

viral load and HIV incidence, and we used biometric identification to allow accurate 

assessment of ICC exposure among survey participants.
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Our trial also has limitations. First, several outcomes, including the primary outcome, were 

based on self-report. Misclassification of HIV testing status by self-report may have biased 

observed outcome association toward the null. To minimize self-report misclassification, we 

used identical question sequences at baseline and evaluation surveys and provided extensive 

interviewer training on strategies to help participants establish a timeline for past HIV 

testing. Second, the trial included two populations, PWID and MSM, which may have 

introduced heterogeneity. To mitigate this, we used identical survey questionnaires and 

laboratory methods in the two strata and population-stratified analyses were pre-specified.14 

Point estimates for most outcomes were similar in PWID and MSM strata and there was no 

statistically significant effect modification for key outcomes. Third, substantial imbalances 

between study arms may occur in cluster randomised trials that have a relatively small 

number of clusters, which may reduce power or introduce bias. To mitigate this risk we 

stratified randomization by key population (PWID or MSM) and restricted randomization by 

key characteristics measured in the baseline surveys (prevalence of recent HIV testing and 

HIV prevalence), by establishing acceptable thresholds for imbalances between study arms 

and removing allocations that resulted in imbalances above the thresholds.14 Fourth, the 

coefficient of variation across sites was larger than projected, which reduced study power to 

detect a given effect size. Fifth, we surveyed PWID and MSM using RDS, a method 

developed for ‘hidden’ populations. Weighting procedures for RDS are proposed to produce 

unbiased estimates of the target population.23 However, some authors have raised questions 

about RDS assumptions and identified limitations.30 In our trial we sampled approximately 

1,000 participants at each site and exceeded 20 recruitment waves at all sites, reducing the 

likelihood that samples were non-representative. Sensitivity analyses using unweighted data 

did not alter inferences. Sixth, our sequential cross-sectional assessments could not evaluate 

the effects of mortality, migration, or cessation of behaviors that could have deemed 

participants ineligible to participate in the evaluation assessment (e.g., discontinuation of 

drug injection).

In summary, we conducted a cluster-randomised trial to evaluate the population effectiveness 

of ICCs compared with usual care among key populations in India. We observed an overall 

31% increase in HIV testing among the ICC communities compared with usual care 

communities, although this difference failed to achieve statistical significance at the α=0.05 

level. ICCs were not associated with improved outcomes along the HIV care continuum, 

reductions in risk behaviors, or access to services at the population-level. However, at the 

individual-level, participants who visited the ICCs fared significantly better for several 

outcomes than those that did not visit the ICC. Although ICCs were well-accepted, and 

provided HIV testing and other services to large numbers of key population members, ICC 

exposure among evaluation survey participants at intervention sites was lower than expected. 

We observed a dose-response relationship between ICC exposure at the evaluation survey 

and increase in population-level HIV testing from baseline. These data support continued 

efforts to develop integrated and co-located service models for key populations and 

underscore the role of rigorous evaluation. Our experience also highlights the need to use 

key population size to guide the “dose” of a structural intervention (e.g., more centers or 

longer time exposure to centers) in order to effect improvements at the population-level.
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Evidence before this study

We conducted a search on PubMed for articles published in English from inception 

through July 27, 2018, combining terms for “people who inject drugs” (PWID) or “men 

who have sex with men” (MSM) plus “HIV” plus “combination intervention” or 

“combination prevention”, which returned 291 articles. We also searched for large 

cluster-randomized trials of combination HIV interventions that did not specifically target 

PWID or MSM. Systematic reviews of HIV and risk-reduction services have identified 

barriers to optimal HIV prevention and treatment of PWID and MSM, particularly in 

low-and middle income countries.

Non-randomized studies conducted in Ukraine and Greece found evidence that integrated 

interventions for PWID improved service utilization and HIV outcomes. An 

observational study that used respondent-driven sampling to survey MSM in several 

Central American countries found that overall exposure to a multinational MSM-focused 

combination service provider was low, but that exposure was associated with higher 

likelihoods of condom use and recent HIV testing.

