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Implication for health policy/practice/research/medical education:
Hepatitis C virus (HCV) infection leads to chronic liver disease, but also to extra-hepatic manifestations. These 
include mixed cryoglobulinemia, lymphoproliferative disorders, and renal disease. HCV infection has been 
reported in association with distinct histological patterns of  glomerulonephritis in native kidneys . Membrano-
proliferative glomerulonephritis (MPGN) associated with type II cryoglobulinemia is the predominant type of 
HCV-related glomerulonephritis.
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ABSTRACT

Context: Hepatitis C virus (HCV) infection leads to chronic liver disease, but also 
to extra-hepatic manifestations.
Evidence Acquisitions: Directory of  Open Access Journals (DOAJ), Google Scholar, 
Pubmed (NLM), LISTA (EBSCO) and Web of  Science have been searched.
Results: Herein, we provide an overview of  renal diseases related to HCV and their 
therapies, as well as the treatment options available for HCV (+)/RNA (+) dialy-
sis patients. We will not mention, however, HCV infection-related complications 
in the post-kidney transplantation setting.
Conclusions: Extra-hepatic manifestations of   HCV infection include mixed cryo-
globulinemia, lymphoproliferative disorders, and renal disease. HCV infection has 
been reported in association with distinct histological patterns of  glomerulone-
phritis in native kidneys.
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1. Context
 epatitis C virus (HCV) infection leads to 

chronic liver disease, but also to extra-
hepatic manifestations (1). These include 

mixed cryoglobulinemia, lymphoproliferative 
disorders, and renal disease. HCV infection has 
been reported in association with distinct histo-

logical patterns of  glomerulonephritis in native 
kidneys (2).

2. Evidence Acquisition
Directory of  Open Access Journals (DOAJ)

Google Scholar, Pubmed (NLM), LISTA (EB-
SCO) and Web of  Science were searched with 

H
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key words relevant to hepatitis C virus , glomeru-
lonephritis , renal transplantation and  membra-
noproliferative glomerulonephritis

3. Results 
 83 research and review articles relevant to 
this topic directly or indirectly have been found. 
From the information given in these papers, the 
following aspects were drawn out.
 Membranoproliferative glomerulonephritis 
(MPGN) associated with type II cryoglobuli-
nemia is the predominant type of  HCV-related 
glomerulonephritis (3). Less common glomeru-
lonephritis diseases have also been reported in 
HCV-infected patients: these include MPGN 
without cryoglobulinemia (4), membranous glo-
merulonephritis (MGN) (4), focal segmental glo-
merular sclerosis  (5) (6) (7), proliferative glomer-
ulonephritis (4) (8) (9), and fibrillary (10) (11) and 
immunotactoid glomerulopathies (11). Other 
anecdotal case reports have been also published: 
HCV-related IgA nephropathy (12), rapidly pro-
gressive glomerulonephritis (13), and thrombotic 
microangiopathy associated with cryoglobulin-
emic MPGN (14). However, whether a causative 
effect between these glomerular diseases and 
HCV infection exists is still unknown.
 Kidney biopsies were performed in HCV-posi-
tive patients before liver transplantation and in au-
topsy cases of  patients infected by HCV. Differ-
ent patterns of  HCV-related glomerulonephritis 
were found in the majority of  patients (15) (16).
 Following renal transplantation, some glo-
merulonephritis can recur on the graft (17) and 
several occurrences of  de novo glomerulone-
phritis associated with HCV infection have been 
reported. In addition to the HCV-related glomer-
ulopathy described above in native kidneys, acute 
transplant glomerulopathy (5), chronic transplant 
glomerulopathy (5, 18), and renal thrombotic mi-

croangiopathy associated with anticardiolipin an-
tibodies (19) have been also previously described. 
In order to avoid HCV infection recurrence on 
the kidney allograft, it is advisable to treat with 
antiviral therapy, i.e. alpha-interferon (αIFN) 
with or without ribavirin (RBV), those HCV (+)/
RNA (+) dialysis patients who are candidates for 
kidney transplantation.
 Herein, we provide an overview of  renal dis-
eases related to HCV and their therapies, as well 
as the treatment options available for HCV (+)/
RNA (+) dialysis patients. We will not mention, 
however, HCV infection-related complications in 
the post-kidney transplantation setting.
 
3.1.Membranoproliferative glomerulonephritis 
 More than 80% of  patients with mixed cryo-
globulinemia are infected by HCV, and cryo-
globulinemia is found in all patients with HCV-
related MPGN (3). Cryoglobulins of  types I, II, 
and III are immunoglobulins that precipitate at 
cold temperature. HCV-associated cryoglobulin-
emic glomerulonephritis, often with type II cryo-
globulinemia, is related to the deposition in the 
glomerulus of  immune complexes made by the 
HCV antigen, anti-HCV immunoglobulin (Ig) 
G antibodies, and a rheumatoid factor, which in 
most cases is an IgM kappa. Clinically, patients 
present with proteinuria and microscopic hema-
turia. Nephrotic syndrome and acute nephritic 
syndrome, with rapid deterioration of  renal func-
tion, are observed in, respectively, 20 and 25% of 
patients (3) (20). Fifty percent of  patients have 
moderate renal insufficiency (3), and hyperten-
sion is present in 80% of  patients (20). HCV-
related cryoglobulinemic renal disease is often 
associated with extra-renal manifestations. The 
most frequently observed are purpura, arthralgia, 
and peripheral neuropathy (21). 
 Laboratory parameters reveal the presence of 
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circulating cryoglobulins, which are most com-
monly type II cryoglobulins in which the rheu-
matoid factor is an IgM kappa. The complement 
components, C4 and C1q, are usually low. Serum 
C3 level is also moderately decreased. Serum an-
ti-HCV antibodies and HCV RNA are detected 
in both the serum and the cryoprecipitate. HCV 
RNA concentrates in cryoprecipitate are ~1000 
fold higher than in the serum. Histological ex-
amination of  kidney biopsies usually reveals the 
presence of  glomerular infiltration by activated 
macrophages. The glomerular basement mem-
brane shows double contours, which are caused 
by the interposition of  monocytes between 
the basement membrane and the endothelium. 
Immunofluorescence exhibits subendothelial 
deposits of  IgM, IgG, and the complement 
components. On electron microscopy, large sub-
endothelial deposits are present. Vasculitis of 
small renal arteries is present in 30% of  cases. 
A Japanese group demonstrated the glomeru-
lar deposition of  HCV core antigen in patients 
with MPGN (22). In general, the renal progno-
sis is good (20); however, renal disease is the 
first cause of  morbid-mortality in patients with 
mixed cryoglobulinemia (20).
 Some authors have reported many cases of 
MPGN without cryoglobulinemia (23) (24). 
However, the majority of  patients who present-
ed with this renal disease had rheumatoid factor 
in the sera, and some of  them developed cryo-
globulinemia on follow-up. This suggests that 
cryoglobulins were already present in the sera, 
possibly at very low levels, and so were not de-
tected initially. Several later studies failed to find 
any association between MPGN and HCV in the 
absence of  cryoglobulinemia (3) (5) (25).
 HCV-related MPGN associated with type III 
mixed cryoglobulinemia has also been reported 
(26).

