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Abstract

Objective—To characterize prevalence, incidence and associated correlates of HIV infection 

among MSM in 12 cities across India.

Design—Cross-sectional sample using respondent-driven sampling (RDS) from September 

2012-June 2013

Methods—A total 12,022 MSM (∼1000 per city) were recruited. Participants had to be ≥18 

years, self-identify as male and report oral/anal intercourse with a man in the prior year. HIV 

infection was diagnosed using 3 rapid tests. Cross-sectional HIV incidence was estimated using a 

multi-assay algorithm. All estimates incorporate RDS-II weights.

Results—Median age was 25 years, 45.0% self-identified as “panthi” (predominantly penetrative 

anal intercourse) and 30.6% reported being married to a woman. Weighted HIV prevalence was 

7.0% (range: 1.7% to 13.1%). In multivariate analysis, significantly higher odds of HIV infection 

was observed among those who were older, had lower educational attainment, were practicing 

purely receptive anal sex or both receptive and penetrative sex and those who were HSV-2 

positive. Of 1,147 MSM who tested HIV positive, 53 were identified as recent HIV infections 

(annualized incidence = 0.87%; range = 0 to 2.2%). In multivariate analysis, injecting drugs in the 

prior 6 months, syphilis, higher number of male partners and fewer female partners were 

significantly associated with recent HIV infection.

Conclusions—We observed a high burden of HIV among MSM in India with tremendous 

diversity in prevalence, incidence and risk behaviors. In particular, we observed high incidence in 
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areas with relatively low prevalence suggesting emerging epidemics in areas not previously 

recognized to have high HIV burden.
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Introduction

Limited large-scale epidemiological studies of HIV infection among men who have sex with 

men (MSM) exist in resource-limited settings (RLS) as these HIV epidemics have been 

driven predominantly by heterosexual transmission, MSM are stigmatized, and homosexual 

sex is a punishable offence in 82 countries worldwide[1-3]. Curbing the HIV epidemic 

among MSM in RLS has been recognized as one of the principal contemporary challenges 

in HIV prevention[4].

India, similar to other RLS, has made exceptional progress in reducing HIV burden over the 

past decade, achieving 25% decline in prevalence between 2001 and 2009[5]. However, 

much of this decline is reflective of declines in heterosexual populations whereas HIV 

prevalence among MSM remains unchanged[6]. It is estimated that there are 2.35 million 

high-risk MSM in India[7] – however, estimates suggest the prevalence of same-sex 

behavior among adult men is as high as 9% - 11% (translating to ∼45 million MSM)[8,9]. 

Precise community-based estimates of risk behaviors and HIV burden among MSM in India 

have been challenging because anal intercourse (“sodomy”) is punishable by 

imprisonment[10] and cultural norms stipulate marriage to women forcing MSM to remain 

hidden[11].

We characterized prevalence, incidence and associated correlates of HIV infection among 

MSM from 12 cities in different regions of India, representing one of the largest population-

based studies among MSM in India.

Methods

Study setting

This study was conducted in 12 cities (Belgaum, Bengaluru, Bhopal, Chennai, Coimbatore, 

Delhi, Hyderabad, Lucknow, Madurai, Mangalore, Vijaywada, and Vishakapatnam) across 

six Indian states as part of the baseline assessment of a cluster-randomized trial 

(ClinicalTrials.gov Identifier: NCT01686750) (Figure 1)[12]. The cities were selected 

jointly by study investigators and the National AIDS Control Organization (NACO), India to 

represent cities with established HIV epidemics among MSM (e.g., Chennai), smaller cities 

in high-prevalence states (e.g., Vijaywada) and cities with anecdotal evidence of HIV among 

MSM but no published reports (e.g., Bhopal). In each city, a local organization was 

identified based on prior history of working with MSM that had, at a minimum, a drop-in 

center for MSM that provided some HIV prevention services.
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Study Population

Eligibility criteria included: (1) age ≥ 18 years; (2) self-identify as biologically male; (3) 

report oral or anal sex with another man in the prior 12 months; (4) provide informed 

consent; and (5) possess a valid RDS referral coupon (except for “seeds”). Participants who 

self-identified as female or transgender (“hijra”) were excluded.

