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Infection with hepatitis C virus (HCV) is estimated to affect
2% of the world population (90) and is a leading cause of
liver-related morbidity and mortality. Human immunodefi-
ciency virus (HIV) is also a very important global public health
problem, infecting about 33 million people worldwide (129).
As the transmission routes are shared by both infections, coin-
fection is not uncommon. In this review, we discuss the mag-
nitude of the problem, the effect of infection with one virus on
the transmission and natural history of the other, and the
treatment issues unique to coinfected patients.

EPIDEMIOLOGY

The reported prevalence of HIV/HCV coinfection varies
significantly among studies. Although HIV and HCV are both
transmitted through parenteral, sexual, and vertical exposure,
they differ in the transmission efficiencies of these routes. Thus,
the risk factors of the population under study directly influence
the prevalence in that particular population. Parenteral expo-
sure modes such as intravenous drug use (IVDU) or multiple
transfusions have been consistently found to be the most im-
portant risk factors for coinfection (121). In HIV-positive pa-
tients with a history of IVDU, the rate of HCV infection is
reported to be 82 to 93% (61, 76, 113). On the other hand,
sexual transmission of HCV is relatively inefficient, and the
rate of coinfection among HIV-infected patients with a sexual
risk factor is less than 10% (61). Men who have sex with men
do not seem to have an overall-increased risk for coinfection
(21, 61, 121), although epidemics of acute HCV have been
described for HIV-infected men who have sex with men with
high-risk behaviors (33). The overall burden of coinfection is
estimated at 4 to 5 million people worldwide (2).

Apart from the shared routes of transmission, infection with
HIV, when present in either HCV-transmitting or HCV-ex-
posed patients, can have a direct effect on the risk of transmis-
sion of HCV. HIV-infected patients exposed to HCV are less
likely to clear the acute infection (odds ratio, 0.46) (123). This
scenario seems to be especially relevant to transmission via
IVDU (110). On the other hand, coinfected individuals are
more likely to transmit HCV. The rate of vertical transmission

of HCV is increased about threefold for coinfected mothers
(95) compared to that for HCV-monoinfected ones; this effect
may be limited to women with low HCV RNA levels (�106

IU/ml) (69). Percutaneous exposure of health care workers to
blood from coinfected patients was also shown to increase the
risk of acquiring HCV (35). Although coinfected individuals
have been shown to have a higher prevalence of HCV RNA in
cervicovaginal secretions (85) and semen (25), sexual transmis-
sion of HCV is still rare, even to partners of coinfected patients
(68).

EFFECT OF HIV/HCV COINFECTION ON THE
NATURAL HISTORY OF HCV

Coinfection with HIV has a significant impact on the life
cycle of HCV and on the natural history of HCV infection. A
retrospective study of stored sera from multitransfused hemo-
philiac patients (42) and a similar study of IVDUs (15) dem-
onstrated a significant increase in HCV RNA levels in serum
after HIV seroconversion. This increase in HCV RNA levels in
coinfected patients was consistently documented in other se-
ries as well (108, 124). Similar findings were reported for HCV
RNA in the liver (22). This effect could be related to the
acquired immunodeficiency (see below) or to a direct interac-
tion between the viruses. In vitro, HIV was shown to increase
the replication of HCV or subgenomic replicons in tissue cul-
ture. This observed increase was mediated through the inter-
action of HIV gp120 with CCR5/CXCR4 and is dependent on
transforming growth factor �1 (63). Interestingly, following
initiation of highly active antiretroviral therapy (HAART),
coinfected individuals actually show a paradoxical small in-
crease in serum levels of HCV RNA (23, 32), suggesting that
immune suppression and the direct effect of HIV are not the
only factors involved. It should be noted that in monoinfected
patients, HCV RNA levels are not associated with disease
severity, and thus it is unclear whether this biological phenom-
enon has any clinical significance.

