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In the United States, as in other countries, there is an
ongoing epidemic of hepatitis C virus (HCV) infection
among young adult injection drug users [1–6]. Outbreaks of HCV in young injectors have recently been
reported by the US Centers for Disease Control and
Prevention (CDC) [4–7], and new investigations in
Wisconsin, Indiana, Virginia, Pennsylvania, Florida,
and the Northern Plains (Native American community) (S. Holmberg, personal oral communication,
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February 2013) have raised serious concerns. These
outbreaks are notable for the locations ( predominantly
suburban and rural areas) and populations ( predominantly young white adults aged <30 with a history of
previous or concurrent prescription opioid use) [7]. Extraordinary increases in prescription opiate use in the
United States and, in particular, among young people,
who also have the highest rates of heroin use, are believed to be fueling this emergent HCV epidemic in the
United States and elsewhere, including Canada [8, 9].
Effective HCV prevention remains a huge challenge
globally, especially young adults. This paper discusses
how prevention strategies might be scaled up to prevent
HCV infection based primarily on evidence from the
UFO Study, an ongoing prospective study in
San Francisco, California. Because of its longevity, large
sample size, and focus on HCV, this study provides an
important platform from which to explore adoption
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The hepatitis C virus (HCV) virus epidemic is ongoing in the United States and globally. Incidence rates
remain high, especially in young adult injection drug users. New outbreaks of HCV in the United States among
young adults, in predominantly suburban and rural areas, have emerged and may be fueling an increase in
HCV. This paper discusses some key HCV prevention strategies that to date have not been widely researched or
implemented, and wherein future HCV prevention efforts may be focused: (1) reducing sharing of drug preparation equipment; (2) HCV screening, and testing and counseling; (3) risk reduction within injecting relationships; (4) injection cessation and “breaks”; (5) scaled-up needle/syringe distribution, HCV treatment, and
vaccines, according to suggestions from mathematical models; and (6) “combination prevention.” With
ongoing and expanding transmission of HCV, there is little doubt that there is a need for implementing what is
in the prevention “toolbox” as well as adding to it. Strong advocacy and resources are needed to overcome challenges to providing the multiple and comprehensive programs that could reduce HCV transmission and associated burden of disease worldwide in people who inject drugs.

19.6–26.7). Table 1 shows characteristics, exposures, and HCV
incidence in the UFO Study. Incidence of HCV was signiﬁcantly higher among those who shared injecting equipment, including needles and syringes (Figure 1). Sharing ancillary
equipment carried the same excess risk as sharing needles/syringes. Those who shared with more people, and inject more
frequently, had a higher risk of infection.
In this review, we identify and discuss 6 key areas of evidence, which to date have not been widely researched or implemented, and wherein future HCV prevention efforts may be
focused: (1) sharing of drug preparation equipment; (2) HCV
screening, and testing and counseling; (3) injecting relationships; (4) injection cessation and “breaks”; (5) scaled-up
needle/syringe distribution, HCV treatment, and vaccines according to suggestions from mathematical models; and (6)
“combination prevention.” With ongoing and expanding transmission of HCV, there is little doubt that there is a need to
implement what is in the prevention “toolbox,” as well as add
to it.
Contribution of Shared Drug Preparation Equipment to HCV Risk

In the past decade, numerous studies have shown elevated risk
of HCV in association with shared ancillary drug preparation
equipment, and a recent review and meta-analysis of 21 studies
quantiﬁed risk estimates across several drug equipment sharing
behaviors [18]. Consistently, pooled risk ratios for shared use of
drug preparation containers, ﬁlters, rinse water, and backloading were comparable to those for syringe sharing (1.97; 95% CI,
1.57–2.49). Those authors further estimated the population attributable risk (PAR) percentage in relation to the proportion
exposed by equipment category: where the prevalence of
syringe sharing is 36%, 25% of HCV seroconversions could be
prevented with the elimination of that risk exposure. Because
exposure rates for sharing drug preparation equipment are generally higher, the PAR percentage is even higher—up to 43%.
These consistent and overwhelming results demonstrate that
efforts to reduce exposure to HCV in PWID must incorporate
reduction of sharing of drug preparation equipment through
messaging, training, and availability of appropriate single-use
supplies. Research to implement and scale up this messaging
should be prioritized, including in areas with nascent outbreaks
and burgeoning epidemics [19].
Potential Preventive Impact of HCV Testing and Counseling

