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Abstract
Mixed cryoglobulinemia is a systemic vasculitis described as a

triad characterized by purpura, weakness and arthralgias.

Since the first description of the disease in 1964 by Meltzer

and Franklin our understanding of its pathogenesis has

increased considerably. The striking association of the disease

with hepatitis C virus infection was initially noted in 1990. Since

then, the disease has gained growing attention among

investigators involved in the study of autoimmune systemic

disorders because it represents one of the most intriguing

models of autoimmunity triggered by a virus. Nonetheless, a

number of answered questions still remain to be resolved and

are reviewed in this article.
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Mixed cryoglobulinemia was first described by Meltzer and
Franklin in 1964 as a syndrome characterized by purpura,
weakness and arthralgias [1]. During the past ten years intensive
research work has led to the identification of the trigger of the
disease, previously referred to as ``essential,'' and in 1990 a clear
association between HCV and MC was demonstrated [2].
However, despite the many advances in the study of this
relationship over the last few years, a number of unresolved
issues remain, presenting a challenge for investigators in this field.

Clinical features
During the years 1966 to 1990 analyses of large series of MC
patients made it possible to define the clinical manifestations of
the disease [1,3±7]. The disease combines the features of a
systemic immune complex-mediated disease with those of a
lymphoproliferative disorder. MC is a vasculitis involving the
small arteries and veins and is associated with the presence of
large amounts of mixed immunoglobulin M and G cryoglobu-
lins with rheumatoid factor activity. The clinical hallmark of the
disease is purpura, present in over 90% of patients, which is due
to a leukocytoclastic vasculitis and is localized mainly in the
lower extremities [3]. Liver involvement is another frequent
characteristic of MC, and if severe, can seriously affect the

overall prognosis of the disease [3,4]. Renal involvement is one
of the most serious complications of MC and affects approxi-
mately one-third of patients. Histologically it almost invariably
takes the form of a membranoproliferative glomerulonephritis
with a varying degree of interstitial and vascular damage.
Clinically it ranges from isolated proteinuria to a frank
nephritic syndrome. The disease course is generally character-
ized by periods of remission and exacerbation and, if not treated
correctly, may eventually result in renal failure [5,6].

Another common manifestation of the disease is peripheral
neuropathy. Although the symptoms may be mild, electro-
neurographic signs of peripheral neuropathy are present in the
majority of MC patients. Paresthesias or an impairment of the
sensitive fibers are the most frequent manifestation. Pure motor
neuropathy is a rare but disabling condition [7].

MC is frequently associated with a benign lymphoprolifera-
tive disorder in the form of distinct lymphoid infiltrates, with
cells bearing surface monoclonal rheumatoid factor in the
portal tracts, spleen and bone marrow [8]. This disorder can
evolve to a frank non-Hodgkin's B cell lymphoma in up to 10%
of patients [9].

Laboratory features
MC is a typical model of an immune complex-mediated disease.
The presence of a high amount of IgM anti-IgG activates the
complement system through the classical pathway, thus the
presence of low levels of C4 is a common feature. Due to the
presence of high levels of immune complexes and rheumatoid
factor, patients with MC are considered to be at higher risk to
develop hyperviscosity syndrome. However, although increased
blood viscosity and reduced blood filtration can be demon-
strated in a high percentage of patients, a patent hyperviscosity
syndrome is relatively uncommon due to a parallel reduction in
the hematocrit [10].

MC and HCV
MC is an immune complex disease with a particular geographic
distribution, being more prevalent in southern Europe. This
fact, together with a frequent liver involvement and the lack of a
definite HLA association, points to an environmental factor ±
possibly a hepatotropic virus ± as the actual trigger of the
disease [11]. Although the first attempts to associate the
prevalence of hepatitis B virus to the disease were inconclusive

HCV = hepatitis C virus

MC = mixed cryoglobulinemia
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[12,13], the discovery of HCV in 1980 prompted a number of
investigators to seek this agent in MC [14]. The first studies
immediately disclosed the magnitude of the association. Using a
first-generation test, antibodies against HCV were initially
demonstrated in 30±54% of all MC patients [2,15,16]. With the
introduction of the more sensitive, second-generation enzyme-
linked immunosorbent assay and recombinant-based immuno-
blotting assay, the prevalence of serum anti-HCV in MC
patients was found to range from 70 to 100% [17±19]. The high
prevalence of antibodies against HCV in MC was associated
with a similar prevalence (86%) of HCV viremia in the same
patients [2]. The discovery of this association caught the
attention of a growing number of investigators worldwide
regarding a previously overlooked disease [Figure 1]. This
impressive amount of information pointed to a causative role of
HCV in MC. HCV was found in fact to be present in about
72% of all series worldwide.