3.2.Membranous glomerulonephritis
 Several cases of  MGN have been described 
in HCV-infected patients (6) (27) (28). The clini-
cal presentation and the histological findings are 
similar to idiopathic MGN. Biologically, they are 
characterized by normal complement levels, and 
the absence of  cryoglobulins and rheumatoid 
factors in the serum. A Japanese group detected 
HCV core protein in the glomeruli of  two patients 
with MGN, suggesting that immune complexes 
containing HCV proteins might be deposited in 
the glomeruli (29). In one study from Japan, 8.3% 
of  patients with MGN were anti-HCV (+)/HCV 
RNA positive compared with fewer than 1% in 
patients with other glomerulonephritis patterns 
(excluding MPGN). Finally, the prevalence of 
MGN was found to be significantly higher in 
HCV-positive compared to HCV-negative renal-
transplant patients (30). These findings support a 
possible pathogenic role of  HCV in the develop-
ment of  MGN.

3.3.HCV-related renal disease in cases of  comorbid con-
ditions 
 Human immunodeficiency virus (HIV) infec-
tion - Few data regarding glomerular lesions in 
patients with coexisting HIV and HCV infections 
have been published. Renal biopsies performed 
in HIV-HCV co-infected patients presenting with 
hematuria, nephrotic range proteinuria, renal in-
sufficiency, and hypertension have revealed the 
presence of  type I or type III MPGN, MGN, or 
mesangial proliferative glomerulonephritis (31) 
(32) (12) (33). Cryoglobulinemia was detected in 
some of  patients with MPGN, and hypocomple-
mentemia was found in the majority of  them.  
The clinical course of  HCV-related renal disease 
in patients co-infected by HIV is characterized by 
a rapid progression to renal failure (32). The opti-
mal treatment of  these patients is unknown. Anti-
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HCV therapy might be the treatment of  choice.
 Diabetic nephropathy : A high prevalence of 
HCV infection was found in patients with type 
II diabetic-related nephropathy (34). The slope 
of  reciprocal serum creatinine was significantly 
greater in the HCV-positive than in HCV-negative 
patients with type II diabetic-related glomerulo-
sclerosis. HCV infection was an independent fac-
tor associated with the slope of  reciprocal serum 
creatinine (34). The authors concluded that HCV 
infection might alter the progression of  diabetic-
related nephropathy (34).  HCV was also found 
to be a predictor factor of  poorer renal survival 
in diabetic patients (35). The mechanism of  this 
observation is unknown.
 
3.4. Diagnosis
 Patients infected by HCV should be routinely 
screened for microalbuminuria, microscopic he-
maturia, hypertension, and renal function, as well 
as for cryoglobulinemia, complement factors, and 
rheumatoid factor. A kidney biopsy should be 
performed in cases of  proteinuria, impairment of 
renal function, or cryoglobulinemia. This strategy 
will allow us to detect silent glomerular disease 
that is related to HCV at an early stage. 
 Similarly, patients with MPGN or MGN 
should be screened for HCV infection. This in-
cludes: liver-enzyme levels, HCV serology with 
a 3D-generation enzyme-linked immunosorbent 
assay, HCV RNA in the serum and in the cryopre-
cipitate, if  available. A normal liver-enzyme level 
does not exclude the diagnosis of  HCV infection. 

3.5. Treatment
 Cryoglobulinemic membranoproliferative 
glomeronephritis is the most frequent HCV-re-
lated renal injury. Renal disease is the first cause 
of  morbid-mortality in mixed cryoglobulinemia 
patients (20). Hence, even if  the HCV-related 

