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Abstract

Background—People who inject drugs (PWID) who are highly connected within their injection 

drug networks may be important HIV transmission nodes if they frequently share syringes with 

other PWID and are not engaged in HIV care. In India, HIV transmission fueled by injection drug 

use is increasing, however little is known about the associations between injection network size 

and syringe sharing and viral suppression.

Methods—We recruited 14,481 PWID between October 2012 – December 2013 by respondent 

driven sampling across 15 sites in India. Interviewer-administered questionnaires assessed network 

characteristics, substance use, HIV testing experience, and access to health services. We used 

multilevel logistic regression modeling to evaluate the relationship between injection drug network 

size and 1) syringe sharing at last injection and 2) viral suppression among HIV-positive 

participants (<150 copies/ml).

Findings—The median injection network size was 3 [IQR: 1–5] and 7% of participants injected 

with >10 members in the past 30 days. PWID who had >10 members in their network were 1.65 

times (95% CI: 1.12 – 2.42, p=0.0111) more likely to have shared a syringe at last injection 

compared to those in the 0–1 members in their drug networks. Additionally, individuals with the 

largest injection drug networks were also 31% (95% CI: 0.53 – 0.90, p=0.006) less likely to be 

virally suppressed compared to individuals in the smallest injection drug networks.
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Discussion—Individuals with larger networks may be important in HIV transmission within 

injection drug networks since they were the most likely to engage in recent syringe sharing and 

least likely to be virally suppressed.
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Introduction

Injection drug use is increasingly accounting for new HIV infections in both low/middle 

income countries (LMICs) and countries that once saw notable declines in HIV incidence 

among people who inject drugs (PWID).1 Even in countries with notable declines of HIV 

incidence among PWID, such as the United States, the rise of prescription opioid use may 

result in a reemergence of injection drug use and associated HIV and hepatitis C virus 

(HCV). For HIV and HCV, the potential impact of treatment - not just for improving 

individual outcomes but also for achieving prevention of new infections at a population level 

- has resulted in a focus on Treatment as Prevention (TasP) interventions. Optimizing the 

potential impact of these interventions among PWID requires a more nuanced understanding 

of how network characteristics are associated with transmission risk. Given the limited 

resources particularly in LMICs, it may be prudent to initially identify and target 

interventions for high-risk injectors who are more likely to acquire/transmit HIV and 

HCV.2,3

PWID are highly inter-connected via their injection drug networks, but network size can 

vary. Network characteristics such as size 4 and density 5 have been associated with 

engaging in risky injection practices, such as sharing of syringes 6, and are key drivers of 

HIV transmission among PWID. However, as noted in a recent systematic review, little is 

known about how network characteristics are associated with outcomes along the HIV care 

continuum. 7 As a consequence, while several network based interventions have focused on 

HIV prevention via reducing risk behaviors 8,9, these types of interventions should also 

consider targeting adherence to antiretroviral therapy (ART) and achieving viral suppression.

In a recent study conducted across 15 Indian cities, we observed high HIV incidence (2.9 per 

100 person-years) and prevalence (18%), and high HCV prevalence (37.2%)10 Some cities 

in our sample experienced rapidly escalating epidemics with HIV incidence up to 12.4 per 

100 person-years.10 Injection drug use and HIV have been endemic in northeastern India, 

near the heroin producing regions of Myanmar, Thailand, and Laos (“golden triangle”) for 

decades11. However, recent evidence suggests that injection drug use is increasing in north 

and central India, primarily due to injection of buprenorphine and pharmaceutical opioids.12 

As such, PWID have been identified as a key population to monitor trends and disease 

burden and the National AIDS Control Program of India has prioritized HIV prevention 

strategies in this group.13 Yet, injection drug network characteristics and their impact on risk 

behaviors and HIV clinical outcomes remain poorly understood. In one analysis from south 

India among 1,078 PWID, those who received material support (e.g., money) from one’s 

social network were 1.6 and 1.5 times more likely to be infected with HIV and hepatitis C 
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virus (HCV), respectively.14 Another multi-site mixed methods study reported that syringe 

sharing was common with PWID outside their usual groups of partners, partly due to lack of 

clean syringes.15 However, these studies did not focus on the role of injecting networks in 

achieving critical HIV clinical benchmarks on the care continuum, such as viral suppression.

Accordingly, the objectives of this analysis were to characterize the variability in injection 

network size among PWID across India and to determine whether drug network 

characteristics were associated with risk behavior and optimal engagement in HIV care.

Methods

Study setting and recruitment

As part of a cluster-randomized trial, a baseline cross-sectional survey was administered 

across 15 cites in India – 7 cites in the northeast with historical drug use epidemics, 2 large 

cities (Delhi and Mumbai), and 6 cities in north and central India with emerging epidemics 

of injection drug use. 16 Recruitment at each site was coordinated with a local NGO partner 

that provided services to PWID. Approximately 1000 participants from each site were 

recruited by respondent-driven sampling (RDS). Briefly, RDS uses peer referral to recruit 

individuals through coupon disbursement 17 and in this study recruitment was initiated with 

2–3 individuals who were well-connected to the PWID communities (“seeds”) at each site. 