The rationale for testing and counseling (T&C) populations at
risk for HCV includes the potential to alter risk behaviors that
impact disease acquisition and transmission. However, limited
research exists exploring this hypothesis [20]. In the UFO
Study, we investigated the effects of disclosure of new HCVpositive results on risk behavior, including injection and noninjection drug use, lending and sharing injecting equipment,
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and expansion of HCV prevention approaches in people who
inject drugs (PWID) globally.
In 2007, Armstrong et al [10] estimated the number of ever
and current noninstitutionalized PWID in the United States at
2.3 million; more than half a million (590 000) were <30 years
of age. Because this survey excluded people who were homeless,
incarcerated, or hospitalized and those in the military, these
numbers represent a lower bound at best. Based on recent research in active young injectors in 20 US cities [11], we estimate
that 3%, or just under 20 000 of 590 000, are infected with
human immunodeﬁciency virus (HIV). HCV may infect 10–15
times as many PWID, or upward of 200 000. With annualized
HCV incidence estimates in young adult injectors between 8%
and 25% [1, 3], >31 000 new HCV infections might occur every
year (among the 390 000 susceptible). HCV infection is rapidly
acquired after initiation of injecting, and incidence rates are
highest among newer injectors, a quarter of whom are infected
within 2 years of initiating [12]. Although there is evidence that
HCV incidence has declined in recent decades [12], if the
number of young injectors increases, as the CDC suggests is occurring in the United States, these gains could be lost. Ongoing
and targeted surveillance efforts to enumerate the population at
risk and assess the burden of infection are essential steps in targeting and implementing effective HCV prevention in this
group.
Globally, 10 million PWID are estimated to be infected with
HCV, corresponding with a midpoint prevalence of 67% [13].
This high prevalence, combined with the high infectivity of
HCV, presents signiﬁcant challenges to HCV prevention. HCV
is at least 10 times more infectious than HIV: 3%–10% per injection compared to 0.3% for HIV [14]. Moreover, contaminated needles/syringes are not the only vehicle for blood-borne
HCV transmission: the virus remains infective in liquid, syringes, and on inanimate surfaces for weeks [15, 16].
The UFO Study is a large community-based epidemiologic
study of HCV infection in young adult injectors in
San Francisco, California, ongoing since January 2000 [1, 17].
Young (<30 years), active (report injecting drugs in the prior
month), HCV-negative (either antibody to HCV [anti-HCV]
or HCV RNA) adults are enrolled in prospective quarterly
follow-up to assess incident infection. Details of the study
methods have been published previously [1, 17]. As of 1 February 2013, the median age of 1494 participants screened at baseline was 22 years (interquartile range [IQR], 20–25 years); less
than half (45.9%) had completed high school; and most
(65.2%) were male, were white (76.8%), had been injecting a
median of 3.7 years (IQR, 1.3–6.0 years), and reported a
median of 20 days injecting per month (IQR, 7–30 days). Of
1494 adults screened, 33% were HCV positive, and among 552
HCV-negative subjects followed prospectively, HCV incidence
was 23 per 100 person-years (95% conﬁdence interval [CI],

Table 1. Characteristics, Exposures, and Risk Behaviors and Association With Incident Hepatitis C Virus Infection in Young Injectors in
the UFO Cohort Study, San Francisco, California, 2000–2013

Total No.

Incident HCV,
No. (%)

Incidence per
Person-year(95% CI)

Overall
Age, y

554

169 (30.5)

23.1 (19.9–26.8)

≤22

236

84 (35.6)

25.8 (20.8–32.0)

>22
Sex

318

85 (26.7)

20.9 (16.9–25.9)

Baseline Characteristic

Male
Female
Years injecting
≤3
>3
History of drug treatment
No

No
Yes
Drug injected most days, last mo
Speed/cocaine/crack
Heroin/heroin mixed
Injection frequency, last mo
Less than daily
Daily
No. of injection events, last mo

P Value

1
.81 (.60–1.10)

.17

.09

370

107 (28.9)

21.2 (17.5–25.6)

1

180

62 (34.4)

27.8 (21.6–35.5)

1.31 (.96–1.79)

288

88 (30.6)

22.8 (18.5–28.1)

1

264

81 (30.7)

23.4 (18.8–29.1)

1.03 (.76–1.39)

196

54 (27.6)

19.4 (14.9–25.3)

1

353

114 (32.3)

25.5 (21.2–30.6)

1.31 (.95–1.82)

411

135 (32.9)

33.3 (28.1–39.4)

1

143

34 (23.8)

10.4 (7.4–14.6)

188

49 (26.1)

337

119 (35.3)

367
187

.86

.1

.31 (.22–.46)

<.01

17.5 (13.2–23.1)

1

29.6 (24.7–35.4)