liver injury is not an indication for anti-viral ther-
apy, HCV-related renal disease requires a specific 
treatment. This treatment relies on either anti-
HCV therapy alone in cases of  moderate renal 
disease, or on combined anti-viral and immu-
nosuppressive therapies in cases of  severe renal 
disease, i.e., nephrotic syndrome and/or progres-
sive renal failure, or diseases that are refractory to 
anti-HCV therapy alone.
 Symptomatic therapy : Blood-pressure con-
trol, diuretics, the blockade of  the rennin-angio-
tensin system using either angiotensin-converting 
enzyme inhibitors (ACEIs) alone or combined 
with an angiotensin receptor blockers (ARBs), as 
well as the treatment of  hyperlipidemia, are of 
proven benefit (36).  
 Anti-HCV therapy: Because a link has been 
established between HCV infection and the oc-
currence of  cryoglobulinemic MPGN, anti-viral 
therapies have been used in HCV-positive pa-
tients presenting with glomerulonephritis in or-
der to achieve clearance of  HCV from the serum 
and, consequently, to have a beneficial effect on 
renal injury. 
 Interferon-alpha: In the early 1990s, standard 
alpha-interferon (α-IFN) was used alone at dif-
ferent doses, i.e. 3 to 10 MU three times a week: 
unfortunately, the results were disappointing. 
In 15 patients who had a complete clearance of 
HCV RNA after α-IFN therapy, an improvement 
in renal function was observed (37). However, 
there was no effect on proteinuria and all patients 
relapsed after α-IFN therapy was stopped. Later, 
in a prospective uncontrolled study, 14 patients 
experiencing an HCV-related glomerulonephritis 
were treated with α-IFN for 6 to 12 months (9). 
Overall, proteinuria significantly decreased, while 
renal function remained stable. In 11 patients, 
sera were tested for HCV RNA while on this 
therapy. Patients who became cleared of  HCV 
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RNA (n=6) had a better outcome compared to 
those who remained HCV RNA positive (n=5). 
However, virological and renal relapses were ob-
served after completing the therapy. In this study, 
in five patients, the use of  oral prednisone, in 
addition to α-IFN, had no effect on renal func-
tion. In contrast, steroid pulses had a beneficial 
effect in two patients. Finally, the use of  cytotoxic 
agents, with or without plasma exchange, was as-
sociated with a high rate of  death and a flare-up 
in HCV viremia (9).
 Interferon alpha and ribavirin: During the last 
few years, a combined therapy of  α-IFN, espe-
cially pegylated IFN, with ribavirin, has become 
the gold standard of  HCV treatment because it 
has been found to be more effective than α-IFN 
alone (See “Treatment of  chronic hepatitis C vi-
rus infection: Recommendations for adults-I”). 
This has prompted physicians to treat HCV-re-
lated glomerulonephritis with this combination. 
However, published case reports and uncon-
trolled studies have only included small numbers 
of  patients so far.
 In a prospective uncontrolled study, 20 pa-
tients presenting with MPGN (n=17), mem-
branous glomerulonephritis (n=2), and mesan-
gioproliferative glomerulonephritis (n=1) were 
treated with α-IFN and either with or without 
ribavirin (38). All patients were given α-IFN 3 
MU three times weekly. In cases of  persistent 
HCV RNA at 3 months, ribavirin was added at 
the daily dose of  15 mg/kg: treatment was con-
tinued for 12 months. Four out of  the 20 patients 
became HCV RNA negative within the first 3 
months and, consequently, did not receive ribavi-
rin therapy. Only one out of  the 16 remaining pa-
tients who additionally received ribavirin became 
cleared of  HCV RNA within the serum. Seven 
patients underwent a ribavirin dose reduction 
due to adverse events, mainly hemolytic anemia. 

Overall, both HCV RNA concentration and pro-
teinuria decreased significantly. Serum-albumin 
level, as well as both C3 and C4 complement-
component levels, increased significantly. Renal 
function remained stable. In this study, no data 
are provided regarding the outcome of  renal dis-
ease after cessation of  anti-HCV therapy.
 In order to reduce ribavirin-induced hemolyt-
ic anemia, some authors have developed a high-
performance liquid chromatography method to 
monitor the plasma ribavirin level, and have re-
ported on their first treatment with concentra-
tion-controlled ribavirin plus α-IFN therapy in 
HCV-related glomerular disease (39). The intend-
ed trough ribavirin plasma concentration was 10 
to 15 mmol/L. Four patients received standard 
α-IFN, two received pegylated α-IFN and ribavi-
rin, and one patient received ribavirin monother-
apy because of  poor tolerance to α-IFN. Five of 
the patients had a sustained virological response 6 
to 32 months after antiviral therapy was stopped. 
One patient relapsed 3 months after completing 
therapy, whereas one patient who was receiving 
ribavirin monotherapy did not have a virological 
response. Serum-albumin level normalized in all 
patients, and proteinuria decreased in all patients. 
Glomerular filtration rate improved in three pa-
tients and remained stable in four other patients. 
Despite monitoring ribavirin plasma concentra-
tion, the main side-effect observed was ribavi-
rin-induced hemolytic anemia, which required 
a ribavirin-dose reduction, low-dose iron, and 
systematic erythropoietin support. An improve-
ment in renal histology has been also reported in 
a small number of  patients (40).
 More recently, 18 patients who had HCV-re-
lated cryoglobulinemic MPGN were treated with 
a combined therapy of  standard or pegylated 
interferon and ribavirin (41). After a symptom-
atic treatment of  nephrotic-range proteinuria by 
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furosemide, with or without ACEIs, and with or 
without plasma exchange that was or was not as-
sociated with steroids, 18 patients received anti-
HCV therapy, while seven other patients did not 
receive any anti-viral therapy. Fourteen out of 
the 18 were treated with standard α-IFN at 3MU, 
three times weekly, plus ribavirin at 600 to 1000 
mg/d, and the four other patients received pe-
gylated IFN at 1.5 µg/kg weekly with the same 
dose of  ribavirin. The mean duration of  anti-
HCV therapy was 18±10 months (range 6 to 24 
months). The mean duration of  follow-up after 
completing anti-HCV treatment was 16.7±17.7 
months (range 6 to 30 months). A sustained vi-
rological response was observed in 67% of  pa-
tients. Pegylated IFN was given in three viro-
logical responders and one non-responder. After 
anti-HCV treatment, proteinuria and cryoglobu-
lin levels decreased. In addition, serum-albumin 
level increased significantly in virological re-
sponders compared to both the non-responders, 
who were receiving the combination therapy, and 
to the control patients, who were receiving any 
anti-viral treatment. In contrast, serum-creatinine 
level remained stable in all three groups. These 
data suggest that anti-viral therapy should be giv-
en for a long period.  
 The major side effects of  α-IFN can be flu-
like symptoms, malaise, myalgia, asthenia, loss of 
weight, cardiovascular disorders, hematological 
abnormalities, neurological disorders... The side 
effects of  α-IFN are enhanced in patients with 
impaired renal function compared to those with 
normal renal function. This might be related to 
differences in α-IFN pharmacokinetics. To date, 
two molecularly different pegylated interferons 
are available, i.e., pegylated interferon alfa-2a 
(Pegasys, Hoffmann-La Roche, Basel, Switzer-
land) and pegylated interferon alpha-2b (Peg-In-
tron, Schering-Plough, Berlin Germany). The pe-

