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Abstract: Hepatitis C virus (HCV) causes chronic systemic 

infection, primarily affecting the liver. Although HCV mainly 

causes hepatitis, a significant portion of chronic HCV patients 

manifests with at least 1 extrahepatic involvement during the 

course of their illness. Chronic HCV infection can cause various 

types of renal diseases. The most common renal manifestations 

of HCV infection are essential mixed cryoglobulinemia leading 

to membranoproliferative glomerulonephritis (MPGN), MPGN 

without cryoglobulinemia, and membranous glomerulonephri-

tis. On the other hand, patients with end-stage kidney disease 

are at an increased risk of acquiring HCV due to their frequent 

exposure to potentially contaminated devices in dialysis units 

and their long-term use of vascular access. Among dialysis 

patients or patients undergoing renal transplantation, the pres-

ence of HCV is associated with higher rates of mortality. The 

optimal antiviral therapy in patients with severe renal insuffi-

ciency is not yet well established and, in most cases, is associ-

ated with serious adverse effects. Randomized controlled trials 

looking at treatment options are lacking. This article reviews the 

pathophysiology of renal manifestations of chronic HCV infec-

tion, discusses recent insights into diagnostic and treatment 

options for HCV-induced glomerulopathies and HCV-infected 

dialysis patients, and describes the work-up of HCV-positive 

renal transplant candidates. 

Hepatitis C virus (HCV) causes chronic systemic infection, 
which primarily affects the liver.1 The existence of HCV 
was hypothesized in the 1970s, and the virus was eventu-

ally isolated in 1989.2 Although HCV mainly causes hepatitis, a 
significant portion (40%) of chronic HCV patients manifests with 
at least 1 extrahepatic involvement during the course of their dis-
ease.3 It is vital that clinicians recognize, diagnose, and treat those 
extra hepatic syndromes, as these patients may not have any manifes-
tations of chronic liver disease.4
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An estimated 3–4 million people are infected 
with HCV worldwide annually. Each year, more than  
350,000 people die from diseases or syndromes associated 
with HCV infection. In the United States, about 2% of 
the population is infected with HCV. The Centers for 
Disease Control and Prevention (CDC) estimated that 
approximately 17,000 new HCV infections occur every 
year, but only 849 cases of confirmed acute HCV infec-
tion were reported in 2007. Since acute HCV infection 
is usually asymptomatic, it is rarely identified. Most 
HCV infections are diagnosed incidentally via serologic 
screening tests or when patients develop manifestations 
of advanced liver disease.5 The World Health Organiza-
tion predicts that about 3% of the world’s population— 
210 million people—have been infected with HCV.6

Hepatitis C Virus and Renal Manifestations

Chronic HCV infection can potentially cause chronic 
kidney diseases. Both glomerular and tubulointerstitial 
diseases associated with HCV have been described.7-11 
However, the exact mechanism of these diseases is unclear. 
An association between HCV infection and albuminuria 
without overt kidney disease has also been described; 
hence, HCV infection may have a greater influence on 
renal dysfunction than is presently documented.12,13 The 
most common renal manifestations of HCV infection are 
essential mixed cryoglobulinemia (MC) leading to mem-
branoproliferative glomerulonephritis (MPGN), MPGN 
without cryoglobulinemia, and membranous glomerulo-
nephritis.14 On the other hand, patients with end-stage 
kidney disease are at an increased risk of acquiring HCV 
infection due to their frequent exposure to potentially 
contaminated devices in dialysis units and their long-term 
use of vascular access.15-17

Cryoglobulinemia
Cryoglobulinemia refers to the presence of 1 (mono-
clonal) or more (mixed or polyclonal) immunoglobu-
lins in the serum, which reversibly precipitate in vitro 
at low temperatures (<37°C). These immunoglobulins 
dissolve again when the serum is reheated. Cryoglobu-
lins were first described by Wintrobe and Buell, hema-
tologists at Johns Hopkins University, in a patient with 
multiple myeloma in 1933.18-20 The first report of MC 
was presented by Meltzer and colleagues in 1966.21

Cryoglobulinemia is classically grouped into  
3 types according to the Brouet classification sys-
tem.22,23 Type 1 cryoglobulinemia is composed of 
isolated monoclonal immunoglobulin (Ig) M and is 
most commonly associated with lymphoproliferative 
disorders. Type 1 cryoglobulinemia represents only 
10–15% of cases. Type 2 cryoglobulinemia consists of 

mixed immune complexes formed by monoclonal IgM 
and polyclonal IgG. It is seen in viral infections—such 
as HCV, hepatitis B virus (HBV), and cytomegalo-
virus—and chronic inflammatory states such as sys-
temic lupus erythematosus, rheumatoid arthritis, and 
Sjogren syndrome. Type 2 cryoglobulinemia represents 
50–60% of reported cases. Type 3 cryoglobulinemia 
contains mixed immune complexes typically formed by 
polyclonal IgM, and it represents 25–30% of cases.

