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Chronic hepatitis C virus (HCV) infection has become a major threat to the survival of human immunodefi-
ciency virus (HIV)–infected persons in areas where antiretroviral therapy is available. In coinfection, viral
eradication has been difficult to attain, and HCV therapy is underused. Novel therapies may be particularly
beneficial for this population, yet studies lag behind those for HCV monoinfection. Increasingly, incident
HCV among HIV-infected men who have sex with men is associated with sexual risk behavior further
research should be performed to refine understanding of the causal mechanism of this association. The
phenomenon of aggressive hepatic fibrogenesis when HIV infection precedes HCV acquisition requires
longer-term observation to ensure optimal timing of HCV therapy. Medical management in coinfection will
be improved by enhancing HCV detection, with annual serologic testing, screening with HCV RNA to detect
acute infection, and HIV testing of HCV-infected individuals; by addressing HCV earlier in coinfected
persons; and by universal consideration for HCV therapy. HCV drug trials in individuals coinfected with
HIV should be expedited. HIV/HCV coinfection remains a growing and evolving epidemic; new develop-
ments in therapeutics and improved care models offer promise.

Hepatitis C virus (HCV) infection is often prevalent
among human immunodeficiency virus (HIV)–infected
populations, with one-third of HIV-infected Americans,
and 7 million worldwide being coinfected [1, 2]. Chronic
HCV infection is now the leading cause of death, after
AIDS-related complications, among HIV-infected indi-
viduals in areas where highly active antiretroviral therapy
(HAART) is available [3]. HIV coinfection exacerbates
HCV disease, increasing the likelihood of cirrhosis and
HCV-related mortality [4, 5]. The biologic basis for this is
incompletely understood but may be related to impaired

T-cell responses to HCV, to HIV’s effect on hepatic cells,
and to amplified microbial translocation promoting
hepatic fibrosis [6, 7]. Although achievement of sustained
virologic response (SVR) reduces the risk of liver-related
outcomes and deaths in coinfection [8], historically, HCV
therapy has been underused in this patient group [9].
New oral therapies offer promise. This review focuses on
emerging issues in HIV/HCV coinfection.

ACHANGING EPIDEMIOLOGY

The prevalence of HCV coinfection varies, depending
on the mode of HIV transmission. The most efficient
means of HCV transmission is percutaneous exposure
to blood, with transmission efficiency 10 times higher
for HCV than for HIV. The principal route of HCV
spread is injection drug use (IDU); HCV coinfection
rates often exceed 90% among HIV-infected individuals
who use injection drugs [10, 11]. Increasingly, incident
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HCV among HIV-infected men who have sex with men
(MSM) is associated with sexual risk behavior [12–16].

Over the past decade, reports from Europe, the United
States, and Australia described increasing detection of HCV
among HIV-infected MSM [17–19]. The majority of these
individuals had well-controlled HIV infection and did not
report IDU [20]. Incident HCV has also been detected among
HIV-uninfected men, although less commonly. The few cases
of HCV infection detected among HIV-uninfected MSM have
been generally among those who have engaged in high-risk
sexual activities with HIV-infected male partners [15, 20–22].

The reasons for the increased sexual transmission of HCV
appear to be complex (Figure 1). Epidemiologic studies have
identified HIV as an independent factor in HCV transmission
and acquisition since the earliest days of the HIV epidemic [23].
HIV-infected individuals are less likely to spontaneously clear
HCV, and their HCV RNA set point tends to be higher,
making them more infectious to their partners than HCV-
monoinfected individuals [24]. One study found that coin-
fected men were more likely than HIV-uninfected men to
shed HCV RNA in semen [25], although this was not substan-
tiated in other studies [26]. HIV-infected individuals may
have compromised gastrointestinal mucosal barriers and
may be more likely to have chronic inflammation, facilitating
HCV transmission. HIV-infected MSM who engage in

unprotected sex, often with partners who have the same HIV
serostatus (termed serosorting), may be at increased risk for
sexually transmitted diseases (STDs), which may upregulate
HCV in the genital tract [27]. Multiple studies of the
sexual transmission of HCV have found associations with
STDs [15, 17–19, 21, 28].

