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Abstract Persons who inject drugs (PWID) are at high risk
for infection with and poor outcomes from HIV and hepatitis
C virus (HCV). Well-established interventions for HIV/HCV
prevention among PWID include syringe access, opioid ago-
nist maintenance treatment, and supervised injection facilities,
yet these interventions remain unavailable or inadequately
resourced in much of the world. We review recent literature
on biomedical and behavioral interventions to reduce the bur-
den of HIV/HCVamong PWID, with an emphasis on random-
ized controlled trials and quasi-experimental studies. Since
2013, there have been significant advancements in utilizing
antiviral therapy and behavioral interventions for prevention
among PWID, including approaches that address the unique
needs of couples and sex workers. In addition, there have been
significant developments in pharmacotherapies for substance
use and the implementation of naloxone for opioid overdose
prevention. Notwithstanding multiple ongoing structural chal-
lenges in delivering HIV/HCV prevention interventions to
PWID, these emerging and rigorously evaluated interventions
expand possibilities for prevention among PWID.

Keywords Injection drug use (IDU) . HIV . Hepatitis C .

Behavioral interventions . Pharmacotherapies . Overdose

Introduction

The estimated 16 million (CI 11–21 million) people who in-
ject drugs (PWID) worldwide [1] carry a disproportionate
burden of HIV and hepatitis C (HCV). Around 3 million
PWID (range 1–6 million) are infected with HIV [1] and se-
roprevalence estimates range from 12 to 37 % in the three
countries with the largest number of PWID—China, the
USA, and Russia—with even higher prevalence in other coun-
tries across Eastern Europe and Asia [1]. United Nations Pro-
gramme on HIV/AIDS (UNAIDS) estimates that PWID are
28 times more likely to be infected with HIV than the general
adult population [2]. The risk of acquiring HIV for each act of
injection drug use is estimated to range from 0.63 to 2.4 % [3].
Furthermore, injection drug use as a risk factor for HIV ac-
counts for 2.1 million (range 1.1–3.6) disability adjusted life
years (DALYs) worldwide [4].

PWID have the highest burden of HCV globally. In the
USA, an estimated 43 % of PWID have chronic HCV [5].
The US Centers for Disease Control and Prevention (CDC)
estimates at least 18,000 new HCV infections per year, almost
exclusively among PWID, with a 50% increase in the number
of acute cases from 2010 to 2012 [6, 7]. This is of particular
importance because while approximately 20–30 % of those
living with HIV are co-infected with HCV, co-infection rates
among PWID are closer to 90% [8]. HIV/HCV co-infection is
associated with increased risk for HIV disease progression,
AIDS-related mortality, and more rapid progression of HCV-
related liver disease [8].

Despite the high prevalence of HIV and HCV among
PWID, the global coverage of HIV/HCV prevention and treat-
ment services for PWID remains poor, with few countries
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intervening at a level sufficient to slow the HIVepidemic [9].
For example, needle-syringe programs (NSP) and opioid sub-
stitution therapy (OST) are effective, evidence-based HIVand
HCV prevention strategies for PWID [10], yet they are only
available in 82 and 71 out of 192 member states in the United
Nations, respectively [11]. UNAIDS estimates that for each
PWID, about 200 clean syringes are needed per year [12], yet
on average, only 90 syringes are available [12] and 22 are
distributed [11] annually per PWID. However, there is ex-
treme variability in the level of NSP coverage between regions
and countries, ranging from 0.1 to 0.3 syringes distributed
annually per PWID in Sub-Saharan Africa and Latin America,
respectively, to 202 syringes annually per PWID in Austral-
asia [9]. Similarly, OST coverage ranges from less than or
equal to one OST recipient per 100 PWID in central Asia,
Sub-Saharan Africa, and Latin America to 61 recipients per
100 PWID in Western Europe, contributing to similar gaps in
coverage [9]. In addition, the criminalization of injection drug
use and the stigmatization of people who use substances per-
sist as major barriers for PWID to access and benefit from
services. In particular, harsh punishments and punitive laws
for drug use impede the ability of PWID to utilize critical HIV/
HCV prevention services [13, 12, 14].

