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Abstract

Background: We assess trends in HIV and hepatitis C virus (HCV) risk behaviors and prevalent 

infection among people who inject drugs (PWID) in New York City (NYC).

Methods: PWID in NYC were sampled using respondent-driven sampling in 2005, 2009, and 

2012 (serial cross sections) for the Centers for Disease Control and Prevention–sponsored 

National HIV Behavioral Surveillance study. Participants were interviewed about their current 

(≤12 months) risk behaviors and tested for HIV and HCV. The crude and adjusted risk ratio (RR) 

and 95% confidence interval (95% CI) for linear time trends were estimated using generalized 

estimating equations regression with a modified Poisson model.

Results: The sample comprised 500, 514, and 525 participants in 2005, 2009, and 2012, 

respectively. Significant (P < 0.05) linear trends in risk behaviors included a decline in unsafe 

syringe sources (60.8%, 31.3%, 46.7%; RR = 0.86, 95% CI: 0.81 to 0.92), an increase in all 

syringes from syringe exchanges or pharmacies (35.4%, 67.5%, 50.3%; RR = 1.15, 95% CI: 1.09 

to 1.22), and an increase in condomless vaginal or anal sex (53.6%, 71.2%, 70.3%; RR = 1.14, 

95% CI: 1.09 to 1.19). Receptive syringe sharing (21.4%, 27.0%, 25.1%), sharing drug preparation 

equipment (45.4%, 43.4%, 46.7%), and having ≥2 sex partners (51.2%, 44.0%, 50.7%) were 
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stable. Although HIV seroprevalence declined (18.1%, 12.5%, 12.2%), HCV seroprevalence was 

high (68.2%, 75.8%, 67.1%). In multivariate analysis, adjusting for sample characteristics 

significantly associated with time, linear time trends remained significant, and the decline in HIV 

seroprevalence gained significance (adjusted RR = 0.76, 95% CI: 0.64 to 0.91, P = 0.003).

Conclusions: This trend analysis suggests declining HIV prevalence among NYC PWID. 

However, HCV seroprevalence was high and risk behaviors were considerable. Longitudinal 

surveillance of HIV and HCV risk behaviors and infections is needed to monitor trends and for 

ongoing data-informed prevention among PWID.

Keywords

HIV; hepatitis C; people who inject drugs; risk behaviors; trends; New York City

INTRODUCTION

In the United States, many people who inject drugs (PWID) have been infected with or are at 

risk of infection with HIV. Nationally, PWID account for an estimated 19.6% of 931,526 

adult and adolescent people living with diagnosed HIV/AIDS (2013) and 8.8% of an 

estimated 43,899 new diagnoses (2014).1 In New York City (NYC) in 2014, PWID 

accounted for 15.7% of 119,550 people living with diagnosed HIV/AIDS and 3.4% of 2718 

new diagnoses.2

Many PWID have also been infected with or are at risk of infection with the hepatitis C virus 

(HCV). The health consequences of HCV infection are serious, including liver cirrhosis 

and/or progression to hepatocellular carcinoma.3 HCV prevalence among PWID is high 

nationally and in NYC. In 2014, of 1030 cases of acute HCV infection with information on 

injection drug-use history that were reported to the Centers for Disease Control and 

Prevention (CDC), 68.2% had injected drugs.4 A systematic review estimated 73.4% HCV 

prevalence in the 2001–2004 period among PWID in the United States.5 In a meta-analysis 

of 4 national probability surveys conducted during 1999–2008, HCV prevalence was 

estimated at 43.1% among PWID aged 43–65 years.6 In NYC, a study of 1535 PWID 

entering drug treatment in 2006–2013 found 67% HCV prevalence.7

Some risk behaviors for HIV, particularly those involving blood exchange, overlap with 

those for HCV. HIV infection among PWID has mainly occurred through parenteral 

transmission, including sharing syringes and (less efficiently) drug preparation equipment 