The increased detection of sexually transmitted HCV infec-
tion since 1996 coincides with the expanded availability of
HAART [29]. In addition to extending the lifespan of HIV-
infected individuals, HIV-infected persons may perceive un-
protected sex to be less risky for their partners because of
their virologic control [30]. Serosorting would tend to concen-
trate the HCV epidemic among HIV-infected individuals.
Over 50% of HIV-infected MSM in one San Francisco report
described serosorting activity [31], which was corroborated in
a United Kingdom study [32]. Serosorting has been associated
with increased bacterial STDs [33], which could increase sus-
ceptibility to HCV infection.

Specific sexual practices may facilitate HCV transmission.
In addition to unprotected anal intercourse, the manual inser-
tion of digits in the rectum, known as “fisting,” and other
traumatic sexual practices may potentiate the role of STDs in
HCV transmission [34]. Mucosal sexual trauma is frequently
associated with bleeding, impacting HCV transmission [35].
In some subpopulations of HIV-infected MSM, certain drugs,

Figure 1. Biobehavioral factors associated with increased hepatitis C virus transmission among HIV-infected men who have sex with men.
aDefined as the practice of engaging in unprotected sex with individuals who have the same human immunodeficiency virus serostatus.

S34 • CID 2012:55 (Suppl 1) • Taylor et al



such as crystal methamphetamine, may be nasally or rectally
administered. These drugs may enhance risk-taking behavior
and may select for a group of individuals who are likely to
engage in traumatic sexual practices [36, 37]. The use of these
drugs may result in behavioral disinhibition and a decreased
pain threshold, allowing sex to be longer and more intensive,
resulting in mucosal bleeding and inflammation. Studies from
the United States [38] and Germany [35] have identified the
important role of the use of methamphetamines and other
party drugs as predictors of HCV transmission. Exceedingly
low transmission rates among HCV-discordant monogamous
heterosexual couples followed prospectively over many years
have established that HCV is not readily spread via heterosex-
ual sexual transmission [39]. Supporting this is the fact that
HCV infection does not follow the same heterosexual sexual
transmission patterns as classic STDs, such as gonorrhea and
chlamydial infection. However, certain behaviors, such as anal
intercourse and group sex, could result in HCV transmission
among heterosexuals.

One cross-sectional study of prevalent HCV antibody found
that HIV-infected women were almost twice as likely as HIV-
uninfected women to acquire HCV (adjusted odds ratio, 1.9;
95% confidence interval, 1.2–2.9 [40]). Among women report-
ing no history of IDU, sex with a male drug injector was inde-
pendently associated with prevalent HCV antibody, suggesting
that HIV-infected women may be more susceptible than HIV-
uninfected women to sexually acquired HCV. It is possible that
these women engaged in unreported unprotected anal inter-
course associated with mucosal trauma and bleeding and that
HIV infection increased their susceptibility to HCV infection.
However, it is not feasible to designate sexual transmission as
the cause of HCV infection because data were not collected
about all blood exposures, such as sharing straws used to snort
drugs, and IDU could have been underreported [14, 41].

Questions remain regarding the precise role of HIV infec-
tion in HCV sexual transmission. Although factors associated
with sexually acquired HCV have been documented, further
research is required to refine understanding of the causal
mechanism of this association. It is important for clinicians to
create a supportive environment for coinfected and at-risk
patients so that questions regarding sexual risk behavior and
prevention can be discussed.

HEPATIC FIBROSIS PROGRESSION: DOES THE
ORDER OF HIVAND HCVACQUISITION MAKE A
DIFFERENCE?

One area of uncertainty is whether HCV-associated disease
progresses more rapidly when HCV is acquired after established
HIV infection, a factor that, once determined, may influence
decisions about the timing of HCV therapy. Immunologic

control of HCV infection may differ if HCV is acquired when
there is a preexisting defect in cellular immunity. For example,
accelerated fibrogenesis is observed among patients taking im-
munosuppressive medications following orthotopic transplan-
tation [42]. A study of serial liver biopsy specimens obtained
from HIV-infected men in New York who had sexually ac-
quired acute HCV infection demonstrated accelerated hepatic
fibrosis [19]. A European study that used transient elastography
to evaluate fibrosis progression after acute HCV infection
among HIV-infected MSM challenged these findings [43].
While high fibrosis progression rates were observed, the shorter
the period from the estimated time of acute HCV infection to
the elastography examination, the higher the calculated fibrosis
progression rate. Vogel et al [43] concluded that these rates are
influenced by brief follow-up periods and high inflammatory
activity in the acute phase of infection, which may not persist
when chronicity develops; linear progression estimated by rates
calculated during acute infection may be misleading. The
potential for aggressive hepatic fibrosis progression when HIV
infection precedes HCV acquisition requires longer-term obser-
vation to ensure optimal timing of HCV therapy.