Study Procedures

The study population was recruited using respondent-driven sampling (RDS), primarily to 

accrue a sample considered representative of the target population[12-14]. Detailed 

information on the implementation of RDS and study procedures are provided in the 

Supplementary Methods. Briefly, in all sites (except one) 2 “seeds” were used to recruit 

∼1000 MSM. Study procedures included informed consent, fingerprint capture to prevent 

duplicate recruitment within and across sites, a survey and blood draw.

Laboratory Methods

Participants provided a blood sample for HIV, HSV-2 and syphilis testing, and, if HIV-

infected, for CD4+ count, HIV-1 RNA, and serologic assays for HIV incidence estimation. 

HIV infection was diagnosed on-site using three rapid tests as per NACO, India guidelines. 

HSV-2 infection was diagnosed by presence of antibodies (IgG) to HSV-2. Syphilis was 

diagnosed using a RPR Test Kit and confirmed using a TPHA test kit (see Supplementary 

Methods for kit information).

Cross-sectional estimation of HIV incidence was based on a multi-assay algorithm (MAA) 

validated for HIV Subtype C[15] – the predominant subtype in India[16]. It included four 

tests – CD4 cell count, HIV-1-RNA level, Aware™ BED™ EIA HIV-1 Incidence Test and 

an avidity assay. The following criteria (BED-CEIA <1.0 OD-n, avidity index <80%, CD4 

cell count >200 cells/mm3 and HIV viral load >400 copies/ml) corresponding to a window 

period of 0.56 years were used to estimate HIV incidence[15].

Statistical Analyses

RDS process measures were examined to assess RDS assumptions (see Supplementary 

Methods). Data from “seeds” were excluded from analyses. The RDS-II estimator (Volz-

Heckathorn estimator), which weights estimates for network size (number of MSM in the 

city whom the participant saw in the prior 30 days), was used to calculate site-level 

proportions[13]. Unweighted estimates are provided in Supplementary Tables. For factors 

pooled across sites, we used a composite weight accounting for the relative population size 

of adult men 15-59 years of age in each city [17] (assuming similar proportion of MSM 

across cities) in addition to the RDS-II weight.

Correlates of prevalent HIV were identified using multi-level logistic regression models 

(odds ratios [OR]) and correlates of incident HIV using multi-level Poisson regression 

models (cumulative incidence ratios or risk ratios [RR]) excluding prevalent HIV cases. 

Both models included random-intercepts for site (to account for clustering) and scaled RDS-

II weights. For the prevalence analysis, we considered lifetime risk behaviors and for the 

incidence analysis we considered risk behaviors in the prior six months, as the window 
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period for the MAA algorithm was 205 days. Factors associated at p<0.10 in univariable 

models were considered for inclusion in multivariable models. In addition, certain 

demographic factors (e.g., age, marital status) and behavioral characteristics (e.g., lifetime 

number of male partners and history of sex work) were considered for inclusion regardless 

of statistical significance. With the exception of age, which was included regardless of 

statistical significance, only factors associated with the outcome at p<0.05 in adjusted 

models were retained in final multivariable models. As sensitivity analyses, regression 

analyses were performed unweighted and using RDS-I weights (Sanlganik-Heckathorn 

estimator) – all inferences remained unchanged.

All statistical analyses were performed using the RDS Analyst Software version 0.1 (http://

hpmrg.org) and STATA version 12.0 (STATA Corp., College Station, Texas, USA).

Ethical clearances

This study was approved by the Johns Hopkins Bloomberg School of Public Health and the 

YR Gaitonde Centre for AIDS Research and Education institutional review boards.