Each participant was given two coupons to distribute randomly to other people drug users 

who they knew in their communities. Participants were compensated for both participation 

and recruitment of up to two eligible participants. Eligibility criteria were being at least 18 

years of age, reporting injection drug use in previous 2 years, and presentation of an RDS 

coupon upon enrollment. To prevent duplicate enrollment, participants who consented 

provided a fingerprint image that was converted to a unique hexadecimal code. Overall, RDS 

worked efficiently in obtaining the desired sample size at each site within a median of 135 

days over a median of 22 recruitment waves.10

Study procedures

Participants completed an interviewer-administered questionnaire that obtained data on 

sociodemographics, network characteristics, experience with HIV testing and treatment, 

substance use, and access to services. All participants were offered HIV and HCV testing, 

and pre- and post-test counseling.

Laboratory measures

Three rapid HIV testing kits (Alere Determine HIV-1/2 [Alere Medical]; First Response 

HIV card test 1–2.0 [PMC Medical India]; and Signal Flow Through HIV 1 = 2 Spot/

Immunodot Test kit [Span Diagnostics]) were used for on-site rapid HIV testing. The 

RealTime HIV-1 assay was used to measure HIV-1 RNA levels, with a lower limit of 

quantification of 150 copies/ml (Abbott Laboratories). HCV antibody testing was performed 

using the Genedia HCV ELISA 3.0 (Green Cross Medical Science, Chungbuk, Korea).
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Outcomes

Outcomes of interest included injection-related risk behavior and viral suppression. Injection 

risk behavior was defined as sharing (distributive or receptive) a needle/syringe with 

someone else at last injection. Viral suppression was defined as HIV RNA <150 copies/ml.

Explanatory variables

Our explanatory variables of interest included different parameterizations of participants’ 

injection drug networks. The primary variable was the number of persons an individual 

reported injecting with in the prior 30 days. Due to imprecision in the self-reported network 

size 18,19, we categorized injection drug network size into 4 categories selected to measure 

an ordinal level of risk: 0–1, 2–5, 6–10, and >10 individuals. Of the 14,481 participants 

enrolled across the 15 sites, 103 participants (0.7%) did not remember or did not know how 

many people they had injected with in the previous 30 days and were excluded from all 

analyses. Other quantitative network-level variables of interest included: the number of 

PWID the participant knew and saw at least once in the past 30 days, the frequency of 

injecting with multiple persons in the past 30 days, the number of persons the participant 

passed a syringe after using it, and the number of persons who used a syringe prior to the 

respondent. We also included shooting gallery attendance as a “qualitative” measure of 

injection network size and social support as a measure of the function of one’s broader 

social network that the injection risk network is embedded in. Social support consisted of 

five items that measured frequency (5-point Likert scale from none of the time to all of the 

time) of 1) feeling wanted, 2) receiving help with daily chores, 3) buying medicine, 4) help 

with transportation, and 5) money when the participant needed it. The responses were 

summed and categorized into low (<10), medium (11–19), and high (20–25) social support.

Statistical analyses

As reported previously, all RDS process measures were satisfied (homophily, number of 

waves, and equilibrium).20 In prior analyses, we used the Volz-Heckathorn estimator to 

weight population estimates using the overall network size (number of PWID seen in past 30 

days). However, since injection drug network size was a primary explanatory variable of 

interest, we present unweighted estimates because injection drug network size and overall 

network size were positively and significantly correlated (r=0.44, p<0.0001). RDS-II 

weighted analyses (with the exclusion of the estimate of overall network size) can be found 

in the Supplementary Digital Content (Tables S1–S3).

We used multilevel logistic regression models with random intercepts for each site to assess 

the association between network factors and syringe sharing at last injection and viral 

suppression. All models controlled for age, sex, study site, while other sociodemographic 

(educational level, marital status) and substance use variables (drugs injected within the past 

6 months, alcohol use [hazardous use and dependence defined according to validated cutoffs 

from the alcohol use disorders identification test 21], syringe exchange program, and opioid 

substitution therapy utilization) were retained if they were significantly associated with the 

outcome in the univariable model (p<0.10) and retained significance in multivariable models 

(p<0.05). We ran separate models for each of the explanatory variables. Sensitivity analyses 
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excluded individuals who did not report actively injecting in the prior six months (n=1,882). 

All analyses were performed using SAS version 9.4 (SAS Institute, Cary, North Carolina).

