
Introduction

Hepatitis C virus (HCV) is a leading cause of ch-
ronic liver disease in the Western world and may also
be associated with a number of extra-hepatic disor-
ders, the most important of which are mixed cryoglo-
bulinemia and glomerulonephritis (1).

Mixed cryoglobulins (MCs) are immune com-
plexes of mono- or polyclonal IgM that share rheu-
matoid factor (RF) activity and bind to polyclonal
IgGs; they are categorised as type II if the IgM RF is
monoclonal, and type III if it is polyclonal (2). Unu-
sual MCs consisting of oligoclonal IgM RF and poly-
clonal IgG have been detected and called type II-type
III variant (3), a serologic subset which is considered

an intermediate transitional process from type III
(polyclonal) to type II (monoclonal) MCs.

HCV has been recognised as the main etiologic
factor of MCs (4,5,6) since its discovery in 1989 (7),
and now accounts for 73% of all forms of cryoglobuli-
nemia (8). Circulating cryoglobulins can be detected
in more than 50% of HCV-infected patients (9,10),
but the mechanism leading to MC overproduction
during HCV-infection remains unclair. A possible
causal link between chronic HCV infection and MC
is the finding that peripheral B-cells infected with
HCV are clonally expanded and activated to secrete
IgM molecules with RF activity (6, 11-13). The recent
identification of CD81 as one of the HCV receptor
candidates on B-lymphocytes provides a mechanism
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by which these cells are infected and activated by the
virus (14).

The majority of HCV-infected patients with
cryoglobulinemia are asymptomatic or have non-spe-
cific findings, the main clinical manifestations being
palpable purpura, weakness, and arthralgias (8-10, 15,
16). Cryoglobulinemic vasculitis involving small and
medium-sized arteries, capillaries, and venules is ob-
served in less than 10% of patients (17), the most fre-
quently affected organs being the skin (leg ulcers),
nerves (peripheral neuropathy) and kidneys (glomeru-
lonephritis).

Renal involvement occurs in one-third of cryoglo-
bulinemic patients and is almost exclusively associated
with type II MCs (18-20). The main type of glomeru-
lopathy associated with HCV-related cryoglobuline-
mia is membranoproliferative glomerulonephritis
(MPGN) with subendothelial immune deposits
showing the classic cryoglobulin-like structure (18, 19,
21, 22). Clinically, cryoglobulinemic glomerulonephri-
tis (CGN) may range from isolated proteinuria to overt
nephritic (20-30%) or nephrotic syndrome (20%), with
variable progression to chronic renal insufficiency (18,
23). Although end-stage renal failure requiring dialysis
is rare (about 10% of cases), patients with CGN have a
poor prognosis because of the unusually high inciden-
ce of infections and cardiovascular disease (23, 24).

Current evidence of the direct role of HCV in the
pathogenesis of cryoglobulinemic CGN has prompted
the use of antiviral therapy. Complete CGN remission
has been observed in anecdotal cases treated with in-
terferon-alpha (IFN-α) alone or combined with ribavi-
rin (25-31), but non-responses or relapses after IFN-α
discontinuation are frequent. Furthermore, IFN-α may
be inadequate or even harmful in patients with syste-
mic vasculitis and active renal disease (32-34). In such
cases, corticosteroids and immunosuppressive agents
have been used to decrease cryoglobulin production
and improve vasculitic manifestations, but long-lasting
remission of the renal disease is uncommon.

The treatment of cryoglobulinemia and glomeru-
lonephritis associated with HCV infection is proble-
matic because of the multifactorial origin and clinical
variability of the syndrome. Here we describe four pa-
tients with HCV-related cryoglobulinemic MPGN
and the strategies used for their management.