Type 2 MC is most commonly associated with 
chronic HCV infection. Initially, the reported cases of 
MC suggested its association with HBV.24 However, the 
role of HCV infection in MC was verified in the 1990s 
after several cases reported the presence of anti-HCV 
antibodies and HCV RNA in 70–100% of patients with 
MC.25 On the other hand, MC is not seen in all HCV 
patients; only 10–15% of HCV-infected patients develop 
MC.26 In a recent study, Lidar and colleagues compared 
patients with HCV-associated and autoimmune dis-
ease–associated MC to geographically matched healthy 
controls.27 Anti-HCV IgG antibodies were detected in all 
patients with HCV-associated MC but not in any healthy 
controls, and no anti-HCV antibodies were detected in 
patients with autoimmune disease–associated MC. This 
finding supports the idea of a novel association between 
HCV infection and MC.27

The main features of MC are referred to as Melt-
zer’s triad: purpura, arthralgia, and myalgia.28 However, 
additional features can also be present, such as hepatitis, 
glomerulonephritis, peripheral neuropathy, skin ulcers, 
and lymphoproliferative disorders.29

Cryoglobulinemic Glomerulonephritis
The disease burden in patients with cryoglobulinemic 
glomerulonephritis can range from asymptomatic 
proteinuria or hematuria to nephrotic or nephritic 
syndrome, which can progress to chronic renal insuf-
ficiency. MC typically causes type 1 MPGN with 
immune complex depositions in glomeruli. Only 
10% of these cases progress to end-stage renal disease 
(ESRD) and require dialysis.30-32 The diagnosis is often 
made by low serum concentrations of complement lev-
els (C1q, C4, and C3) and the presence of anti-HCV 
antibodies and HCV RNA.33

Other Hepatitis C Virus–Related Glomerulopathies
Although MPGN is most commonly associated with 
HCV infection, other glomerulonephritides are also 
reportedly associated with HCV, including membra-
nous nephropathy, focal segmental glomerulosclerosis, 
postinfectious glomerulonephritis, thrombotic micro-
angiopathies, IgA nephropathy, and fibrillary or immu-
notactoid glomerulopathy.34 While the long-term effects 
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of HCV-associated glomerulopathies are unclear, studies 
have shown that patients with HCV infection, irrespec-
tive of etiology, are 40% more likely to develop ESRD 
than the general population.35,36 The prognosis of HCV-
associated glomerulopathies is poor because of a high 
incidence of cardiovascular diseases and infections. 

Treatment of Hepatitis C Virus–Related Glomerulopathies 
Treatment options for HCV-related kidney disease can be 
simply divided into 3 categories: symptomatic, etiologic, 
and pathogenetic therapies.

Symptomatic Treatments  Renal-protective agents 
such as angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, systemic vasodilators, 
diuretics, and lipid-lowering agents have shown favor-
able outcomes in symptomatic treatment of HCV-
related chronic kidney disease.37-39

Etiologic Therapy or Antiviral Therapy  Antiviral 
therapy against HCV infection, aiming for eradication 
and reduction of HCV-related antibodies and immune 
complexes, is the first-line therapy in HCV-related 
glomerulopathies. Current treatment options that have 
been well studied in HCV-infected patients with renal 
insufficiency are interferon α (IFN-α), pegylated IFN α 
(pegIFN-α), and ribavirin (RBV).40 The efficacy of anti-
viral therapy is typically measured in terms of sustained 
virologic response (SVR), which requires that HCV RNA 
levels be undetectable for at least 6 months after cessa-
tion of therapy. Several studies have shown that SVR rates 
can vary with different genotypes of HCV. SVR can be 
achieved in up to 65–90% of patients with genotype 2 or 3  
HCV who received IFN-α and RBV therapy, compared 
to only 30–50% of patients with genotype 1 HCV.41-44 
A meta-analysis that compared the efficacy and safety 
of antiviral and immunosuppressive therapies in HCV-
associated glomerulonephritis validated the finding that 
the reduction in proteinuria was significant after IFN-α 
therapy for at least 6 months.45 

Vigani and colleagues recently found that MC is 
associated with necroinflammatory activity in HCV-
infected patients.46 Their study also showed evidence 
that cryoglobulinemia is associated with high SVR rates 
in patients with HCV genotypes 1–4 who were treated 
with pegIFN-α and RBV.46 These findings were later 
confirmed by another study in which HCV genotype 4  
MC patients were treated with peg-INF plus RBV. A 
complete clinical response was achieved in patients 
with HCV and cryoglobulinemia but not in patients 
with HCV alone.47 This study suggests that the pres-
ence of cryoglobulinemia may be a positive predictor 
for treatment response.

