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Abstract

Background.—Historically, older people who inject drugs (PWID) have had the highest 

hepatitis C virus (HCV) burden; however, young PWID now account for recent increases. We 

assessed factors associated with past or present HCV infection (HCV antibody [anti-HCV] 

positive) among young (≤35 years) and older (>35 years) PWID.
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Methods.—We calculated adjusted prevalence ratios (aPRs) and 95% confidence intervals 

(CIs) to examine sociodemographic and past 12-month injection behaviors associated with HCV 

infection.

Results.—Of 4094 PWID, 55.2% were anti-HCV positive. Among young PWID, anti-HCV 

prevalence was 42.1% and associated with ≤high school diploma/General Education Development 

diploma (GED) (aPR, 1.17 [95% CI, 1.03–1.33]), receptive syringe sharing (aPR, 1.37 [95% CI, 

1.21–1.56]), sharing injection equipment (aPR, 1.16 [95% CI, 1.01–1.35]), arrest history (aPR, 

1.14 [95% CI, 1.02–1.29]), and injecting speedball (aPR, 1.37 [95% CI, 1.16–1.61]). Among older 

PWID, anti-HCV prevalence was 62.2% and associated with ≤high school diploma/GED (aPR, 

1.08 [95% CI, 1.02–1.15]), sharing injection equipment (aPR, 1.08 [95% CI, 1.02–1.15]), high 

injection frequency (aPR, 1.16 [95% CI, 1.01–1.34]), and injecting speedball (aPR, 1.09 [95% CI, 

1.01–1.16])

Conclusions.—Anti-HCV prevalence is high among PWID and varies with age. Scaling up 

direct-acting antiviral treatment, syringe service programs, and medication-assisted therapy is 

critical to mitigating transmission risk and infection burden.
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Hepatitis C virus (HCV) infection is a disease of major public health significance in 

the United States [1]. Injection drug use is the primary risk factor for hepatitis C, 

accounting for approximately 70% of new infections in 2016 [2]. Previously, HCV infection 

disproportionately affected black people who inject drugs (PWID) and PWID aged ≥40 

years [3]. However, recent HCV infection outbreaks among networks of PWID have 

demonstrated a changing demographic of HCV-infected PWID [4–7]. Outbreaks of acute 

HCV infection have been reported among young PWID (18–35 years), the majority of 

whom are non-Hispanic white and frequently report a history of prescription opioid misuse 

[4–7]. The opioid crisis has fueled the recent increases in acute HCV infection, particularly 

among young PWID [5]. Most young PWID begin by misusing prescription opioids and 

subsequently transition to injecting heroin because it is cheaper, more potent, and more 

widely available than prescription opioids [8]. Because young PWID are more likely to have 

just started injecting compared to older PWID, the increase in injection heroin and other 

opioid use among young people has been associated with increases in acute HCV infections 

[5].

Reducing new HCV infections among PWID is a priority of the National Viral Hepatitis 

Action Plan [9]. To achieve this, it is important to understand the prevalence of HCV 

infection and factors associated with its transmission among young and older PWID. An 

improved understanding of this can inform the implementation of effective hepatitis C 

prevention strategies. The objective of this study was to assess the age-related prevalence of 

and factors associated with past or present HCV infection among PWID recruited in 8 US 

cities.
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METHODS

Sampling and Eligibility

We obtained data from PWID recruited during the 2015 cycle of the National HIV 

Behavioral Surveillance (NHBS) system. NHBS is a serial cross-sectional survey that 

monitors the prevalence of human immunodeficiency virus (HIV), sexual risk and drug 

use behaviors, HIV testing, and use of HIV prevention services in populations at high risk 

of HIV infection including PWID. Methods for the NHBS cycle for PWID are described 

in detail elsewhere [10]. In brief, the 2015 NHBS cycle recruited PWID from the 20 

participating cities using respondent-driven sampling. Persons were eligible if they injected 

drugs in the past 12 months and were aged ≥18 years, current residents of the city, able 

to complete the survey in either English or Spanish, and able to provide informed consent. 

Drug injection in the past 12 months was confirmed by observing physical evidence of 

recent injection (eg, track marks) and by assessing knowledge of injection practices. This 

analysis was limited to eligible PWID who lived in 8 cities (Chicago, Illinois; Dallas, Texas; 

Denver, Colorado; Los Angeles, California; Nassau-Suffolk, New York; New Orleans, 

Louisiana; New York City; and Seattle, Washington) where HCV testing was performed 

with NHBS activities. Incentives were provided and were determined by participating cities.