Notwithstanding these longstanding challenges, novel
strategies have emerged since 2013 that present promising
new options to prevent HIV/HCV by addressing the needs
of PWID. In addition to highlighting these new findings, we
will discuss how these strategies can be utilized in concert
with existing evidence-based strategies to more effectively
address HIVand HCVamong PWID. In this review, we have
emphasized effective HIV/HCV interventions for PWID that

were rigorously evaluated through randomized controlled tri-
als or quasi-experimental studies published since 2013. The
interventions fall broadly into the following three domains: 1)
antiviral-based interventions, 2) risk behavior reduction inter-
ventions, and 3) substance use treatment and overdose man-
agement interventions (see Fig. 1). The characteristics and the
key findings of the randomized and quasi-experimental stud-
ies are briefly summarized in Table 1. When randomized or
quasi-experimental studies specific to PWID were lacking or
sparse in these domains (e.g., pharmacotherapy intervention
trials for stimulant users), we provided additional relevant
literature from observational studies and mathematical model-
ing, as well as from experimental studies among substance-
using populations, inclusive of PWID.

Antiviral-based HIV/HCV Interventions

Antiviral-based interventions present a promising new are-
na for HIV/HCV prevention. Broadly, these interventions
use antiviral medications to prevent new HIV or HCV in-
fections among uninfected individuals by reducing the lev-
el of infectiousness of infected persons [15]. These ap-
proaches include pre-exposure prophylaxis (PrEP) and
treatment as prevention (TasP), which have increasingly
compelling data and acceptance among high-risk groups.
However, there is a paucity of studies exclusively among
PWID. Many intervention trials in fact have exclusionary
criteria that make PWID ineligible to participate in the
studies [16]. Seminal studies are highlighted below that
are of particular relevance for PWID.

Fig. 1 Domains of interventions
for HIV/HCV prevention among
PWID
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HIV

In 2013, the Bangkok Tenofovir Study (BTS) became the first
study with efficacy data on the use of antiretroviral ther-
apy (ART) for PrEP to reduce HIV incidence among
PWID [17••]. Although PrEP has efficaciously reduced
HIV among other key populations at risk for HIV, includ-
ing men who have sex with men and transgender women
[18], and serodiscordant heterosexual couples, [19] BTS
was the first study exclusively among PWID. Investiga-
tors randomized 1204 HIV-negative PWID from 17 drug
treatment clinics in Bangkok, Thailand to either daily
tenofovir or placebo and followed participants for
84 months. In modified intent-to-treat analyses, tenofovir
was significantly associated with a 48.9 % reduction in
HIV incidence [17••]. Furthermore, tenofovir was associ-
ated with a 74 % reduction in HIV infection among those
who had detectable study drug in their plasma [17••].
There were no significant differences in the occurrence
of serious adverse events between study arms, suggesting
that PrEP is tolerable for PWID [17••].

Some concerns about the study may limit its external gen-
eralizability, however. First, only a small proportion of partic-
ipants reported frequent (at least weekly) injection drug use, as
well as needle sharing. It is unclear whether the findings from
BTS would be generalizable to other PWID with higher risk
profiles. Furthermore, the use of directly observed therapy
(DOT) raises concerns as to whether the use of PrEP for
PWID will show a similar benefit in the absence of DOT, as
would be expected in most clinical practices. In addition, at-
trition was higher in the third year of the study, which is the
period when a significant intervention effect was noted.
Hence, although the findings of BTS are significant, further
research may be needed to establish the effectiveness of pro-
viding PrEP for PWID and establishing the best way to im-
plement this strategy on a broad scale. Thus, PrEP is not yet
recommended as part of the combination package for HIV
prevention intervention in this population by theWorld Health
Organization [20].