MEDICAL MANAGEMENT OF HCV/HIV-
COINFECTED PATIENTS

Screening and Diagnosis
Lack of consensus about HCV screening in public health and
treatment guidelines may contribute to suboptimal screening
and late diagnosis in HIV-infected populations (Figure 2).
Screening should not be deferred because of absence of symp-
toms, signs, or elevated hepatic transaminase levels, as HCV is
often clinically silent until late stages, and transaminase levels
may not be significantly elevated to trigger screening. All
HIV-infected individuals should be screened for HCV with an
anti-HCV antibody test on entry into HIV care. Individuals
with a positive result of an anti-HCV antibody test should
undergo confirmatory HCV RNA testing by polymerase chain
reaction and have a second HCV RNA test performed 4–6
months later to diagnose chronic HCV infection and exclude
spontaneous clearance after acute infection [44].

Coinfected individuals with percutaneous exposure are usually
infected with HCV before HIV acquisition. This may be part of
the rationale for endorsing HCV antibody testing only at the
time of HIV diagnosis [45]. HCV-seronegative patients are not
routinely screened subsequently in many locales, although indi-
viduals may acquire HCV later in their HIV disease course [14].
Without routine rescreening, incident infections may be missed.
HCV serologic testing beyond entry into HIV care is often based
on assessment of risk behaviors. However, patients do not always
disclose HCV risk behaviors, and physicians are not always
aware of all HCV risks.
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Similar to many other screening tools used in HIV care, little
evidence is available to guide decisions about the periodicity of
HCV serologic rescreening. There is precedent for annual
routine screening of HIV-infected patients for common co-
occurring infections, such as syphilis and tuberculosis [46].

Although the optimal interval for routine HCV rescreening for
patients with a negative result of a past anti-HCV antibody test
has not been established, annual anti-HCV antibody rescreening
has been deemed the standard of care in diverse international
settings [47–50]. All HIV-infected, HCV antibody–negative

Figure 2. Hepatitis C virus (HCV) screening, HCV evaluation, and ongoing care in HIV/HCV coinfection. Information is adapted from [44]. aGenetic
variations in the gene encoding interleukin 28B, located on chromosome 19, strongly correlate with spontaneous and treatment-induced HCV clearance
in coinfection. Appendix B, Table 7 [44a]. Abbreviations: Ab, antibody; ALT, alanine aminotransferase; ANC, absolute neutrophil count; AP, alkaline
phosphatase; AST, aspartate aminotransferase; CPT, Child-Pugh-Turcotte; Cr, creatinine; ddI, didanosine; D4T, stavudine; EGD, esophagogastroduodeno-
scopy; HCC, hepatocellular carcinoma; HCT, hematocrit; Hg, hemoglobin; IL-28B, interleukin 28B; INR, international normalized ratio; MELD, model for
end-stage liver disease; PE, physical examination; PT, prothrombin time; RUQ, right upper quadrant.
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individuals should have access to ongoing HCV testing irrespec-
tive of their perceived risk, since many physicians are often too
busy or uncomfortable to discuss risks at each visit. Annual HCV
antibody testing may be considered a minimum standard, with
modifications based on a specific community and population.
For example, HIV-infected MSM for whom STDs have been di-
agnosed and HIV-infected individuals who are active injection
drug users should be screened for HCV every 3 months [48, 49].

For detection of acute HCV infection prior to seroconver-
sion, HCV antibody–negative individuals with new elevations
in transaminase levels or at recent risk for HCV infection
should undergo testing for HCV RNA. Commercial HCV
antibody tests measure prior exposure but do not detect rein-
fection. The incidence of reinfection after treatment of sexu-
ally acquired acute HCV infection in HIV-infected MSM in
Amsterdam was recently reported to be 15.2 cases per 100
person-years, with a cumulative incidence of 33% within 2
years [51]. Thus, for HCV antibody–positive patients attaining
SVR or spontaneous HCV clearance, annual HCV RNA
screening is indicated.

