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Summary

The availability of effective, simple, well tolerated oral direct acting antiviral (DAA) hepatitis C
regimens have raised optimism for HCV elimination at the population level. HCV reinfection in
key populations such as people who inject drugs (PWID) and HIV-infected men who have sex
with men (MSM) however threatens the achievement of this goal both from a patient, provider and
population perspective. The goal of this review is to synthesize our current understanding of
estimated rates and factors associated with HCV reinfection. This review also proposes
interventions to aid understanding of and reduce hepatitis C reinfection among PWID and HIV-
infected MSM in the oral direct acting antiviral era.
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Introduction

Hepatitis C is a major public health challenge that affects 70 million people and is a leading
cause of morbidity and mortality globally (1, 2). The availability of simple and effective oral
direct acting antiviral (DAA) therapies of short duration with minimal side effects make
HCV cure a possibility for those who have access to treatment. The ability to cure hepatitis
C has also fueled optimism regarding the potential for HCV elimination. Indeed, the World
Health Organization has set lofty HCV elimination targets of 90% diagnosed, 80% treated,
and 65% reduction in mortality by 2030 (3).

The hepatitis C epidemic disproportionally affects people who inject drugs (PWID) and HIV
infected men who have sex with men (MSM). These two populations are the core of the

Corresponding Author: Oluwaseun Falade-Nwulia, MBBS, MPH, 725 N. Wolfe Street, Suite 215, Baltimore, MD 21205, Phone:
(410) 396-9410, Fax: (410) 396-9237, ofaladel@jhmi.edu.

DR. OLUWASEUN FALADE-NWULIA (Orcid ID: 0000-0003-2321-2295)

PROF. MARK S. SULKOWSKI (Orcid ID: 0000-0002-2145-6352)

Conflicts of interest

Dr. Sulkowski reports grants and personal fees from AbbVie, grants from BMS, personal fees from Cocrystal, grants and personal fees
from Gilead, grants and personal fees from Janssen, grants and personal fees from Merck, personal fees from Trek, outside the
submitted work.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Falade-Nwulia et al.

Incidence

Page 2

epidemic and sustain ongoing HCV transmission in many countries in which the incidence
of healthcare related HCV transmission is low. As such, any effort to eliminate hepatitis C
through treatment must address these two populations.

Effective HCV treatments lead to HCV cure in over 95% of patients treated with these oral
DAA regimens (4). However, because HCV infection does not confer protective immunity,
individuals who have cleared a previous infection either spontaneously or after treatment
induced clearance remain at risk for reinfection. Reinfection is defined as the reoccurrence
of HCV viremia after a previously cleared infection (5).

The potential for HCV reinfection remains a major obstacle to achieving the HCV
elimination goals outlined by the WHO. From a patient perspective, concern for HCV
reinfection remains a major driver for provider and health system level barriers to HCV
treatment of persons perceived to be at high risk for reinfection after cure (6). The
perception by many providers and payers is that PWID in particular will simply get
reinfected after HCV treatment. As such, HCV treatment of PWID is often not considered
worthwhile; as a consequence, many PWID in care, who could benefit from HCV treatment
and cure are not offered these treatments. From a population perspective, elimination is
dependent on treating enough infected individuals so as to reduce overall population
prevalence and thus reduce the pool of individuals who can sustain the epidemic by
transmitting infection to others. As such, even if HCV treatment were to penetrate
populations of high risk individuals including PWID and HIV- infected MSM engaged in
high risk sexual practices, reinfection represents a major obstacle to control. To achieve the
WHO elimination goals, it is imperative that we have a clear understanding of rates and
predictors of reinfection as this information can guide focused interventions to reduce this
risk of reinfection in high risk groups. Most of the data available on HCV reinfection is from
the interferon era and suggest that these rates are low. More recent data suggest that HCV
reinfection rates may be higher in some subpopulations. Some experts speculate that easier
DAA treatment may be associated with higher rates of reinfection due, in part, to an ability
to offer HCV treatments to a wider pool of patients, who had hitherto not been candidates
for HCV treatment in the interferon era. In this review, we summarize rates of HCV
reinfection among PWID and HIV-infected MSM and characterize the subgroups most at
risk. We also propose interventions to mitigate the risk of reinfection in these groups

