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■ ABSTRACT

Infection with hepatitis C virus (HCV) often coexists
with other conditions and patient factors that com-
plicate its management. Infection with HIV is a par-
ticularly widespread and vexing comorbidity of HCV
infection, since HIV facilitates HCV transmission and
renders HCV more opportunistic. This review pro-
vides a practical overview of major comorbidities
and patient factors that require special manage-
ment considerations in patients with HCV infection.

In and of itself, infection with hepatitis C virus
(HCV) poses a challenge to the clinician, both
for the scope of the pathology it can cause and for
the management it requires. Yet its management

is more daunting when we consider that HCV infec-
tion often coexists with other comorbidities, adding
further complexity to clinical decision-making. This
article reviews considerations surrounding coinfec-
tion with human immunodeficiency virus (HIV) and
other major factors that demand special attention
when managing patients with HCV infection. 

I. Coinfection with HIV
Coinfection with HIV and HCV has become wide-
spread: approximately 25% to 30% of all HIV-posi-
tive patients in the United States, or about 200,000
to 300,000 persons, are also infected with HCV.1

The frequency of coinfection varies among sub-
groups of patients: it is as low as 4% to 10% in HIV-
positive men who have sex with men, as high as
50% to 90% in HIV-positive injection-drug users,
and 98% in HIV-positive hemophiliacs.2–4

These figures, although high, may underestimate
the true frequency of coinfection, since 4% of coin-
fected patients have been reported to have a negative

HCV antibody test despite documented HCV
viremia.5 Therefore, when HCV coinfection is highly
suspected, a negative antibody test should not rule out
infection and should be complemented with HCV
RNA testing by polymerase chain reaction (PCR).6

■ HIV ENHANCES HCV TRANSMISSION

HIV appears to facilitate both the sexual and the
vertical (mother-to-infant) transmission of HCV. 

Among sexually active homosexual men, HCV
infection is three times as frequent in those who are
HIV-positive as in those who are HIV-negative.7,8

Similarly, several studies show a consistently higher
rate of vertical transmission of HCV among moth-
ers infected with both HIV and HCV as compared
with mothers infected with HCV only.9–12 In one
study, HIV coinfection in the mother imparted an
odds ratio of 3.76 (95% confidence interval [CI],
1.89 to 7.41) for transmission of HCV to the
infant.11 In another study, the rate of vertical HCV
transmission was 18.2% among mothers infected
with both HIV and HCV compared with 6.4%
among those infected with HCV alone.12 Many
other variables can modulate this risk of vertical
transmission in individual patients, including HCV
viral load and the mode of delivery.11

■ HOW THE VIRUSES AFFECT EACH OTHER

Before the era of highly active antiretroviral therapy
(HAART) for HIV infection, AIDS-related condi-
tions accounted for most deaths in HIV-infected
patients. In contrast, end-stage liver disease is now
emerging as a major cause of morbidity and mortali-
ty in this population. A recent report from one major
US medical center indicated that end-stage liver dis-
ease was the cause of death in 50% of the center’s
HIV-positive patients in 1999, up from just 11.5% in
1991; 90% of these HIV-positive patients who died
from liver disease in 1999 were positive for HCV.13

HIV makes HCV opportunistic
In the setting of HIV infection, HCV behaves more
aggressively, with higher rates of replication and high-
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er degrees of liver damage. This manifests as follows:
Lower rates of infection clearance. Spontaneous

clearance of HCV occurs in up to 15% to 30% of
patients who are not coinfected with HIV,14 compared
with only 5% to 10% of those who are coinfected.15

Higher rates of viral replication. Patients with
HIV coinfection seem to have higher HCV RNA
levels than their counterparts without HIV.16 In one
study of HCV-infected injection-drug users,17 those
who were also infected with HIV had a significantly
higher HCV viral load than those who were not
(7.19 log vs 6.73 log; P < .001).

More frequent progression to cirrhosis. Several
studies suggest that patients with HIV–HCV coin-
fection progress to cirrhosis significantly sooner than
those with HCV infection alone, even after adjusting
for alcohol consumption. In a study from Spain,18 the
mean estimated interval from HCV infection to cir-
rhosis was 7 years in patients coinfected with HIV vs
23 years in those infected with HCV alone. Also, the
degree of CD4+ cell deficiency has been linked with
an increased risk of progression to liver fibrosis:
patients with CD4+ cell counts less than 500 cells/mL
were 3.2 times more likely (95% CI, 1.1 to 9.2) to
have advanced fibrosis on liver biopsy than were
patients with a better-conserved immune system.19

Earlier development of hepatocellular carcinoma.
A recent report from Spain20 found that hepatocel-
lular carcinoma occurred at a younger age (mean 42
years vs 69 years) and after a shorter interval of
HCV infection (mean 18 years vs 28 years) in HIV-
coinfected patients than in those without HIV. 