gylation of  α-IFN results in an increase of  its half 
life. For both pegylated interferon formulations, 
renal clearance accounts for a relatively smaller 
proportion of  its total clearance than for non-pe-
gylated interferons, i.e., 30% (42) (43). However, 
pegylated IFN should be used with caution. 
 Ribavirin monotherapy: Despite the absence of 
a complete and sustained virological response, 
ribavirin monotherapy has been shown to have a 
beneficial effect on HCV-related glomerulopathy 
in immunocompetent patients (44), as well as in 
renal- (45) and liver-transplant patients (46). 
 Ribavirin, when given alone or in association 
with α-IFN, is responsible for hemolytic anemia, 
especially in cases of  renal-function impairment. 
Thus, it is widely admitted that ribavirin dosage 
should be adapted to creatinine clearance rather 
than to body weight, (47) (48) (49) as has been 
previously recommended. Ribavirin plasma con-
centration predicts ribavirin-induced anemia (50). 
Hence, in patients with impaired renal function, 
ribavirin should be given with caution. The accu-
mulation of  ribavirin induces hemolytic anemia. 
Severe chronic hemolysis is responsible for iron 
overload, liver iron deposition, and an accelera-
tion in liver fibrosis progression (51).
 Immunosuppressive therapy - In the past, pa-
tients with mixed cryoglobulinemia, with or with-
out renal involvement, were treated by plasma 
exchange to remove circulating cryoglobulins 
from the plasma and, consequently, to dimin-
ish the deposition of  immune complexes in the 
kidney (21). Cyclophosphamide was also used 
to improve renal disease by suppressing B lym-
phocyte stimulation and cryoglobulin production 
(21). Steroid pulses were administrated to treat 
glomerular infiltration abnormalities (21). Low 
doses of  oral steroids were also given to some 
patients (21). Previous uncontrolled studies that 
included a small number of  patients treated with 
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these therapies showed that this regime often 
controlled the acute phase of  the disease, but 
was often poorly tolerated. The flare-up of  HCV 
RNA concentration observed during immuno-
suppressive therapy may be harmful to HCV 
related-liver disease.
 Rituximab: Recently, rituximab, a human-
mouse chimeric monoclonal antibody that reacts 
with the CD20 antigen and, thus, directly and 
selectively targets the B cells, has proved effec-
tive and very well tolerated in patients with B-
cell non-Hodgkin lymphomas. Hence, it is used 
to treat mixed cryoglobulinemia and HCV-related 
cryoglobulinemic MPGN. 
 Two patients, with HCV-related cryoglobu-
linemic MPGN, were treated with rituximab at 
four weekly doses of  375 mg/m² (52). They were 
unresponsive to conventional treatments, includ-
ing α-IFN, plasmapheresis, steroids, and either 
cyclophosphamide or 2-chlorodeoxyadenoyne. 
A rapid response, and the disappearance of  pro-
teinuria and inactive urinary sediment, was ob-
served in one patient who had a recent onset of 
nephritis. No improvement was noticed in the 
second patient when rituximab was interrupted 
after two infusions due to a thrombosis of  the 
retinal artery. In the patient who completed ritux-
imab therapy, HCV RNA concentration showed 
minimal fluctuations (52). 
 --- Later, six patients who had HCV-related 
cryoglobulinemic glomerulonephritis were treated 
with rituximab (53). One patient received the stan-
dard four weekly doses, and the five other patients 
were treated by the standard protocol, plus two ad-
ditional infusions at 1 and 2 months later. Protein-
uria was decreased in all patients. Serum-creatinine 
level decreased in two patients, increased in one 
patient, and remained stable in the three other 
patients. Interestingly, HCV viral load decreased 
or remained stable in all patients. Rituximab has 