of HCV Reinfection

The risk of HCV reinfection after sustained virologic response (SVR) has been reported in a
number of studies including two recent meta-analyses published in the peer reviewed
literature (7-21) (Table 1). Rates of HCV reinfection in the British Columbia Hepatitis
Testers Cohort which includes all individuals tested for HCV or HIV at the British Columbia
Center for Disease Control Public Health Lab from 1990-2013 were recently published by
Islam and colleagues (20). This retrospective study represents the largest cohort to date
(5915 individuals) reporting rates of HCV reinfection. Spontaneous clearance was defined as
two consecutive negative HCV PCR tests (at least 28 days apart) after HCV diagnosis
without treatment while SVR was defined as two consecutive negative HCV PCR tests at
least 28 days apart, 12 weeks after HCV treatment. Reinfection was defined as a positive
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HCV PCR after initial HCV clearance. This cohort included 3690 individuals who achieved
spontaneous HCV clearance and 2225 individuals who achieved SVR after interferon based
HCV treatment. Overall, there were 452 reinfections for a reinfection rate of 1.27/100
person-years of follow-up. Among 2225 individuals who achieved SVR following treatment,
reinfection was detected in 50 individuals. The post-SVR reinfection rate of this study
(0.48/100 PY) is one of the lowest reported to date, suggesting low rates of HCV reinfection
overall. Higher HCV reinfection rates were reported among PWID (1.14/100 PY) and
persons with HIV infection (2.56/100PY). Sensitivity analysis, using less stringent criteria
(one negative HCV test) to define clearance resulted in higher reinfection rates (3.34/100PY
in PWID and 4.17/100PY in HIV infected individuals). These reported rates of HCV
reinfection are similar to those of 1.21-4.9/100 PY reported in other retrospective and
prospective studies of PWID treated for chronic HCV infection (12, 13, 17-19). The Islam
study which represents one of the largest studies reported to date with the longest follow-up
after clearance (35,672 person years), has the additional advantage of minimal loss to
follow-up due to use of government health records and limited confounding due to a
relatively long follow up period likely providing more valid estimates of reinfection rates
among PWID with chronic HCV infection. This like other studies is however limited by its
retrospective nature, lack of systematic testing of persons at risk for HCV reinfection at
regular intervals and evaluation of post SVR HCV reinfection in individuals who received
pegylated interferon based HCV treatment.

Since the populations of patients currently being treated with oral DAA therapy are
somewhat different from the selected group of patients who received interferon (22), the
generalizability of these interferon era reinfection rates to the oral DAA era may be limited.
However, it is reassuring to note, that in the clinical trials conducted by Dore and colleagues
among 301 PWID receiving opioid substitution therapy (OST) who achieved SVR after
receipt of the oral DAA combination of elbasvir/grazoprevir and who were followed
prospectively for up to 24 weeks after SVR, rates of HCV reinfection were only

4.6/100PY (17). A subgroup of 199 of these PWID; 37% of whom reported injection drug
use after HCV cure, were enrolled in ongoing follow up, through to 3 years after the end of
treatment. In the first 24 months of follow up, there were only 4 additional reinfections
reported for a total of 10 reinfections and a reinfection rate of 2.3/100PY. Of note, 3 of the
10 individuals reinfected went on to clear their HCV reinfections spontaneously, leading to
an HCV persistence reinfection rate of 1.6/100PY. Consistent with interferon era studies,
PWID reporting ongoing injection drug use after cure had higher HCV reinfection rates than
those not reporting injection drug use after cure (HCV reinfection rate 4.2/100PY vs.
0.4/100PYs)(21). While these data are encouraging, they are limited by small sample size
and short follow-up. For example, in the study by Midgard et al., HCV reinfections were
noted up to 7 years after initial HCV cure. Moreover, data are needed from persons treated
outside of the clinical trial setting who may be at heightened risk for reinfection.