Case reports

Case 1

A 66-year-old woman with a 5-year history of
arthralgia and purpura was admitted to our Depart-
ment for the evaluation of a nephrotic syndrome. Phy-
sical examination revealed ankle edema, palpable pur-
pura of the legs and hypertension (170/100 mmHg).
The laboratory test results were urinary protein excre-
tion 3.5 g/day, serum creatinine 1.4 mg/dL, and serum
albumin 3.1 g/dL. Type II (IgG-IgM-κ) MC was de-
tected with a cryocrit of 24%. The serum levels of C4
were low (2.3 mg/dL; normal value, nv 20-50 mg/dL),
and those of C3 were moderately reduced (46.8 mg/dL;
nv 55-120 mg/dL). Alanine (ALT) and aspartate ami-
notransferases (AST) levels were in the normal range.
The patient was negative for hepatitis B virus (HBV)
markers, but positive for anti-HCV antibodies (detec-
ted using a second-generation enzyme immunoassay)
and serum HCV RNA (assessed by means of a reverse
transcriptase polymerase chain reaction [RT-PCR] as-
say). The genotype (characterised by means of PCR as-
say, using primers specific for the HCV core region)
was 1b. A percutaneous renal biopsy showed type I
MPGN with mild monocyte infiltration (Fig. 1A). The
activity index based on light microscopy findings and
the scoring system established for lupus nephropathy
(35) was 5/24. Immunofluorescence staining showed
granular IgM, IgG, and C3 deposits with a suben-
dothelial pattern (Fig. 1B). Antiviral therapy was star-
ted with IFN-α 3 million units (MU) thrice weekly and
ribavirin 15 mg/kg/day. After 12 weeks of treatment,
HCV RNA became undetectable, the edema and pur-
pura improved, serum creatinine levels normalised (1.1
mg/dL), proteinuria decreased to 220 mg/day, cryocrit
dropped to 2%, and serum C4 levels returned to nor-
mal. When the antiviral treatment was discontinued in
week 24, HCV RNA and cryoglobulins were no longer
found in the serum and all of the signs of renal disease
had completely reversed. Except for a mild flu-like syn-
drome and a transient decrease in hemoglobin level
(successfully managed by reducing the dose of ribavi-
rin), the antiviral therapy was well tolerated. One year
after the end of treatment, the patient was still in clini-
cal and virologic remission.
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Case 2

A 32-year-old man presented with edema of the
legs, nephrotic-range proteinuria, elevated liver enzy-
mes, and positive serum cryoglobulins. He had been in
good health until one month before admission to our
Department. Physical examination revealed leg ede-
ma, no hepatosplenomegaly, and a blood pressure of
130/80 mmHg. Laboratory tests showed slightly in-
creased serum creatinine levels (1.5 mg/dL), proteinu-
ria in the nephrotic range (8.5 g/day) with active uri-
ne sediment, reduced serum albumin (2.8 g/dL) and
increased ALT levels (74 U/L; nv 0-35 U/L), positive
serum RF (97 IU/mL; nv 0-15 IU/mL), and low se-
rum C4 levels (4.75 mg/dL). Cryocrit was 31%, and
cryoglobulin characterization revealed type II (IgG-
IgM-κ) MC. The patient was negative for HBV in-
fection markers, but positive for anti-HCV antibodies
and HCV RNA (genotype 1b/1a). A percutaneous re-
nal biopsy revealed type I MPGN with massive su-
bendothelial deposits, numerous intracapillary eosi-
nophilic thrombi, and some cellular crescents. Inter-
stitial mononuclear cell infiltration was quite diffuse
(Fig. 2A). The activity index based on light micro-
scopy specimens was 15/24. Immunofluorescence mi-
croscopy revealed diffuse, granular IgM, IgG and C3
deposits in the capillary loops and mesangial areas,
with intense massive staining of some intraluminal

deposits (Fig. 2B). After four months of treatment
with IFN-α 3 MU thrice weekly and ribavirin 15
mg/kg/day, HCV RNA was negative, cryocrit 3%, se-
rum creatinine 1.1 mg/dL, and ALT levels had nor-
malised. Proteinuria remained in the nephrotic range
but had decreased to 4.1 g/day. Two months later, uri-
nary protein excretion was 3.9-4.5 g/day and serum
albumin 2.9 g/dl, serum creatinine remained stable,
cryocrit was 1.5%, and serum HCV RNA was negati-
ve. The main adverse events related to the antiviral
treatment were pruritus and a slight decrease in he-
moglobin levels. After 12 months of antiviral therapy,
his clinical and virologic condition remained essential-
ly unchanged.