been also found to be effective for the treatment 
of  HCV-related type II cryoglobulinemic MPGN 
when used as a first-line therapy (54).
 A renal-transplant patient who was experiencing a 
de novo HCV-related type III cryoglobulinemic MPGN 
was treated with rituximab therapy: he had a clearance 
of  cryoglobulinemia, a decrease in proteinuria, 
and no change in serum creatinine or HCV RNA 
(55). Rituximab was efficient in treating de novo 
cryoglobulinemic MPGN in HCV-positive or 
-negative renal-transplant patients, but is associ-
ated with a high rate of  infectious complications, 
which might be related to the impairment of  T- 
and B-cell functions that these patients experi-
ence (55). Further controlled randomized stud-
ies are required to define the exact indications of 
rituximab, the dose of  rituximab required, as well 
as its long-term effect on HCV liver disease.
 Acute severe disease: During the acute phase, 
plasmapheresis and steroid pulses might be 
used to remove circulating cryoglobulins from 
the plasma and to treat the glomerular infiltra-
tion abnormalities, respectively (56). Even in the 
absence of  controlled randomized studies that 
compared the use of  anti-CD20 monoclonal an-
tibodies, i.e. rituximab (RTX) to IV cyclosphos-
phamide, rituximab therapy should be preferred 
to cyclophosphamide. This is supported by two 
very recent publications. In the first, Saadoun et 
al. (57) examined whether treatment of  HCV-
mixed cryoglobulinemia (MC) may target either 
the viral trigger (HCV) or the downstream B-cell 
clonal expansion. In a prospective cohort study 
they included 38 HCV-MC patients who received 
i) a combination of  RTX (375 mg/m2) once a 
week for 1 month followed by Peg-interferon-
alpha (Peg-IFN-alpha; 2a, 180 microg or 2b, 1.5 
microg/kg) weekly plus RBV (600-1200 mg) 
daily for 48 weeks or ii) Peg-IFN-alpha/ribavirin 
with the same modalities (n=55). In the whole 
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population of  HCV-MC patients (n = 93), a com-
plete clinical response was achieved in 73.1% (68 
of  93), cryoglobulin clearance in 52.7% (49 of 
93), and a sustained virologic response in 59.1% 
(55 of  93). Compared with Peg-IFN-alpha/riba-
virin, rituximab plus Peg-IFN-alpha/ribavirin-
treated patients had a shorter time to clinical re-
mission (5.4 +/- 4 vs 8.4 +/- 4.7 months, P = 
.004), better renal response rates (80.9% vs 40% 
of  complete response, P = .040), and higher rates 
of  cryoglobulin clearance (68.4% vs 43.6%, P = 
.001) and clonal VH1-69(+) B-cell suppression 
(P < .01). Treatment was well tolerated with 11% 
of  discontinuation resulting from antiviral thera-
py and no worsening of  HCV RNA under ritux-
imab. The second study included less patients, i.e. 
37 which presented with HCV-related MC (58). 
The patients were given a combination of  Peg-
IFN-alpha (2a: 180 mg or 2b: 1.5 mg/kg) weekly 
plus RBV (1000 or 1200 mg) daily for 48 weeks, 
with (n=22) or without (n=15) RTX (375 mg/
m2) once a week for 1 month followed by two 
5-monthly infusions (PIRR). Complete response 
was achieved in 54.5% (12/22) and in 33.3% 
(5/15) of  patients who received PIRR and Peg-
IFN-alpha/RBV, respectively (P < .05). Clearance 
of  HCV RNA and conversion of  B-cell popula-
tions from oligoclonal to polyclonal in liver, bone 
marrow, and peripheral blood was maintained for 
up to 3 years in 10 of  12 (83.3%) and in 2 of 
5 (40%) patients receiving PIRR and Peg-IFN-
alpha/RBV, respectively (P < .01). Cryoproteins 
in 22.7% (5/22) of  patients with PIRR and in 
33.3% (5/15) with Peg-IFN-alpha/RBV persist-
ed despite sustained HCV RNA clearance. No re-
sponse occurred in remaining 5 patients of  both 
groups. PIRR therapy is well tolerated and more 
effective than Peg-IFN-alpha/RBV combination 
in HCV-related MC. Its effect may last for more 
than 3 years. The findings of  these two studies 

indicate that rituximab combined with Peg-IFN-
alpha/ribavirin is well tolerated, is more effective 
than Peg-IFN-alpha/ribavirin, and has long-last-
ing effects on HCV-MC.
 However, what is the place of  rituximab ther-
apy in those HCV (+) cryoglobulinemic patients 
that failed to respond to antiviral therapy? Recent-
ly, Snelller et al. reported on a single-center, open-
label, randomized controlled trial of  rituximab 
(375 mg/ m2 /week for 4 weeks) compared to the 
best available therapy (maintenance or increase in 
immunosuppressive therapy) for HCV-associated 
cryoglobulinemic vasculitis in 24 patients (12 in 
each treatment group) in whom antiviral therapy 
had failed to induce remission (59). The prima-
ry end point was disease remission at 6 months 
from study entry. Baseline disease activity and or-
gan involvement were similar in the two groups. 
Ten patients in the rituximab group (83%) were 
in remission at study month 6, as compared 
with 1 patient in the control group (8%), a re-
sult that met the criterion for stopping the study 
(P < 0.001). The median duration of  remission 
for rituximab-treated patients who reached the 
primary end point was 7 months. No adverse ef-
fects of  rituximab on HCV plasma viremia or 
on hepatic transaminase levels were observed. 
In another report by De Vita el al. 59 patients 
with cryoglobulinemic vasculitis and related skin 
ulcers, active glomerulonephritis, or refractory 
peripheral neuropathy were randomized either to 
the non-RTX group, i.e. to receive conventional 
treatment, consisting of  1 of  the following 3: glu-
cocorticoids; azathioprine or cyclophosphamide; 
or plasmapheresis or the RTX group (to receive 
2 infusions of  1 gm each, with a lowering of  the 
glucocorticoid dosage when possible, and with a 
second course of  RTX at relapse) (60). Those pa-
tients who also had HCV infection, treatment of 
the HCV infection with antiviral agents had pre-
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viously failed or was not indicated. Patients in the 
non-RTX group who did not respond to treat-
ment could be switched to the RTX group. Study 
duration was 24 months. Survival of  treatment 
at 12 months (i.e., the proportion of  patients 
who continued taking their initial therapy), the 
primary end point, was statistically higher in the 
RTX group (64.3% versus 3.5% (P < 0.0001)), 
as well as at 24 months (60.7% versus 3.5% (P 
< 0.0001)). The Birmingham Vasculitis Activity 
Score decreased only after treatment with RTX 
(from a mean ± SD of  11.9 ± 5.4 at baseline to 
7.1 ± 5.7 at month 2; P < 0.001) up to month 
24 (4.4 ± 4.6; P < 0.0001). RTX appeared to be 
superior therapy for all 3 target organ manifesta-
tions. The median duration of  response to RTX 
was 18 months. Overall, RTX treatment was well 
tolerated (60). It was concluded that RTX mono-
therapy represents a very good option for severe 
cryoglobulinemic vasculitis and can be main-
tained over the long term in most patients.
 Recommendations (Table 1) - All patients 
should be treated with ACEIs in association or 
not with ARBs, as well as with anti-HCV therapy. 
The latter relies on a combined anti-viral therapy 
of  standard or pegylated IFN and ribavirin. We 
recommend the treatment of  patients for at least 
48 weeks, and the continuation of  anti-viral ther-
apy, even in the absence of  a decrease in HCV 
RNA concentration of  2-log at week 12. Clini-
cians should be aware that after HCV RNA clear-
ance, cryoglobulinemia persists for a long period. 
Ribavirin doses should be adapted according to 
creatinine clearance in order to avoid its main 
side effect, i.e., hemolytic anemia. Combined 
anti-viral and immunosuppressive therapies may 
be the treatment of  choice for patients with se-
vere renal disease, i.e., nephrotic syndrome and/
or progressive renal failure, or diseases that are 
refractory to anti-HCV therapy alone.