The major impact of HIV/HCV coinfection on the natural
history of HCV is the acceleration of liver disease progression.
Coinfection is associated with a higher mortality than monoin-
fection with either virus alone. Prior to the HAART era, the
high mortality from AIDS-related causes predominated and
masked any other causes for mortality. However, as effective
therapy for HIV became available and AIDS-related mortality
declined, liver-associated mortality emerged as a prominent
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cause of death in HIV-infected patients, especially in those
with coinfections. This clinical phenomenon was highlighted by
the GERMIVIC (Groupe d’Etudes et de Recherche de Mé-
decine Interne et de Maladies Infectieuses sur le Virus de
l’Hépatite C) study from France, which surveyed hospital ad-
missions and mortality of HIV patients nationwide over several
time periods (26, 101, 102). In the 1995 and 1997 surveys,
relative mortality rates from liver disease were low at 1.5% to
6.6% (absolute mortality rate, 0.12% to 0.13%) (26); in the
subsequent surveys of 2001 (102), 2003 (101), and 2005 (103),
AIDS-related mortality markedly decreased, reflecting the ef-
ficacy of HAART. Relative liver-associated mortality, how-
ever, increased to 14.3%, 12.6%, and 16.7%, respectively, to
become the second-most-frequent cause of death, with virtu-
ally all cases of death from liver causes occurring in patients
coinfected with HCV. Similar findings were seen in the large,
prospective D:A:D (Data Collection on Adverse Events of
Anti-HIV Drugs) trial (134), in which liver disease was second
only to AIDS as a cause of mortality (14.5% of all deaths) and
most liver-related deaths occurred in HCV-coinfected pa-
tients. Low CD4� counts and high levels of HIV were associ-
ated with increased liver mortality. These findings were cor-
roborated by other groups as well (6, 19, 104). It is unclear
whether this increase in liver mortality is affected by the im-
provement in immune function following HAART. Some stud-
ies suggest that HAART actually decreases liver-related mor-
tality (97) and that increased levels of CD4� cells after
treatment are associated with improved liver survival (93).
However, in most HAART-era studies, CD4� cell count, ei-
ther on-treatment or at baseline (78), did not affect the liver-
associated mortality of coinfected patients. Excessive con-
sumption of alcohol appears to be a cofactor that increases
mortality from liver disease in coinfected patients (101, 104).

Most cases of liver-associated mortality in coinfected pa-
tients are due to end-stage liver disease or hepatocellular car-
cinoma (105). Thus, the increased mortality of coinfected pa-
tients over that of HCV-monoinfected ones reflects
accelerated progression of chronic liver disease. Several stud-
ies (for examples, see references 37, 70, and 94) demonstrated
that in HCV/HIV-coinfected patients, the degree of inflamma-
tion in the liver and the rate of fibrosis progression are higher
than those in HCV-monoinfected patients. Moreover, liver
biopsies have shown that coinfected patients with recent-onset
or acute hepatitis C can already have significant fibrosis (45).
Recently, a meta-analysis (122) of 27 studies with �7,500 pa-
tients clearly demonstrated that coinfected patients are more
likely to have cirrhosis, with a relative risk of 2.1 for coinfected
patients compared to that for monoinfected ones. The relative
risk for cirrhosis was lower for patients treated with HAART
(1.72 versus 2.49), but the difference was not statistically sig-
nificant. This lack of difference may be related to the specific
HAART regimen. Treatment of HIV with nonnucleoside re-
verse transcriptase inhibitors, especially nevirapine, but not
protease inhibitors, was associated with decreased progression
of hepatic fibrosis (17). In the meta-analysis, the incidences of
cirrhosis in coinfected patients after 20 and 30 years was esti-
mated at 21% and 49%, respectively. Compared directly to
HCV-monoinfected patients, coinfected patients seemed to
develop cirrhosis 12 years earlier (16). It is unclear whether the
CD4� count is associated with liver disease progression. Var-

ious studies have reached different conclusions, while a meta-
analysis found no significant association between CD4� counts
and the presence of cirrhosis or rates of fibrosis progression
(122).