HCV’s effect on HIV is more equivocal
Whether HCV behaves as a cofactor for HIV pro-
gression is controversial. In the Swiss HIV Cohort
Study,21 which included 1,157 patients coinfected
with HIV and HCV, the presence of HCV was inde-
pendently associated with progression to an AIDS-
defining condition or death (hazard ratio of 1.7 [95%
CI, 1.26 to 2.30]). HCV also was associated with less
robust CD4+ cell recovery after HAART, but it did
not predict HIV virologic response to HAART. Daar
et al22 showed that increases in HCV viral load are
associated with progression of HIV disease: for every
1-log increase in HCV RNA, there was a 1.66 relative
risk (95% CI, 1.1 to 2.51) for progression to AIDS. 

In contrast, Sulkowski et al23 found no difference in
the risk of developing AIDS-defining conditions, the
risk of death, or the increase in CD4+ cell count dur-
ing HAART between 873 HIV/HCV-coinfected
patients and 1,082 patients with HIV infection alone. 

Some have speculated that HIV–HCV coinfection
may reflect poorer adherence to medication regimens,
since it is often a marker for injection-drug use.6

HAART and HCV: Do they mix?
It also is controversial whether HAART changes the
progression of HCV-associated liver disease. Some
have suggested that there may be an immune recon-
stitution phenomenon whereby the liver inflamma-
tory pattern could worsen upon the start of HAART
and improvement in the patient’s cellular immune
function. One study reported a transient increase in
HCV viral load, in aminotransferase levels, and in
mean score on the Knodell histology index (from 8 to
13) after the start of HAART.24 Other studies found
HAART to have no impact on HCV replication,25,26

and another indicated that HAART had a protective
effect on progression of liver fibrosis.27

All antiretroviral drugs have been implicated in
some degree of liver toxicity. However, HCV infec-
tion is well established as an independent risk factor
for the development and increased severity of liver
toxicity in patients starting or receiving HAART.
Sulkowski et al28 reported a 12% incidence of severe
hepatic damage among 211 HIV-infected patients
receiving protease inhibitor–based HAART regi-
mens, and HCV infection was a strong predictor of its
occurrence. Martinez et al29 reported a 9.7% incidence
of severe hepatotoxicity among 610 HIV-infected
patients receiving nevirapine-based HAART; 51% of
the study population was also infected with HCV, and
hepatotoxicity was predicted by the cumulative time
on antiretroviral drugs and by HCV infection. 

■ MANAGING COINFECTED PATIENTS

Assessing for HCV. Guidelines from the US Public
Health Service and the Infectious Diseases Society of
America recommend that every HIV-infected person
be tested for HCV infection by enzyme immunoassay.
However, up to 4% of patients who are truly coin-
fected with HIV and HCV may have a false-negative
result for HCV by enzyme immunoassay.5 Therefore,
when risk factors are present, or if there is an unex-
plained elevation of liver function test values, HCV
viral load should be assessed by reverse transcriptase
PCR. Once the presence of replicating HCV has
been established, further characterization and staging
should be strongly considered, following the general
principles outlined earlier in this supplement. 

When to treat HCV infection. Soriano et al30

found that a CD4+ cell count greater than 500
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cells/mL in patients with HIV–HCV coinfection is
associated with an increased likelihood of HCV viro-
logic response to interferon alfa (“interferon” here-
after). Patients with counts above 350 cells/mL (or
> 300 cells/mL with HIV viral load under control)
are generally considered eligible for HCV therapy. 

Ideally, treatment of hepatitis C in patients with
HIV–HCV coinfection would precede the initiation
of HAART, since patients would have more conserved
immune function, less risk of opportunistic infections,
and no added toxicity or interactions between drug
regimens. However, most patients with coinfection are
already on HAART when HCV infection is discov-
ered. As long as awareness about drug interactions,
added side effects, and medication adherence is kept
high, concurrent treatment of the two viruses is not
contraindicated. Patients with low CD4+ cell counts
should probably delay HCV treatment until HAART
has resulted in a better immune status.31

Patients with HIV–HCV coinfection are candidates
for HCV therapy if they have any of the following:31

• HCV genotype 2 or 3
• HCV genotype 1 and elevated alanine amino-

transferase levels
• Normal alanine aminotransferase levels and a

biopsy with any degree of fibrosis. 
The timing of therapy depends on the clinical fac-
tors outlined above.

Treatment success rates. The largest series of
patients with HIV–HCV coinfection to date (N =
111) showed a 28% end-of-treatment HCV
response rate with the combination of interferon
and oral ribavirin.32 Overall estimates of the end-of-
treatment and sustained virologic response rates for
this combination in patients with HIV–HCV coin-
fection are 35% and 25%, respectively.31

As detailed earlier in this supplement, the combi-
nation of peginterferon alfa (“peginterferon” here-
after) and ribavirin has become the regimen of choice
for treating HCV infection. The use of this combina-
tion in patients with HIV–HCV coinfection has so
far been addressed only in preliminary reports. The
French RIBAVIC investigators33 reported a 44%
virologic response rate at the end of 48 weeks of treat-
ment among 110 coinfected patients receiving pegin-
terferon and ribavirin. Chung et al34 reported a 53%
combined virologic and histologic response rate at 24
weeks of therapy among coinfected patients receiving
peginterferon and ribavirin. 