1.69 (1.21–2.36)

<.01

92 (25.1)

17.5 (14.3–21.5)

1

77 (41.2)

37.1 (30.0–46.3)

2.11 (1.56–2.86)
1

>100

129

51 (39.5)

37.3 (28.4–49.1)

30–100
<30

198
226

72 (36.7)
46 (20.4)

30.6 (24.3–38.5)
12.9 (9.7–17.2)

342

90 (26.3)

209

79 (37.8)

341
113

<.01

.82 (.57–1.18)
.35 (.23–.52)

.27
<.01

18.0 (14.6–22.1)

1

34.7 (27.8–43.3)

1.93 (1.43–2.62)

<.01

90 (26.4)

18.0 (14.6–22.1)

1

<.01

39 (34.5)

31.4 (22.9–42.9)

1.75 (1.20–2.55)

<.01

91

37 (40.7)

38.2 (27.7–52.7)

2.13 (1.45–3.13)

364

96 (26.4)

18.4 (15.1–22.5)

1

188

73 (38.8)

35.6 (28.3–44.8)

1.94 (1.43–2.63)

350

90 (25.7)

18.6 (15.1–22.8)

1

202

79 (39.1)

32.2 (25.8–40.1)

1.74 (1.28–2.35)

0

117

36 (30.8)

23.5 (17.0–32.6)

1

1–14
≥15

230
207

70 (30.4)
63 (30.4)

26.1 (20.7–33.0)
20.3 (15.8–25.9)

1.11 (.74–1.66)
.86 (.57–1.30)

.61
.47

92
462

27 (29.4)
142 (30.7)

19.7 (13.5–28.8)
23.9 (20.2–28.1)

1
1.21 (.80–1.82)

.37

257
297

71 (27.6)
98 (33.0)

20.7 (16.4–26.2)
25.2 (20.6–30.7)

1
1.21 (.89–1.65)

.21

Borrowed used needle, last 3 mo
No
Yes
No. of people borrowed used needle from, last 3 mo
0
1
≥2
Used a contaminated cooker, last 3 mo
No
Yes
Injected someone’s rinse, last 3 mo
No
Yes
Days drank alcohol, last mo

<.01

<.01

Any sex partner, last 3 mo
No
Yes
IDU sex partner, last 3 mo
No
Yes

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; IDU, injection drug user.
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Yes
Ceased injecting for ≥3 mo (any during follow-up)

Rate Ratio
(95% CI)

Injecting Relationships: Potential Targets for Prevention

In addition to “individual” risk, HCV risk is linked to the
“social” or relational contexts of injecting. Female sex has been
independently associated with an increased risk of HCV infection in some studies [26], but not others [1, 27]. Female injectors, in particular younger ones, demonstrate higher-risk
injection behaviors than their male counterparts, including
being more likely to engage in needle/syringe borrowing and
ancillary equipment sharing, to be injected by others [28], and
to be initiated into injecting by male sex partners [29]. Receptive needle/syringe sharing (RNS) is most likely to occur within
injecting partnerships where injecting partners are also sex
partners, inject together frequently, and pool money to buy
drugs [30]. In the UFO Study, RNS with an HCV-infected sex
partner was independently associated with a higher risk of
HCV infection [17]. Individuals who perceived that their injecting partners were HCV positive had signiﬁcantly lower odds of
RNS than those who thought that their partner was uninfected
(0.49; 95% CI, .25–.95) [31]. In analyses of dyadic-level data of
HCV-serodiscordant injecting-partner couples, those who lived
with and had sex with their injecting partners were at signiﬁcantly higher risk for both recent RNS and shared cooker use
compared to those in partnerships not living together or having
sex [32]. These data highlight how HCV risk may be ampliﬁed
beyond “individual” risk. In the UFO study, both women and
men who report injecting with sex partners have the highest
risk for incident HCV (adjusted hazard ratio, 2.23; 95% CI,
1.9–2.6).
These data have 2 important implications for potential HCV
interventions. First, knowledge of an injecting partner’s HCV
status can potentially impact risk behavior. Increased HCV testing
combined with partner HCV disclosure may reduce equipment
sharing and, potentially, HCV transmission. Second, relationshiplevel intervention strategies should be considered, within both injecting and injecting-sexual partnerships. While a recent study
showed couples-based T&C to be effective at reducing behavioral
risk (injection risk with primary partners) [33], there is a need to
assess the potential impact on HCV infection outcomes.
Taking a Break: Injection Cessation as a Way of Reducing
Exposure to HCV

Figure 1. Cumulative incidence of hepatitis C virus infection by receptive needle sharing among young injection drug users in the UFO Study in
San Francisco, California, 2000–2013. Abbreviations: CI, conﬁdence interval; HCV, hepatitis C virus; py, person-years; RNS, receptive needle/
syringe sharing.