Nevertheless, these studies also provide some information on risk factors for reinfection. It is
not surprising to note that current injection drug use, especially high frequency drug use
with cocaine and methamphetamines was associated with higher rates of reinfection (13). In
one study of HIV-infected PWID which also included MSM, ongoing drug use including use
of drugs by inhalation, which may be associated with high-risk sexual practices, was
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associated with an 8-fold increase in risk of HCV reinfection (12). It thus makes intuitive
sense that, in the British Columbia Testers Cohort, interventions that reduced drug use, as
measured by proxies such as utilization of opiate agonist therapy and mental health services,
were associated with a reduction in HCV reinfection risk (20). However, other factors such
as younger age, male sex, and HIV coinfection have been associated with an increased risk
of HCV reinfection (20).

Multiple studies including a recent meta-analysis have reported higher rates of HCV
reinfection among HIV-infected persons (7, 20). The role of HIV infection in increasing the
risk of HCV reinfection is not completely clear. HIV infection is associated with an
approximately 3-fold reduction in rates of spontaneous recovery from an acute HCV
infection (23, 24). As such, one may postulate that HIV-infected persons have similar rates
of HCV reinfection to HIV uninfected persons but may be less likely to spontaneously clear
these reinfections and are thus more likely to have reinfections detected. Alternatively, it is
also possible that HIV-infected persons studied in these predominantly male cohorts may
represent HIV-infected MSM with high risk sexual practices which led to both initial HCV
infection and reinfection. The rates of HCV reinfection in HIV-infected MSM in the
interferon era range from 5.3-13.2/100PY (10, 14, 25). These HCV reinfection data among
MSM also suggest that a subgroup of these individuals will go on to have multiple HCV
reinfections (10). An additional concern is the risk of transmission of HCV virus with
resistant variants (26).

A recent study by Martinello and colleagues among individuals treated for recent HCV
infection (<18 months HCV infection duration), evaluated reinfection in four prospective
studies of interferon based HCV treated individuals in Australia and New Zealand (16). Ten
HCV reinfection cases were identified among 120 individuals; 64 (53%) of whom where
HIV-infected MSM and 84 (69%) who had a history of injection drug use. Seven of the 10
reinfections occurred in HIV-infected MSM of whom 5 reported injection drug use (IDU)
during follow up. The other 3 reinfections occurred in HIV-uninfected PWID who also
reported IDU during follow up. The overall reinfection incidence was 7.4/100 PY's (95% CI
4.0-13.8) which resulted in a projected cumulative reinfection incidence of 7.2% at 1 year
and 14.5% at 2 years from end of treatment. Consistent with previous studies the incidence
of reinfection was higher in HIV-coinfected individuals 10.3/100 PY (95% CI 4.9-21.7) than
HIV uninfected (4.5/100 PY (95% CI 1.4-13.9); though not statistically significantly
different (P=0.23). Conversely, injection drug use at end of, or post treatment was associated
with a significantly higher risk of reinfection (incidence rate (IR) 15.5/100 PY [95% CI 7.8—
31.1] versus IR 2.6/100PY [95% CI 0.6-10.3]; adjusted incidence rate ratio 7.86, p-value
0.0008). It is important to note that that median duration of injection drug use at enrollment
was shorter among those with reinfection compared to those without reinfection (2.8 years
versus 6.2 years). This is consistent with our prior understanding and knowledge of incident
HCV infection; that is, if PWID remain HCV uninfected after 5 years of injecting drugs,
they are unlikely to acquire HCV infection. Experience with injection drug use and engaging
in harm reduction practices may thus reduce both the risk of HCV infection and reinfection.