EFFECT OF HCV COINFECTION ON
HIV-ASSOCIATED DISEASE

HCV does not seem to have a major impact on the natural
history of HIV infection. In studies before the HAART era,
HCV coinfection had no effect on HIV progression (40). In the
HAART era, Greub et al. (48) first reported that in a cohort of
3,111 Swiss patients starting HAART, HCV seropositivity was
associated with a higher risk of death or developing an AIDS-
related illness. However, this finding may have been con-
founded by other factors, as two large American series encom-
passing more than 12,000 patients (118, 119) failed to confirm
such an effect. It is unclear whether HIV/HCV coinfection is
associated with impaired CD4� cell recovery following
HAART initiation. Individual studies reported conflicting re-
sults, while a meta-analysis (72) found only a modest effect: the
increase in CD4� cells was 33 cells/mm3 less in coinfected
patients. Small studies suggested a unique genotype effect:
genotype 3 seemed to be associated with HIV progression
(based on a comparison of late progressors to nonprogressors)
(80) and with slower recovery of CD4� cells (3).

MECHANISMS OF HIV-HCV INTERACTION

What could be the mechanism of increased HCV replication
and accelerated fibrosis leading to liver mortality in HIV/
HCV-coinfected patients? Potential explanations are the gen-
eralized immune suppression resulting from the loss of CD4�

T cells, an intrahepatic interaction between the viruses or their
gene products (on hepatocytes or other hepatic cells), and an
indirect effect on the liver secondary to HIV infection of other
organs (Fig. 1).

HIV-induced immune suppression may be a major factor.
T-cell responses against HCV play an essential role in prevent-
ing progression from acute infection to chronicity (98). In
HIV-infected patients that develop acute hepatitis C, HCV-
specific T-cell responses are markedly diminished (34), a find-
ing consistent with a higher rate of progression to chronicity in
these patients (123). In chronic hepatitis C, T-cell responses
are generally weak, coinfected patients appear to have even
weaker CD4� and CD8� responses (29, 50), and these re-
sponses are not restored, even after CD4� cell counts recover
in response to HAART (41). Furthermore, there is evidence of
decreased genetic diversity of HCV in HIV/HCV coinfection
compared to that in monoinfection suggestive of reduced im-
mune selective pressure (65, 111), though this finding is con-
troversial (83, 107, 120). Following initiation of HAART, the
genetic diversity of HCV was shown to increase (111), at least
in some genomic regions (20). This increase in diversity seems
to reflect an increased selective pressure, requires time to
develop (7), and is seen mostly in patients with virological and
CD4� T-cell responses to HAART (112, 133).

Differences in cytokine expression and a relative decrease in
the number of CD4� T cells in the livers of HIV/HCV-coin-
fected patients (27) may also play a role. The importance of
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T-cell depletion in promoting accelerated progression of hep-
atitis C is not unique to HIV coinfection. Experimental deple-
tion of CD4� T cells in chimpanzees was associated with per-
sistence of viremia after reinfection with HCV (47), similar to
what has been observed with coinfected patients (56). In a
different setting of immune suppression, recurrence of chronic
hepatitis C after liver transplantation (for monoinfection) is
accelerated compared to that in patients who have not received
transplants. A significant risk factor is the use of steroid bo-
luses (18) or lymphocyte-depleting agents (100) to treat acute

rejections. Thus, the loss of CD4� T cells is likely to play a
major role in disease progression.

Nonetheless, these immune-related mechanisms do not fully
explain the faster progression of liver fibrosis. The liver injury
in coinfection could also occur independently of the immune
suppression as a result of the combined effect of the two
viruses on hepatocytes. Whether HIV can directly infect hepa-
tocytes is unclear. Human hepatocytes express CXCR4 and
CCR5 but do not express CD4, and thus infection is not likely.
Xiao et al. (136) isolated a CD4-independent HIV strain from