The virus appears to be concentrated in the cryoglobulins
and deposited in the target organs [20±22]. Moreover, chronic
HCV infection was found to trigger the lymphoproliferative
response seen in MC, eventually leading to malignant lympho-
ma [9]. Yet a number of questions still remain unanswered and
will be the chief target of investigation in the next decade. These
issues are discussed below.

How many HCV-infected individuals develop MC

or systemic vasculitis?

The seroprevalence of HCV in many developed countries is
about 1%. HCV infection is associated with several autoanti-
bodies, even in the absence of rheumatic symptoms. Moreover,
up to 75% of chronically infected patients have serum
rheumatoid factor [23,24]. However, most patients with chronic
HCV infection do not develop mixed cryoglobulinemia, the
prevalence ranging from 13 to 54% among the different series.
It is important to note that the presence of these autoantibodies
is not necessarily associated with the appearance of symptoms,
and the full-blown cryoglobulinemic syndrome appears only in
a minority of cases. The mechanism leading to the formation of
autoantibodies during HCV infection remains obscure. Direct
infection of lymphocytes by HCV may play a role. Alterna-
tively, chronic immune complex overproduction may influence
rheumatoid factor synthesis [23]. Of interest is the potential of
molecular mimicry between some types of autoantibodies and
certain viral antigens (i.e., anti-GOR, anti-LKM1 and viral
peptides, human IgG and c 22) [25±27].

Is MC genetically linked?

Since HCV infection is not capable of causing MC in all infected
patients, other factors in addition to the virus play a role. Host
factors, and mainly genetic background, are probably equally
important.

The variation in autoimmune features may be a consequence
of genetic polymorphism in HCV-infected individuals. For
example, polymorphism of a gene coding a public conforma-
tional peptide expressed on monoclonal rheumatoid factor
might represent a genetic risk factor for the development of

rheumatoid factor itself or cryoglobulins [28]. The few attempts
to associate host HLA profiles with MC have been inconclusive,
although HLA B8/DR3 was recently claimed to confer
susceptibility to HCV-related mixed cryoglobulinemia [11,29].
The possibility of genetic background predisposing to MC
remains an open question and further studies are necessary to
explore this subject in depth.

Is MC related to the genotype of HCV?

Several reports claim a different pathogenicity and response of
different HCV strains to interferon-alpha therapy. For example,
genotype 1b has been associated with a significantly lower rate
of response to interferon alpha as compared to other genotypes
[30]. To date, attempts to find a significant association between
any of the HCV genotypes and MC have been inconclusive,
although it is claimed that genotype 2a, which reportedly has a
higher prevalence in MC patients than in chronic HCV carriers
without MC, may tend more than other genotypes to trigger
lymphoproliferative disorders [31,32]. An interesting challenge
for the investigator would be to study whether the quasi-species
genomic distribution of HCV-infected MC patients is different
from HCV-infected individuals without MC.

Is the HCV ``associated'' MC dependent on the

host immune response?

The current literature provides scant data on the host immune
response against HCV, particularly in MC. Sera from subjects
infected with HCV contain antibodies reactive against most of
the viral proteins. Among these proteins, recombinant NS4 has
recently emerged as a useful tool in the screening for HCV
infection since it is a frequent target of the immune response.

Recently our group analyzed the immune response to a
dominant epitope of NS4 (sequence 1921-40) located near the C
terminal region of NS4b, and found that the reactivity with the
epitope varies according to the disorder examined. In fact,
antibodies against NS4 1921-40 were detected in 64% of the
sera from patients with autoimmune hepatitis, in 51% from
chronic hepatitis C and in 22% from MC. Among the disorders
studied the reactivity against peptide 1921-40 was particularly
low in MC. The clinical relevance of this response has not yet
been established, although it could reflect a different immune
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response to the virus that might predispose the host to
autoimmunity. To strengthen this observation, the small group
of MC patients that produced anti-peptide antibodies was
characterized by liver involvement but showed no signs of
kidney involvement, suggesting that the presence of the
antibodies might be related to the clinical manifestations of
the disease [33]. Further studies are necessary to clarify this
issue.

Is MC the only rheumatic disorder associated with

HCV infection?