Since the transmission of HIV is reduced by ART due to
reductions in HIV RNA, TasP is likely also to be effective
among PWID. Indeed, observational data among cohorts
of PWID (e.g., Amsterdam, ALIVE, BART, and VIDUS
cohorts) suggest that declines in HIV incidence are associ-
ated with reductions in community plasma HIV viral load
as a result of widespread scale-up of the ART among
PWID [21–23]. To date, no trials have been conducted
exclusively among PWID to demonstrate that early treat-
ment compared to delayed treatment is associated with sig-
nificant reductions in HIV transmission, as was done in
HIV Prevention Trials Network (HPTN) 052 [15]. Howev-
er, TasP trials evaluating implementation strategies to in-
crease virologic suppression among HIV-positive

substance users are underway. For example, Clinical Trials
Network (CTN) 0049, the Hospital visit as Opportunity for
Prevention and Engagement for HIV-infected drug users
(HOPE), randomized 800 substance users living with
HIV to one of the following treatment conditions: 1) pa-
tient navigation, 2) patient navigation with contingency
management, or 3) treatment as usual [24]. Follow-up is
expected to end in early 2015. Highly anticipated data from
this study will inform TasP implementation strategies to
achieve virologic suppression among HIV-positive sub-
stance users. Ultimately, the broad expansion of ART is
essential to fully realize the potential benefits of TasP in
reducing new HIV infections among PWID [11]. Unfortu-
nately, the ART coverage remains particularly low among
PWID living with HIV; based on available data, it is esti-
mated that for every 100 PWID worldwide living with
HIV, only 4 are currently receiving ART [11].

HCV

Rapid advancements in the treatment of HCV have raised
the prospect of TasP for HCVamong PWID. Because HCV
treatment is curative, with apparently lifelong absence of
viremia, treating those at risk of secondary transmission
should reduce incident disease. At most, 6 % of PWID
historically were eligible for and willing to accept
interferon-based therapy [25–31]. Providers and patient
concerns included adherence, reinfection, the absence of
advanced disease to justify a toxic therapy, the duration
and complexity of treatment, the risk of toxicities, and
the low likelihood of cure [32–34]. In contrast, the simplic-
ity, high cure rate, and minimal toxicities of interferon-free
regimens obviate most medical reasons to consider with-
holding or refusing treatment. The recently FDA-approved
combination of ledipasvir and sofosbuvir, for instance,
consists of one pill daily for 8 to 12 weeks for most geno-
type 1 patients with a 94–100 % sustained viral response
rate, including in HIV/HCV co-infected patients, negligi-
ble adverse effects [35–39], and no apparent archiving of
resistance mutations [40]. Mathematical models predict
that utilizing these treatments could result in substantial
reductions in incidence of HCV: treating 8 % of PWID
annually for HCV could reduce HCV prevalence by 90 %
over 15 years according to one conservative model that
assumed reinfection rates post-treatment were the same as
initial infection rates [41•]. Cohort studies, however, esti-
mate reinfection rates to be from 2.8 to 6.0 % [42–44],
about half the rate for initial infections [45], suggesting
that the impact of HCV TasP for PWID could be greater
than existing models predict. Data are needed to establish
if, in fact, treating active injectors is feasible and can ef-
fectively reduce incident infection; hopefully, therapies
will be more affordable once such data exist.
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HIV/HCV Behavioral Risk Reduction Interventions

Behavioral risk reduction interventions for HIV/HCV preven-
tion, the mainstay of research efforts in the 1990s, lost favor in
recent years due to several prominent studies producing large-
ly negative results [46, 47]. Although some recent studies
continue to produce modest results [48], others have noted
positive results in a variety of behavioral outcomes and a
few have also reported significant results on biologic end-
points related to HIV/HCV prevention. These include Project
Renaissance, a trial that randomized 600 participants in Al-
maty Kazakhstan to a five-session HIV/HCV and sexually
transmitted infection risk reduction intervention or a wellness
promotion control condition [49••]. The key feature of this
study was the involvement of 300 heterosexual couples where
at least one partner reported recent injection drug use. In the
12-month follow-up, investigators found that those who re-
ceived the behavioral intervention had a 69% lower incidence
of HCV, compared to those in the control group. Moreover,
intervention recipients had significantly higher rates of con-
sistent condom use and lower rates of unprotected sexual risk
behaviors. The Mujer Mas Segura (Safer Woman) study is
another promising intervention with a significant intervention
effect on a biologic endpoint [50••]. This study was geared
toward a uniquely vulnerable population: female sex workers
who inject drugs (FSW-IDU). Women recruited in this ran-
domized factorial study were at heightened risk for HIV due to
sexual transmission from their clients and sexual partners but
also from their injection drug use. A total of 584 HIV-negative
FSW-IDU from Tijuana and Ciudad Juarez, Mexico were ran-
domized to either an interactive injection risk intervention, an
interactive sexual risk intervention, a combination of these
two interventions, or an educational control group and follow-
ed for 12 months. Compared to the control group, the interac-
tive sexual risk intervention was associated with a 62 and
56 % decrease in HIV/STI incidence among FSW-IDU from
Tijuana and Ciudad Juarez, respectively.