Ethical approval

This study was approved by the Y.R. Gaitonde Centre for AIDS Research and Education 

(YRGCARE) and the Johns Hopkins Medical Institutions (JHMI) Institutional Review 

Boards. All participants provided verbal informed consent.

Results

The median age of the entire sample (N=14,378) was 30 [IQR: 24–36] and the vast majority 

(N=13,542, 94%) were male. The median drug network size was 3 (IQR: 1–5) and 7.1% 

reported injecting with more than 10 other people in the past 30 days. Distribution of 

injection drug network size varied considerably across the 15 sites (Figure 1). In Moreh, 

located in the northeast, more than 35% of participants reported injecting with >5 

individuals in the past 30 days, while in Dimapur, also in the northeast, approximately 10% 

of participants reported injecting with more than 5 individuals in the past 30 days.

Demographic and risk behavior variables differed significantly by size of the injection drug 

network (Table 1). Persons with larger drug using networks tended to have lower educational 

levels and be unmarried and were more likely to report sharing a syringe at their last 

injection. Persons with > 10 injection network members had significantly higher prevalence 

of HIV (26%), HCV (60%) and HIV/HCV (23.5%) coinfection than those with 2–5 and 6–

10 injection network members (see Figure S1, Supplementary Digital Content). Those with 

0–1 network members in their network had slightly higher HIV and HCV prevalence than 

those with 2–5 injection network members.

Sharing syringe at last injection

Table 2 presents the results from the univariable and multivariable logistic regression of 

sharing a syringe at last injection. In univariable analysis, compared to individuals who 

reported 0–1 PWID in their injection drug network in the past 30 days, those with >10 

injection drug network members were 1.91 (95% CI: 1.28 –2.85) times more likely to have 

shared a syringe at last injection. After adjusting for age, sex, region, educational level, 

marital status, number of years injecting, injected heroin in past 6 months, alcohol use, and 

utilization of syringe exchange program, this association attenuated slightly but retained 

statistical significance (aOR: 1.65 (95% CI: 1.12 – 2.42) and was similar for those with 6–10 

members in their network (aOR: 1.69, 95% CI: 1.17 – 2.45). Additionally, in separate 

multivariable models, there were statistically significant associations with injecting with 

multiple people more than half the time in the past 6 months (aOR: 1.79, 95% CI: 1.21 – 

2.66) and injecting in a shooting gallery in the past 6 months (aOR: 1.83; 95% CI: 1.12 – 

3.00). In sensitivity analyses that were limited to only PWID who injected in the past 6 

months, the associations remained consistent (see Tables S4–S6 Supplementary Digital 

Content).
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Network size and the HIV care continuum

Among HIV infected individuals (N=2,915), those with the largest (>10) drug networks 

were least likely to be linked to care, on ART and have undetectable viral load (see Figure 

S2, Supplementary Digital Content). Many of the network variables that were positively and 

significantly associated with recent syringe sharing were also negatively associated with 

viral suppression (Table 3). Individuals who reported injecting with >10 individuals had 

lower odds of viral suppression (aOR: 0.69, 95% CI: 0.53 – 0.90) than those with 0–1 

members in their injection drug network.

Additional multivariable models showed that participants who reported passing a used 

needle/syringe to more than 3 individuals in the past 30 days had 44% (95% CI: 0.40 – 0.79) 

lower odds of being virally suppressed than those who passed a syringe to no one. No 

statistically significant association was found between those who reported using a syringe 

after more than 3 individuals had used it and viral suppression (aOR: 0.69, 95%CI: 0.35 – 

1.33). PWID who reported injecting in a shooting gallery had lower odds of viral 

suppression (aOR: 0.56, 95% CI: 0.44 – 0.71) than those who did not inject in a shooting 

gallery, which remained significant in the multivariable model (aOR: 0.68 95%CI: 0.56 – 

0.83). Lastly, the highest level of social support was associated with an increased odds of 

viral suppression (OR: 1.46, 95% CI: 1.09 – 1.97).

Discussion

In this large sample of PWID from across India, most PWID had relatively small injection 

networks with a median of three persons in the prior month. While only a minority had 

networks of more than 10 individuals, these individuals exhibited high levels of risk 

behavior, HIV and HCV prevalence, and poor engagement in care including low levels of 

viral suppression. Collectively, our findings suggest that these individuals may play a 

disproportionate role in HIV and HCV transmission and may be a strategic population to 

target first when implementing interventions to reduce HIV and HCV transmission while 

maximizing cost-effectiveness.