The other issue that the Martinello study highlights is the overlap of sexual and injection
drug use risk factors in increasing the risk of HCV reinfection. Traditionally, individuals at
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risk of reinfection have been grouped as HIV-infected MSM and PWID; however, there is
clearly a subset of HIV-infected men who use injection drugs and have sex with men.
Although the exact mode of HCV transmission among HIV-infected MSM is unknown, it
usually occurs in the setting of high risk practices such as unprotected, traumatic sex with
increased chances of blood contact. These high risk practices however also frequently occur
in the setting of recreational drug use, including injection drugs in the setting of chemsex
(the use of drugs to increase sexual disinhibition and arousal)(27). As such interventions
targeted at both safer sexual practices and safer drug use practices are indicated among HIV-
infected MSM.

Understanding and preventing HCV reinfection

Concerted efforts to eliminate HCV through treatment will require treatment of individuals
who are actively transmitting HCV to others and thereby replenishing or sustaining the
population of HCV-infected persons; successful and sustained HCV cure of such persons is
critical to the reduction of HCV prevalence. Although counterintuitive to some, a key marker
that the population of persons at risk for HCV transmission to others has been successfully
targeted for treatment is the occurrence of reinfection in the social network. While strategies
must be incorporated to minimize reinfections, the detection of reinfection in a treated
population should not be interpreted to be a programmatic failure but rather should be
considered in the larger context of the specific elimination effort. An individual’s risk of
HCV reinfection after treatment and cure should be considered as part of the initial
evaluation of every person for whom curative HCV treatment is considered. As with other
diseases such as sexually transmitted infections, this risk assessment should not deter HCV
treatment of these individuals. Rather, it should be used to tailor an appropriate strategy of
education, counselling and linkage to services which will help the individual to reduce his or
her risk of subsequent reinfection (Figure 1). Multipronged interventions combining harm
reduction and behavioral interventions will be most effective in reducing rates of HCV
reinfection (28). These interventions will vary based on specific behaviors and contributing
conditions (e.g., depression or alcohol use disorders) but at a minimum must include
education on the risk of reinfection including the practices which will increase risk, brief
evidence-based behavioral interventions and linkage to harm reduction services. Among
actively injecting PWID this will clearly require linkage to opioid substitution therapy
(OST) which has been shown to reduce injection frequency significantly (29, 30) and needle
and syringe programs (NSP) which aid adoption of safer injection practices through
provision of needles, syringes and other drug use paraphernalia (28). In all persons,
depression or untreated mental illness may also be an important contributor to risky
behaviors (20); concurrent screening for and treatment of mental illness should be strongly
considered at the time of HCV care engagement. Similarly, social conditions such as
homelessness may also enhance reinfection risk and should be assessed and addressed (29).
(Table 2).

Aside from individual factors, contextual factors should also be taken into account and
addressed. Drug use and high risk sexual practices and the attendant risk of HCV infection
and reinfection do not occur in isolation. Clusters of HCV infection have been identified
among networks of high risk HIV-infected MSM (31). Similarly, HCV clusters have been
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shown to overlap with reported injection relationships among PWID (32). Injection
partnerships and sharing of drug use paraphernalia have also been associated with HCV
reinfection (32). Collectively, these data support the notion that treatment of a group or
network of PWID concurrently may be the most effective strategy to reduce HCV disease
burden through cure and prevention of reinfection by reducing the reservoir of persons with
active hepatitis C viremia (community viral load) in the group. This notion is further
supported by recent mathematical modeling data based on observed HCV transmission
patterns among PWID in Australia, suggesting that a “treat your friends strategy” performed
better at reducing overall HCV burden than a random treatment strategy among PWID (33).
While awaiting empirical proof, this is an exciting concept and suggests that treatment of
PWID and their drug use partners simultaneously may reduce HCV reinfection in networks
of PWID.

Additionally the availability of an effective HCV vaccine will be critical for elimination
efforts not only to prevent initial infections but also reinfections (34). Efforts should
continue to develop such a vaccine because even if only partially effective, the combination
of a vaccine with available harm reduction measures may be enough to significantly reduce
the risk of HCV reinfection in higher risk individuals.