(eg, syringes used to mix drugs), although sexual transmission through condomless (without 

using condoms) vaginal or anal sex has become more prevalent.8–11 HCV can be efficiently 

transmitted parenterally through sharing syringes and, because HCV infectivity is high, 

through sharing drug preparation equipment.12–15 Although less likely than with HIV, HCV 

can be transmitted sexually.16,17 The probability of HIV and HCV transmission is also a 

function of their background prevalence. HIV prevalence among PWID in NYC was high 

during the 1980s and early 1990s and was more than 50% in some studies.18,19 The 

background prevalence of HCV among PWID in NYC is high. Moreover, between 75%–

85% of those infected with HCV are chronically infected and are able to transmit the virus.
4,15,20
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In the following, we report on trends in HIV and HCV injection and sexual risk behaviors 

and prevalent infection (ie, seroprevalence) across 3 consecutive PWID samples recruited in 

NYC in 2005, 2009, and 2012 for the CDC-sponsored National HIV Behavioral 

Surveillance (NHBS) study. During this period, legal sterile syringe distribution was 

provided in NYC through syringe exchange programs (SEPs) and retail pharmacies.21–23

METHODS

Sampling and Protocol

NHBS is a serial cross-sectional study that monitors HIV risk behaviors, testing history, 

exposure to HIV prevention services, and HIV prevalence among men who have sex with 

men, PWID, and heterosexuals at high risk in 3-year cycles.24,25 In the PWID cycles, HCV 

testing is offered. The study is implemented in approximately 20 cities (with small variations 

by cycle) in the United States.

Active drug injectors were recruited in NYC using respondent-driven sampling (RDS).26 

Initial sample participants (seeds) were recruited from locations where PWID were known to 

reside or congregate. After completing the study interview, seeds were given 3 coupons to 

refer up to 3 PWID to the study. Eligible nonseed participants had to present a valid study 

coupon, were ≥18 years of age, were NYC residents, understood English or Spanish, and 

injected illicit drugs in the past 12 months. Eligible participants could only participate once 

during any study cycle but, if eligible, could participate in other cycles. Study participation 

was anonymous. Consenting participants were administered a structured interview in private 

by trained interviewers and were offered HIV and HCV tests. Trained phlebotomists 

collected blood specimens using venipuncture from consenting participants who were asked 

to return for their results in 2 weeks. During their return visit, participants who tested 

positive were referred to health and social service providers. Participants who completed the 

study interview were given 3 coupons for PWID social network members they could refer to 

the study. Successive waves were recruited until the desired sample size was reached. 

Participants were provided small monetary incentives for completing the interview, for HIV 

and HCV testing, and for each eligible participant they referred to the study.

Measures

Participants were interviewed using a standardized structured questionnaire developed by 

CDC and collaborating local NHBS sites. The interview covered topics such as 

sociodemographic characteristics, drug and sexual behaviors, HIV and HCV testing history 

and diagnoses, and alcohol or drug treatment history.

Sample characteristics analyzed included sociodemographic variables (age, race/ethnicity, 

gender, sexual orientation, country of birth, NYC borough of residence, education, 

homelessness in the past 12 months, and household income in the past 12 months), drug 

use–related variables in the past 12 months (injecting heroin by itself, injecting cocaine by 

itself, injecting “speedball” [heroin and cocaine mixed together], and injecting drugs >1 time 

a day), and health-related variables (being in alcohol or drug treatment in the past 12 

months, self-reported HIV status, and self-reported HCV status).
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Outcome variables analyzed included injecting and sexual behaviors in the past 12 months, 

HIV testing in the past 12 months, and HIV and HCV serostatus (the study tests). Injecting 

behaviors included obtaining syringes from any potentially unsafe sources (friend, dealer, or 

other unsafe sources), obtaining all syringes from a SEP or pharmacy, not always injecting 

with sterile needles, engaging in receptive syringe sharing, and sharing drug preparation 

equipment (cookers, cotton, water, or syringe-mediated drug sharing). Sexual behaviors 

included engaging in condomless vaginal or anal sex, engaging in exchange sex (buying or 

selling), and having ≥2 sex partners. HIV and HCV serostatus was for all participants tested 

and for those tested who did not report previously testing positive. Not reporting previously 

testing positive for those testing positive, as a measure of undiagnosed infection, was also 

analyzed.