Our findings regarding the association between syringe sharing and network size are 

consistent with prior studies in the United States and India.15,22–24 Further, in our study, the 

overall prevalence of syringe sharing at last injection was higher than in a previous multisite 

bio-behavioral study conducted in India in 2008.24 We found that injection drug network 

size was a more robust correlate of syringe sharing than the number of PWID the participant 

knew and had seen in the past 30 days, which is used in RDS analyses as a proxy for 

network size. Several other network factors including visiting a shooting gallery, injecting 

with multiple people, the number of people the respondent passed a needle/syringe to, and 

the number of people who used the needle/syringe prior to the respondent were also found to 

be significantly associated with sharing a syringe at last injection. The minority of 

participants who had the largest injection drug networks in terms of these characteristics 

may have also been the individuals least likely to be in care, possibly due to more severe 

addiction-related problems.25
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Consequently, we also observed a negative relationship between having larger injection drug 

networks and viral suppression using both quantitative (number of PWID in injection drug 

network) and qualitative (injecting in shooting gallery) measures. The implications of these 

findings are important since shooting galleries are locations where many PWID congregate, 

often anonymously, to inject drugs. As reported in a simulation study, HIV can diffuse 

rapidly into PWID networks from shooting galleries and may act as transmission hubs by 

linking well-connected individuals to others on the peripheries of the network.26 Within the 

framework of TasP ensuring that HIV-infected individuals who have multiple PWID in their 

injection drug network are diagnosed, engaged in care, receiving ART, and are virally 

suppressed could reduce transmission to the members of the injection drug network who are 

HIV uninfected. This may be especially relevant in settings where ART access may be 

limited due to cost.

These analyses reinforce the importance of considering network characteristics in designing 

HIV prevention and treatment interventions.7,27,28 Indeed, network-based or peer-

interventions targeting a reduction in risk behaviors, such as syringe sharing have been 

shown to be feasible and efficacious. For example, peer-intervention studies conducted in 

Baltimore found lower engagement in HIV risk behavior among active PWID who were 

trained to be peer educators within their networks compared to those who did not receive 

training.9,29 A study conducted in Canada reported that peer-driven interventions could 

increase ART adherence among female sex workers who use drugs.30 Another recent peer-

led intervention in Ukraine showed that PWID who had received trainings to instruct their 

network members on HIV risk reduction were significantly less likely to seroconvert 8 Peer-

led interventions that specifically target PWID with high network centrality or bridging to 

serve as peer educators are lacking, however among MSM, highly connected individuals 

were more likely to be “innovative” or willing to accept new ideas.31 A more thorough 

understanding of sociometric network structure of PWID and whether similar characteristics 

exist and willingness to serve in this capacity is warranted.

Further evaluation of peer-interventions on ART adherence is also needed among PWID, 

who are more likely to be male and engage in different HIV risk behaviors than female sex 

workers. Initiation and adherence to ART may be especially challenging in settings with 

HIV epidemics fueled by injection drug use and where drug use is criminalized and HIV 

infection highly stigmatized. Thus, peer interventions could focus on achieving viral 

suppression among the minority of individuals with the largest networks and leverage their 

connections as a way to optimize prevention among HIV-uninfected PWID within their 

networks. Similar interventions would also be applicable for HCV given the possibility of 

reinfection. Treating individuals with the largest networks alongside their network partners 

may help to prevent onward transmission of HCV.

Limitations

We were limited by the lack of egocentric and sociometric data since we did not ascertain 

names of other network members, risk behaviors of these network members, nor strength of 

the ties among members in the drug network. While homophily (the tendency of participants 

to recruit participants with similar characteristics) was low (between −0.2 and 0.2 for most 

Cepeda et al. Page 7

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



sites32), because we did not obtain any sociometric data, we could not verify whether 

individuals in the largest and riskiest networks overlapped and were in the same network. 

Understanding various measures of centrality in the network structure (i.e. degree 

[egocentric network size], eigenvector [extent of being connected to many influential 

people], betweenness [extent of being a bridge within a network]) would have strengthened 

our assertion that individuals who were in the largest self-reported injection network groups 

were also important transmission nodes in the network. Indeed, a study among PWID in 

Lithuania showed that high betweenness centrality was associated with increased HIV 

prevalence.2 Generalizability may also be limited since we could not obtain a random 

sample of the underlying population and recruiting a random sample of a population with no 

sampling frame is challenging. Lastly, these data were cross-sectional and we did not have 

data on number of injection partners over their lifetime.. Additional longitudinal research is 

needed on elucidating the stability of these networks over time. It is possible that high-risk 

injectors may reduce their risk behaviors and network size after becoming aware of their 

HIV diagnosis. It is also possible that network structure and size changes over the natural 

history of drug use. For example, people may have larger networks and more frequently 

switch networks when they have newly initiated drug use but over time they may tend to 

have smaller more stable networks.

In sum, our analysis highlights the importance of understanding the role of network 

characteristics that could improve targeted HIV and HCV prevention interventions. Scale-up 

of ART and HCV treatment may have more impact on averting onward transmission if 

targeted interventions focus on individuals with larger networks who are more likely to 

transmit and less likely to be virally suppressed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Distribution of injection drug network size across 15 sites in India
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