Results

Demographics and risk behaviors

A total 12,022 MSM (including 25 “seeds”) were recruited between September 30, 2012 and 

June 24, 2013. The median age was 25 years (interquartile range [IQR]: 21 - 32 years); 

45.0% self-identified as “panthi” (prefer penetrative anal intercourse only), 14.0% as “kothi” 

(prefer receptive anal intercourse only) and 18.0% as “double deckers” (engage in both).

Overall, 30.6% reported being currently married to a woman. The median age at first sexual 

act with a man was 18 years (IQR: 16 – 21 years) and the median number of lifetime male 

partners was 8 (IQR: 3 – 24). Half (50.3%) reported unprotected anal intercourse with a man 

in the prior 6 months.

Weighted site-level data are in Table 1. The median age across sites ranged from 21 to 30 

years and the proportion married to a woman ranged from 15.1% - 57.7%. Across sites, 

16.5% - 68.9% were panthi, 4.9% - 29.6% kothi and 5.8% - 41.8% double decker. The 

median age at first sexual intercourse with a man ranged from 17 to 20 years and the median 

lifetime male partners ranged from three to 20. History of sex work ranged from 8.5% to 

46.9%. See Supplementary Table 2 for unweighted estimates.

Prevalence of HIV and STIs

Weighted HIV prevalence was 7.0% (95% CI: 6.8, 7.3). Across sites, Madurai had the 

highest weighted HIV prevalence (13.1%) followed by Hyderabad (12.7%) (Figure 1A). 

Crude HIV prevalence was higher than weighted prevalence in all cities except Madurai, 

Chennai and Lucknow (Table 2). HSV-2 prevalence ranged from 30.9% in Hyderabad to 

7.1% in Bhopal. Syphilis prevalence ranged from 0.8% in Belgaum to 4.4% in Vijaywada.
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Correlates of prevalent HIV infection

In univariable analyses, older age, being married to a woman, self identifying as kothi or 

double-decker, practicing purely receptive anal intercourse or both receptive and penetrative 

sex, more lifetime male partners, lifetime history of sex work, self-reported history of any 

STI and HSV-2 infection were significantly associated with higher odds of HIV (p<0.05 for 

all). Higher educational attainment was associated with decreased odds of prevalent HIV 

(p<0.05).

In multivariable analysis, significantly higher odds of HIV infection were observed among 

those who were older (odds ratio [OR]: 1.39 per 10 year increase; 95% confidence interval 

[CI]: 1.10, 1.75), currently married (OR: 1.38; 95% CI: 1.03, 1.86), practicing purely 

receptive or both receptive and penetrative sex (OR relative to purely penetrative sex: 1.95 

and 1.61, respectively), those with more lifetime male partners (OR for >300 partners 

compared to 1-5 partners: 2.06; 95% CI: 1.03, 4.09), those with a lifetime history of an STI 

(OR: 2.40; 95% CI: 1.70, 3.39) and those who were HSV-2 positive (OR: 7.43; 95% CI: 

5.81, 9.50). Higher educational attainment was negatively associated with HIV (OR for 

vocational/college/postgraduate vs. primary school or less = 0.47; 95% CI: 0.29, 0.78; Table 

3). Supplementary Table 3 reports unweighted estimates.

HIV incidence and correlates

Of 1,146 HIV positive MSM, 53 were identified as recently infected. Overall, the annualized 

incidence was 0.87%, and the site with the highest HIV incidence was Hyderabad (2.20%) 

followed by Vijayawada (2.06%; Figure 1B).

Increasing number of male partners, identifying as kothi, self-reported unusual genital/rectal 

discharge in the prior 6 months, and concurrent syphilis and HSV-2 were positively 

associated with HIV incidence in univariable analysis (p<0.05 for all, Table 4). Higher 

education and more female partners in the prior 6 months were negatively associated with 

HIV incidence (p<0.05 for all). Younger age and injecting drugs in the prior 6 months were 

marginally associated with higher HIV incidence (p<0.10).