FIG. 1. Mechanism of HCV-HIV interaction. HIV does not infect hepatocytes but can influence the outcome of HCV infection through
infection of CD4� T cells and the effects of gp120 protein on hepatocytes and other immune cells via its interaction with chemokine receptors.
HIV infection of gut-associated lymphoid tissue leads to increased LPS uptake, resulting in HSC activation and increased fibrosis. Possible HIV
infection of HSCs can also lead to HSC activation. The effects of HCV on immune cells may affect the outcome of HIV infection. DC, dendritic
cell; MHC, major histocompatibility complex. Dashed arrows represent the effect of viral envelope proteins or possible infection; solid arrows
represent productive infection.
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a patient and demonstrated in vitro infection of hepatoma cell
lines and primary hepatocytes through CXCR4 and replication
in them, possibly explaining early, uncorroborated reports of
the detection of low levels of HIV in hepatocytes (28). Re-
cently, Ma et al. (66) reported that a human hepatoma cell
line, Huh-7.5, constitutively infected with the JFH-1 strain of
HCV, expresses CD4 and can be infected by CXCR4- and
CCR5-tropic HIV strains. Interestingly, HCV core antigen lev-
els were increased in coinfected cells, consistent with the find-
ing in vivo of a higher level of viremia. Despite these two
interesting studies, convincing evidence of HIV/HCV coinfec-
tion of hepatocytes in vivo or even HIV monoinfection of
hepatocytes remains to be proven and may not play a major
role in the pathogenesis of disease progression. Even in the
absence of hepatocyte coinfection, these cells are exposed to
the effects of circulating viral proteins. The HIV envelope
protein gp120 induces apoptosis of hepatocytes through
CXCR4 G-protein-mediated signaling (131), and as men-
tioned previously (63), can also induce the expression of trans-
forming growth factor �1, which is known to be profibrotic.
Furthermore, in vitro exposure of hepatocytes to HCV E2
protein concomitantly with gp120 protein was shown to induce
apoptosis via STAT1 phosphorylation and Fas ligand upregu-
lation in a CXCR4-independent manner (9, 81).

HIV infection of liver cells other than hepatocytes may also
play a role in the progression of disease in coinfected patients.
Like other macrophages, Kupffer cells can be infected with
HIV (53, 54), although monoinfection with HIV is not associ-
ated with significant liver pathology (62). In HIV/HCV coin-
fection, on the other hand, it has been postulated that the
HIV-infected Kupffer cells shift to a Th2 cytokine response, in
turn influencing the hepatic stellate cells (HSCs), the major
mediators of collagen deposition and fibrogenesis in the liver
(4). Modulation of the antigen-presenting function of the
Kupffer cells by HIV in HCV coinfection may also play a role
in the progression of liver damage. Hepatic sinusoidal endo-
thelial cells express CD4 and can be infected in vitro with HIV
(116). Finally, HSCs themselves may be a target of HIV. In a
preliminary study, Tuyama et al. (128) demonstrated the ability
of HIV to infect and replicate in HSCs in vitro. HIV infection
of the cells, or even exposure to gp120, led to an induction in
collagen synthesis. Whether this finding is relevant to the pro-
gression of fibrosis in coinfected patients is difficult to deter-
mine. The current limitations of robust tissue culture models
for HCV and the distinct cell-specific and species-specific tro-
pism of the two viruses limit the ability to study their interac-
tion.

One other potential explanation for disease progression may
involve the gut-liver axis. During primary HIV infection, there
is a significant depletion of CD4� T cells from gut-associated
lymphoid tissue, a depletion that persists into chronic infection
(49) and is associated with increased gut permeability and
microbial translocation (reflected by increased lipopolysaccha-
ride [LPS] levels), causing a systemic immune activation (24).
Gut permeability and LPS-induced Kupffer cell activation are
associated with liver injury in several conditions, including
alcoholic liver disease, celiac sprue, gut graft-versus-host dis-
ease, and inflammatory bowel disease. Upon repeated expo-
sure to LPS (as well as to other ligands of Toll-like receptors),
monocytes and macrophages develop tolerance that limits

their immune activation. In chronic hepatitis C, this tolerance
to LPS is lost in peripheral monocytes and possibly in Kupffer
cells due to the combined effects of gamma interferon, endo-
toxin, and HCV core protein (39). This finding may explain the
correlation between progression of liver disease and increased
LPS levels (8) that has been reported for patients with HIV/
HCV coinfection.