To put these numbers in perspective, the overall
end-of-treatment and sustained virologic response
rates are usually reported to be about 10% higher in

patients infected with HCV alone.
Side effects to watch for. Treatment with inter-

feron is challenging, as patients usually feel fatigued
and typically lose weight (10 kg, on average).
Patients taking interferon or peginterferon usually
have reductions in hemoglobin and white blood
cells and in the absolute number (but usually not the
percentage) of CD4+ cells.35 In a study of 20 patients
with HIV–HCV coinfection who were treated with
interferon and ribavirin, the mean CD4+ cell count
fell from 350 to 284 cells/mL at 6 months, with no
change in the percentage of CD4+ cells.36

Drug interactions. Interactions between ribavirin
and several common components of HAART regi-
mens should be a paramount consideration when
planning for HCV therapy. Ribavirin inhibits the
phosphorylation of pyrimidine analogs (zidovudine,
zalcitabine, and stavudine) to the active triphosphate
form.37 This effect has not been shown to translate to
clinical failure of either ribavirin or the pyrimidine
analogs,38 although there is an additive effect of riba-
virin and zidovudine on the incidence of anemia. 

Ribavirin increases the conversion of didanosine
to its active metabolite, and concurrent use of these
two drugs may increase the risk of pancreatitis.35

Moreover, ribavirin may inhibit mitochondrial DNA
polymerase, and it has been reported to raise the inci-
dence of HAART-related mitochondrial toxicity.39

II. Other challenges and
difficult-to-treat groups

Other patient factors and comorbidities confer added
risks for HCV infection or complicate patient man-
agement. These include immunosuppression (eg, due
to solid-organ transplantation, diseases requiring
immunosuppressive therapy, or chronic renal failure
requiring hemodialysis), various extrahepatic or
autoimmune manifestations, and membership in cer-
tain high-risk demographic groups. Because many
patients with these and other special factors have been
excluded from large efficacy trials of hepatitis C ther-
apies,40 controlled studies in these patients are needed.
In the meantime, management of HCV-infected
patients with these factors should be informed by the
special considerations reviewed below.

■ PSYCHIATRIC DISORDERS: Risk factor for infection,
frequent side effect of therapy

Risk-seeking behaviors among people with a psychi-
atric diagnosis make this population vulnerable to
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increased rates of HIV and HCV infection. Rosenberg
et al41 reported an HCV prevalence of 19.6% among
931 patients with severe mental illness, which is 11-
fold higher than that in the general US population. 

The presence of a psychiatric or substance-abuse
diagnosis in an HCV-infected patient poses a great
challenge, since interferon or peginterferon may
exacerbate or precipitate mental illness. Depression
occurs in 16% to 29% of interferon-treated patients,
anxiety or emotional lability in 3% to 34%, and
insomnia in 18% to 24%.42 Irritability, nervousness,
fatigue, and impaired concentration are also com-
mon. The most concerning, though rare, reported
events include suicide, suicidal or homicidal ideation,
and relapse into drug addiction or drug overdose.

Although several reports suggest that patients
with psychopathologic symptoms before starting
interferon therapy may have more severe adverse
psychiatric effects in response to treatment,43,44

other groups believe that patients with a psychiatric
diagnosis can successfully complete interferon ther-
apy.45–47 Some argue that withholding therapy from
members of a stigmatized class “raises questions
about fairness and discrimination.”48 The use of
interferon or peginterferon therapy in psychiatric
patients should be coupled with heightened aware-
ness, closer follow-up, and more thorough probing
for psychological disturbance. 

■ RENAL DISEASE: Optimal HCV therapy unclear

HCV has a well-described association with mixed
cryoglobulinemia and a variety of renal lesions, of
which the most prominent is membranoproliferative
glomerulonephritis.49 Although severe nephrotic syn-
drome and rapidly progressive glomerulonephritis
often require steroids, cytotoxic agents, or plasma-
pheresis for their management, milder forms of renal
involvement respond to antiviral treatment alone.50

The optimal therapeutic algorithm and the role of
peginterferon in this setting still need to be estab-
lished by carefully designed clinical trials. 