Pathogenetic Therapy  Since there is a link between 
HCV infection and immune responses that affect the 
glomeruli, pathogenetic modalities such as immunosup-
pressive agents, high-dose corticosteroids, and plasma 
exchange have also been used in severe HCV-related 
glomerulopathies.48,49 It needs to be cautioned that these 
drugs can potentiate further viral replication.50 Severe 
active disease is generally defined as involvement of 1 or 
more of the following manifestations: severe renal dis-
ease (nephritic syndrome or nephrotic syndrome with 
progressive decline in renal function and severe histo-
logic lesions on biopsy), severe neuropathy, skin ulcers,  
and/or widespread vasculitis.51

Corticosteroids  High-dose corticosteroids with taper-
ing (oral prednisone 0.5–1.5 mg/kg/day or intravenous 
pulse-dose methylprednisolone 0.5–1 g/day) for 3 days 
followed by oral prednisone 1 mg/kg/day are initially used 
to control the acute phase of the disease.52,53 However, 
corticosteroids can induce viral replication and exacerbate 
the underlying hepatic injury.

Cytotoxic Agents Cytotoxic drugs suppress B-lym-
phocyte proliferation, thereby inhibiting cryoglobulin 
production. Cyclophosphamide is the most commonly 
used agent in this category; it is used along with corti-
costeroids to achieve remission in patients with severe 
MC. Chlorambucil (Leukeran, PBS) and azathioprine 
are other agents that have been tried.52-54 Mycophenolate 
mofetil is a selective inhibitor of inosine monophos-
phate dehydrogenase (IMPDH), a fundamental enzyme 
in lymphocyte cell proliferation. Studies have shown 
that mycophenolate mofetil appears to reduce viral load 
in HCV-infected renal or heart transplant recipients. 
This effect is thought to be due to the drug’s ability 
to inhibit IMPDH, which is also inhibited by RBV.55 
Despite the limited amount of supporting data, myco-
phenolate mofetil, which has a better safety profile than 
cyclophosphamide, can be effective in the treatment of 
cryoglobulinemic glomerulonephritis.56

Plasmapheresis  Plasmapheresis (PPH) can also be used 
successfully, together with other immunosuppressive 
agents, to induce remission in severe cases.30,57 The thera-
peutic goals of PPH are removal of cytokines, immune 
complexes, and pathogenic components; alteration 
of the antigen-antibody ratio; and stimulation of the 
endothelium grading system.58-60 As it has no effect on 
underlying cryoglobulin production, PPH has no ben-
efit in long-term control of the disease. It is essential 
to begin immunosuppressive therapy along with PPH 
and to continue immunosuppressive therapy for at least  
4–6 weeks to prevent rebound immune reactions.57,61
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Double-Filtration Plasmapheresis  Recently, a newer 
modality, double-filtration plasmapheresis (DFPP), 
has attracted the attention of researchers after Fujiwara 
and colleagues found that DFPP plus IFN-α therapy 
achieved a significant reduction in viral load among 
difficult-to-treat chronic HCV patients with high viral 
loads and genotype 1b HCV.62 Another recent study 
from Japan showed that initial therapy with DFPP plus 
pegIFN-α and RBV followed by additional pegIFN-α 
and RBV therapy is more effective in relapse patients 
than in null virologic response patients.63 In contrast 
to traditional PPH, reinfusion solution (fresh frozen 
plasma or albumin) is not required in DFPP. In DFPP, 
plasma is separated by passing it through a plasma com-
ponent separator with a small pore size. Large molecu-
lar weight proteins are discarded, and small molecular 
weight substances (including valuable albumin) are 
returned to the patient. Cases of successful treatment 
of HCV-related cryoglobulinemic glomerulonephritis 
have been reported. Although no randomized con-
trolled trials for efficacy and safety of DFPP have been 
published, DFPP may become more favorable than 
traditional PPH in the future.64,65

Rituximab  Rituximab (Rituxan, Genentech; RTX), 
a human/mouse chimeric monoclonal antibody that 
selectively targets CD20 antigen on B cells, has been 
used in patients with HCV-associated MC and glo-
merulonephritis.66,67 RTX is mainly used in chronic 
lymphocytic leukemia, non-Hodgkin lymphoma, 
rheumatoid arthritis, Wegener granulomatosis, and 
microscopic polyangiitis.68 Many small clinical trials 
have proven the efficacy and safety of RTX in HCV-
related glomerulonephritis.69,70 Common side effects are 
nausea, vomiting, fever, chills, and bronchospasm; these 
side effects are usually limited to the infusion period 
and are mostly well tolerated.