Case 3

A 50-year-old man presented with a five-week
history of arthralgia and ankle edema. The admission
physical examination showed hypertension (180/100
mmHg), monolateral (right) pleural effusion, and ede-
ma of the legs. The laboratory findings were hemo-
globin 11.8 g/dL, blood urea nitrogen (BUN) 45
mg/dL, creatinine 1.6 mg/dL with creatinine clearan-
ce 52 mL/min, total serum proteins 4.9 g/dL, albumin
2.5 g/dL, and cholesterol 402 mg/dL. ALT and AST
levels were in the normal range.Urinalysis showed
proteinuria (4+) with microscopic hematuria, leukocy-

Figure 1. HCV-associated cryoglobulinemic MPGN. (A) Increased mesangial hypercellularity with mild monocyte infiltration.
Mesangial enlargement giving rise to lobular aspects. Irregular capillary wall thickening with double-contoured appearance (perio-
dic acid-Schiff x 250). (B) Granular fluorescent IgG deposits along the capillary walls with a lobular distribution (x 250)

A) B)
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turia and cellular casts. Urinary protein excretion was
10.5 g/24 h. The patient was negative for HBV surfa-
ce antigen, and positive for HCV antibodies and
HCV RNA; the genotype was 1 and the viral load 7.6
x 106 copies/mL. The other laboratory results showed
RF 871 IU/mL, C4 1.9 mg/dL, and cryocrit 20%. Im-
munofixation revealed type II (IgG-IgM-κ) MC. A
liver biopsy showed mild chronic hepatitis (grade A1,
stage F1 according to the METAVIR scoring system)
(36). A percutaneous renal biopsy revealed exudative

MPGN with numerous intraluminal thrombi (Fig.
3A) and cellular crescents (Fig. 3B) in 7/23 glomeru-
li. The interstitium was edematous with diffuse
leukocyte infiltration. One arteriole showed extensive
fibrinoid necrosis of the wall and occlusion of the lu-
men. The activity index based on light microscopy
specimens was 18/24. Immunofluorescence micro-
scopy revealed granular capillary wall and mesangial
deposits, and intraluminal masses of C3, IgM, and
IgG. Electron microscopic examination confirmed the

Figure 3. HCV-associated cryoglobulinemic MPGN. (A) Tuft mesangial proliferation with a lobular appearance and monocyte in-
filtration. Two intraluminal eosinophilic thrombi are visible (white arrow) (hematoxylin and eosin x 250). (B) Large circumferen-
tial cellular crescent with collapse of the tuft (trichrome x 250)

A)

B)

B)

Figure 2. HCV-associated cryoglobulinemic MPGN. (A) Broad proliferation of mesangial cells with monocyte infiltration. Huge
subendothelial deposits and some intracapillary eosinophilic thrombi. The tuft is partly surrounded by an epithelial crescent (he-
matoxylin and eosin x 400). (B) Irregular C3 deposits in the capillary walls and the mesangial regions (x250)