Table 1. Treatment of  HCV-related glomerulone-
phritis
Patients with moderate proteinuria and non-rapid but progressive 
renal failure:
-Symptomatic treatment
-Anti-HCV therapy for at least 12 months:
•Standard α-interferon 3 MU three times/week or pe-
gylated α-IFN 1.5 µg/kg/week
•Ribavirin: dose adapted to the creatinine clearance or to 
a trough plasma concentration of  10 to 15 mmol/L with 
or without erythropoietin support

Patients with nephrotic-range proteinuria and/or progressive renal 
failure:
-Symptomatic therapy: furosemide
 angiotensin-converting enzyme inhibitor (ACEIs) alone 
or combined with an angiotensin receptor antagonist 
(ARBs)
-Plasma exchange: 3 L of  plasma three times/week for 
2 or 3 weeks
-Rituximab: 375 mg/m²/week for 4 weeks* or cyclo-
phosphamide: 2 mg/kg/d for 2-4 months
-Methylprednisolone pulses: 0.5 to 1 g/d for 3 consecu-
tive days 
-Anti-HCV therapy (see above)

* Additional infusions of  rituximab might be given in cases of 
early relapse after conventional therapy.

 HCV treatment in the chronic kidney disease 
(CKD) CKD population: The AASLD (Ameri-
can Association for the Study of  Liver Diseases) 
has published guidelines for the CKD population 
stating that “when HCV infection is identified 
in persons with CKD, interferon-based antiviral 
treatment must be considered, but the regimen 
will vary depending of  the kidney disease…The 
decision to treat must take into account the com-
peting severities of  the CKD and the chronic 
liver disease, the risks of  the treatment itself, …, 
and whether there are comorbid conditions that 
may affect morbidity and mortality, such as car-
diovascular disease” (61).
 The kidneys play a major role in the catabolism 
and filtration of  both interferon and ribavirin; 
thus, their clearances may be affected in subjects 
with CKD (62, 63). The clearance of  pegylated 
interferon is affected in those with CKD, al-
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though hemodialysis does not affect its clearance 
(64). Hence, the AASLD guidelines recommend 
subcutaneous weekly doses of  1 µg/kg of  pegin-
terferon alpha-2b and of  135 µg of  peginterferon 
alpha-2a (61) to patients with stage 3-5 CKD. Be-
cause ribavirin is eliminated by the kidney, and if 
overdosed might result in dramatic anemia (65), 
ribavirin therapy is contraindicated when creati-
nine clearance is <50 mL/min. Hence, most data 
regarding HCV treatment in the CKD population 
deal with the use of  either standard α-interferon 
or α-pegylated interferon. 
 With regards to end-stage kidney-disease 
(ESKD) patients who are chronically treated by 
dialysis, Casanovas-Taltavull et al. reviewed two 
meta-analyses (Meta-1 and Meta-2) published in 
2008. From these they analyzed the SVRs, any 
adverse effects, and the reasons for discontinu-
ing αIFN treatment in dialysis patients (66). The 
Meta-1 study analyzed results obtained from 645 
patients; the Meta-2 study used data from 459 pa-
tients (19 studies were duplicated). Overall, the 
SVR was 40%; SVR in genotype 1 was 33%, with 
pegylated interferon providing few additional 
benefits over conventional alpha-interferon. Ad-
verse events, such as typical flu-like syndrome oc-
curred in 41% of  patients, requiring withdrawal 
of  antiviral treatment in 11% of  them. A high 
rate of  anemia was also documented, although 
the use of  recombinant erythropoietin, intrave-
nous iron administration, or transfusions was not 
generally reported. A typical flu-like syndrome 
occurred in 41% of  patients, which required 
withdrawal of  antiviral treatment in 11%. Severe 
adverse events were divided into the following 
groups: hormonal (thyroid), bone pain, cytope-
nia, gastrointestinal, immunological (prior graft 
rejection), central nervous system, cardiovascu-
lar, and infectious problems. The reviewers of 
these meta-analyses pointed out any bias in the 