Measures

Trained interviewers administered standardized questionnaires covering demographics, 

sexual and injection drug use behaviors, hepatitis C and HIV testing history, and hepatitis C 

care and treatment during face-to-face interviews of eligible participants. The questionnaire 

included data about participants’ sociodemographic characteristics (race/ethnicity, gender, 

age, highest level of education, and arrest history in past 12 months), sexual and injection 

drug use risk behaviors in the past 12 months (condomless anal sex, drug most frequently 

injected, receptive syringe sharing [use of a needle or syringe after prior use by someone 

else], sharing injection equipment [cooker, filter, water], frequency of injection drug use), 

and HIV test results. HCV-specific variables included hepatitis C testing history, HCV test 

results, and hepatitis C care and treatment data such as previous hepatitis C diagnosis 

by a healthcare provider and prior hepatitis C treatment (restricted to participants ever 

told by a healthcare provider that they were HCV infected). Participants who consented 

to hepatitis C testing were asked to provide a finger-prick blood sample. Blood samples 

were tested using OraQuick HCV Rapid Antibody Test (OraSure Technologies) and results 

were provided to all participants. The outcome of this analysis was past or present HCV 

infection, defined as a positive HCV antibody (anti-HCV) test. We did not do HCV RNA 

tests. The local institutional review boards (IRBs) of each participating city approved NHBS 

activities. Centers for Disease Control and Prevention (CDC) IRB review was not required 

because NHBS activities were determined to be research in which the CDC was not directly 

involved. Each participant provided informed consent.

Statistical Analysis

We calculated frequencies and descriptive statistics to characterize the sample overall and 

by age: young PWID (≤35 years) and older PWID (>35 years). The cutoff of 35 years was 

chosen because PWID between 18 and 35 years of age are at highest risk of acute HCV 
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infection and incidence rates in this group have been increasing [11, 12]. We performed 

χ2 test to examine the proportion of anti-HCV positive PWID by key characteristics. We 

calculated both unadjusted prevalence ratios (uPRs) and adjusted prevalence ratios (aPRs) 

and their 95% confidence intervals (CIs) using log-linked Poisson regression models with 

generalized estimating equations to account for the general dependence among observations 

linked to one another in recruitment networks with an exchangeable correlation matrix, 

clustered by recruitment chain and city [13]. We adjusted for homophily (tendency of 

people to associate with, and subsequently recruit others with similar characteristics) and 

the direct dependence between the recruiter and the recruit by including the recruiter’s 

value on the outcome in the models [14, 15]. We also adjusted for the differing sample 

inclusion probabilities by including the participant’s network size (number of local PWID 

the participant knew), and for city in the models [13, 15]. We calculated prevalence 

ratios because, compared to odds ratios, they are more robust estimates of the strength of 

associations for binary outcomes in cross-sectional studies [16]. Separate models were built 

for anti-HCV status and each variable of interest by young and older PWID. Multivariable 

models included significant variables (P ≤ .05) in the bivariate analysis and empirical 

correlates of anti-HCV positivity such as race and gender [4, 7]. The models were stratified 

by young and older PWID. All analyses were conducted in SAS version 9.3 software (SAS 

Institute), and statistical significance was set at P ≤ .05.

RESULTS

Table 1 describes the sample characteristics of the study participants. Of 4094 eligible PWID 

included in this analysis, 2258 (55.2%) were anti-HCV positive; anti-HCV prevalence was 

42.1% among young PWID and 62.2% among older PWID. Anti-HCV positivity was 

significantly higher among PWID who were black (58.6%), >35 years of age (62.2%), 

with a high school diploma/General Education Development diploma (GED) or less 

(57.3%), reported injecting speedball (mixture of heroin and cocaine) (72.0%) or heroin 

(55.9%) most frequently compared to other drugs (40.8%) (powder cocaine, crack cocaine, 

amphetamines, pain medication, etc), reported receptive syringe sharing (61.4%), shared 

injection equipment (60.1%), and injected more than once a day (57.8%). There were no 

other significant differences in antiHCV positivity.