A) B)
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presence of large subendothelial immune complex de-
posits. Immunosuppressive treatment was started with
corticosteroids (methylprednisolone pulses of 1.0
g/day for three days, followed by oral prednisone 1.0
mg/kg/day slowly tapered to a maintenance dose of
0.2 mg/kg/day) and oral cyclophosphamide (at a dose
of 2 mg/kg/day). After three months, serum creatini-
ne and creatinine clearance had normalised, proteinu-
ria had decreased to 800 mg/24 h and cryocrit to 5%,
and the systemic signs of the disease (edema, arthral-
gia) had disappeared. ALT and AST levels remained
unchanged, whereas HCV RNA levels had increased
(38,3 x 106 copies/mL). As the cryoglobulinemic MP-
GN was in clinical remission, cyclophosphamide and
prednisone were discontinued, and antiviral treatment
with once-weekly injections of peginterferon alfa-2a
100 µg combined with ribavirin 800 mg/day was star-
ted. Three months later, serum HCV RNA had disap-
peared, a result that was confirmed after six months, as
well as at the end of antiviral therapy in week 48, and
during the post-treatment follow-up. Proteinuria re-
turned to the normal range (40 mg/24 h), cryoglobu-
lins decreased to undetectable levels, and serum C4 le-
vels normalised. RF activity decreased, but remained
above normal. The antiviral therapy was well tolera-
ted, but once-weekly subcutaneous treatment with
erythropoietin 10,000 U.I. was required to maintain
hemoglobin levels (≥12.0 g/dL) 

Case 4

A 69-year-old woman was admitted to our De-
partment because of arthralgia, purpura, and edema of
the legs, which had been recurrent during the previous
five years. Upon admission, she had purpura and leg
edema, and arterial hypertension (160/95 mmHg).
The laboratory findings were hemoglobin 11.4 g/dL,
BUN 22 mg/dL, creatinine 0.7 mg/dL, albumin 3.1
g/dL, and normal liver function. Urinalysis revealed
heavy proteinuria (4+) with microscopic hematuria;
24-h urine collection showed 4,3 g of protein and
creatinine clearance 76 mL/min. The patient was po-
sitive for HCV markers and HCV RNA; the genoty-
pe was 1b and the viral load 6.4 x 106 copies/mL. Te-
sts for HBV surface antigen were negative. Other la-
boratory investigations showed RF 125 IU/mL, C3
105 mg/dL, C4 5.4 mg/dL, and cryocrit 15%. Immu-
nofixation revealed type II (IgG-IgM-κ) MC. A liver
biopsy revealed mild chronic hepatitis (grade A1, sta-
ge F0), and a percutaneous renal biopsy showed featu-
res characteristic of a cryoglobulinemic type I MP-
GN, with uniform mesangial widening, an occasional
increase in cellularity, and mild thickening of the ca-
pillary walls (Fig. 4A). There were no significant tu-
bulo-interstitial changes or signs of vasculitis. The ac-
tivity index based on light microscopy specimens was
6/24. Immunofluorescence microscopy showed granu-

Figure 4. HCV-associated cryoglobulinemic MPGN. (A) Mild mesangial widening with accentuated cell proliferation on the left
side of the tuft. Capillary loops are irregularly thickened (periodic acid-Schiff x 250). (B) Fluorescent granular deposits of IgG along
the capillary walls and in the mesangium showing a subendothelial pattern (x 400)

A) B)
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lar deposits of C3, IgG, and IgM, with a subendothe-
lial pattern (Fig. 4B). Antiviral therapy was started
with peginterferon alfa-2a 80 µg combined with daily
ribavirin, the initial dose of which (15 mg/kg/day) was
adjusted to maintain hemoglobin levels of 10-12
g/dL. No virological response was observed after 12,
24 or 48 weeks of treatment but, although HCV was
not eradicated, the reduced viral load of 0.9 x 106 co-
pies/mL was associated with some favourable clinical
and biochemical effects: cryocrit decreased to 10% and
proteinuria to 0.4 g/24 h, the edema disappeared and
the purpura improved. However, there was no appre-
ciable change in the serum level of C4 or RF activity.
The main side effects of antiviral treatment were he-
molysis and a transient decrease in neutrophil and pla-
telet counts. Six months after the discontinuation of
therapy, the patient experienced a recurrence of pur-
pura and arthralgia, with a concomitant increase in
cryocrit (18%) and proteinuria (1.4 g/day). Interestin-
gly, her circulating viral load and anti-HCV titres had
reached pre-treatment levels.