Several recently published interventions have demonstrat-
ed promising reductions in self-reported risk behaviors,
knowledge, or social norms. “Staying Safe” is a strength-
based intervention for HIV/HCV risk reduction among PWID
involving five 2-h sessions over 1 week [51•]. A pilot study of
Staying Safe among 68 PWID using a pre- vs. 3-month post-
test design demonstrated significant reductions in drug use
and injection-related risk behaviors. Other investigators found
that a multimedia intervention on HCV led to long-lasting
changes in HCV risk behaviors and knowledge in a pre-post
design among 88 low-income, Latino, HIV-positive PWID
[52]. An educational activity for prescription opioid injectors
led to significant improvements in knowledge and self-
reported condom use but no change in injection-related behav-
iors [53]. Efforts to develop effective interventions for this
population are urgently needed in the USA given the dramatic

expansion in the use of prescription opioids and multiple stud-
ies documenting that those transitioning from the oral use of
prescription opioids to injecting have very poor knowledge of
injection-related HIV and HCV risks [53].

Additionally, peer-led and community-based interventions
have noted positive findings. Wang et al. conducted a quasi-
experimental study that compared the presence to the absence
of peer-led harm reduction programs involving 1035 PWID
from the Yunnan and Guangxi provinces of China [54]. Par-
ticipants in peer-led programs were more likely to have clean
needles, use condoms, and undergo HIV testing. Latkin et al.
reported results from a randomized trial of a six-session, peer-
driven intervention in which the index participant was trained
to deliver the intervention, focused on safer sex and injection
practices, to their network [55]. The study reported on 652
PWID who were recruited and followed for up to 30 months
as part of HPTN 037; only Philadelphia participants were
included because the Chiang Mai participants were facing a
mass incarceration and execution campaign during the study.
Intervention participants reported significantly improved so-
cial norms compared to control participants around all four
measures: needle sharing, sharing cookers, sharing cottons,
and front/back-loading. The Community-friendly Health Re-
covery Program (CHRP) was designed to deliver an HIV pre-
vention curriculum under the Information-Motivation-
Behavior theory within the confines of an active methadone
maintenance program. A total of 304 HIV-negative patients
were randomized to CHRP or active control, with the CHRP
participants showing superior improvements in drug risk re-
duction knowledge and both sex and drug risk reduction skills
[56].

Finally, some recent secondary analyses of prior studies
have suggested hidden benefits. For example, a latent class
analysis of the Third Collaborative Injection Drug Users
Study (CIDUS 3/DUIT) found that participants reporting the
highest level of HIV/HCV risk at baseline were 90 % more
likely to be in the lowest risk class at follow-up if they had
been randomized to the intervention compared to control [47].

Substance Use and Overdose Management Interventions

Behavioral Modalities to Address Substance Use

Recent behavioral interventions for managing substance use
have emphasized incentive-driven and employment focused
strategies, with mixed results. A randomized study of escalat-
ing payments for urine samples negative for cocaine among
methadone-maintained patients was efficacious, although ex-
tending the duration of incentives did not influence resump-
tion of cocaine use after the incentives were terminated [57]. A
small randomized trial among opioid-dependent, minimally
employed to unemployed persons leaving 3-day