■ RENAL FAILURE: Dialysis carries high 
infection risk, restricts treatment options

HCV infection is common in patients undergoing
hemodialysis. Antibodies to HCV were found in
9.3% of patients participating in the 1997 National
Surveillance of Dialysis Associated Diseases in the
United States.51 Additionally, because of the diffuse
immune dysfunction associated with end-stage renal

disease (ESRD), up to 3% of serologic tests for HCV
in ESRD patients are reported to be false-negative.52

PCR testing for HCV RNA has shown that the
prevalence of HCV infection among dialysis patients
can be as high as 20% to 30%.51

Because there is a risk for significant liver disease
and because cirrhosis is a contraindication to kidney
transplantation, liver biopsy should be performed early
in dialysis patients who test positive for HCV RNA,
to assess the histologic impact of the liver disease.53

Combined liver–kidney transplantation may be con-
sidered in selected dialysis patients with cirrhosis.53

The mainstay of HCV therapy for ESRD patients
has been interferon. It is usually given at a dosage of
3 MU subcutaneously three times a week after each
hemodialysis session, for 6 to 12 months. Sustained
virologic response rates have ranged from 15% to
64% in dialysis patients treated before kidney trans-
plantation and followed for up to 19 months.54,55

Reduced clearance of interferon in ESRD patients
seems to account for the increased side effects and
reduced tolerability in these patients, but it also
accounts for greater efficacy than would be expected
with interferon monotherapy in other patients.
Peginterferon’s role in patients with ESRD needs to
be established in controlled trials.

Use of ribavirin in patients with chronic renal fail-
ure is associated with accumulation in erythrocytes
and a profound and lasting hemolytic anemia. Al-
though ribavirin’s package insert lists creatinine clear-
ance lower than 50 mL/min as a contraindication to
its use, Bruchfeld et al56 reported a pilot study of inter-
feron–ribavirin combination therapy in 6 HCV-
infected patients undergoing dialysis. Reduced riba-
virin doses were used (mean of 170 to 300 mg/day),
plasma levels were monitored, and patients were
closely followed for development of anemia. Four of
the 6 patients had end-of-treatment response, but
only 1 had sustained virologic response at 10 months. 

■ KIDNEY TRANSPLANT: Little role for interferon

Liver failure from chronic hepatitis C is a leading
cause of death among long-term survivors of kidney
transplantation.57 Studies that have used interferon for
treatment of HCV infection in renal transplant recip-
ients have included small numbers of patients and
have shown low rates of SVR (~ 10%).58 Moreover,
the use of interferon in this setting has raised concern
over the precipitation of acute rejection, acute renal
failure, and graft dysfunction (reported at incidences
of 15.4% to 63.6% in various series52). Therefore, use
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of interferon is relatively contraindicated in kidney
transplant recipients; if considered, it should be
reserved for experts or the setting of clinical trials.

Transplant can be successful in HCV-infected
patients. In some series, liver transplant recipients
with HCV infection have been able to undergo kid-
ney transplantation with a reasonable degree of suc-
cess. Kidney transplantation should be offered for
ESRD after liver transplantation, even in the pres-
ence of HCV infection, to patients with stable liver
function and no signs of liver failure.59

Studies assessing the impact of kidney transplan-
tation on survival in HCV-positive patients with
ESRD have shown that patients who received a kid-
ney transplant had better survival than their coun-
terparts who were awaiting transplantation.60

■ LIVER TRANSPLANT: Risk of recurrent HCV remains

Worldwide, HCV infection remains the main indi-
cation for orthotopic liver transplantation (OLT).
In patients with demonstrable HCV viremia before
transplantation, reinfection of the graft occurs
almost universally. HCV-induced damage shows an
accelerated course thereafter, so that graft cirrhosis
develops in 20% to 30% of patients at 5 years.61

Several factors have been identified as markers
for severe HCV recurrence after OLT,62 including:
• High pretransplant or early post-transplant levels

of HCV
• HCV genotype 1b
• Coinfection with cytomegalovirus
• The number of rejection episodes (probably as a

marker of cumulative immunosuppressive load).
Several strategies have been advocated for treat-

ing HCV recurrence following OLT: preemptive
treatment before transplant, early post-transplant
therapy, or targeted therapy once recurrence is
established. Studies of interferon and ribavirin have
shown end-of-treatment response rates of about
30% and sustained virologic response rates of about
20%.63,64 However, increased rates of side effects, pri-
marily severe anemia, have been observed, so that
ribavirin dose modification (based on renal func-
tion) is recommended.65

So far, the use of peginterferon has been reported
in the setting of retreatment for HCV-infected OLT
recipients who are nonresponders to interferon and
ribavirin. Smallwood et al66 reported sustained viro-
logic response in 3 of 15 patients (20%) in this set-
ting. Clearly, further studies are needed to assess the
value of peginterferon as initial therapy for recur-

rent HCV infection in OLT recipients.

■ PREGNANCY: Ribavirin demands its exclusion

The teratogenic effects of ribavirin are of utmost
concern in female patients of childbearing age.
HCV-infected women who take regimens that
include ribavirin must absolutely assure that they
avoid pregnancy during treatment and for 6 months
after completing treatment. Treatment of HCV can
always be deferred until after pregnancy. 