Discussion

All of our four patients with HCV-related CGN
presented with the clinical and biochemical features of
the nephrotic syndrome. Two patients showed serum
creatinine levels of ≥1.5 mg/dL, and three were hyper-
tensive. Chronic HCV infection was established in all
the patients by means of the detection of serum anti-
HCV antibodies and HCV RNA; liver involvement
was mild and asymptomatic. All patients showed RF
activity and had very low C4 levels. Percutaneous re-
nal biopsies revealed type I MPGN in all four cases,
and the presence of type-II (IgG-IgM-κ) MCs in
their sera led to the diagnosis of cryoglobulinemic
MPGN.

The most frequent renal involvement in patients
with HCV infection is CGN, with type I MPGN
being the predominant histologic pattern (18, 19, 21,
22). In cryoglobulinemic MPGN, light microscopy
usually shows a diffuse endocapillary proliferative or
mesangiocapillary lesion with crescents in a few glo-
meruli, thickened capillary basement membranes with
a double-contoured or tram track appearance, and nu-

merous subendothelial deposits that sometimes also
fill the capillary lumen (so-called “intraluminal th-
rombi”). Vasculitis with fibrinoid necrosis and/or pro-
liferative arterial wall changes are seen in one-third of
renal biopsy specimens (23). Immunofluorescence mi-
croscopy reveals granular capillary wall, mesangial and
intraluminal deposits of C3, IgM, and IgG that are
immunologically similar to the circulating cryoglobu-
lins (37, 38). On electron microscopy the intraluminal
and subendothelial deposits may show tubular and
crystalline structures compatible with cryoglobulins
(37, 39, 40).

The pathogenesis of CGN in HCV infection is
unknown. The glomerular damage in HCV-related
cryoglobulinemia may be due to the in situ or in-cir-
culation binding of HCV antigens, polyclonal anti-
HCV IgGs and non-specific IgGs to the IgM RF of
MCs, with subsequent complement activation and cy-
tokine production (18, 21). The demonstration of
HCV antigens or RNA in renal tissue have frequently
produced unreliable data, possibly because of low tis-
sue HCV proteins levels, the poor affinity of mono-
clonal antisera, or antigen masking by circulating an-
tibodies (19).

The treatment of HCV-related cryoglobulinemic
MPGN can be focused either on suppression of vire-
mia or on measures that interfere with the immune
mechanisms responsible for glomerular damage. Anti-
viral therapy with IFN-α and ribavirin is currently
considered the first-line treatment for HCV-related
CGN, because it provides the best chance of viral
clearance and subsequent disease improvement. There
are no large-scale studies regarding the antiviral treat-
ment of HCV-related CGN, but positive results have
been reported in anecdotal observations as a conse-
quence of the disappearance of HCV RNA from the
serum, and a decrease in circulating cryoglobulin levels
(25-31). However, HCV eradication is obtained in no
more than 50% of the patients (41), and the clinical
benefit of antiviral treatment is often transient or re-
stricted to patients with low-grade kidney involve-
ment (see case 1). In patients with severe renal disea-
se, there is clinical evidence (see case 2) that, although
it is capable of suppressing viremia and cryoglobuline-
mia, antiviral therapy is not fully effective in control-
ling the inflammatory and self-perpetuating immune-
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mediated reaction that arises from cryoglobulin depo-
sition in the vascular system and tissue. Furthermore,
IFN-α therapy may be associated with worsening glo-
merulonephritis (32-34), and ribavirin may be con-
traindicated in the presence of renal failure (22, 34).

Deciding on the treatment is a complex issue that
should take numerous variables into account, inclu-
ding the patient’s age, general state of health, like-
lihood of response, and medical conditions that may
decrease life expectancy or contraindicate the use of
immunosuppressive or antiviral agents. Determining
the activity and severity of the underlying renal disea-
se is also of paramount importance. Clinical features
such as nephritic syndrome with renal function im-
pairment, and subnephrotic or nephrotic proteinuria
with active urine sediment are valuable indicators of
renal disease severity (18, 19). In addition, renal bio-
psy can be used not only to establish the diagnosis, but
also to make therapeutic decisions since it may contri-
bute to identifying the patients who would most be-
nefit from antiviral or immunosuppressive therapy.
Specific histological findings suggesting a renal flare
include prominent glomerular monocyte infiltration,
intraluminal thrombi, large crescents, and vasculitis
with fibrinoid necrosis (18-20, 23). On the basis of
these clinical and histological features, patients can be
classified as having mild-moderate or severe/active re-
nal disease (42).