All HCV-infected persons should be screened for HIV in-
fection. Most of the US data on HIV testing among HCV-
infected individuals originates from the Veterans Health
Administration (VHA), the largest provider of HIV and HCV
care in the United States [52]. The VHA has recommended
HIV testing for all HCV-infected patients since 2003 [53]. In a
retrospective study of veterans with HCV infection who
underwent testing for HIV, 13.2% were found to have HIV
infection [54]. A missed diagnosis of HIV infection may lead
to misinformed treatment decisions and poorer outcomes for
both HIV and HCV infections because dual infection alters
management of both diseases.

Comprehensive HCV Care
While antiviral HCV therapies can eliminate virus, reduce
morbidity and mortality, and decrease potential for secondary
spread, use of these medications may be limited because of
contraindications, adverse events, exorbitant costs, and drug
interactions. Pharmacotherapy is not sufficient: other elements
of care include addressing alcohol misuse, hepatitis A virus/
hepatitis B virus (HBV) vaccination for susceptible individ-
uals, management of hepatic steatosis, control of HIV infec-
tion, and attention to drug-induced liver injury.

While coinfection heightens the risk of HAART-related he-
patotoxicity, some data suggest that fibrosis progression is
slower in patients receiving HAART and that the benefits of
HAART far outweigh its risk [55]. When sequencing HIV and
HCV treatment, usually, HAART should precede HCV treat-
ment, to decrease HIV-related morbidity and mortality and
decrease HIV transmission [56]. Although a specific CD4+ cell
count threshold for treating HCV with interferon-based

therapy has not been established, most safety and efficacy data
are based on observations of persons with CD4+ cell counts
>200 cells/μL. Patients with portal hypertension may have
splenic sequestration of CD4+ cells, resulting in low absolute
CD4+ cell counts and higher CD4+ cell percentages, despite
HIV RNA suppression [57]. HIV-infected drug users, who are
at-risk for HCV coinfection, are less likely to be offered
HAART, and initiate HAART at lower CD4+ cell counts than
other subpopulations [58]. Although having lower nadir CD4+

cell counts may limit clinical responses, no data support with-
holding HCV treatment at any CD4+ cell level. Ideally, prior
to initiating HCV therapy, HIV disease should be clinically
stable. Treatments for HCV and HIV should not be started
simultaneously, so that patients can adjust to each regimen
sequentially. There are insufficient data to answer the question
of whether successful virologic response to HAART improves
the likelihood of SVR.

Antiretroviral drug-induced liver injury requires attention
in coinfection. Didanosine and stavudine should be avoided as
they may induce mitochondrial toxicity and microvesicular
steatosis. Additionally, didanosine has been associated with
noncirrhotic portal hypertension [59]. Didanosine and stavu-
dine are no longer recommended as components of an antire-
troviral regimen, even in resource-limited settings [60].
Coinfection may increase the risk of hepatotoxicity due to
tipranavir or nevirapine.

Patients with cirrhosis require particular care. Hepatocellular
carcinoma (HCC) incidence is rising among HIV-infected indi-
viduals, driven by chronic HCV and HBV infection, alcohol use,
and tobacco use, warranting biannual ultrasonography [61, 62].
Swiss researchers recently found that HCC was the most
common non-AIDS malignancy (12.7%) [63]. Nevertheless,
many HIV-infected individuals are not being screened for
HCC despite the survival benefit seen with screening [64].

HCV Treatment
HCV treatment decisions in coinfection are complex, with
many factors to consider for each individual, including the
status of HIV disease, the stage of hepatic fibrosis, the likelihood
of SVR, the potential risks of therapy, and comorbidities. Devel-
opment of direct-acting antivirals (DAAs) will lead to a major
shift in HCV clinical management, particularly with the poten-
tial for interferon-free combination therapy, and higher cure
rates. Overall, the urgency for treatment in coinfection is greater
than in HCV monoinfection, and coinfected patients have less
access to liver transplantation [44]. Thus all coinfected individ-
uals should be considered for HCV treatment [44].