Curr HIV/AIDS Rep (2015) 12:145–163 157



detoxification compared incentivized working only if absti-
nent, incentivized working regardless of drug use, and work-
ing without incentive. The target sample size was 156, but the
study was terminated early, after 46 participants were random-
ized, due to failure of the test condition to produce drug ab-
stinence. One potential explanation for this failure noted by
the authors is the very limited benefit of opioid detoxification
without follow-up pharmacotherapy [58]. In contrast, another
trial included 98 opioid injectors in work for pay, work plus
methadone maintenance for pay, or work plus methadone
maintenance and abstinence from cocaine and other opioids
for pay. The latter two groups both provided significantly
more cocaine-negative urines and the third group also had
more opioid-free urines compared to the work for pay group
[59]. The most notable difference between these two studies is
the utilization of a proven treatment for opioid dependence,
agonist maintenance treatment, in the latter study.

Pharmacologic Modalities to Address Substance Use

The most well-established pharmacotherapies for opioid use
disorders are methadone and buprenorphine maintenance,
which have been repeatedly associated with reduced HIV,
HCV, and overdose risk [9]. Nonetheless, in many of the re-
gions of the world hardest hit by injection-related HIV and
HCV transmission, these therapies are unavailable or severely
restricted. Among recent literature, a randomized trial of daily
observed methadone compared to buprenorphine-naloxone
dosing among 80 illicit buprenorphine injectors in the Repub-
lic of Georgia found that both groups similarly reduced illicit
opioid use and HIV injection risks, again suggesting that the
selection of one of these agents over the other should be made
on a case-by-case basis [60•]. In addition, an observational
study of 50 opioid-dependent persons, both HIV+ and HIV
−, started on methadone in Hyiv, Ukraine observed dramatic
reductions in the use of heroin and other opioids as well as
both drug and sex-related HIV risk behaviors; 96 % of partic-
ipants elected to continue methadone after the study conclud-
ed [61]. The use of depot naltrexone, an opioid antagonist that
remains active for 30 days when injected and has been used
successfully for alcohol dependence, has recently emerged as
a potentially viable therapy for opioid dependence. A 1-year
open-label extension of 114 subjects from a randomized,
double-blind trial of depot naltrexone for preventing heroin
relapse in Russia [62•] found that, among those who contin-
ued in the extension, 50 % remained abstinent from heroin
after 1 year. The absence of reported overdose events or deaths
in this study is consistent with the original paper [63] yet
notably inconsistent with the epidemiology of high opioid
overdose rates in Russia [64, 65].

Pharmacotherapies for stimulant use disorders have en-
countered much less success, with limited exceptions such
as a small study of mirtazapine for methamphetamine

dependence [66] and a modest study of topiramate for cocaine
dependence [67•]. A randomized controlled trial of methyl-
phenidate among 79 amphetamine/methamphetamine-
dependent persons failed to demonstrate superiority to place-
bo [68], as did a randomized trial of aripiprazole for
methamphetamine-dependent men who have sex with men
[69] and methylphenidate among heroin prescription recipi-
ents using cocaine [70]. Modafinil [71] and bupropion [72]
also continued to produce underwhelming results for metham-
phetamine dependence, as did buspirone [73], n-
acetylcysteine [74], atomoxetine [75], and vigabatrin [76]
for cocaine dependence. Early-stage studies have explored
therapies such as varenicline [77], disulfiram [78], doxazosin
[79], and stimulant vaccines [80]. Most investigators now be-
lieve that pharmacotherapies for stimulant use disorders will
require agents that target multiple neurotransmitter systems.