At the same time, mother-to-infant transmission of
HCV can be a concern, especially in women with
HIV–HCV coinfection. As detailed above, vertical
transmission of HCV is increased threefold when an
HCV-infected woman is also infected with HIV.12

Additionally, in one study vertical transmission of
HIV occurred more often in mothers who were coin-
fected with HCV than in mothers with HIV alone.67

■ AFRICAN AMERICANS: More likely to be
infected, less responsive to therapy

HCV infection poses special problems in African
Americans, whose infection rate (2.5% to 3.5%) is
twofold to threefold higher than that of the general
US population.68 An estimated 22% of HCV-infect-
ed Americans are African American.69

The prevalence of HCV genotype 1 in African
Americans is as high as 95%. In an early study of con-
sensus interferon monotherapy, the sustained virolog-
ic response rate in African Americans was 2%, or one
sixth the rate of all patients treated.70 This lower
response rate was confirmed in a reanalysis of five
large trials of interferon monotherapy.71 Adding riba-
virin to interferon increases the response rate but has
shown a variable effect on sustained virologic
response among African Americans. A recent study of
combination therapy with interferon and ribavirin
among 99 US veterans (42 of them African
American) found sustained virologic response in 18%
of white patients (and in 26% of those who complet-
ed therapy) but in none of the African Americans.72

Response rates to peginterferon and ribavirin
among African Americans are difficult to discern
from published studies. In one study,73 univariate
analysis suggested that white vs nonwhite status
predicted response to treatment, but this is not the
same comparison as African Americans vs “other.”
However, multivariate analysis of the same study
found that white vs nonwhite status did not predict
response. Only 5% of the 1,121 patients in this
series were African American.73
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The observed lower treatment response rates in
African Americans may have multiple causes. Iron
in the liver may impede response to antiviral thera-
py. African Americans with HCV infection are 5.4
times as likely as whites to have increased ferritin or
transferritin saturation levels.74 Even more impor-
tant, the viral dynamics of HCV appear markedly
different between African Americans and whites. It
is well known that viral kinetics in response to inter-
feron follows a two-phase dynamic. Within 24 to 48
hours after initiation of interferon monotherapy
there is a very rapid (0.5- to 2.0-log) decline in viral
counts. This is followed by a much slower further
decline in viral counts over many months. The first-
phase decline in viral counts is 0.8 log lower in
African Americans than in whites. The second
phase also reveals slower viral elimination.75 Others
have noted that in African Americans the vigorous
CD4-proliferative response to HCV infection was
not accompanied by the expected increased produc-
tion of gamma interferon, suggesting a dysfunctional
CD4 response to HCV in African Americans.76

Treatment recommendations for the HCV-infect-
ed African American patient are difficult at this
time. Clearly, those who are eligible should be con-
sidered for controlled clinical trials. Otherwise, treat-
ment needs to be individualized. We recommend
antiviral therapy with pegylated interferon and riba-
virin for African Americans with HCV genotype 2
or 3. For those with genotype 1, the decision should
be made by the patient, armed with the best data
available. More African Americans clearly need to
be included in studies of newer therapeutic strategies.

■ REFERENCES

1. Sherman K, Roustrer S, et al. Hepatitis C prevalence in HIV-
infected patients: a cross-sectional analysis of the US ACTG.
Antiviral Ther 2000; 5(suppl 1):64–65.

2. Ockenga J. Hepatitis B and C in HIV-infected patients.
Prevalence and prognostic value. J Hepatol 1997; 27:18–24.

3. Garfein R, Vlahov D, Galai N, Doherty MC, Nelson KE. Viral
infections in short-term injection drug users: the prevalence of the
hepatitis C, hepatitis B, human immunodeficiency, and human T-
lymphotrophic viruses. Am J Public Health 1996; 86:655–661.

4. Yee T, Griffioen A, Sabin CA, Dusheiko G, Lee CA. The nat-
ural history of HCV in a cohort of haemophilic patients infected
between 1961 and 1985. Gut 2000; 47:845–851.

5. Bonacini M, Lin HJ, Hollinger FB. Effect of coexisting HIV-1
infection on the diagnosis and evaluation of hepatitis C virus. J
Acquir Immune Defic Syndr 2001; 26:340–344.

6. Mohsen AH, Easterbrook P, Taylor CB, Norris S. Hepatitis C
and HIV-1 coinfection. Gut 2002; 51:601–608. 

7. Craib K, Sherlock C. Evidence of sexual transmission of hepati-
tis C virus in a cohort of homosexual men [abstract]. Presented at:
8th Conference on Retroviruses and Opportunistic Infections;
2001; Chicago, IL. Abstract 561.

8. Soto B, Rodrigo L, Garcia-Bengoechea M, et al. Heterosexual
transmission of hepatitis C virus and the possible role of coexis-

tent human immunodeficiency virus in the index case. A multi-
center study of 423 pairings. J Intern Med 1994; 236:515–519.