Time (the exposure variable) was based on the NHBS PWID cycle, with 2005 = “1,” 2009 = 

“2,” and 2012 = “3.”

Blood specimens were tested for HIV antibodies on HIV1/2 enzyme-linked immunosorbent 

assay and HIV1 Western blot platforms (Bio-Rad Laboratories, Hercules, CA). In 2005 and 

2009, blood specimens were tested for HCV antibodies using an enzyme-linked 

immunosorbent assay platform (Abbott Laboratories, Chicago, IL) and in 2012 a 

chemiluminescence immunoassay platform (VIT-ROS Anti-HCV assay; Ortho-Clinical 

Diagnostics, Raritan, NJ).

Analysis

Analyses were restricted to NYC residents. Bivariate analyses examined the linear 

association of time with sample characteristics and with outcomes. In multivariate analysis, 

the linear association of time with outcomes was adjusted for sample characteristics with a 

significant (P < 0.05) linear association with time because changes in sample characteristics 

across time may be confounded with trends in outcomes. Categorical data were analyzed 

using frequencies and percentages, normally distributed continuous data using means and 

standard deviations, and nonnormally distributed continuous data using medians and 

interquartile ranges. Time trends in sample characteristics were tested using Spearman’s 

rank correlation coefficient (rho) for nonnormal continuous data (medians) and generalized 

estimating equations regression with a modified Poisson model and robust error variance for 

dichotomous data.27–29 The modified Poisson model was used to estimate the risk ratio 

(RR), adjusted RR (ARR), and 95% confidence interval (95% CI) for time trends.

To assess the robustness of the multivariate models, a sensitivity analysis was conducted, in 

which the interaction of time with participants’ race/ethnicity, residential geographic 

location (NYC borough of residence), and age was added to the multivariate models. These 

variables have been associated with HIV risk or prevalence in other studies and, as described 

in the Results, also had a significant (P < 0.05) quadratic association with time.30–33 The P 
values for time and the size of the time effect for the models in the sensitivity analysis were 

compared with the original models to determine whether the models gained or lost 

significance (P < 0.05) and whether the size of the time effect increased or decreased by 

≥10%.
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The statistical analyses are unweighted. Using RDS weights for time trend analysis is in 

development.34 However, because a participant’s probability of being recruited through RDS 

may be influenced by their peer social network size, the PWID social network size was 

controlled in the multivariate models.33

The Statistical Analysis System (SAS Institute, Cary, NC) was used for statistical analyses.

Ethics

Study procedures involving human subjects were approved by Institutional Review Boards 

at the NYC Department of Health and Mental Hygiene, the National Development and 

Research Institutes, and John Jay College of Criminal Justice.

RESULTS

Sample Characteristics

The analysis sample included 1539 PWID, with 500 participants in 2005, 514 in 2009, and 

525 in 2012 (Table 1). There were significant linear increases in categorical and median age, 

in the proportion of participants with a household income <$10,000, and in the proportion 

who injected speedball. The proportion who injected drugs >1 time a day and the proportion 

who reported being HIV positive significantly declined. The median number of PWID social 

network members significantly increased. No other sample characteristics had significant 

linear trends.

Significant quadratic associations with time were found for age (≥40 years, P < 0.0001), 

race/ethnicity (Black/African American, P < 0.0001; White, P < 0.0001), and NYC borough 

of residence (Manhattan, P < 0.0001; Brooklyn, P < 0.0001; Queens, P = 0.0444). Gender 

was not significant (male, P = 0.104; female, P = 0.086; transgender, P = 0.40).