Several abnormalities of the lymphoid system in patients
with chronic hepatitis C have been described. Many HCV-
infected patients exhibit evidence of polyclonal proliferation of
B cells with autoantibody production, which can lead to the
clinical syndromes of HCV-associated autoimmune disorders,
mixed cryoglobulinemia, and non-Hodgkin’s lymphoma (44).
The mechanism of B-cell activation by HCV is not entirely
clear; the interaction of HCV E2 glycoprotein with CD81 has
been shown to lead to nonspecific B-cell activation (99). Fur-
thermore, HCV has been shown to infect and replicate in B
cells, T cells, and monocytes, though the evidence is not com-
pelling and the clinical significance of this finding is unclear
(91). Dendritic cell dysfunctions have been reported in HCV-
infected patients, but this finding is controversial (1, 38, 75).
HCV has also been implicated in inhibiting NK cell function by
an interaction of E2 and CD81 (127). In addition to affecting
the functions of T cells, HIV alters the functions and pheno-
types of dendritic (92) and NK cells (43), both of which play
important roles in innate and adaptive immunity and likely
contribute to the diminished HCV-specific immune response
in coinfected individuals. The interplay between HCV and the
lymphoid system could theoretically affect, or be affected by,
coinfection with HIV. More research is needed to clarify this
issue.

Potential mechanisms of the effects of coinfection may be
learned from patients coinfected with HIV and GB virus C
(GBV-C), a flavivirus closely related to HCV (reviewed in
reference 55). In studies before the HAART era, GBV-C
coinfection was reported to be associated with lower levels of
HIV and better survival rates, although this finding was not
shared by all studies. Similarly, some, but not all, studies dem-
onstrate better response to HAART in coinfected patients.
One putative mechanism is the binding of the GBV-C enve-
lope protein to CD81 (an important coreceptor for HCV in-
fection) on lymphocytes, resulting in downregulation of CCR5
(82) and decreased HIV replication (135).

TREATMENT OF HCV IN COINFECTED PATIENTS

The decreased mortality of HIV-infected patients from
AIDS following the widespread use of HAART emerged con-
comitantly with the availability of improved treatment for
chronic hepatitis C. These major advances, along with the
evidence for increased liver mortality in HCV/HIV-coinfected
patients, prompted initiation of treatment trials for these pa-
tients.

The current treatment for chronic hepatitis C in monoin-
fected patients is based on the administration of pegylated
interferon and ribavirin for 24 to 48 weeks, depending on the
genotype, with a sustained virological response (SVR) rate of
approximately 50% (46, 67). Three large randomized con-
trolled trials, the APRICOT (AIDS Pegasys Ribavirin Inter-
national Coinfection Trial) (125), RIBAVIC (30), and ACTG
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(AIDS Clinical Trial Group) A5071 (31) trials, compared the
use of peginterferon with ribavirin to standard interferon with
ribavirin in coinfected patients. All three trials demonstrated
the feasibility of treating hepatitis C in HIV/HCV-coinfected
individuals and the superiority of peginterferon- to standard
interferon-based regimens. SVR rates were 14 to 29% in pa-
tients with HCV genotype 1 and 44 to 73% in patients with
genotype 2 or 3. These rates are generally inferior to published
SVR rates in monoinfected patients, but the dose of ribavirin
that was used in these three trials was lower than that com-
monly prescribed for monoinfection. In a study where the full
doses were prescribed, response rates still seemed to be lower
(60).

The kinetics of serum HCV level changes during interferon-
based treatment have been extensively studied and modeled.
The parameters derived from the mathematical model are
thought to reflect the effectiveness of interferon, the rate of
elimination of infected cells, and the rate of clearance of free
virions (84). In coinfected patients, the first-phase decline (rep-
resenting effectiveness) and the second-phase slope (loss of
infected cells) were similar to those of monoinfected patients
(109), but clearance of free virions was slower. Coinfected
patients became HCV RNA negative later during treatment,
mainly due to higher baseline levels of the virus. The dynamics
of virological response have been used to guide the duration of
treatment for monoinfected patients (51). Similarly, studies of
coinfected patients showed that an early virological response
(HCV RNA negative or a �2 log decrease from baseline at
week 12) predicts a SVR (89, 106). As with monoinfection, a
SVR is associated with nonprogression (14) of, or even im-
provement (64) in, liver histology, and over long-term follow-
up, significantly reduces the occurrence of hepatic decompen-
sation or hepatocellular carcinoma (114). Furthermore,
treatment of HCV in coinfected patients was shown to be cost
effective (52).