PWID who stop injecting effectively terminate their risk for
HCV [17]. Prospectively, many factors, including younger age,
stable housing, lower injection frequency, HIV infection, methadone maintenance treatment, employment, injecting fewer
drug types, not having an injecting sex partner, and neighborhood environment have been shown to be associated with
shorter time to injection cessation [34, 35]. Understanding drug
use trajectories and factors associated with injection cessation
are important for HCV prevention; even temporary “breaks”
from injecting may also have preventive beneﬁts. In the UFO
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alcohol use, unprotected sex, and symptoms of depression [21].
Outcomes were assessed from data collected 3, 6, and 12
months following T&C and disclosure. Declines in alcohol and
noninjection drug use were observed immediately after disclosure, but not sustained beyond 6 months. Injection drug use
and depression symptoms did not change, corroborating
others’ results [22]. Although there has been substantial research on risk reduction in association with HIV T&C [23], differing disease course, including an extended seronegative
viremic window period and spontaneous clearance of HCV,
pose important challenges for HCV prevention, and no studies
to date have assessed the effects of HCV T&C on risk behavior
in HCV-negative susceptible injectors.
Because detectable anti-HCV can take up to 2 months to
develop following HCV inoculation [24], the viremic preseroconversion phase, or “window period,” represents a period of
high viremia, during which individuals may not know they are
positive and may have a high risk of HCV transmission. This
window period may present an important prevention opportunity. Despite the lack of direct empirical evidence for higher
risk of transmission among PWID during acute HCV infection,
testing for and identifying acute HCV in the preseroconversion
phase may yield prevention beneﬁts.
Newly Food and Drug Administration–approved rapid HCV
point-of-care tests are highly accurate for detection of antiHCV, are acceptable to PWID [25], and offer a signiﬁcant
means to remove barriers to HCV testing, increasing uptake, opportunities to evaluate HCV T&C in relation to subsequent risk
reduction, and access to further diagnosis, care, and treatment.

Study, more than one-quarter (29%) of participants had at least
one 3-month injection break. Those who reported recent
participation in any drug treatment program, including detoxiﬁcation, 12-step, or residential, were independently and signiﬁcantly more likely to report at least 1 of these injection cessation
breaks [36]. Although relapse was also common, these short
breaks were protective for HCV incidence (rate ratio, 0.31; 95%
CI, .22–.46; Table 1). Drug treatment was signiﬁcantly associated
with cessation, consistent with evidence which indicates that a
key beneﬁt of opioid substitution treatment (OST) is reduced
frequency of injecting [37]. In addition to other beneﬁts [38], increasing access and uptake of OST by young injectors has the potential to reduce HCV infection in this group.
The What-ifs: Mathematical Models That Inform New HCV
Prevention Approaches
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The Evidence for “Comprehensive” or “Combination” Prevention
to Reduce and Prevent HCV

There is mounting evidence that comprehensive prevention incorporating high-coverage needle and syringe access programs
with OST can impact HCV transmission [19, 46, 47]. In Amsterdam, full participation in harm reduction, including both
methadone maintenance and needle exchange programs, was
signiﬁcantly associated with reduced HCV and HIV incidence
in a prospective study of PWID [46]. Importantly, this study
also showed that each of these modalities alone was not associated with reduced infection rates. In the United Kingdom, Turner
et al [47] showed that high coverage of OST combined with
syringe distribution program could potentially reduce the odds
of a new HCV infection by up to 80%. This study was supported by another model demonstrating that scaled-up OST in
combination with increased syringe access could reduce HCV
prevalence to <30% over a decade [48]. Finally, in a systematic
review and meta-analysis of interventions to reduce HCV, including behavioral interventions, substance use treatment,
syringe access, syringe disinfection, and multicomponent interventions, Hagan et al [19] showed that interventions using multiple combined strategies reduced risk of HCV seroconversion
by 75% ( pooled relative risk, 0.25; 95% CI, .07–.83), as compared to single-method interventions where pooled effects
ranged from 0.6 to 1.6.
In Conclusion: Then and Now