9. Thomas D, Villano S, Riester K, et al. Perinatal transmission of
hepatitis C virus from human immunodeficiency virus type 1-
infected mothers. Women and Infants Transmission Study. J Infect
Dis 1998; 177:1480–1488.

10. Tovo P, Palomba E, Ferraris G, et al. Increased risk of maternal-infant
hepatitis C virus transmission for women coinfected with human
immunodeficiency virus type 1. Clin Infect Dis 1997; 25:1121–1124.

11. European Pediatric Hepatitis C Virus Network. Effects of mode of
delivery and infant feeding on the risk of mother-to-child transmis-
sion of hepatitis C virus. Br J Obstet Gynaecol 2001; 108:371–377.

12. Gibb D, Goodall R, Dunn D, et al. Mother-to-child transmission
of hepatitis C virus: evidence for preventable peripartum trans-
mission. Lancet 2000; 356:904–907.

13. Bica I, McGovern B, Dhar R, et al. Increasing mortality due to
end-stage liver disease in patients with HIV infection. Clin Infect
Dis 2001; 32:492–497.

14. Alter MJ, Margolis HS, Krawczynski K, et al. The natural his-
tory of community-acquired hepatitis C in the United States. N
Engl J Med 1992; 327:1899–1905.

15. Thomas DL. Hepatitis C and human immunodeficiency virus
infection. Hepatology 2002; 36(5 suppl 1):S201–S209.

16. Beld M, Penning M, Lukashov V, et al. Evidence that both HIV
and HIV-induced immunodeficiency enhance HCV replication
among HCV seroconverters. Virology 1998; 244:504–512.

17. Thomas D, Astemborski J, Vlahov D, et al. Determinants of the
quantity of hepatitis C virus RNA. J Infect Dis 2000; 181:844–851.

18. Soto B, Sanchez-Quijano A, Rodrigo L, et al. Human immuno-
deficiency virus infection modifies the natural history of chronic,
parenterally acquired hepatitis C with an unusually rapid progres-
sion to cirrhosis. J Hepatol 1997; 26:1–5.

19. Puoti M, Bonacini M, Spinetti A, et al.Liver fibrosis progression is relat-
ed to CD4 cell depletion in patients coinfected with hepatitis C virus
and human immunodeficiency virus. J Infect Dis 2001; 183:134–137.

20. Garcia-Samaniego J, Rodriguez M, Berenguer J, et al. Hepato-
cellular carcinoma in HIV-infected patients with chronic hepatitis
C. Am J Gastroenterol 2001; 96:179–183.

21. Greub G, Ledergerber B, Battegay M, et al. Clinical progression,
survival, and immune recovery during antiretroviral therapy in
patients with HIV-1 and hepatitis C virus coinfection: the Swiss
HIV Cohort Study. Lancet 2000; 356:1800–1805.

22. Daar E, Lynn H, Donfield S, et al. Hepatitis C virus load is asso-
ciated with human immunodeficiency virus type 1 disease pro-
gression in hemophiliacs. J Infect Dis 2001; 183:589–595.

23. Sulkowski M, Moore R, Mehta S, Chaisson R, Thomas D. Hepa-
titis C and progression of HIV disease. JAMA 2002; 288:199–206.

24. Vento S, Garofano T, Renzini C, Casali F, Ferraro T, Concia E.
Enhancement of hepatitis C virus replication and liver damage in
HIV-coinfected patients on antiretroviral combination therapy.
AIDS 1998; 12:116–117.

25. Zylberberg H, Chaix ML, Rabian C, et al. Tritherapy for human
immunodeficiency virus infection does not modify replication of hepati-
tis C virus in coinfected subjects. Clin Infect Dis 1998; 26:1104–1106.

26. Garcia-Samaniego J, Bravo R, Castilla J, et al. Lack of benefit of
protease inhibitors on HCV viremia in HIV-infected patients. J
Hepatol 1998; 28:526–527.

27. Benhamou Y, Bochet M, DiMartino V, et al. Liver fibrosis pro-
gression in human immunodeficiency virus and hepatitis C virus
coinfected patients. Hepatology 1999; 30:1054–1058.

28. Sulkowski MS, Thomas DL, Chaisson RE, et al. Hepatotoxicity
associated with antiretroviral therapy in adults infected with HIV and
the role of hepatitis C or B virus infection. JAMA 2000; 283:74–80.

29. Martinez E, Blanco J, Amaiz JA, et al. Hepatotoxicity in HIV-1-
infected patients receiving nevirapine-containing antiretroviral
therapy. AIDS 2001; 15:1261–1268.

30. Soriano V, Garcia-Samaniego J, Bravo R, et al. Interferon alpha
for the treatment of chronic hepatitis C in patients infected with
HIV. Clin Infect Dis 1996; 23:585–591.