Lastly, a recognition that the HCV care continuum does not end with viral cure is critical,
surveillance for HCV reinfection in the oral DAA era needs to be expanded and become a
routine part of clinical care (Figure 1). In this regard, a simple clinical definition of HCV
reinfection would greatly ease the process for reinfection surveillance since comparison of
HCV variants by sequencing before and at the time of recurrent viremia (the gold standard
for detecting HCV reinfection) is often not feasible outside of very specialized research
settings. Defining reinfection in real world clinical practice is essential to monitoring for
reinfection; further, a uniform definition that can be applied across clinical studies of HCV
reinfection in the oral DAA era is essential to compare incidence rates and to evaluate the
effectiveness of risk reduction interventions.

Defining reinfection in the oral DAA era

HCYV reinfection after treatment induced clearance of the virus is suspected when an
individual has reoccurrence of viremia after HCV clearance. HCV clearance is believed to
have occurred when hepatitis C virus (most commonly through HCV RNA testing) is not
detectable at the lowest limit of detection after HCV treatment is completed. Evidence of
HCV clearance is often evaluated at the end of an HCV treatment course and then 12 weeks
after end of treatment. This testing conducted 12 weeks after end of treatment seeks to
assess for sustained virologic response (SVR 12) which by definition is achieved if blood
testing is negative for HCV RNA at this time point. On the basis of extensive follow-up
studies, SVR 12 is widely considered evidence of HCV viral eradication and considered to
be equivalent to virologic cure. However, some individuals will have reoccurrence of
viremia either between the end of treatment and the time point for assessment of SVR 12 or
after the time point for SVR 12. This may occur either due to viral relapse (in which the
HCYV persisted in the individual and remerged) or due to reinfection due to transmission of
HCV from another individual. Traditionally, the ascertainment of reinfection has depended
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on a switch in HCV genotype from the pretreatment to the post treatment virus or
phylogenetic analysis of the individuals HCV pretreatment and post- treatment virus to
assess for similarities in these viruses. In the oral DAA era, rates of virologic relapse after
the achievement of SVR12 are exceeding low. When virologic relapse occurs, it usually
occurs within the first 4 weeks after end of treatment (35). Most patients who achieve SVR
12 will go on to achieve SVR 24 and remain HCV RNA not detected for years (36). These
data provide the basis for a clinical diagnosis of probable HCV reinfection in the absence of
definitive virologic evidence which is difficult, if not impossible, to obtain in routine
practice. Probable reinfection can be defined as the detection of HCV viremia in persons
who achieved SVR12 following completion of treatment with an effective oral DAA
combination regimen with proven efficacy of 95% or greater who also have probable or
definite risk factors for reinfection. If available, a genotype switch in pretreatment and post-
treatment virus may also be considered clinical evidence of HCV reinfection (Figure 2).

Currently available data suggest low rates of HCV reinfection in the interferon era. While
data from small samples support low rates of HCV reinfection in the DAA era, there is a
need for data from larger real-world samples in the DAA era which describes both the rates
of reinfection and associated factors. This information should inform the development of
targeted interventions to reduce this risk of reinfection. HCV reinfection should be
minimized but not feared as we work towards HCV elimination. Rather reinfection should
be viewed as an indication of uptake of hepatitis C treatment in the populations most likely
to sustain ongoing HCV epidemics. HCV reinfections should be minimized by coupling
HCV treatment to harm reduction and well-designed targeted behavioral interventions.
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Figure 1.
HCV care continuum™*: Preserving the benefits of HCV cure

*PWID-People who inject drugs; NSP-Needle/syringe services program; OAT-Opioid
agonist treatment; Bl-behavioral intervention; MSM-Men who have sex with men; SBIRT-
Screening, brief intervention, referral for treatment as needed
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Figure 2.

Algorithm for defining HCV reinfection in clinical practice
A proposed clinical definition for HCV reinfection when the gold standard of phylogenetic
analysis of pre- and post-treatment HCV sequences are not available
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