Table 2 describes PWID self-reported hepatitis C testing and care characteristics by anti-

HCV test result. Approximately 87.2% of anti-HCV positive and 69.2% of anti-HCV 

negative PWID reported that they had been previously tested for hepatitis C before 

their NHBS interview. Among anti-HCV positive PWID, they self-reported that the most 

common locations of the last hepatitis C test were public health clinics/community health 

centers (38.0%) and correctional facilities (18.7%). Public health clinic/community health 

center (29.3%) was also the most common location of the last hepatitis C test among anti-

HCV–negative PWID. Among all anti-HCV–positive PWID who were previously informed 

of their HCV infection by a healthcare provider, 19.2% were treated.
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Factors Associated With Anti-HCV Positivity (Past or Present HCV Infection) Among Young 
PWID

Table 3 shows factors associated with past or present HCV infection by key characteristics 

among young PWID. In the bivariate analysis, anti-HCV positivity was significantly 

associated with having a high school diploma/GED or less (uPR, 1.19 [95% CI, 1.05–1.35]) 

compared to having a higher level of education. Anti-HCV positivity was also associated 

with an arrest history (uPR, 1.20 [95% CI, 1.07–1.36]), receptive syringe sharing (uPR, 1.49 

[95% CI, 1.33–1.67]), and sharing injection equipment (uPR, 1.41 [95% CI, 1.22–1.62]) in 

the past 12 months. Compared to young PWID who most frequently injected heroin, PWID 

who most frequently injected speedball (uPR, 1.38 [95% CI, 1.17–1.62]) were more likely 

to be antiHCV positive whereas those who injected other drugs most frequently (uPR, 0.65 

[95% CI, .53–.81]) in the past 12 months were less likely to be anti-HCV positive.

The multivariable model included race/ethnicity, gender, education, arrest history, receptive 

syringe sharing, sharing injection equipment, drug most frequently injected, and frequency 

of injection in past 12 months. Among young PWID, anti-HCV positivity was associated 

with having a high school diploma/GED or less (aPR, 1.17 [95% CI, 1.03–1.33]) compared 

to having a higher level of education. It was also associated with an arrest history (aPR, 

1.14 [95% CI, 1.02–1.29]), receptive syringe sharing (aPR, 1.37 [95% CI, 1.21–1.56]), 

and sharing injection equipment (aPR, 1.16 [95% CI, 1.01–1.35]) in the past 12 months. 

Compared to young PWID who most frequently injected heroin, PWID who most frequently 

injected speedball (aPR, 1.37 [95% CI, 1.16–1.61]) were more likely to be anti-HCV 

positive whereas those who injected other drugs most frequently (aPR, 0.91 [95% CI, 

.79–.96]) in the past 12 months were less likely to be anti-HCV positive.

Factors Associated With Anti-HCV Positivity (Past or Present HCV Infection) Among Older 
PWID

Table 4 shows factors associated with past or present HCV infection by key characteristics 

among older PWID. In the bivariate analysis, anti-HCV positivity was associated with 

having a high school diploma/GED or less (uPR, 1.13 [95% CI, 1.06–1.20]) compared to 

having a higher level of education. Anti-HCV positivity was also associated with receptive 

syringe sharing (uPR, 1.08 [95% CI, 1.03–1.14]), sharing injection equipment (uPR, 1.13 

[95% CI, 1.07–1.19]), and injecting drugs more than once a day (uPR, 1.32 [95% CI, 

1.14–1.52]). Compared to older PWID who most frequently injected heroin, PWID who 

most frequently injected speedball (uPR, 1.08 [95% CI, 1.01–1.16]) were more likely to be 

anti-HCV positive whereas those who injected other drugs most frequently (uPR, 0.71 [95% 

CI, .64– .79]) in the past 12 months were less likely to be anti-HCV positive.

The multivariable model included race/ethnicity, gender, education, arrest history, frequency 

of injection, receptive syringe sharing, sharing injection equipment, and drug most 

frequently injected in past 12 months. Among older PWID, anti-HCV positivity was 

associated with having a high school diploma/GED or less (aPR, 1.08 [95% CI, 1.02– 

1.15]) compared with having a higher level of education, sharing injection equipment (aPR, 

1.08 [95% CI, 1.02–1.15]), and injecting drugs more than once a day (aPR, 1.16 [95% CI, 

1.01–1.34]). Compared to older PWID who most frequently injected heroin, older PWID 
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who injected speedball (aPR, 1.09 [95% CI, 1.01–1.16]) were more likely to be anti-HCV 

positive whereas those who injected other drugs most frequently (aPR, 0.75 [95% CI, 

.68–.83]) in the past 12 months were less likely to be anti-HCV positive.