selection criteria of  candidates for treatment, 
limitations related to the number and type of  ad-
verse effects (as well as their clinical evaluation), 
and discrepancies in cases of  discontinuation of 
treatment or loss to follow-up.
 With regards to Meta-1, the primary outcome 
was a SVR (as a measure of  efficacy); the second-
ary outcome was the drop-out rate (as a measure 
of  tolerability) (67). They identified 13 prospec-
tive studies, which were controlled clinical trials 
that included 539 unique patients, of  whom 10 
(76.9%) patients were receiving maintenance di-
alysis. Pooling of  these studies’ results showed 
a significant increase in viral response of  pa-
tients treated with antiviral therapy compared to 
patients who did not receive any therapy (con-
trols). The pooled odds ratio (OR) of  failure to 
obtain a SVR was 0.081 (95% confidence inter-
vals (CI), 0.029-0.230), p= 0.0001. The pooled 
OR of  drop-out rate was significantly increased 
in treated versus control patients, OR = 0.389 
(95% CI, 0.155-0.957), p= 0.04. The studies were 
heterogeneous with regard to viral response and 
drop-out rate. In the subset of  clinical trials (n 
= 6) involving only dialysis patients receiving 
α-IFN monotherapy for chronic HCV, there was 
a significant difference in the risk of  failure to 
obtain a SVR (study vs. control patients), OR= 
0.054 (95% CI, 0.019; 0.150), p = 0.0001. No dif-
ference in the drop-out rate between study and 
control patients was shown (OR= 0.920 (95% 
CI, 0.367; 2.311), NS). Meta-1 showed that viral 
response was greater in patients with chronic kid-
ney disease who received antiviral therapy than in 
controls. No differences in the drop-out rates be-
tween study and control patients occurred in the 
subgroup of  dialysis patients on α-IFN mono-
therapy (67).
 With regards to Meta-2, the authors took 
into account those chronic dialysis patients with 
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chronic HCV infection who were either treated 
with αIFN or pegαIFN, with or without ribavirin 
(68). They searched on MEDLINE for indexed 
studies since 1966, and only selected studies with 
a sample size greater than 10. They looked for 
the following parameters: SVR at 6 months af-
ter treatment, rate of  treatment discontinuation 
caused by adverse events, and factors associated 
with these outcomes. They analyzed 20 studies 
that contained 459 αIFN-treated patients, three 
studies that contained 38 pegαIFN-treated pa-
tients, and two studies that contained 49 pegαIFN 
and ribavirin-treated patients. The overall SVR 
rate was 41% (95% confidence interval (CI), 33 
to 49) for αIFN and 37% (95% CI, 9 to 77) for 
pegαIFN. Treatment-discontinuation rates were 
26% (95% CI, 20 to 34) for αIFN and 28% (95% 
CI, 12 to 53) for pegαIFN. 
 Treatment-discontinuation rates were greater 
in studies using larger doses. Hence, side-effects 
from alpha-interferon were numerous, particu-
larly in the ESKD population. The main side ef-
fects were fatigue/weakness and loss of  appetite, 
which may lead to weight loss and, thus, fluid 
overload if  dry weight is not adapted accordingly. 
Many patients also developed anemia, which of-
ten requires commencement or increased treat-
ment with erythropoietin-stimulating agents; in 
addition, seizures can occur if  there is fluid over-
load and hypertension. The limitations of  these 
meta-analyses were publication bias, there were 
few randomized controlled trials, and there were 
limitations in generalizability of  all hemodialy-
sis patients. In conclusion, alpha-IFN treatment 
of  hemodialysis patients resulted in an SVR rate 
of  41%. Thus, a higher weekly dose of  αIFN, a 
lower mean level of  pre-treatment HCV RNA, a 
lower rate of  cirrhosis, an HCV genotype differ-
ent from 1, and/or decreased transaminase levels 
may all be associated with greater SVR rates (68).

 A more recent meta-analysis has been pub-
lished on a group of  770 hemodialysis patients 
with chronic HCV infection, in which the au-
thors evaluated factors that were associated 
to SVR after α-pegylated or standard α-IFN 
monotherapy. Twenty-one studies on α-IFN-
alfa2a or α-IFN-alfa2b (491 patients), and 12 
on pegylated-IFN-alfa2a or PEG-IFN-alfa2b 
(279 patients), were evaluated. The pooled SVRs 
for standard and pegylated α-IFN monotherapy 
in random-effect models were 39.1% (95% CI, 
32.1 to 46.1) and 39.3% (95% CI, 26.5 to 52.1), 
respectively. Pooled dropout rates were 22.6% 
(95% CI, 10.4 to 34.8) and 29.7% (95% CI, 21.7 
to 37.7), respectively. Female gender, HCV-RNA 
copies per mL, HCV genotype, alanine transami-
nase pattern, duration of  infection, stage of  liver 
fibrosis, and treatment duration were not associ-
ated with SVR. Only an age less than 40 years 
was significantly associated with SVR (odds ra-
tio, 2.17; 95% CI, 1.03 to 4.50) (69).
 There are only few limited reports that de-
scribe the combined use of  (peg)alpha-interferon 
and ribavirin in dialysis patients. With regard to 
this combined therapy, the AASLD guidelines 
state that “Ribavirin can be used in combina-
tion with interferon with a markedly reduced 
daily dose with careful monitoring for anemia 
and other adverse effects” (58). The largest series 
published so far on the combined use of  pegin-
terferon alpha-2a plus ribavirin in hemodialysis 
patients obtained a SVR rate of  97% (34/35) in 
the treated patients (peginterferon alpha-2a plus 
ribavirin) vs. 0% (0/35) in untreated controls 
(70). These findings have not been confirmed in 
further reports where the SVR rate ranges be-
tween 7% and 71% (71).
 Treatment of  acute HCV infection in CKD patients: 
In the general population, with regard to the 
treatment of  acute HCV infection, the AASLD 
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guidelines state that “Treatment can be delayed 
for 8 to 12 weeks after acute onset of  hepatitis 
to allow spontaneous resolution; … Although ex-
cellent results were achieved using standard inter-
feron monotherapy, it is appropriate to consider 
the use of  peginterferon…Until more informa-
tion becomes available, no definitive recommen-
dation can be made about the optimal duration 
needed for treatment of  acute hepatitis C; how-
ever, it is reasonable to treat for at least 12 weeks 
and 24 weeks may be considered” (61).
 In dialysis patients, Liu et al. have very recently 
published their experience regarding the treat-
ment of  acute HCV infection. They included 35 
dialysis patients that had no spontaneous clear-
ance of  HCV at 16 weeks after acute HCV infec-
tion. They were thus then given a course of  pegin-
terferon alpha 2a at 135 µg weekly for 24 weeks 
(72). They compared the results with those from 
a historical series of  36 hemodialysis patients who 
had acute hepatitis C, but had not received treat-
ment. The rate of  SVR in their treatment group 
was significantly higher than the rate of  spontane-
ous HCV clearance in the control historical se-
ries group (88.6% vs. 16.7%). All but one patient 
had a rapid virologic response (undetectable HCV 
RNA levels at 4 weeks of  therapy), and all patients 
who received more than 12 weeks of  therapy had 
early and end-of-treatment virologic responses. 
All patients who had clearance of  HCV by 16 
weeks had undetectable HCV RNA levels dur-
ing and at the end of  follow-up. Liu et al. con-
clude that “Pegylated IFN alfa-2a monotherapy 
is safe and efficacious for hemodialysis patients 
with acute hepatitis C. It is suggested that patients 
without spontaneous clearance of  HCV by week 
16 should receive this therapy” (72).
 In addition, dialysis patients who were cleared 
of  the HCV virus after antiviral therapy, and re-
ceived kidney transplantation, did not present 