In multivariable analyses, increasing number of male partners (RR per 5 partner increase: 

1.02; 95% CI: 1.00, 1.04), HSV-2 infection (RR: 3.46; 95% CI: 1.19, 10.01) syphilis (RR: 

5.43; 95% CI: 2.39, 12.4) and genital discharge (RR: 2.52; 95% CI: 1.01, 6.32) remained 

significantly associated with HIV incidence. Increasing number of female partners (RR for 

>3 female partners compared vs. none: 0.04; 95% CI: 0.004, 0.43) and education (RR for 

high school vs. primary school or less: 0.14; 95% CI: 0.03, 0.71) remained significantly 

negatively associated with HIV incidence. Injecting drugs in the prior 6 months (RR: 12.4; 

95% CI: 2.87; 53.2) became statistically significant after accounting for other covariates.

Discussion

Using RDS, we recruited a large sample of MSM in a short period of time. Our data 

demonstrate a high HIV burden among MSM in India overall, but very diverse epidemics in 

terms of HIV prevalence, incidence and associated risk behaviors. In particular, sites with 

the highest HIV incidence were not necessarily those with the highest HIV prevalence, 
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suggesting potentially escalating epidemics among MSM in cities where HIV burden has 

previously been low.

While there have been prior reports of HIV among MSM in India[18-25], certain 

characteristics distinguish this study. This study presents data among MSM in cities such as 

Belgaum, Bhopal, New Delhi, Lucknow, Mangalore and Vijayawada where limited previous 

data exist. Second, this study represents a community-based sample utilizing a recruitment 

method (RDS) that allows for a representative estimate of HIV burden in the underlying 

population whereas prior studies were based on convenience samples from settings such as 

STI clinics. Third, our sample size (12,022 overall) is among the largest among MSM in 

India to date. Finally, these data represent one of few estimates of HIV incidence among 

MSM in India.

The HIV prevalence observed is consistent with other reports from India and further 

substantiates the high burden in this vulnerable population[23,26-30], despite overall 

declines in HIV prevalence in the general population in India[5]. These findings highlight 

the need to strengthen health systems to incorporate MSM into HIV programming. The 

National AIDS Control Program Phase IV has identified MSM as a high priority area – 

however, MSM need to be targeted by HIV programming not only in urban areas and high 

HIV prevalence states but also in regions where there has previously been little focus. For 

example, HIV prevalence among MSM in Bhopal (which is in a low HIV prevalence state) 

was 6.1%, almost 90 times higher than the prevalence in the general population (0.07%)[31].

Correlates of prevalent HIV are also consistent with reports from India[18-20,23,26-28]. 

Being married remained consistently associated with a higher likelihood of being HIV-

infected even in smaller cities. This association attenuated after adjustment for other factors, 

suggesting being married may be associated with higher levels of risk behavior. For 

example, being in a married relationship may limit the ability of a man to have steady male 

partners and leads to hurried sex with multiple male partners increasing their risk of HIV 

acquisition[23]. Higher HIV prevalence among married MSM and bisexual concurrency is 

not limited to India[32,33]. Interventions are needed to reduce risk among married MSM to 

prevent onward transmission to their wives.

We observed discordance between HIV prevalence and incidence in certain cities suggesting 

varying HIV epidemic stages. For example, in the three cities in Tamil Nadu, HIV incidence 

was substantially lower than what would be expected given the high prevalence, suggesting 

a possibly waning HIV epidemic. The high prevalence implies improved survival among 

HIV-infected MSM attributable to improved access to ART and the low incidence could be 

a result of both improved access to ART and prevention services. Contrastingly, HIV 

incidence was higher than expected in the northern cities (Bhopal, Delhi and Lucknow) for 

the observed moderate prevalence, suggesting escalating HIV epidemics.