DISCUSSION

Past or present HCV infection prevalence among PWID in this sample was high and varied 

by age. Anti-HCV positivity was 42% and 62% among young PWID and older PWID, 

respectively. The higher prevalence among older PWID was expected, as this group is likely 

to have been injecting for a longer period and therefore more likely to have been exposed 

to HCV. The anti-HCV positivity among young PWID in this analysis is consistent with a 

prevalence of 33%–48% among young PWID reported in other studies [7, 17, 18]. Common 

to both young and older PWID, those who reported having a high school diploma/GED or 

less were more likely to be anti-HCV positive compared to those with a higher level of 

education. Previous studies have found that PWID with a lower educational level are more 

likely to engage in hepatitis C risk behaviors and be unaware of risk-reduction practices 

[19, 20]. Sharing injection equipment in the past 12 months was a significant correlate of 

anti-HCV positivity among young and older PWID. Although sharing injection equipment 

like cookers, filter, or water is a known hepatitis C risk factor [21], many PWID are not 

aware of its transmission risk or perceive this risk to be very low [22]. Furthermore, many 

hepatitis C prevention interventions do not emphasize injection equipment sharing as a risk 

factor for HCV transmission as strongly, as they emphasize the risk associated with syringe 

and needle sharing [22]. These factors may account for the high prevalence of injection 

equipment sharing among both young and older PWID and its association with anti-HCV 

positivity in both age groups.

Receptive syringe sharing in the past 12 months was associated with anti-HCV positivity 

among young PWID. Social factors and relationships influence syringe sharing behaviors 

among young PWID. Young PWID usually start injecting within sexual or social networks 

that can foster needle and syringe sharing behaviors [23, 24]. Perceptions of trust and 

diminished perceptions of personal and syringe sharing partner risk can drive these 

behaviors among young PWID [23–25]. New injectors have little hepatitis C risk knowledge 

and may buy, prepare, divide, and inject drugs in group settings where needle, syringe, 

and injection equipment sharing are common [25]. Many young PWID may have limited 

or no access to syringe service programs (SSPs) [26]. This can hinder their access to 

sterile needles and syringes and further facilitate sharing. Receptive syringe sharing was not 

associated with anti-HCV positivity among older PWID in this analysis. The transmission 

risks associated with needle and syringe sharing have been disseminated and emphasized in 

HIV prevention interventions since early in the HIV epidemic [22]. Therefore, generational 

experiences and first-hand knowledge of the transmission risk of HIV and other blood-

borne pathogens through syringe sharing among older PWID may explain the age-related 

differences in this behavior [13].

Frequently injecting speedball was associated with anti-HCV positivity in young and older 

PWID compared to heroin. Speedball is a combination of heroin and cocaine and is 

associated with an intense euphoric effect when injected, compared with other drugs [27]. 
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This effect increases dependence and injection frequency among its users, which in turn 

increases hepatitis C risk [21, 28]. Arrest history in the past 12 months was associated with 

anti-HCV positivity among young PWID but not older PWID. Young people are arrested 

more often than older people [29], and hepatitis C risk behaviors such as needle and syringe 

sharing for drug use, tattoos, and piercings are prevalent in correctional settings [30]. A 

recent arrest can also deter PWID from accessing SSPs for sterile needles and syringes 

[7, 31]. Given the burden of HCV infection among PWID, comprehensive hepatitis C 

prevention interventions such as hepatitis C testing and risk-reduction education programs, 

expanding access to SSPs and medication-assisted therapy (MAT) for opioid use disorder, 

and treatment of HCV-infected (HCV RNA positive) PWID are urgently required.

Approximately 19% of all PWID in this analysis reported that they had not been previously 

tested for hepatitis C before the NHBS interview despite the recommendation by the US 

Preventive Services Task Force [32]. Expanding hepatitis C testing, including follow-up 

diagnostic testing of an anti-HCV–positive person with HCV RNA testing, is important 

to identify and link currently HCV-infected PWID to care and provide an opportunity to 

educate PWID on hepatitis C risk and risk-reduction behaviors. Educating young PWID on 

hepatitis C risk is especially important because the greatest risk of HCV infection is during 

the first few years after initiating injection [33], and many report hepatitis C risk behaviors 

and little knowledge of safer injection practices [7, 25]. Education interventions should also 

recognize the influence of social networks on injection-risk behaviors [24] and address this 

by promoting peer norms that discourage risky injection practices.

SSPs and MAT are effective interventions that can reduce HCV transmission risk [34–

37]. SSPs provide access to sterile needles and syringes at no cost and facilitate safe 

needle and syringe disposal. Access to SSPs is associated with reduction in injection-

related risk behaviors among PWID [34]. In addition, comprehensive programs can often 

provide hepatitis C testing and education and referral to MAT and hepatitis C treatment 

programs. MAT involves the use of opioid agonists such as buprenorphine and methadone in 

combination with behavioral therapy for opioid use disorder treatment [36, 37]. Opioid 

agonists activate opioid receptors, preventing withdrawal, drug craving, and reducing 

injection frequency, thereby decreasing hepatitis C acquisition risk. Although MAT is 

associated with a 60% reduction in incident HCV infections in PWID [37], access remains 

low in the United States [38]. Strategies such as increasing the availability of comprehensive 

SSPs that provide MAT services and improving insurance coverage and benefits that 

mitigate out-of-pocket costs for buprenorphine and methadone can improve access to MAT.