with HCV reactivation, despite heavy immuno-
suppression (73). Hence, 16 HCV seropositive/
HCV RNA-positive hemodialysis patients who 
were treated with IFN-alpha (9 MU/wk during 
6 or 12 months) underwent kidney transplanta-
tion 38 months (range, 2 to 57) after alpha-IFN 
therapy. At kidney transplantation, HCV viremia 
was negative in all patients. Immunosuppression 
relied on anticalcineurin agents with or without 
steroids and/or antimetabolites; in addition, 12 
of  them received induction therapy with anti-
thymocyte globulins; at the last follow-up after 
kidney transplantation, i.e. 22.5 months (range, 2 
to 88), HCV viremia remained negative in all pa-
tients (73). Recently, we have assessed the persis-
tence of  HCV infection in 26 HCV seropositive 
kidney-transplant patients currently receiving 
immunosuppressants, and who were formerly in-
fected with HCV, i.e., they had eliminated HCV 
either spontaneously or after interferon-α thera-
py while on hemodialysis (74). No biochemical 
or virological relapse was seen during the median 
posttransplant follow-up of  10.5 years (range: 
2-16) in those patients who received immuno-
suppressive therapy that included calcineurin 
inhibitors (100%), and/or steroids (62%), and/
or antimetabolites (94%). At the last follow-up, 
all had undetectable HCV RNA according to the 
conventional tests that were repeated, on aver-
age, five times (range, 1-15). We also looked for 
residual HCV RNA in their plasma and periph-
eral blood-mononuclear cells (PBMCs) (stimu-
lated or not in culture) with an ultrasensitive RT-
PCR assay, followed by Southern blotting for 
PBMCs: no HCV genomic RNA was detected 
in the plasma samples or in the unstimulated 
and stimulated PBMCs. Thus, an absence of  a 
relapse of  HCV in formerly HCV-infected im-
munocompromised patients suggests complete 
eradication of  HCV after its elimination while 
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on dialysis (74). These findings highlight the fact 
that HCV-positive dialysis patients who have a 
SVR after completion of  alpha-(peg)interferon 
therapy are really cured of  HCV.

Does occult HCV infection exist in dialysis 
patients?
 Occult HCV infection is defined by the 
presence of  HCV RNA in the liver or periph-
eral blood mononuclear cells (PBMCs) of  HCV 
RNA(–) patients, with or without anti-HCV 
antibodies (75). It has been suggested that pa-
tients with occult HCV infection are potentially 
infectious, have a better immune response that 
results in a milder disease compared to patients 
with chronic HCV hepatitis, and that anti-HCV 
therapy is advisable in this setting (75, 76). In the 
absence of  a liver biopsy, it has been suggested 
to test for HCV RNA in PBMCs to identify pa-
tients with occult hepatitis (75, 77). Bartolomé et 
al. found that HCV RNA could be detected in 
the sera of  patients with occult HCV infection 
after circulating viral particles were concentrated 
by ultracentrifugation (78).
 Barril et al. detected the presence of  genom-
ic HCV RNA in the PBMCs’ of  49 out of  109 
(45%) anti-HCV-antibody and HCV RNA(–)he-
modialysis patients with abnormal liver enzymes 
(79). Antigenomic HCV RNA was detected in 
53% of  these patients. These patients were con-
sidered to have occult “HCV infection”. How-
ever, these data should be interpreted with cau-
tion because it is uncertain whether occult HCV 
infection actually exists (80). Indeed, in the study 
by Barill et al., genomic HCV was not looked for 
in hemodialysis patients with normal liver-en-
zyme levels (79). It is unknown why occult HCV 
infection induces abnormal liver-enzyme levels 
in hemodialysis patients who are known to have 
liver-enzyme levels that are mostly within the 

normal range, despite detectable replication of 
serum HCV RNA. In addition, the authors did 
not examine liver histology in this population, 
and none of  their patients developed a HCV-
related liver disease. In addition, seven of  their 
hemodialysis patients with occult HCV infection 
underwent kidney transplantation. It seems that 
serum HCV RNA remained negative after trans-
plantation.
 It has been shown that HCV RNA(+) pa-
tients, both after a renal or liver transplantation, 
have significantly increased HCV viremia due to 
losing immune control over HCV when receiving 
immunosuppressive treatment (81). In contrast, 
it has been also shown that when HCV RNA 
clearance occurs in anti-HCV(+) hemodialysis 
patients, no relapse was observed after kidney 
transplantation, despite subsequent immunosup-
pressive treatments, which included an induc-
tion therapy (73, 74). Hence, it is unlikely that 
HCV RNA would not be detected in serum after 
transplantation if  it had been already present in 
PBMCs before transplantation, particularly be-
cause antigenomic HCV RNA indicates ongoing 
replication. Therefore, there are very few argu-
ments to suggest that occult HCV infection really 
exists in hemodialysis patients.
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