Although antiviral therapy for HCV is effective in coinfected
patients, it is also associated with an increased risk for com-
plications. The interaction of ribavirin, a purine analogue, with
other nucleoside reverse transcriptase inhibitors can lead to
the development of symptomatic mitochondrial toxicity (59)
and mortality. This syndrome is seen mostly in patients treated
with didanosine (ddI) (10) and can resolve when ddI is discon-
tinued. Hepatic decompensation is another potential compli-
cation of interferon and ribavirin treatment in coinfected pa-
tients. Although relatively rare (1.5 to 2%), it is associated with
a high rate of mortality, to which preexisting cirrhosis, hyper-
bilirubinemia, and the use of ddI are contributing risk factors
(11, 71). In fact, in a series of patients on ddI treated with
interferon and ribavirin, 57% developed adverse reactions and
10% died (79). Thus, appropriate selection of treatment can-
didates is important. In a trial which excluded cirrhotic patients
and did not allow the use of ddI, the rate of mitochondrial
toxicity was less than 1% and no hepatic decompensation oc-
curred (115). Interestingly, ribavirin appears to have a syner-
gistic effect with ddI on the inhibition of HIV replication in
vitro, perhaps through the inhibition of IMP dehydrogenase,
which increases ddI phosphorylation (57). Ribavirin can inter-
act with other antiretrovirals as well. In vitro, ribavirin antag-
onizes the effect of zidovudine (AZT) on HIV replication
(132), while AZT use in patients receiving peginterferon and

ribavirin is associated with a higher rate of anemia (13, 74, 87).
When abacavir is used as the nucleoside reverse transcriptase
inhibitor backbone of antiretroviral therapy, response rates to
HCV treatment with peginterferon and ribavirin seem to be
lower, though the mechanism is unknown (12, 73, 130).

HAART HEPATOTOXICITY

Reports of hepatotoxicity emerged soon after the advent of
HAART. In a large number of series (for examples, see ref-
erences 36 and 77), coinfection with HCV was persistently
shown to be associated with an increased risk of HAART
hepatotoxicity. Studies are heterogenous with respect to the
relative prevalences of coinfected patients, HAART regimens,
and definitions of hepatotoxicity. However, it is clear that most
cases of enzyme elevation are not associated with clinical
symptoms, resolve when treatment is modified, and may even
improve when HAART is continued unchanged (36). How-
ever, serious complications can occur; in a large prospective
study of 755 Italian patients (96), severe toxicity (defined as an
alanine aminotransferase level greater than 10 times the upper
limit of the norm or 5 times the baseline level if markedly
abnormal) was seen in 26 patients (4.2 per 100 person years),
all of whom had HCV infections. Seven of these 26 patients
developed liver failure and died as a consequence.

The mechanisms of HAART hepatotoxicity (reviewed in
reference 86) do not seem to differ between HIV monoinfec-
tion and HIV/HCV coinfection apart from the potential for
the development of liver damage as a result of immune recon-
stitution and the worsening of immune-mediated injury to
HCV-infected hepatocytes (117). Risk factors for HAART
hepatotoxicity in coinfected patients include the preexisting
degree of liver fibrosis (5) and infection with HCV genotype 3
(88, 126). No specific medication combination has been shown
to be consistently associated with liver injury in coinfected
patients, and thus, selection of HAART therapy should be
based on other factors. Successful eradication of HCV infec-
tion by peginterferon and ribavirin and attainment of SVR are
associated with a reduction in the risk of HAART-induced
hepatotoxicity (58).

CONCLUSIONS

Coinfection with HIV and HCV is common and has a del-
eterious effect on the natural history of chronic hepatitis C. As
control of HIV improved with HAART, liver disease gained
notoriety as a major cause of mortality in coinfected patients.
These patients show accelerated liver disease and are more
likely to develop liver enzyme abnormalities and clinical liver
toxicity when treated with HAART. Treatment of hepatitis C
with peginterferon is thus indicated in most patients and has
been shown to be relatively safe and effective. Treatment
should not be prescribed for patients on ddI. Use of AZT
should be minimized if possible. Patients with advanced cir-
rhosis should be treated with caution, preferably in a transplant
center. Future research may enhance understanding of the
interaction between the two viral infections and improve treat-
ment options for coinfected individuals.
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