Two trials that focused on different populations than our trial are also notable. First, a 

cluster-randomized trial targeting female sex workers in Zimbabwe, found that a 

combination intervention was not significantly associated with a community-level change 

in the prevalence of viremic women compared with regular services, despite robust 

delivery of services in the intervention sites. Second, a cluster-randomized trial targeting 

young adults in African and Thai sites with generalized HIV epidemics found that a 

community-based intervention was associated with significantly increased HIV testing 

rates at the population level, but was not significantly associated with HIV incidence.

An individual-level randomized trial (conducted at sites in Ukraine, Vietnam, and 

Indonesia) compared standard care with a 2-component intervention for HIV-positive 

PWID (systems navigation and psychosocial counseling) that was designed to increase 

use of available evidence-based services. Use of antiretroviral therapy, viral suppression 

rates, and use of medication-assisted treatment were significantly higher and mortality 

was significantly lower in the intervention arm compared with standard care.

Added value of this study

In India, like many settings, HIV testing, prevention, and treatment services are supported 

by the government, but services are typically non-integrated, provided in separate venues, 

and do not explicitly target the needs of key populations. To our knowledge, ours is the 

first cluster-randomized trial to assess effectiveness of an integrated service model to 

improve HIV testing, prevention, and treatment outcomes in PWID and MSM in a low- 

to middle-income country. We used a novel design in which population-level outcomes 

were measured at the 22 trial sites using respondent-driven sampling before and after 

implementation of the intervention. We found evidence that integrated care centers 

(ICCs) were associated with population-level increases in recent HIV testing in these risk 

groups. However, the intervention was not associated with population-level changes in 

risk behaviors, HIV care continuum outcomes, or HIV incidence.
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A valuable component of our study was systematic measurement of intervention 

exposure (using biometric matching) among key population members that participated in 

evaluation surveys at study conclusion. At PWID and MSM intervention sites, the 

median population exposure to ICCs were only 40% and 24%, respectively. In pre-

specified analyses, we found that evaluation survey participants who had ever visited an 

ICC had significantly higher rates of recent HIV testing, were more likely to be aware of 

their status and to be taking ART (among HIV-positive persons) and had lower rates of 

injection-related and sexual risk behavior, compared with participants that had not visited 

an ICC. We also observed a dose-response relationship across intervention sites between 

higher ICC exposure at the evaluation survey and larger increases in population-level 

HIV testing from baseline.

Implications of all available evidence

The available evidence suggests that integrated, co-located models of care that target key 

populations are well-accepted and can provide services to large numbers of individuals. 

However, studies, such as ours, in which key outcomes were measured at the population 

level (i.e., included participants who were and were not exposed to the intervention), 

highlight the difficulty of effecting change in population-level outcomes. Our study 

clarifies the need to match intervention “dose” to the size and needs of the target 

population.
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Figure 1. Cluster-randomised trial flow diagram.
PWID, people who inject drugs; MSM, men who have sex with men; NACO, National AIDS 

Control Organization, India; RDS, respondent-driven sampling; ICC, integrated care center
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Figure 2. Indian map of study sites in cluster-randomised trial.
The left and right maps show sites assigned to usual care and ICC intervention, respectively. 

PWID sites are shown in purple font and MSM sites in orange font. The numbers next to 

each site represent the crude change in the weighted percentage of participants reporting 

recent HIV testing (primary outcome) between respondent-driven sampling surveys 

(evaluation minus baseline). The triangles also represent change in recent HIV testing (green 

upward pointing triangles indicate an increase in recent testing and red downward pointing 

triangles indicate a decreases in recent testing), with triangle height proportional to the size 

of the change.
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Figure 3. Effect of ICC versus usual care on HIV-related outcomes.
HIV testing in the prior 12 months (primary outcome) was assessed in all participants except 

HIV-positive persons that reported HIV diagnosis more than 12 months prior. Awareness of 

status and access to HIV care were assessed in all HIV-positive participants. Antiretroviral 

therapy use and suppressed viral load (HIV RNA <150 copies per mL) were assessed in 

treatment-eligible (see text) HIV-positive participants. Prevalence of viremic persons was 

assessed in the complete participant sample. ICC, integrated care center; PWID, people who 

inject drugs; MSM, men who have sex with men.
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Figure 4. Association between ICC exposure among evaluation survey participants and change 
in recent HIV testing from baseline to evaluation.
Each triangle indicates 1 of the 11 sites assigned to the intervention. The dotted line 

indicates the least squares regression line, with p value from linear regression. ICC, 

integrated care center.
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