In 1 study, Roccatello and colleagues found that 
proteinuria and serum creatinine levels were significantly 
reduced in patients with HCV-related cryoglobulinemia 
who were treated with RTX.71 Saadoun and colleagues 
analyzed 13 studies in which RTX was used for HCV-
related MC syndromes.72 They found that the best 
response was for glomerulonephritis (70%), while the 
responses for skin involvement and arthralgia were 53% 
and 36%, respectively.72 In a study of 7 renal transplant 
recipients, RTX was found to be effective for treating 
de novo cryoglobulinemic MPGN in HCV-positive or 
HCV-negative patients, although higher rates of infec-
tious complications were identified in the RTX group, 
possibly due to impairment of B-cell functions.73

In another study, 5 patients with active glomerulo-
nephritis in HCV-related type 2 MC were treated with 

RTX monotherapy, without steroids whenever possible. 
The study suggested that RTX may provide effective 
and safe treatment for type 2 MC–related glomerulo-
nephritis, possibly as a first-line therapy, thus avoiding 
the need for steroids and harmful immunosuppressive 
treatment.74 A recent long-term, prospective, random-
ized, controlled trial evaluated RTX therapy in 59 
patients with severe cryoglobulinemic vasculitis. Fifty-
three patients were HCV-positive. In this study, De Vita 
and colleagues demonstrated that RTX monotherapy is 
superior to conventional therapies such as corticoste-
roids, cyclophosphamide, and plasmapheresis in terms 
of improvement in target organs, including renal func-
tion.75 There were no significant differences between the 
RTX group and the non-RTX group in terms of serious 
adverse events or deaths.75

Hepatitis C Virus Infection in Dialysis Patients

Patients with ESRD on hemodialysis (HD) are at greater 
risk of acquiring HCV because of permanent vascular 
access and frequent exposure to possibly contaminated 
medical equipment.76 The prevalence of HCV infection 
in HD patients varies from 5% to 60% in different parts 
of the world, likely due to many factors, such as length 
of time on HD, regional HCV prevalence, contact pre-
caution techniques, and the number of blood transfu-
sions.77 Patient age and the number of transfused blood 
products are the 2 factors most consistently associated 
with increased prevalence of HCV infection in dialysis 
patients, irrespective of geographic location.78

As a result of routine screening, compliance with 
infection-control precautions, and routine use of 
recombinant human erythropoietin, the prevalence 
of HCV infection among HD patients has declined. 
However, this rate is still significantly higher than 
the prevalence reported in the non-HD popula-
tion.79-81 Interestingly, spontaneous disappearance of 
HCV RNA has been documented in 1% of untreated 
HD patients.82 Although overall mortality increases with 
HCV infection in HD patients, disease progression and 
advancement to liver failure appear to be slower and/or 
less likely compared to a nonuremic cohort.83 

HCV infection usually does not present with acute 
symptoms, and the progression of disease is a long-
term process. Mostly, patients are diagnosed with HCV 
infection when they are tested after developing non-
specific symptoms such as fatigue, weight loss, jaun-
dice, or elevations of liver enzyme levels. Development 
of those constitutional symptoms is not uncommon for 
HD patients. Thus, routinely screening this population 
is important, as these patients are at risk for acquiring 
HCV infection. 
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Natural History of Hepatitis C Virus Infection in 
Dialysis Patients
The natural course of HCV infection in patients on HD 
is not well understood, although there is evidence showing 
that HCV seropositivity can definitely reduce the overall 
outcomes in these patients. The reason for HCV viral load 
reduction in HD patients is unclear. HCV infection natu-
rally causes liver injury by immunologic reactions rather 
than via a direct cytopathic effect on hepatocytes. It has 
been postulated that HD patients are, in general, immuno-
compromised, and this immunocompromised state could 
be a possible cause of diminished inflammatory reactions 
and reduced hepatocyte destruction by HCV.

The best case-control study to elucidate the natural 
course of HCV infection in HD patients was done by 
Okuda and colleagues.84 These researchers examined 
189 patients with chronic HCV infection who were 
on HD and a control group of twice as many sex- and 
age-matched controls; the patients were followed for 
4–23 years. While chronic HCV infection progressed to 
cirrhosis in more than 25% of the control group, none 
of the cases progressed to cirrhosis with high statistical 
significance (P<.0001).84 In another study, Ishida and 
colleagues found that the incidences of cirrhosis and 
hepatocellular carcinoma were significantly lower—8.6% 
and 1.8%, respectively—in dialysis patients with HCV 
infection compared to 15–20% and 5–28%, respectively, 
in normal adults with HCV infection.85 Moreover, the 
incidence rates of cirrhosis and hepatocellular carcinoma 
were much lower in patients who had been on dialysis for 
more than 10 years. This study suggests that the longer 
patients with HCV remain on dialysis, the less likely it is 
that their disease will progress.85