Studies of DAAs for coinfected patients are lagging behind
those for patients with HCV monoinfection [65]. Therefore, a
new standard of care is not yet ready to supplant pegylated
interferon alpha plus ribavirin (PegIFN/RBV). PegIFN/RBV is
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effective in coinfection, although lower SVR rates than for
HCV monoinfection have been reported [66, 67]. SVR rates
among individuals coinfected with HCV genotype 1 have
been dismal, ranging from 14% to 38% [66, 67].

The same pegIFN/RBV regimen should be used in coinfec-
tion and HCV monoinfection, with some notable differences.
Weight-based RBV (1000 mg if <75 kg, 1200 mg if ≥75 kg,
administered twice daily) is recommended irrespective of gen-
otype [44, 68].

The planned duration of HCV treatment had been 48
weeks, independent of genotype; however, response-guided
therapy based on on-treatment response and genotype is sup-
ported by a growing body of evidence [69]. For example, for
patients infected with HCV genotype 2 or 3 with undetectable
HCV RNA at week 4, some experts propose terminating
treatment at week 24 [68, 70]. Certain antiretroviral agents are
contraindicated with pegIFN/RBV. Lactic acidosis may
develop with concomitant didanosine or stavudine therapy.

Zidovudine should be avoided because its use may potentiate
treatment-mediated anemia.

Coinfected patients who decline HCV therapy or for whom
relative contraindications exist need formal re-evaluation at
least annually [44]. Between visits, comorbid disease should be
treated to permit HCV therapy commencement. Following
SVR, patients require continued monitoring, at least annually,
for reinfection, follow-up of steatosis, and care of advanced
fibrosis [71].

Improving Treatment Delivery
Coinfection is distinguished by many social and medical needs,
stigma, and numerous individual and system-level problems
with access (Figure 3). Challenges beyond those of HCV mono-
infection include HIV/AIDS, the need for HAART, and poly-
pharmacy. HIV infection increases the prevalence and severity
of comorbidities (eg, accelerated atherosclerosis), which may
pose contraindications to HCV treatment. Compared with

Figure 3. Modifiable barriers and facilitators of treatment for hepatitis C virus (HCV) infection in individuals coinfected with human immunodeficiency
virus (HIV) and HCV. Abbreviations: HCV, hepatitis C virus; HIV, human immunodeficiency virus; SVR, sustained virologic response.
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HCV and HIV monoinfection, coinfection is associated with
more severe psychiatric illness, ongoing drug use, poverty,
homelessness, and incarceration [72]. Rates of health care use
and disability are 70% greater in coinfection than in HCV
monoinfection [73].

Overcoming these barriers requires improved recognition
among patients and physicians of the importance of HCV in
coinfection and the benefits of treatment. Whether gastroenter-
ologists, infectious disease specialists, or HIV primary care clin-
icians are responsible for HCV care of coinfected patients
depends on local resources and knowledge. Coinfection care

benefits from integrated, coordinated, multidisciplinary medical
strategies; addiction treatment; social support; and treatment of
coexisting medical and psychiatric conditions [74, 75].

DAAs IN COINFECTION

Many coinfected persons will require HCV treatment in the
next few years, before effective, tolerable, and convenient oral
DAA combinations are available. HCV therapeutic advances
are slow to reach coinfected patients, despite great need.
Although final SVR data from coinfected patients were not

Table 1. Antiretroviral Agents and Hepatitis C Virus (HCV) Protease Inhibitors (PIs)

Antiretroviral Agents

HCV PI Evaluated in Clinical Trials
Coadministration Not

Recommended Prescribing Information

BOC Tenofovir/emtricitabine or tenofovir/
lamivudine, plus atazanavir/ritonavir or
raltegravir

Efavirenz BOC concentrations decreased with ritonavir,
darunavir /ritonavir, and lopinavir/ritonavir.

AIDS Clinical Trials Group 5294 may
permit use of additional antiretroviral
agents.

BOC decreased concentrations of ritonavir,
atazanavir/ritonavir, darunavir/ritonavir, and
lopinavir/ritonavir. These medications can lose
effectiveness when coadministered; close
monitoring is recommended.

Plasma trough concentrations of BOC were
decreased when BOC was coadministered
with efavirenz, indicating a possible loss of
therapeutic effect; avoid combination.