Drug and Sexual Behaviors, HIV Testing, and HIV and HCV Seroprevalence

There was a significant linear decline in the proportion who obtained syringes from 

potentially unsafe sources (60.8%, 31.3%, 46.7% [RR: 0.86; 95% CI: 0.81 to 0.92; P < 

0.001]) and a significant linear increase in the proportion obtaining all syringes from a SEP 

or pharmacy (35.4%, 67.5%, 50.3% [RR: 1.15; 95% CI: 1.09 to 1.22; P < 0.001]) (Table 2). 

There were no significant linear trends in other injecting risk behaviors, although many 

engaged in these behaviors. In each cycle, approximately half did not always inject with a 

sterile needle (47.4%, 59.7%, 52.2%), about a quarter engaged in receptive syringe sharing 

(21.4%, 27.0%, 25.1%), and more than 40% (45.4%, 43.4%, 46.7%) shared drug preparation 

equipment.

Sexual risk was considerable. There was a large and significant increase in the proportion 

who engaged in condomless vaginal or anal sex (53.6%, 71.2%, 70.3% [RR: 1.14; 95% CI: 

1.09 to 1.19; P < 0.001]). There were no significant linear trends in other sexual risk 

behaviors, although many engaged in these behaviors. Engaging in exchange sex increased 

from about a quarter in 2005 to almost a third in 2012 (26.2%, 13.2%, 30.5%), and 

approximately half in each cycle reported ≥2 sex partners (51.2%, 44.0%, 50.7%).
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A majority of participants in each cycle who did not report previously testing positive were 

tested for HIV in the past 12 months (75.8%, 61.3%, 72.2%), with no significant linear 

trend. There was a marginally significant (P = 0.051) linear decline in HIV-positive 

seroprevalence (18.1%, 12.5%, 12.2%). HIV-positive seroprevalence among those who did 

not report previously testing HIV positive was low, with no significant linear trend (2.9%, 

6.3%, 4.6%). Among those who tested HIV seropositive, there was a significant linear 

increase in the proportion who did not report previously testing positive (13.3%, 46.9%, 

34.4% [RR: 1.33; 95% CI: 1.03 to 1.71; P = 0.029]). There were no significant linear trends 

in the HCV variables. HCV-positive seroprevalence was consistently high (68.2%, 75.8%, 

67.1%). HCV-positive seroprevalence among those who did not report previously testing 

HCV positive varied between a third and a half (38.1%, 53.2%, 35.6%). Among those who 

tested HCV seropositive, between a quarter and a third did not report previously testing 

HCV positive (27.3%, 34.8%, 25.9%).

In the multivariate analyses, adjusting for age, household income <$10,000, injecting 

speedball, injecting drugs >1 time a day, self-reported HIV status, and the number of PWID 

social network members, the significant linear trends in the unadjusted analyses remained 

significant in the adjusted analyses. These included a decline in the proportion who obtained 

any syringes from potentially unsafe sources (ARR: 0.85; 95% CI: 0.79 to 0.91; P < 0.001), 

an increase in the proportion who obtained all syringes from a SEP or pharmacy (ARR: 

1.17; 95% CI: 1.10 to 1.24; P < 0.001), an increase in the proportion who engaged in 

condomless vaginal or anal sex (ARR: 1.11; 95% CI: 1.06 to 1.16; P < 0.001), and an 

increase in the proportion who did not report previously testing HIV positive among those 

who tested HIV positive (ARR: 1.62; 95% CI: 1.20 to 2.20; P = 0.002). The linear decline in 

HIV seroprevalence became significant in the adjusted analysis (ARR: 0.76; 95% CI: 0.64 to 

0.91; P = 0.003).

In the sensitivity analysis, with the interaction of time with participants’ race/ethnicity, NYC 

borough of residence, and age added to the original multivariate models, no models that 

were significant in the original models lost significance and none that were nonsignificant 

gained significance. With the exception of the time effect for HIV-positive seroprevalence, 

none of the changes in the effect sizes for time were ≥10%. The time effect for HIV-positive 

seroprevalence increased by 31.6% (ARR: 0.76; 95% CI: 0.64 to 0.91; P = 0.003 [original 

model] vs. ARR: 0.52; 95% CI: 0.36 to 0.74; P = 0.0003 [revised model]).