Hepatitis C Viral Load and Hemodialysis
Among HCV patients without renal impairment, HCV 
viral load rises 8-fold or more in immunosuppressed 
patients such as those with HIV/HCV co-infection or 
liver and/or kidney transplant recipients. Many studies 
have found a reduction of HCV viral load in patients 
on HD compared to nonuremic controls; however, 
some studies have demonstrated similar findings in both 
groups.86-88 The discrepancies among studies could result 
from variations in study methods for detecting HCV 
RNA (the molecular techniques used to quantify HCV 
RNA levels are sensitive to heparin, which is commonly 
used in HD), different types of chemicals used in dialysis 
membranes, and/or duration of follow-up. Nevertheless, 
HCV viral load reduction in chronic HCV patients who 
are not on antiviral treatments is not expected. 

The proposed hypotheses for HCV viral load reduc-
tion in HD patients involve the passage of viral particles 
into the dialysate, the trapping of the viral particles on 

the surface of the dialyzer membrane, and/or an indirect 
host-mediated immune response.89 The dialysate mem-
brane can be safely reused after high-level disinfection, 
and this practice might influence the HCV viral load in 
HD patients. The reuse of dialyzer is practiced in many 
countries and is considered safe by the CDC.90,91 Reuse of 
dialyzer is practiced in 60–80% of dialysis centers in the 
United States.92 Martins and colleagues looked at HCV 
RNA levels in paired pre-HD and post-HD samples 
when HD was performed with the reuse of dialyzer.93 
They found that HCV viral load did not decrease after 
the tenth HD session of dialyzer reuse, despite 52.3% of 
patients showing a decrease in HCV viral load following 
the first HD session (compared to their pre-HD baseline). 
The researchers concluded that the dialysis membrane 
possibly reduces HCV viremia through the trapping 
of HCV particles on the surface of the membrane over 
a long-term period. Longitudinal studies are needed to 
validate this finding.93

Studies have shown that a significant amount of 
cytokines with antiviral properties—such as interleu-
kin-2, interleukin-6, IFN-α, and tumor necrosis fac-
tor—are spontaneously released from monocytes and  
T lymphocytes during HD.94,95 Cellulosic membranes 
can activate monocytes and lymphocytes due to their bio-
incompatibility. However, newer synthetic biocompatible 
membranes are supposedly not capable of inducing an 
immune reaction. Badalamenti and colleagues did not 
find any significant differences in HCV titers among 
patients undergoing HD with cellulosic versus synthetic 
membranes, despite a substantial reduction in HCV titers 
after dialysis.96 They also did not find evidence of a direct 
cause-effect relationship between the induction of IFN-α 
and simultaneous reduction in HCV viral load. Addi-
tional studies are warranted to assess the timing of and 
relationship between HCV infection and intracytoplas-
mic IFN-α in lymphomonocytes before and at different 
times during HD.96 

Hepatitis C Virus Infection in Renal Transplant 
Recipients

The pretransplantation prevalence of HCV infection is 
reported to be as high as 40%.97 Studies have revealed that 
overall survival and graft survival are significantly lower in 
HCV-seropositive renal transplant recipients compared 
to their HCV-seronegative counterparts.98-100 A suggested 
approach for pre–renal transplantation screening for HCV-
positive recipients is shown in Figure 1. Use of this algorithm 
is especially important because it prompts clinicians in 
evaluating potential renal transplant recipients for evidence 
of potential portal hypertension, which usually leads to 
consideration for simultaneous liver-kidney transplantation.
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The United States Renal Data System Registry 
reported that all-cause mortality rates in HCV-
seropositive and HCV-seronegative renal transplant 
recipients were 13% and 8.5%, respectively. This varia-
tion was accounted for by liver failure and infections.99 
However, other studies have found that HCV-positive 
patients who have biopsy-proven mild liver damage 
in the pretransplantation period had either no pro-
gression or limited progression of fibrosis in the first  
5 years after renal transplantation, which is similar to 
the findings in HCV-infected patients on HD.101 There-
fore, the exact role of liver injury in renal transplant 
recipients is unclear, and further studies are warranted. 
Other associated risk factors—such as infections, post-
transplantation glomerulonephritis, and new-onset 

diabetes—possibly play a role in increasing mortality in 
post-transplantation patients with HCV infection.102-104

The HCV status of graft donors also has an impact 
on patient and graft survival. Some studies have found 
that transplantation from HCV-positive donors to HCV-
negative recipients is associated with poorer outcomes 
in both graft and patient survival, whereas other studies 
reported no significant difference.97,105-109 Kasprzyk and 
colleagues reported no significant differences in graft 
and patient survival between HCV-positive–positive and 
HCV-positive–negative donor/recipient groups.110 These 
data suggest that HCV-positivity in donors and/or recipi-
ents is associated with lower survival. However, the mor-
tality in HCV-positive HD patients is still significantly 
high.111-113 Thus, HCV-positive HD patients should 

Figure 1. A suggested algorithm for pre–renal transplantation screening for hepatitis C virus (HCV)-positive candidates.  