The primary goal in patients with mild-to-mode-
rate kidney involvement (e.g. glomerulonephritis with
stable renal function, inactive urine sediment, and
mild or moderate renal biopsy histological lesions) is
to eradicate HCV, and so combined therapy with
pegylated IFN-α and ribavirin should be considered
as first-line treatment. The duration of antiviral the-
rapy is similar to that in patients with chronic HCV
infection (12 months for patients with genotype 1, less
for patients with genotype 2 or 3) (41, 43). The com-
plete remission of MPGN is subordinate to a sustai-
ned virological response but, as observed in our case 4,
some patients may benefit from combined therapy
even in the absence of HCV clearance (28, 31, 44).
This favourable, albeit transient, response of MC-re-
lated symptoms is attributable to the immunomodula-
tory/anti-inflammatory action of ribavirin and a de-
crease in HCV viral load.

In patients with severe/active renal disease (e.g.
nephritic syndrome with increasing creatinine values,
nephrotic syndrome with active urine sediment, and
severe renal biopsy histological lesions), immunosup-
pressive therapy should take priority over antiviral
treatment (18, 29, 42, 45). A short-term (8-12 weeks)
course of corticosteroids (500-1000 mg of methyl-
prednisolone daily for three days, followed by oral
prednisone 1.0 mg/kg/day for 1 month with subse-
quent gradual tapering) and cyclophosphamide (ad-
ministered orally at 2 mg/kg/day) should be started to
improve the acute manifestations of renal disease and
to decrease the production of cryoglobulins (17-19,
42, 45). In the most severe cases, plasmapheresis (ex-
changes of 3 L of plasma 3-4 times/week for 2-3
weeks) can be used to remove cryoglobulins, inflam-
mation mediators and toxins. There is concern that
immunosuppressive therapy may increase viral replica-
tion and viremia, but no consistent evidence of acute
liver damage has been reported during short-term
treatment with corticosteroids and cytotoxic agents
(18, 19, 46). When clinical remission has been achie-
ved (indicated by stable or falling creatinine levels, the
absence of urinary cell casts and a reduction in protei-
nuria), the immunosuppressive drugs should be stop-
ped and replaced by antiviral treatment to eradicate
HCV, the causative agent of CGN. In our case 3, this
strategy led to the complete remission of MPGN and
long-lasting suppression of viremia and cryoglobuli-
nemia. Although the sequential administration of im-
munosuppressive and antiviral agents is a reasonable
therapeutic approach to HCV infected patients with
severe/active CGN, further studies are needed to con-
firm its efficacy and safety.

With regard to patients in whom antiviral the-
rapy is uneffective, counterindicated or not tolerated,
it has recently been proposed that rituximab, a hu-
man/mouse chimeric monoclonal antibody against B-
cell surface antigen CD20, may be an alternative to
standard immunosuppressive treatment (47, 48), whi-
ch is difficult to manage and implies a high risk of se-
rious side effects after long-term use. Monoclonal an-
ti-CD20 antibody targets and depletes B-cells clones
that sustain the production of pathogenetic cryoglo-
bulins. In symptomatic patients with HCV-associated
CGN, it has been found that rituximab reduces pro-
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teinuria, RF activity, Ig concentration and cryocrit le-
vels, despite increased viremia (approximately twice
that measured at baseline) (47, 49). The long-term ef-
ficacy and safety of rituximab now needs to be com-
pared with those of conventional treatment in rando-
mised, controlled studies of patients with type II MC
syndrome and, particularly, CGN.
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