DISCUSSION

The analysis of trend data for HIV and HCV risk behaviors and prevalent infection among 

PWID in NYC from the 2005, 2009, and 2012 NHBS cycles showed a mixture of stability 

and change. Among variables that changed, some demonstrated increasing risk and others 

declining risk. This mixed pattern was found in analyses of previous trends in HIV risk (and 

by implication HCV risk) and infection among PWID in NYC.18,30,35,36

Lower risk trends were found in the decline in obtaining syringes from unsafe sources and 

the increase in obtaining all syringes from a SEP or pharmacy, which reflects the relatively 

long-standing availability of sterile syringes in NYC, with the introduction of SEPs in 1992 
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and retail pharmacy sales in 2001.21–23 In addition, since 2007, there has been an increase in 

the distribution of syringes from SEPs in NYC through the Peer-Delivered Syringe 

Exchange program. This program is overseen by the AIDS Institute in the New York State 

Department of Health and allows for secondary syringe distribution by PWID directly 

attending SEPs within their PWID social networks.37 However, although not a significant 

trend, between 2009 and 2012, obtaining syringes from potentially unsafe sources increased 

and obtaining all syringes from a SEP or pharmacy decreased. This change may indicate a 

rebound in injecting risk and/or an effect of how participants may have understood the 

questions about syringe sources, with participants who received sterile syringes through 

Peer-Delivered Syringe Exchange secondary syringe distribution reporting this as receiving 

syringes “from a friend” (the direct source) instead of “from a SEP” (the original and 

indirect source).

Injecting behaviors which did not exhibit significant change but which constitute a 

continuing risk of infection with HIV or HCV, included receptive syringe sharing, sharing 

drug preparation equipment, and not always injecting with a sterile needle. The substantial 

prevalence of receptive syringe sharing may generate an increase in HIV infection among 

PWID in NYC if the background prevalence of HIV increases in this population. For HCV 

transmission risk, the high prevalence of sharing drug preparation equipment, an efficient 

transmitter of HCV, along with the high background prevalence of chronic HCV, increases 

the likelihood that the rate of HCV transmission among PWID will continue to be high.
7,13–15 Not always injecting with a sterile needle may be a risk for HIV or HCV infection 

(eg, through inadvertent sharing) and for other serious diseases, such as bacterial infections, 

particularly those caused by Staphylococcus aureus, a well-recognized cause of injection-

related bacterial endocarditis.38

Trends in sexual behaviors indicate a persisting sexual risk for HIV. There was a large and 

significant increase in condomless vaginal or anal sex. Also, approximately half of 

participants reported ≥2 sex partners in each cycle, and in 2012, almost a third engaged in 

exchange sex. The large proportion of PWID in NYC who continue to engage in unsafe 

sexual behaviors may drive the ongoing spread of HIV and sustain endemic HIV infection in 

this population and among their sexual partners.8,9,39

One factor that may account for the persistence of high-risk injection and sexual behaviors 

among NYC PWID is suggested by the high proportion (half or more) of the sample in each 

cycle which was homeless. Homelessness has been associated with high-risk injection and 

sexual behaviors that could lead to infection with HIV or HCV.40–42

The decline in HIV seroprevalence overall and the low HIV seroprevalence among those 

who did not report previously testing HIV positive most probably reflect the widening 

access to legal sterile syringe distribution programs in NYC. These trends in HIV 

seroprevalence are consistent with NYC Department of Health and Mental Hygiene HIV 

surveillance data for new HIV diagnoses in 2014, where 3.4% of 2718 new diagnoses were 

attributed to injection drug use.2 The results of the sensitivity analysis suggest, however, that 

differences in trends in HIV prevalence among PWID in NYC persist by age, race/ethnicity, 

and NYC borough of residence.30–32,35
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The trends in HIV testing are of concern. Among those testing HIV positive, there was a 

significant linear increase in the proportion who did not report previously testing HIV 

positive, which may indicate recent HIV infection and/or inadequate testing frequency. In 

addition, although a majority of those who did not report being HIV positive were tested for 