AFP=α-fetoprotein; CT=computed tomography; MRI=magnetic resonance imaging; SLKT=simultaneous liver-kidney 
transplantation; US=ultrasound.
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not wait for HCV-negative donors, and transplantation 
should take place as soon as possible.

Treatment of Hepatitis C Virus Infection in the Setting 
of Renal Transplantation 
HCV infection in renal transplant recipients can lead 
to post-transplantation de novo glomerulopathies 
(especially cryoglobulinemic glomerulonephritis and 
MPGN) and renal impairment. It is recommended 
that HCV-positive individuals who are candidates for 
renal transplantation be treated with antiviral therapies 
to avoid the recurrence of renal disease.114 While there 
are no definite guidelines for the treatment of HCV 
infection in renal transplant recipients, IFN-α alone 
or in combination with RBV can be suggested. Other 
therapies such as RBV monotherapy, amantadine, and 
newer agents such as protease inhibitors (boceprevir 
[Victrelis, Merck] and telaprevir [Incivek, Vertex]) have 
also been tried. 

Interferon-α When the US Food and Drug Adminis-
tration (FDA) approved IFN-α in 1991, this drug was 
tested in renal transplant recipients. Many studies showed 
poor outcomes with very low SVR rates and high num-
bers of adverse effects. The most serious side effects were 
acute renal failure and graft losses.115

Fabrizi and colleagues analyzed 12 clinical trials of 
antiviral therapy with IFN-α alone or IFN-α plus RBV in 
HCV-positive renal transplant recipients.116 The estimated 
SVR and discontinuation rates were 18% and 35%, respec-
tively. The most common side effect resulting in discon-
tinuation was graft dysfunction. These authors concluded 
that IFN-α therapy had a poor safety profile and poor 
tolerance after renal transplantation.116 IFN-α may trigger 
graft rejection by producing antibodies and inducing intra-
cellular cytokine gene expression and cell surface expression 
of human leukocyte antigen alloantigen.117 SVR in renal 
transplant recipients treated with IFN-α was achieved dur-
ing therapy; however, HCV viral load rebounded to high 
levels after IFN-α discontinuation. Therefore, it was rec-
ommended that use of IFN-α in renal transplant patients 
be avoided due to its potential of causing graft rejection and 
recurrence after drug discontinuation. 

Interferon-α and Ribavirin  In 2004, Shu and col-
leagues published a study in which ultra-low–dose  
IFN-α (1 × 106 units subcutaneously 3 times/week) 
plus RBV (600 mg/day) were given to 11 renal trans-
plant patients with HCV infection for 48 weeks.118 
Three patients dropped out, either due to acute graft 
failure (n=1) or urosepsis (n=2). Five patients (62.5%) 
cleared HCV after therapy, but only 3 patients (37.5%) 
achieved SVR. The study concluded that this regi-

men might be a relatively safe way to achieve SVR in 
renal transplant recipients.118 In a study by Sharma 
and colleagues, low-dose IFN-α (1.5 × 106 units 
3 times/week) plus RBV were given to 6 patients for 
2–18 months.119 Two patients dropped out due to 
graft dysfunction, and 2 patients (33.3%) achieved 
SVR, similar to the previous study.119 Interestingly, 
Schmitz and colleagues later reported that SVR was 
achieved in 50% of patients, and none developed graft 
dysfunction or rejection.120 Their studies included 
6 combined liver-kidney transplant recipients who were 
given pegIFN-α2b plus RBV for 48 weeks.120 These 
studies demonstrate that IFN-α alone or IFN-α plus 
RBV therapy could be used in individual patients to 
achieve SVR with little or no adverse effects, although 
larger randomized controlled trials are needed to vali-
date these findings.

In general, IFN-α alone or IFN-α plus RBV can 
be given to renal transplant recipients when the benefits 
of the therapy are greater than the adverse effects. The 
absolute indications for antiviral therapy among renal 
transplant recipients are fibrosing cholestatic hepatitis and 
severe de novo glomerulonephritis. Nevertheless, the risk 
of chronic graft failure should always be considered before 
the initiation of IFN-α treatment. 