31. Soriano V, Sulkowski M, Bergin C, et al. Care of patients with

M A N A G E M E N T  C H A L L E N G E S  ■ M A R TA G O N  A N D  G O R D O N



CLEVELAND CLINIC JOURNAL OF MEDICINE      VOLUME 70 • SUPPLEMENT 4      SEPTEMBER  2003 S33

chronic hepatitis C and HIV co-infection: recommendations from
the HIV-HCV International Panel. AIDS 2002; 16:813–828.

32. Perez-Olmeda M, Asensi V, et al. Treatment of chronic hepati-
tis C: SHIRT (Spanish HIV Interferon Ribavirin Trial) [abstract].
Presented at: 9th Conference on Retroviruses and Opportunistic
Infections; 2002; Seattle, WA.

33. Tossing G. Treating hepatitis C in HIV-HCV coinfected patients.
Infection 2002; 30:329–331.

34. Chung R, Andersen J. A randomized, controlled trial of pegylated
interferon alfa-2a with ribavirin vs. interferon alfa-2a with ribavirin
for the treatment of chronic HCV in HIV coinfection: ACTG
A5071 [abstract]. Presented at: 9th Conference on Retroviruses and
Opportunistic Infections; 2002; Seattle, WA. Abstract LB15. 

35. Bruno R, Sacchi P, Puoti M, Soriano V, Filice G. HCV chron-
ic hepatitis in patients with HIV: clinical management issues. Am
J Gastroenterol 2002; 97:1598–1606.

36. Landau A, Batisse D, Van Huyen JP, et al. Efficacy and safety of
combination therapy with interferon-alpha2b and ribavirin for chron-
ic hepatitis C in HIV-infected patients. AIDS 2000; 14:839–844.

37. Baba M, Pauwels R, Balzarini J, et al. Ribavirin antagonizes
inhibitory effects of pyrimidine 2′,3′-dideoxynucleosides but enhances
inhibitory effects of purine 2′,3′-dideoxynucleosides on replication of
HIV in vitro. Antimicrob Agents Chemother 1987; 31:1613–1617.

38. Morsica G, De Bona A, Foppa CU, et al. Ribavirin therapy for
chronic hepatitis C does not modify HIV viral load in HIV-1 positive
patients under antiretroviral treatment. AIDS 2000; 14:1656–1658.

39. Lafeuillade A, Hittinger G, Chadapaud S. Increased mitochon-
drial toxicity with ribavirin in HIV/HCV coinfection. Lancet
2001; 357:280–281.

40. Hadziyannis SJ, Vassilopoulos D. Complex management issues:
management of HCV in the atypical patient. Baillieres Best
Practice Res Clin Gastroenterol 2000; 14:277–291.

41. Rosenberg SD, Goodman LA, Osher FC, et al. Prevalence of
HIV, hepatitis B, and hepatitis C in people with severe mental ill-
ness. Am J Public Health 2001; 91:31–37.

42. Baker D. Pegylated interferons. Rev Gastroenterol Disord 2001;
1:87–99. 

43. Musselman D, Lawson D, Gumnick J, et al. Paroxetine for the
prevention of depression induced by high-dose interferon alfa. N
Engl J Med 2001; 344:961–966.

44. Capuron L, Ravaud A. Prediction of the depressive effects of
interferon alfa therapy by the patient’s initial affective state [let-
ter]. N Engl J Med 1999; 340:1370.

45. Van Thiel DH, Friedlander L, Molloy PJ, Fagiuoli S, Kania RJ,
Caraceni P. Interferon-alpha can be used successfully in patients
with hepatitis C virus-positive chronic hepatitis who have a psy-
chiatric illness. Eur J Gastroenterol Hepatol 1995; 7:165–168.

46. Pariante CM, Orru MG, Baita A, Farci MG, Carpiniello B.
Treatment with interferon-alfa in patients with chronic hepatitis
and mood or anxiety disorders. Lancet 1999; 354:131–132.

47. Pariante CM, Landau S, Carpiniello B. Interferon alfa-induced
adverse effects in patients with a psychiatric diagnosis [letter]. N
Engl J Med 2002; 347:148–149.

48. Edlin BR, Seal KH, Lorvick J, et al. Is it justifiable to withhold
treatment for hepatitis C from illicit-drug users? N Engl J Med
2001; 345:211–214.

49. Daghestani L, Pomeroy C. Renal manifestations of hepatitis C
infection. Am J Med 1999; 106:347–354.

50. Misiani P, Bellavita P, Baio P. Successful treatment of hepatitis C
virus-associated cryoglobulinemic glomerulonephritis with a com-
bination of interferon-alfa and ribavirin. Nephrol Dial Transplant
1999; 14:1558–1560.

51. Zacks SL, Fried MW. Hepatitis B and C and renal failure. Infect
Dis Clin North Am 2001; 15:977–999.

52. Fabrizi F, Poordad F, Martin P. Hepatitis C infection and the
patient with end-stage renal disease. Hepatology 2002; 36:3–10.