Interestingly, we observed a strong association between injection drug use and HIV 

incidence among MSM. While other risk factors such as receptive anal intercourse and 

concurrent STIs have previously been described, the association with injection drug use 

among MSM has not been widely reported in RLS. Though overall prevalence of injection 
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drug use among MSM was low, the strong association between drug use and HIV incidence 

(but not prevalence) suggests an increasing role of drug use in the emerging HIV epidemics 

among MSM as observed among MSM in developed settings [34-37]. Programs targeting 

MSM should monitor drug use and incorporate harm-reduction interventions, where 

applicable.

HIV programming efforts should also consider capitalizing on the efficiency of RDS for 

recruiting hidden populations. In this study we recruited a large number of “panthis” – 

panthis traditionally are more masculine and tend to be more hidden. Most previous studies 

have had a predominance of kothis and double deckers as these subgroups of MSM tend to 

be more visible and more easily reached using convenience sampling from settings such as 

STI clinics or from cruising sites via venue-based sampling. The true composition of MSM 

in each city remains unknown but our findings suggest that RDS may be more adept at 

reaching panthis in addition to kothis and double-deckers, compared to other strategies.

We were limited in this study by the self-reported nature of the risk factor data. In addition, 

estimation of cross-sectional incidence is an evolving field and there is still some debate, 

particularly in regions with HIV subtype C predominance. However, we used the algorithm 

that has been previously validated for African subtype C[15]. Further, the demonstration of 

strong associations between recent risk behaviors and HIV incidence reinforces the validity 

of this estimate. The incidence analysis was however, still limited by the small number of 

incident infections.

In conclusion, we observed a high burden of HIV infection among MSM in India including 

potentially emerging epidemics in areas not previously recognized as constituting high HIV 

burden. The diversity of epidemics across regions in India warrants further investigation and 

suggests that prevention and treatment programming need to be tailored for local needs.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. HIV prevalence and incidence by site
Sites represent cities with established HIV epidemics among MSM (Chennai, Hyderabad, 

Bengaluru), smaller cities in high-prevalence states (Coimbature, Madurai, Vijaywada, 

Vishakapatnam, Managlore, Bangalore) and cities with anecdotal reports of HIV among 

MSM but no published reports (Bhopal, Lucknow, Belgaum). Each color represents a 

different Indian state.
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Table 3
Correlates of prevalent HIV infection among MSM in India