HIV in the past 12 months, many, as high as 38% in 2009, did not get tested. PWID unaware 

of being infected with HIV will not be linked to care and treated with antiretroviral therapy 

to suppress the virus and are at risk of onward transmission of HIV to their injecting and 

sexual partners.43

HCV seroprevalence was high across cycles, which is consistent with the substantial 

proportion in each cycle who shared drug preparation equipment, a persisting risk factor for 

HCV infection among PWID.13–15 Many participants may have been recently infected with 

HCV,7 with at least a third of those in each cycle who did not report previously testing HCV 

positive testing positive and many, as high as 35% in 2009, who tested HCV positive not 

reporting previously testing HCV positive. HCV infection can be asymptomatic for most of 

those with newly acquired infections or in the earlier stages of chronic infection. Unless 

there is regular testing for HCV among PWID, many recent HCV infections are likely to be 

missed.4 PWID unaware of being infected with HCV will not be treated with direct-acting 

antiviral therapy that can eradicate the virus and will be unable to disclose their HCV status 

to their injecting and sexual partners, increasing the risk of onward HCV transmission.

In serial cross-sectional studies, changes in sample characteristics across time may be 

confounded with trends in outcome variables. This was addressed by adjusting for sample 

characteristics that had significant linear associations with time and by the sensitivity 

analysis. Some participants may have underreported stigmatizing, sensitive, or illegal 

behaviors. To minimize this limitation, experienced interviewers were selected and trained 

using a CDC-developed protocol addressing these concerns. Trends in HIV and HCV risk 

behaviors and infections among PWID can vary by demographic group, such as by race/

ethnicity, which is an area for future research. The samples are not random and participants 

were recruited using RDS, which assumes that PWID are a networked population. Although 

RDS weights were not used, to control for the possibility that participants with larger PWID 

social networks were more likely to enter the study, PWID social network size was 

controlled in the adjusted analyses. Also, PWID with weak or nonexistent network ties to 

other PWID would not be adequately represented in RDS samples. Caution is therefore 

necessary in generalizing the results to all PWID in NYC and to PWID in other cities.

CONCLUSIONS

Since the peak of the HIV epidemic among PWID in NYC during the 1980s and early 

1990s, HIV prevalence and incidence have declined and sterile syringe distribution programs 

have achieved wide coverage. The study results reflect this larger context and show a decline 

in HIV seroprevalence to a relatively low level and an increase in PWID who obtained all 

their syringes from SEPs or pharmacies. Sexual risk, however, remained high and may drive 

future HIV outbreaks in NYC among PWID and their sexual partners. Along with the 

promotion of ongoing reduction in injecting and sexual risk among PWID, a rapid response 
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to HIV outbreaks and linkage to HIV antiretroviral therapy for those infected are needed to 

prevent an expanding epidemic.44

HCV seroprevalence was consistently high and is likely sustained by the persistence of 

receptive syringe sharing, the substantial proportion of PWID who share drug preparation 

equipment, and the high background prevalence of HCV. With the large and continuing 

HCV epidemic among PWID, interventions are needed to reduce even further the sharing of 

syringes and drug preparation equipment. Also, expanding HCV testing among PWID and 

treating those infected with direct-acting antiviral-based therapy to eradicate the virus can 

lower the background prevalence of HCV, which will reduce the risk of exposure and will 

help to contain and eventually reduce the HCV epidemic among PWID.

The results of this study demonstrate the need for ongoing surveillance, prevention, and 

medical therapies for HIV and HCV among PWID in NYC and in other localities where 

there are PWID populations.
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