A wide variety of rheumatic diseases has been associated with
HCV infection, namely systemic vasculitides, Sjogren's syn-
drome and rheumatoid arthritis. Systemic vasculitides comprise
a heterogeneous group of autoimmune disorders. Until recently,
the etiological factors triggering these conditions were generally
unknown, with the exception of hepatitis B-associated poly-
arteritis. Recently however, several systemic vasculitides were
found to be associated with HCV infection. Mixed cryoglobu-
linemia, polyarteritis nodosa and leukocytoclastic vasculitis are,
in descending order of frequency, the conditions most
frequently described in association with HCV infection. The
strongest association is with MC, while the role of HCV in PAN
and LV is still controversial. The prevalence of HCV infection is
low in the former (no more than 8±10%) [23] and there are few
anecdotal reports on the latter. Since HCV frequently co-infects
patients with hepatitis B, the association of HCV with PAN is
probably spurius and might reflect the common route of
transmission of the two viruses. LV, on the other hand, might
be the expression of an incomplete form of cryoglobulinemic
syndrome [23,28].

HCV seems to be responsible for some cases of Sjogren's
syndrome, especially in patients who lack anti-SSA/Ro and
anti-SSB/La antibodies. However, compared to MC, the role of
HCV in Sjogren's syndrome is less clearly demonstrated [34].

The role of HCV in rheumatoid arthritis is still anecdotal,
being based on a number of cases in which an association is
claimed. Although the higher prevalence of HCV among RA
patients is probably fortuitous and in view of the numerous
invasive procedures that RA patients must undergo, the
infection is, at least in some cases, linked to the appearance of
chronic synovitis [23]. It was recently suggested that anti-keratin
antibodies may be a useful tool to distinguish between
rheumatoid arthritis and rheumatoid factor-positive polyarthri-
tis associated with HCV infection [35]. This question requires a
more thorough investigation.

What is the time lapse from HCV infection to the

appearance of MC or other related syndromes?

In the host, HCV induces a chronic infection characterized by
continuous viral replication, in some cases for more than 15
years [23]. Furthermore, chronic carriers may undergo super-
infection with heterologous HCV strains [33]. Genetic HCV

heterogeneity is a major challenge for the host since the immune
response is isolate restricted and the immune system is in a state
of continuously changing balance with the virus. The emergence
of neutralizing escape mutants together with super-infection by
new strains is responsible for the high rate of the infection's
chronicity. Persistence of the virus in the host, along with yet
undefined factors, triggers the appearance of autoimmune
phenomena. The exact timing of this appearance is not defined,
although our MC patients showed increased liver transaminases
for as long as 7 years before the appearance of cryoglobulins.
Moreover, indirect evidence from a patient seen in our unit
suggests that there may be a lapse of as long as 6 years between
the first detection of HCV infection and the appearance of
symptoms related to mixed cryoglobulinemia [4,36].

Is MC only an HCV-related disease?

MC is actually regarded as a paradigmatic model of a viral
triggered disease that shares the features of an autoimmune
immune complex-mediated disease with those of a smoldering
lymphoproliferative process. The viral persistence represents a
continuous challenge for the host. The chronic stimulation of
the immune system triggers the appearance of autoantibodies
through molecular mimicry or other unidentified mechanisms
on the one hand, while favoring the emergence of clones
protected against apoptosis on the other, possibly maintaining
through a vicious circle the pathway of autoimmunity [37].
Before the discovery of HCV as the main trigger of the disease,
MC was regarded as a typical model of an idiopathic immune
complex-mediated disease, and a number of studies demon-
strated the pathogenesis of immune complex formation and
deposition [38]. By critical analysis of the data available, we can
conclude that MC should not be considered as simply a viral
triggered disease, but a self-maintaining autoimmune disorder
that may escape from the initial triggering factor and represents
a separate entity. In other words, the autoimmune disorder may
become independent of the initial stimulus represented by HCV
infection and may have an independent destiny. In this context,
renal involvement, which is marked by an abrupt onset and by a
course with alternating periods of flares and remissions, has
been studied as a model of autoimmune manifestation induced
by the formation of immune complexes.

Several years ago our group detected autoantibodies reactive
against a 50 kDa antigen isolated from a glomerular extract,
subsequently sequenced and identified as enolase alpha. These
autoantibodies were mainly represented in a group of patients
with active renal involvement, and in a follow-up study the
amount fluctuated either spontaneously or in response to
therapy. It was then hypothesized that these antibodies could
contribute to the induction of glomerulonephritis in MC
through the formation of in situ immune complexes. Further
studies have demonstrated that anti-enolase alpha can fre-
quently be detected in other systemic autoimmune disorders. In
systemic lupus erythematosus and MC they are associated with
nephritis and in systemic sclerosis they are associated with
severe endothelial damage. Enolase alpha is ubiquitous but is
highly expressed in the kidney and also on the membrane of