53. Pol S, Vallet-Pichard A, Fontaine H, Lebray P. HCV infection
and hemodialysis. Semin Nephrol 2002; 22:331–339.

54. Huraib S, Iqbal A, Tanimu D, Abdullah A. Sustained virological
and histological response with pretransplant interferon therapy in
renal transplant patients with chronic viral hepatitis C. Am J
Nephrol 2001; 21:435–440.

55. Izopet J, Rostaing L, Sandres K, et al. Longitudinal analysis of
hepatitis C virus replication and liver fibrosis progression in renal
transplant recipients. J Infect Dis 2000; 181:852–858. 

56. Bruchfeld A, Stahle L, Andersson J, et al. Ribavirin treatment in
dialysis patients with chronic hepatitis C virus infection—a pilot
study. J Viral Hepat 2001; 8:287–292. 

57. Carithers RL Jr. Hepatitis C and renal failure. Am J Med 1999;
107(6B):90S–94S.

58. Hanafusa T, Ichikawa Y, Kishikawa H, et al. Retrospective study
on the impact of hepatitis C virus infection on kidney transplant
patients over 20 years. Transplantation 1998; 66:471–476. 

59. Molmenti EP, Jain AB, Shapiro R, et al. Kidney transplantation
for end-stage renal failure in liver transplant recipients with
hepatitis C viral infection. Transplantation 2001; 71:267–271.

60. Knoll GA, Tankersley MR, Lee JY, Julian BA, Curtis JJ. The
impact of renal transplantation on survival in hepatitis C-positive
end-stage renal disease patients. Am J Kidney Dis 1997; 29:608–614.

61. Gane E, Portmann B, Naoumouv N, et al. Long-term outcome
of hepatitis C infection after liver transplantation. N Engl J Med
1996; 334:821–827. 

62. Rosen H. Hepatitis C in the liver transplant recipient: current
understanding and treatment. Microbes Infect 2002; 4:1253–1258.

63. Samuel D, Bizollon T, Feray C, et al. Interferon alfa 2b plus riba-
virin in patients with chronic hepatitis C after liver transplanta-
tion: a randomized study. Gastroenterology 2003; 124:642–650. 

64. Firpi R, Abdelmalek M, Soldevila-Pico C, et al. Combination of
interferon alfa 2b and ribavirin in liver transplant recipients with
histological recurrent hepatitis C. Liver Transpl 2002; 8:1000–1006.

65. Jain A, Eghtesad B, Venkataramanan R, et al. Ribavirin dose
modification based on renal function is necessary to reduce hemo-
lysis in liver transplant patients with hepatitis C virus infection.
Liver Transpl 2002; 8:1007–1013.

66. Smallwood G, Davis L, Connor K, et al. Nonresponders of inter-
feron/ribavirin treatment for recurrent hepatitis C following liver
transplantation. Transplant Proc 2003; 35:1476–1477. 

67. Hershow RC, Riester KA, Lew J, et al. Increased vertical trans-
mission of human immunodeficiency virus from hepatitis C virus-
coinfected mothers. Women and Infants Transmission Study. J Infect
Dis 1997; 176:414–420. 

68. Kim WR. The burden of hepatitis C in the United States.
Hepatology 2002; 36(suppl):S30–S34.

69. Strader DB. Understudied populations with hepatitis C. Hepatology
2002; 36(suppl):S226–S236.

70. Reddy KR, Hoofnagle JH, Tong MJ, et al. Racial differences in
responses to therapy with interferon. Hepatology 1999; 30:787–793.

71. Howell C, Jeffers L, Hoofnagle JH, et al. Hepatitis C in African
Americans; summary of a workshop. Gastroenterology 2000;
119:1385–1396.

72. Morelli J, Kim CY, Willner IR. US veterans’ experience with
Rebetron in a nonstudy environment: success or failure? Am J
Gastroenterol 2002;23:79–82.

73. Fried MW, Shiffman ML, Reddy KR, et al. Peginterferon alfa-2a
plus ribavirin for chronic hepatitis C virus infection. N Engl J Med
2002; 347:975–982.

74. Ioannou GN, Dominitz JA, Weiss NS, et al. Racial differences in
the relationship between hepatitis C infection and iron stores.
Hepatology 2003; 37:795–801.

75. Layden-Almer JE, Ribeiro RM, Wiley T, et al. Viral dynamics
and response differences in HCV-infected African American and
white patients treated with IFN and ribavirin. Hepatology 2003;
37:1343–1350.

76. Sugimoto K, Stadanlick J, Ikeda F, et al. Influence of ethnicity in
the outcome of hepatitis C virus infection and cellular immune
response. Hepatology 2003; 37:590–599. 

M A N A G E M E N T  C H A L L E N G E S  ■ M A R TA G O N  A N D  G O R D O N