Ribavirin Monotherapy The first study on RBV 
monotherapy was done by Kamar and colleagues and 
involved 16 HCV-positive renal transplant recipients 
who were given RBV (1,000 mg/day) for 1 year.121 A 
control group of 32 patients were not given RBV. 
Although liver enzyme levels and serum creatinine lev-
els decreased, there was no significant change in HCV 
viral load or liver fibrosis in patients who received RBV. 
Hemolytic anemia was the most serious adverse reac-
tion.121 In another study, Sharma and colleagues gave 
RBV alone (400–800 mg/day) to 8 HCV-positive renal 
transplant patients and found similar results.119

Fontaine and colleagues later conducted a study 
in which 13 renal recipients with high Metavir scores 
(F3, n=8; F4, n=5) were treated with RBV alone.122 A 
significant histopathologic improvement was found, 
with pretreatment and on-treatment biopsy speci-
mens revealing a significant decrease in Metavir scores 
(2.46±0.78 vs 1.23±1.01; P<.05). Liver enzyme levels 
were also significantly decreased without reduction 
in HCV viral load. Hence, RBV monotherapy may 
improve histopathologic findings and reduce liver 
enzyme levels with no effect on viral clearance.122 
Although RBV monotherapy may be useful after renal 
transplantation in order to stabilize liver disease, its 
long-term effects need to be further studied, especially 
in the presence of serum HCV RNA.
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Table 1. Summary of Kidney Disease Improving Global Outcomes Clinical Practice Guidelines for the Prevention, Diagnosis, 
Evaluation, and Treatment of Hepatitis C Virus (HCV) Infection in Patients with Chronic Kidney Disease (CKD)

Detection and evaluation of HCV infection in patients with CKD

Testing for HCV infection should be performed in patients on maintenance hemodialysis (CKD Stage 5D) and renal transplant 
candidates.

Patients on hemodialysis should be tested when they first start hemodialysis or when they transfer from another hemodialysis facility.

Testing for HCV infection with NAT should be performed for hemodialysis patients with unexplained abnormal 
aminotransferase(s) levels.

If a new HCV infection in a hemodialysis unit is suspected to be nosocomial, testing with NAT should be performed in all 
patients who may have been exposed.

Treatment of HCV infection in patients with CKD

It is suggested that the decision to treat be based on the potential benefits and risks of therapy, including life expectancy, 
candidacy for kidney transplantation, and comorbidities.

It is suggested that HCV-infected patients accepted for kidney transplantation be treated.

It is suggested that treatment of HCV-infected kidney transplant recipients be considered only when the benefits of treatment 
clearly outweigh the risk of allograft rejection due to IFN-α–based therapy (for example, fibrosing cholestatic hepatitis and 
life-threatening vasculitis).

For HCV-infected patients with CKD Stages 1 and 2, combined antiviral treatment using pegIFN-α and RBV is suggested.

For HCV-infected patients with CKD Stages 3, 4, and 5 who are not yet on dialysis, monotherapy with pegIFN-α is suggested, 
with doses adjusted to the level of kidney function.

For HCV-infected patients with CKD Stage 5 who are on maintenance hemodialysis, monotherapy with standard IFN-α that is 
dose-adjusted for a GFR of 15 mL is suggested.

All patients with HCV infection, regardless of treatment or treatment response, should be followed for HCV-associated 
comorbidities.

Prevention of HCV transmission in hemodialysis units

Hemodialysis units should ensure implementation of, and adherence to, strict infection-control procedures designed to prevent 
transmission of blood-borne pathogens, including HCV.

Infection-control procedures should include hygienic precautions that effectively prevent the transfer of blood—or fluids 
contaminated with blood—between patients, either directly or via contaminated equipment or surfaces.

Management of HCV-infected patients before and after kidney transplantation

All kidney transplant candidates should be evaluated for HCV infection.

All kidney donors should be tested for HCV infection.

It is suggested that HCV-infected kidney transplant recipients have their liver disease evaluated at least annually once they are 
more than 6 months post-transplantation.

It is suggested that HCV-infected kidney transplant recipients be screened for the development of hyperglycemia.

Diagnosis and management of kidney diseases associated with HCV infection

It is suggested that HCV-infected patients be tested at least annually for proteinuria, hematuria, and estimated GFR to detect 
possible HCV-associated kidney disease. 

It is suggested that a kidney biopsy be performed in HCV-infected patients with clinical evidence of glomerulonephritis.

It is suggested that immunosuppressive agents be considered for patients with cryoglobulinemic glomerulonephritis.

GFR=glomerular filtration rate; IFN-α=interferon α; NAT=nucleic amplification test; pegIFN-α=pegylated interferon α; 
RBV=ribavirin.