Treating HCV-infected PWID with direct-acting antivirals (DAAs) is another effective 

hepatitis C prevention and control strategy [39]. A systematic review of studies examining 

DAA treatment for HCV infection among PWID showed that 97.5% completed the 

treatment regimen and 87.7% achieved sustained virologic response (cure) [40]. Modeling 

studies have shown that rapidly scaling up DAA treatment for HCV-infected PWID can 

greatly reduce hepatitis C prevalence and incidence [39]. However, most HCV-infected 

PWID do not receive treatment [41, 42]. High drug prices, state Medicaid policies and 

insurance restrictions, lack of insurance, and some providers’ ignorance about treatment 

guidelines for PWID or reluctance to offer DAA treatment to PWID because of concerns 
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about treatment adherence and posttreatment reinfections remain barriers to treatment [41, 

43]. Policies that reduce treatment costs, rapidly scale up hepatitis C treatment for uninsured 

or underinsured PWID to reduce reinfection risk, reform restrictive health insurance policies, 

and educate providers about the benefits of treating all HCV-infected PWID and the high 

treatment response and adherence rates among PWID can mitigate these barriers [40, 42].

There are several limitations to this analysis. First, we did not test for current infection 

with HCV RNA. Some individuals testing positive for anti-HCV could have been effectively 

treated, and others (approximately 15%–25%) may have been infected and cleared the virus 

naturally [44]. Second, the findings from this analysis may not be generalizable to all PWID 

because the participants are not a representative sample of all PWID. Third, our findings are 

based on self-reported data and might be subject to social desirability and recall bias, which 

may affect the estimation of injection and preventive behaviors. Fourth, data were obtained 

from 2015; it is possible that the burden of hepatitis C among PWID may have changed 

since then. Last, because respondent-driven sampling methodology relies on recruitment 

through social networks, PWID who inject alone or rarely interact with other PWID may not 

be sampled.

CONCLUSIONS

In conclusion, anti-HCV positivity among young and older PWID in this sample is high. 

Given the current opioid crisis, it is likely that HCV infection attributable to injection drug 

use will continue to increase, particularly among young PWID. Education about hepatitis C 

risk behaviors and expanding hepatitis C testing is essential to identify HCV-infected PWID. 

Combination hepatitis C prevention interventions such as SSPs, MAT, and DAA treatment 

for infected PWID are effective in reducing HCV transmission risk and disease burden 

among PWID. Access to effective DAA treatment in particular must be improved, otherwise 

it can limit the effectiveness of other prevention approaches like MAT and SSP [45]. Scaling 

up these HCV prevention interventions and addressing the system-level barriers that affect 

access to them is critical to their effectiveness.
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Table 2.

Self-Reported Hepatitis C Virus (HCV) Testing and Care Characteristics of People Who Inject Drugs by 

National HIV Behavioral Surveillance (NHBS) HCV Antibody Test Results—NHBS, 8 US Cities (n = 3545)

Anti-HCV Positive (n = 2258) Anti-HCV Negative (n = 1281)

Variable No. (%) No. (%)

Previously tested for HCV

 Yes 1943 (81.2) 891 (69.2)

 No 285 (12.8) 396 (30.8)

Location of last hepatitis C test

 HIV counseling and testing site 60 (2.8) 21 (1.7)

 HIV/AIDS street outreach program/mobile unit 86 (4.0) 38 (3.0)

 Drug treatment program 262 (12.2) 154 (12.3)

 Needle/syringe exchange program 170 (1.9) 87 (6.9)

 Correctional facility (jail or prison) 402 (18.1) 151 (12.5)

 Family planning/obstetrics clinic 67 (3.1) 34 (2.7)

 Public health clinic/community health center 818 (38.0) 368 (29.3)

 Never tested 285 (13.3) 396 (31.6)

Treated for hepatitis Ca

 Yes 259 (19.2) ... ...

 No 1167 (81.8) ... ...

Abbreviations: anti-HCV, hepatitis C virus antibody; HCV, hepatitis C virus; HIV, human immunodeficiency virus.

a
Among persons informed of their diagnosis of HCV infection by a healthcare provider.

J Infect Dis. Author manuscript; available in PMC 2024 May 22.
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