TEL Tenofovir/emtricitabine or tenofovir/
lamivudine, plus atazanavir/ritonavir;
coadministration with efavirenz is
possible with a higher dose of TEL
(1125 mg 3 times daily)

Darunavir/ritonavir,
fosamprenavir/ritonavir,
and lopinavir/ritonavir

Concomitant administration of TEL and
atazanavir/ritonavir resulted in reduced steady-
state TEL exposure, while steady-state
atazanavir exposure was increased.

Coadministration of TEL and raltegravir
increases raltegravir exposure by 31%,
but dose adjustment not necessary.

Concomitant administration of TEL and darunavir/
ritonavir resulted in reduced steady-state
exposures to TEL and darunavir.
Coadministration is not recommended.

Concomitant administration of TEL and
fosamprenavir/ritonavir resulted in reduced
steady-state exposures to TEL and amprenavir.
Coadministration is not recommended.

Concomitant administration of TEL and lopinavir/
ritonavir resulted in reduced steady-state TEL
exposure, while the steady-state exposure to
lopinavir was not affected. Coadministration is
not recommended.

Concomitant administration of TEL and efavirenz
resulted in reduced steady-state exposures to
TEL and efavirenz.

Concomitant administration of TEL and tenofovir
resulted in increased tenofovir exposure.
Increased clinical and laboratory monitoring are
warranted. Tenofovir should be discontinued
for patients who develop tenofovir-associated
toxicities.

Data are from [77–84].

Abbreviations: BOC, boceprevir; TEL, telaprevir.

Telaprevir: INCIVEK, Vertex, Cambridge, MA, March 2012.

Boceprevir: VICTRELIS, Merck, Whitehouse Station, NJ, May 2011.
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available as of early 2012, it is assumed that adding an HCV
protease inhibitor to pegIFN/RBV will significantly increase
treatment efficacy [65]. Indeed, 12 weeks after completion of
treatment (SVR-12), 74% of coinfected people who received a
telaprevir-based regimen and 60% of people who received a bo-
ceprevir-based regimen maintained an undetectable HCV RNA
level, which is highly predictive of SVR-24. Safety profiles were
similar to that for treatment of HCV monoinfection [76, 77].

Boceprevir and telaprevir are substrates and inhibitors of
CYP 3A4. Drug-drug interactions between boceprevir and tel-
aprevir and both antiretrovirals (Table 1) and other commonly
used medications may limit their use in coinfected patients,
who are more likely to require polypharmacy for management
of comorbidities and may have multidrug-resistant virus, with
few HIV treatment options [78]. Adherence may be difficult,
since boceprevir-based and telaprevir-based regimens are de-
manding and inconvenient. The pill burden is significant: 6–9
tablets of telaprevir (a higher dose is needed when used with
efavirenz), or 12 boceprevir capsules, plus twice-daily weight-
based RBV, weekly pegIFN injections, and HAART. Bocepre-
vir and telaprevir must be taken at 7–9-hour intervals,
accompanied by food; in particular, telaprevir requires a meal
containing at least 20 grams of fat. Food requirements are
likely to be challenging, given the range of gastrointestinal
side effects associated with HCV treatment and specific food
requirements of certain antiretrovirals.

FUTURE DIRECTIONS

The benefits of therapeutic advances will be limited for HIV/
HCV-coinfected individuals until HCV care is enhanced on a
large scale. Now is the time to rethink the HCV treatment
standard. Previously, clinicians often waited until HIV infec-
tion, addiction, psychiatric illness, and other comorbidities
were stabilized before considering treatment for HCV infec-
tion. The paradigm must shift so that both HCV and HIV in-
fection are addressed soon after diagnosis. Adding annual
HCV antibody testing to the US Federal Ryan White Program
would permit earlier identification of undiagnosed HCV infec-
tion and create an instant widespread surveillance system, pro-
viding HCV incidence data.

In turn, HCV drug trials should be expedited for HIV/
HCV-coinfected persons. Drug-drug interaction studies with
antiretrovirals commonly used by treatment-naive and treat-
ment-experienced HIV-infected patients should be performed
as soon as possible, to facilitate early access trials and eventual
use of DAA combinations in coinfection. Development of
DAAs and combinations that are unlikely to interact with
antiretrovirals, methadone, buprenorphine, psychotropics, and
other commonly used medications should be prioritized to
optimize treatment of coinfected persons. HIV/HCV

coinfection remains a growing and evolving epidemic, but
new developments in therapeutics and improved care models
offer great promise.
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