Adapted from Kidney Disease Improving Global Outcomes.81
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Amantadine  Amantadine is an organic compound 
containing adamantane, which has antiviral and immuno-
modulatory effects.123,124 A pilot study of amantadine mono-
therapy in HCV patients who had failed IFN-α therapy was 
published by Smith in 1997.125 After 6 months of therapy, 
27% of patients had alanine aminotransferase level normal-
ization, and 18% of patients achieved SVR.125 Numerous 
later studies have reported similar findings, but patients in 
these studies were not renal transplant recipients.126,127

Kamar and colleagues tested amantadine mono-
therapy in renal transplant subjects and concluded that 
it could improve liver enzyme levels with no effect on 
HCV viral load or liver histology.128 A recent prospec-
tive, randomized, controlled trial of HCV-positive renal 
transplant recipients consisted of 3 groups: RBV alone, 
amantadine plus RBV therapy, or no therapy. The study 
found no relevant differences among the groups in terms 
of liver enzyme levels, HCV viremia, hepatic histology, 
or renal parameters.129 

Rituximab in Kidney Transplant Recipients  Basse 
and colleagues reported that RTX could dramatically 
improve renal parameters and achieve sustained clearance 
of cryoglobulins in 5 patients with HCV.73 Two patients 
developed serious disseminated infections with Cryptococ-
cus and herpes simplex virus. In a similar study by Kamar 
and colleagues, RTX was not associated with HCV flare-
ups during or after therapy, which suggests its safety in 
immunocompromised patients.130 Further randomized 
controlled trials are essential to confirm these findings.

Protease Inhibitors The FDA recently approved the 
protease inhibitors telaprevir and boceprevir as an add-
on to standard therapy with pegIFN-α and RBV, after 
2 major trials (SPRINT-2 and ADVANCE) proved the 
efficacy of both drugs in achieving higher SVR rates in 
patients with genotype 1 HCV infection.131-133 SVR 
rates were 75% and 69% for telaprevir and boceprevir, 
respectively, in treatment-naïve white patients with geno-
type 1 chronic HCV infection. SVR rates were slightly 
lower—65% and 53% for telaprevir and boceprevir, 
respectively—in treatment-naïve black patients with 
genotype 1 HCV infection.

Despite their efficacy in achieving SVR in patients 
with genotype 1 HCV infection, protease inhibitors 
may have serious adverse effects in transplant patients 
due to concurrent use of immunosuppressive therapies. 
Current immunosuppressive therapies in renal transplant 
recipients consist of calcineurin inhibitors (cyclosporine 
and tacrolimus), mammalian target of rapamycin inhibi-
tors (sirolimus and everolimus), antimetabolites such 
as mycophenolate mofetil and azathioprine, and newer 
monoclonal antibodies.134

Both telaprevir and boceprevir inhibit the cyto-
chrome P450 (CYP3A4 substrate) enzyme, which is 
responsible for the metabolism of cyclosporine and 
tacrolimus. Garg and colleagues conducted a phase I, 
open-label, nonrandomized, single-sequence study to 
evaluate the changes in plasma drug levels of telaprevir 
when it is coadministered with a single dose of cyclo-
sporine (Part A) or tacrolimus (Part B) in 2 separate 
groups with 10 healthy volunteers in each group.135 They 
found that coadministration with steady-state telaprevir 
increased dose-normalized concentrations of cyclospo-
rine and tacrolimus by factors of 4.6 and 70, respec-
tively.135 Since boceprevir and telaprevir share their basic 
pharmacokinetic properties with calcineurin inhibitors, 
similar effects can be anticipated with coadministration 
of cyclosporine or tacrolimus. If immunosuppressive 
agents are used with protease inhibitors, the risk of drug 
toxicity is significant. To date, there are no studies of the 
efficacy and safety of telaprevir or boceprevir in organ 
transplant recipients, including those who have under-
gone kidney, liver, or simultaneous liver-kidney trans-
plantation. Randomized, controlled trials are needed 
in this area to assess the safety of protease inhibitors in 
transplant patients. At present, use of protease inhibitors 
in renal transplant recipients to treat HCV infection is 
not recommended.136

Conclusion

HCV infection is a major medical burden in patients 
with chronic kidney disease. While HCV infection 
itself can cause chronic kidney disease, mainly mixed 
cryoglobulinemic glomerulonephritis and MPGN, 
patients with chronic kidney disease are also at a higher 
risk of acquiring HCV infection. Renal transplant 
recipients or patients on HD who are HCV-positive 
have higher mortality rates compared to those who 
are HCV-negative. The optimal antiviral therapy 
in patients with severe renal insufficiency is not well 
established and in most cases carries serious adverse 
effects. The most recent guidelines from the Kidney 
Disease Improving Global Outcomes group recom-
mend that clinicians screen, prevent, and treat HCV 
infection in patients with chronic kidney disease who 
have no contraindications to antiviral therapy (Table 
1).81 Treatment of HCV infection prior to renal trans-
plantation is recommended to prevent patients from 
developing HCV-associated renal diseases in the graft 
kidney. Therefore, understanding the renal involve-
ments of HCV infection and its complications are very 
important; trials of antiviral agents with better efficacy 
and less toxicity are needed to improve the outcomes 
of chronic kidney disease patients with HCV infection.
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