Unadjusted Adjusted

Odds Ratio 95%
Confidence
Interval

Odds Ratio 95%
Confidence
Interval

Age (per 10 years) 2.20 1.71, 2.83 1.39 1.10, 1.75

Marital status

 Never married 1 1

 Currently married/Living with partner 2.91 1.87, 4.53 1.38 1.03, 1.86

 Other 4.24 1.65, 10.90 1.77 0.84, 3.72

Education

 Primary school or less 1 1

 Secondary school 0.61 0.44, 0.84 0.73 0.58, 0.93

 High School 0.28 0.15, 0.52 0.41 0.27, 0.64

 Vocational/College/Post-graduate 0.27 0.14, 0.54 0.47 0.29, 0.78

Sexual identity1

 Panthi 1

 Kothi 4.32 2.55, 7.34 -- --

 Double-decker 1.90 1.00, 3.63

 Gay/MSM 1.13 0.44, 2.90

 Bisexual 1.29 0.73, 2.28

Religion

 Hinduism 1

 Christianity 0.97 0.76, 1.24 -- --

 Islam 0.73 0.45, 1.18

 Other 0.46 0.08, 2.79

Age at first sex (per 10 years) 1.18 0.82, 1.70 -- --

Age at first sex with man (per 10 years) 1.27 0.89, 1.80 -- --

Lifetime male sexual partners

 1 to 5 1 1

 6 to 15 1.28 0.85, 1.94 0.97 0.61, 1.55

 16 to 60 2.03 1.25, 3.30 1.13 0.63, 2.05

 61 to 300 4.36 2.54, 7.48 1.55 0.82, 2.95

 301 or more 7.58 4.22, 13.6 2.06 1.03, 4.09

Type of anal sex with man

 Only penetrative 1 1

 Only receptive 3.82 2.40, 6.08 1.95 1.21, 3.14

 Both penetrative and receptive 2.19 1.48, 3.24 1.61 1.23, 2.11

 Neither 1.09 0.78, 1.51 1.09 0.83, 1.44

Ever sex with woman 0.87 0.57, 1.34 -- --

Lifetime female sexual partners

AIDS. Author manuscript; available in PMC 2016 March 27.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Solomon et al. Page 16

Unadjusted Adjusted

Odds Ratio 95%
Confidence
Interval

Odds Ratio 95%
Confidence
Interval

 None 1

 1 to 2 1.04 0.83, 1.31

 3 to 5 0.70 0.37, 1.34 -- --

 6 to 20 0.75 0.39, 1.46

 21 or more 0.86 0.34, 2.19

Lifetime history of sex work2 1.78 1.14, 2.78 -- --

Circumcised 0.82 0.54, 1.25 -- --

HSV-2 positive 11.50 8.41, 15.7 7.43 5.81, 9.50

Ever injected drugs 4.50 0.91, 22.35 -- --

*
Odds ratios from multi-level logistic regression models with random intercepts to account for clustering by site and scaled RDS-II weights among 

11,525 persons with complete data on all covariates

1
Sexual identity was moderately collinear with type of anal sex; therefore, it was not included in the multivariate model.

2
Sex work did not remain statistically significant after adjustment for other correlates; therefore, it was not included in the final multivariate model 

presented.
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Table 4
Correlates of HIV incidence among MSM in India

Unadjusted Adjusted

Risk ratio
95%
Confidence
Interval

Risk ratio
95%
Confidence
Interval

Age (scaled by 10 years) 0.70 0.49, 1.01 0.63 0.44, 0.91

Marital status

 Never married 1

 Currently married/Living with partner 0.70 0.32, 1.52 -- --

 Other 1.30 0.42, 4.02

Education

 Primary school or less 1 1

 Secondary school 0.53 0.23, 1.23 0.57 0.25, 1.30

 High School 0.14 0.03, 0.76 0.14 0.03, 0.71

 Vocational/College/Post-graduate 0.89 0.24, 3.27 0.76 0.16, 3.56

Sexual identity

 Panthi 1

 Kothi 2.40 1.35, 4.26 -- --

 Double-decker 1.37 0.41, 4.58

 Gay/MSM 0.89 0.18, 4.46

 Bisexual 0.85 0.28, 2.57

Number of male partners in the prior 6 months (per 5 partner increase) 1.04 1.02, 1.05 1.02 1.00, 1.04

Type of anal sex with last 4 male partners

 Only penetrative 1

 Only receptive 3.27 0.76, 14.2 -- --

 Both penetrative and receptive 1.30 0.28, 6.07

 Neither 1.09 0.16, 7.56

Always used condom with a man in the prior 6 months 1.38 0.76, 2.51 -- --

Number of female partners in the prior 6 months

 None 1 1

 1-2 0.37 0.22, 0.62 0.41 0.27, 0.64

 3 or more 0.05 0.01, 0.35 0.04 0.004, 0.43

HSV-2 positive 3.27 1.17, 9.10 3.46 1.19, 10.0

Syphilis 6.84 3.21, 14.6 5.43 2.39, 12.4

Unusual genital or anal/rectal discharge in last 6 mo. 4.29 1.55, 11.9 2.52 1.01, 6.32

Injected drugs in prior 6 months 7.58 0.87, 66.0 12.36 2.87, 53.3

*
Risk (Cumulative incidence) ratio from multi-level Poisson regression models with random intercepts to account for clustering by site and scaled 

RDS-II weights among 10,877 persons with complete data on all covariates; HIV prevalent positives were excluded from this analysis.
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