Research over the past 2 decades has resulted in a substantial
evidence base regarding the essential elements of HCV prevention in PWID including access to sterile injection equipment in
combination with OST; interventions to reduce risk behavior
among individuals and in injecting partnerships; rapid and accurate HCV testing and diagnosis; strategies to encourage injection cessation, including effective drug treatment; and
increased access and uptake of HCV treatment. The evidence
suggests that all of these elements are needed to impact HCV.
Young and new initiates to injecting are critical candidates for
interventions to delay or prevent HCV infection. In the United
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Kwon et al [39] modeled the effects of sterile syringe availability
on the HIV and HCV epidemics among PWID in Australia, including the epidemic stability by number of years of injecting
postinfection and the impact of increasing syringe availability.
Although they found that HIV was effectively controlled by
current syringe distribution, HCV incidence was not, and was
likely to remain high. However, the model suggested that doubling the number of syringes distributed, from 30 million to 60
million per year, could potentially halve the number of new
HCV infections by reducing the number of times each syringe
is used and the frequency of syringe sharing. These ﬁndings are
signiﬁcant because Australia has one of the most comprehensive programs for syringe access globally. Currently, legal
syringe access programs are operated in only 34 of the 50 US
states, Puerto Rico, and the District of Columbia, resulting in
large numbers of PWID still unable to access this essential
prevention tool.
Within several years, oral interferon-free, once-daily HCV
treatment regimens using new direct-acting antivirals will
become available [40], raising the prospect of “treatment as prevention” in relation to HCV in PWID. Higher efﬁcacy, low toxicity, and shorter regimens could result in higher uptake, better
adherence, and completion of treatment, in contrast to interferon-based regimens. Mathematical models that have explored
the potential impact of HCV therapy on HCV infection in injecting populations collectively show that treatment could have
positive impacts on HCV prevalence and transmission [41, 42].
Despite their limitations, such as not addressing age-speciﬁc
effects on transmission, and assumptions regarding injection
cessation and treatment, these models are fueling signiﬁcant
optimism.
A prophylactic vaccine for HCV could also signiﬁcantly
impact HCV prevalence and incidence. Our group has
modeled several scenarios for impact of a prophylactic HCV
vaccine, including by varying levels of vaccine efﬁcacy and

delivery strategies [43]: a vaccine with 50%–80% efﬁcacy targeted to high-risk or seronegative PWID at a high vaccination rate
had the highest impact. A best-case scenario with 80% efﬁcacy
and 1% of high-risk PWID vaccinated per month would reduce
HCV incidence from 13.5% to 3.2% at 10 years. HCV vaccine
research has made signiﬁcant progress in recent years and several vaccine candidates have been tested in phase 1 trials [44].
Testing HCV vaccines in PWID is essential as this is the population most affected by HCV globally [45]; the ﬁrst-ever phase
1/2 trial assessing the immunogenicity and efﬁcacy of a preventive vaccine candidate in active PWID is under way in 2 sites in
the United States.

States, for >20 years, public health and political efforts to increase clean syringe/needle availability have been met with
ideological, social, and political barriers, effectively thwarting
the delivery of one of the most efﬁcacious biomedical technologies for preventing injection-related infections. Expanding HCV
prevention and reaching the new generation of young injectors
will require dedicated advocacy, pragmatism, and persistence to
enable access to all of these technologies. Thirteen years ago,
Prof. Dr. Roel Coutinho, from the Amsterdam Public Health
Service in the Netherlands, wrote:

Despite an increasing array of evidence-based interventions at
our disposal, access and uptake of HCV prevention interventions
by PWID remain suboptimal and indeed, dismal, in many settings, including the United States. As Strathdee et al [50] have
recently argued, addictophobia or fear, aversion and/or discrimination, apathy or indifference to the suffering of drug
users and their right to access prevention, and inattention to
key subgroups such as young people and female injectors contribute to the inequities in access to and lack of provision of
prevention services for PWID. Injecting drug use is expanding,
not only in the United States, but also Eastern Europe, Central
Asia, and parts of Africa. The huge populations of PWID infected with HCV in China and Russia [13] reﬂect the potential
for ongoing global expansion of HCV if prevention is not prioritized. Although we know what works, and have evidence for
what is needed to expand, both political will and additional resources are needed to overcome challenges and maximize the
potential impact of multiple and comprehensive programs to
reduce HCV transmission and associated burden of disease
worldwide.
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“On the basis of the available data, it appears that needle
and syringe exchange alone is not sufﬁcient to decrease injecting risk behavior and to lower the incidence of blood
borne infections. Drug users can change their risk behavior, but they do so only on an individual basis, if they are
ready for it. Access to comprehensive intervention programs that include good medical care, social support,
methadone maintenance, and needle exchange, will help
them make the decision to use drugs safely and, for some,
to stop using drugs altogether.” [49]
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