Opioid Overdose Prevention and Naloxone

Opioid overdose and resultant mortality have been linked to
HIV risk behaviors and HIV-seropositivity [81–85]. The most
compelling intervention for addressing opioid overdose mor-
tality is naloxone, which has rapidly gained favor in recent
years and whose use has been associated with the reduced
likelihood of syringe sharing among PWID [85]. Naloxone
is the short-acting, high-affinity opioid antagonist used as an
opioid reversal agent by paramedics and anesthesiologists
since the 1960s. Since 1993, naloxone has been provided di-
rectly to drug users to ensure its presence at the site of over-
dose events [86]. For many years, only program evaluation
data existed, reporting the number of naloxone “kits” dis-
pensed and the number of passively reported reversal events
[87, 88]. Since 2013, more compelling data has emerged, such
as an interrupted time series analysis of naloxone distribution
in Massachusetts that demonstrated an adjusted rate ratio of
0.73 (95 % CI 0.57–0.91) and 0.54 (95 % CI 0.39–0.76) in
communities that enrolled 1–100 and over 100 naloxone re-
cipients per capita, respectively [89••]. In addition, Scotland
initiated naloxone provision upon release from prison for all
inmates with a history of heroin injection beginning in 2010.
Prisoners have an extremely elevated risk of death from opioid
overdose following release, as high as 1706 per 100,000
person-years in the first week [90•]. Scottish authorities re-
cently reported a persistent decline in all opioid overdose
deaths and a decline in the proportion that occurred among
former inmates in the 4 weeks after release from prison since
naloxone provision was initiated (from 9.8 % of all opioid
deaths for 2006–2010 to 4.7 % in 2013) [91•].

Additional studies have addressed other elements of nalox-
one provision. As naloxone is expanding to clinical settings,
Walley et al. evaluated naloxone distribution from methadone
maintenance and drug detoxification programs and found suc-
cessful implementation of the program and numerous
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reversals [92]. Many programs now distribute naloxone for
intranasal administration rather than injection. Thus,
Sabzghabaee et al. compared intranasal to intravenous nalox-
one in a randomized design and found superior, although
slightly delayed, return to consciousness among intranasal
recipients [93]. To evaluate the ability of lay responders to
properly utilize naloxone, two teams demonstrated that drug
users and family members can be readily trained to recognize
an overdose and properly administer naloxone [94, 95]. Final-
ly, mathematical modeling suggests that providing naloxone
to heroin users is likely to be robustly cost-effective, with a
conservative estimate of $400 per quality-adjusted life year
gained [96].

Discussion

Multiple interventions have been developed or enhanced since
2013 to address HIV and HCV among PWID. In particular,
PrEP among PWID now has compelling data for HIV, and
TasP for HCVand HIVamong PWID is supported by mathe-
matical modeling, although clinical trial data are needed. Re-
search into behavioral interventions to address HIV/HCV risk
directly and through substance use treatment among PWID
has once again begun to produce exciting results and novel
promising interventions. Research into pharmacotherapies for
substance use has reconfirmed the value of opioid agonist
maintenance treatment and added an additional option in the
form of long-acting naltrexone. However, promising pros-
pects for treatment of stimulant drug use disorders remain
largely elusive. Research into opioid overdose has demon-
strated the apparent effectiveness of lay naloxone distribution,
leading to a recommendation from the World Health Organi-
zation HIV guidelines that all PWID and their associates have
access to naloxone for lay overdose reversal [20].

Notwithstanding these exciting developments, stigma re-
mains a formidable barrier to managing HIV and HCV risks
among PWID. Distinct from sexual behavior, injecting drugs
remains an illegal practice around the world, limiting the abil-
ity of peers and other providers to reach those at risk and
engender improvements in their risks for and management
of blood-borne viral infections. This stigma extends to
healthcare providers, as evidenced by the reluctance of many
providers to adhere to treatment guidelines and provide indi-
cated ART for PWID living with HIV [14]. Innovative strat-
egies to address these risks, such as the supervised injection
facility in Vancouver [97, 98], have also gone a long way
toward overcoming the stigma toward PWID facing the
greatest hazards. Nonetheless, significant legal reforms are
clearly needed to ensure appropriate service provision.

The scope of this review was limited primarily to experi-
mental and quasi-experimental studies. We did not address the
numerous epidemiologic and observational studies among

PWID, nor did we emphasize literature on community- and
structural-level interventions, which have been previously
highlighted elsewhere [99, 11, 100].

Conclusion

We identified 23 experimental and quasi-experimental studies
reporting positive findings on behavioral and biologic out-
comes to reduce HIV and HCV for PWID published since
2013. These novel interventions provide additional tools in
our armamentarium against HIV for PWID. Scaling up of
these strategies needs to be done in combination, as compre-
hensive, multilevel interventions will likely maximize their
impact. Structural and legislative reforms will be needed to
successfully implement many of these interventions.
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