PAN = polyarteritis nodosa

LV = leukocytoclastic vasculitis

RA = rheumatoid arthritis
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several cell types, including endothelial cells. Thus, antibodies
against enolase alpha could contribute to renal injury ± not only
by the local formation of immune complexes but also by direct
damage to endothelial cells. It is not surprising therefore that
these autoantibodies are detected in disorders that have in
common endothelial injury at least in some aspects of their
pathogenesis. Recently, using flow cytometry and immunopre-
cipitation techniques, it was demonstrated that enolase alpha is
expressed not only in the cytoplasm but also on the surface of
the cell. Furthermore, anti-enolase alpha antibodies, recogniz-
ing the membrane-associated form of the enzyme, are able to
inhibit the binding of plasminogen [39].

What treatment should be given to MC patients?

Mixed cryoglobulinemia has a multifactorial origin and the
tissue damage is due to a number of mechanisms. The most
important are the deposition of (HCV-containing) immune
complexes, the chronic stimulus by HCV infection, and the
presence of a benign smoldering lymphoproliferative process.
The spectrum of disease manifestation is characterized by a
wide polymorphism, and the clinical picture may vary from very
mild symptoms (such as weakness and arthralgias) to life-
threatening conditions (like rapidly progressive glomerulone-
phritis). Furthermore, the clinical course is characterized by
alternating periods of remission and exacerbation. Another
feature of MC is that serological parameters cannot be used as
guides to therapy, since none of these correlates with clinical
activity or disease severity. Therefore, no single treatment
schedule can be established for this complex multisystem
disease, and management is generally aimed at controlling the
prevailing symptom, chiefly the extent and severity of organ
involvement. Knowledge about the disease triggers has recently
been clarified. In particular, the distinct association with HCV
infection now prompts the clinician to reconsider the previous
approach to the disease. The aggressive use of cytotoxic drugs
should be abandoned due to the risk of progression of HCV
infection.

Table I summarizes the main therapeutic modalities in MC.
Non-steroidal anti-inflammatory drugs can help to relieve some
of the diffuse arthralgias or non-erosive polyarthritis and should
be used symptomatically. Medium to low doses of corticoster-
oids (0.1±0.3 mg/kg/day) are usually sufficient to control most
of the minor symptoms of MC such as purpura, arthralgias,
arthritis and weakness. Larger doses (0.5±1.5 mg/kg/day) are
used for the management of renal involvement, peripheral
neuropathy and serositis [3].

In a proposed dynamic model of MC, the immune complex
competes with other inputs to the mononuclear phagocytic
system. Under normal conditions these inputs consist primarily
of blood-borne constituents and high molecular weight exogen-
ous substances that cross the mucosal barrier of the gut and
enter the circulation through the lymph and portal vein. A diet
that reduces the levels of these components could help to restore
a saturated mononuclear phagocytic system, thus freeing it to
remove the immune complexes. A short-term placebo-
controlled study demonstrated the beneficial effect of diet in

MC patients, in both clinical and laboratory parameters [40].
Although the effect of this diet on the natural history of MC is
still uncertain, an open uncontrolled study showed a positive
outcome in patients on a long-term intermittent diet.

Aggressive therapies such as plasma exchange are to be used
in cases of life-threatening or disabling conditions. Plasma
exchange, with or without immunosuppressive drugs, has been
successfully employed to treat rapidly progressive glomerulone-
phritis, motor neuropathy and hyperviscosity syndrome.
Double-filtration plasmapheresis reduces the need to substitute
proteins and fluids. Cryo-apheresis takes advantage of the cold
sensitivity of the cryoglobulins [41,42].

After the discovery of the indubitable association between
MC and HCV infection, the use of antiviral agents such as
interferon-alpha gained increasing attention. In 1986 the first
pilot study on interferon in the treatment of MC was performed
[43]. Given the antiviral, immunomodulatory and antiprolifera-
tive effects of interferon, the use of this agent in the treatment of
MC has been advocated and several studies on its long-term
effects in MC patients have been conducted. Clinical and
biological remission has been reported in a high proportion of
patients [44]. However, the initial enthusiasm for this drug was
soon dampened by the frequent relapse rate observed after the
cessation of therapy. To ensure a higher proportion of long-
term responders, the administration schedule or dosage might
be adjusted, or alternatively combination therapy with other
agents such as ribavirin may be instituted [45,46]. The main
indication for the administration of interferon therapy in MC is
the presence of active liver involvement, and it should follow the
program used in the management of HCV infection.
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