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Serum cryoglobulins are found in a wide spectrum of
disorders but are often transient and without clinical
implications. Monoclonal cryoglobulins are usually
associated with haematological disorders, whereas
mixed cryoglobulins are found in many infectious and
systemic disorders. So called essential mixed
cryoglobulinaemia shows a striking association with
hepatitis C virus (HCV) infection (> 90%). It is a systemic
vasculitis (leucocytoclastic vasculitis) with cutaneous and
multiple visceral organ involvement. Chronic HCV
infection can lead to a constellation of autoimmune and
neoplastic disorders. In this review, the aetiology,
diagnosis, disease heterogeneity, and treatment of
cryoglobulinaemia are discussed.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

The term cryoglobulinaemia refers to the pres-

ence in the serum of one (monoclonal

cryoimmunoglobulinaemia) or more (mixed

cryoglobulinaemia) immunoglobulins, which

precipitate at temperatures below 37°C and redis-

solve on rewarming.1 2 This is an in vitro phenom-

enon; the real mechanism(s) of cryoprecipitation

remains obscure; it could be secondary to the

intrinsic characteristics of both monoclonal and

polyclonal immunoglobulin (Ig) components and

can also be caused by interaction among single

components of the cryoprecipitate. Different

hypotheses have been suggested to explain this

phenomenon, namely: (1) structural modification

of the variable portions of Ig heavy (H) and light

(L) chains3; (2) a reduced concentration of sialic

acid; (3) reduced amounts of galactose in the Fc

portion of the Ig4; and (4) the presence of

N-linked glycosylation sites in the CH3 domain as

a result of somatic Ig mutations during auto-

immune responses.5 Moreover, non-specific Fc–Fc

interactions might explain the self aggregation of

some Igs,6 in addition to specific interactions

involving the IgM cryoprecipitable rheumatoid

factor (RF) and the Fc portion of IgG, the

corresponding autoantigen.

Monoclonal cryoimmunoglobulinaemia is al-

most invariably associated with a well known hae-

matological disorder and is frequently asympto-

matic. Similarly, circulating mixed cryoglobulins

are often detected in many infectious and systemic

disorders.7–9 On the contrary, “essential” mixed

cryoglobulinaemia (MC) is a distinct disorder,7–9

characterised by leucocytoclastic vasculitis of small

and medium sized vessels, and frequent multiple

organ involvement (table 1).

HCV AND MIXED CRYOGLOBULINAEMIA
Because chronic hepatitis is frequently observed

during the clinical course of MC, a possible role

for hepatotropic viruses in the pathogenesis of the

disease has long been suggested.9–11 A role for

hepatitis B virus (HBV) in MC was investigated

during the 1970s, when the association of this

virus with another systemic vasculitis—

polyarteritis nodosa—had been demonstrated.12

However, HBV antigenaemia was rarely recorded,

and anti-HBV antibodies varied greatly among

different patient populations with MC.11 13 It is

estimated that HBV is a causative factor of MC in

less than 5% of individuals (table 1). After the

discovery of hepatitis C virus (HCV) as the major

aetiological agent of non-A/non-B chronic

hepatitis,14 an increasing number of epidemio-

logical studies suggested an important role for

HCV in the pathogenesis of MC.15 16 In 1990, anti-

bodies against HCV (first generation enzyme

linked immunosorbent assay (ELISA); Chiron,

Emeryville, California, USA) were demonstrated

by two separate studies in 30% and 54% of

patients with MC.15 16 By means of second genera-

tion ELISA and recombinant based immunoblot

assay, the prevalence of serum anti-HCV in

patients with MC in different patient populations

ranged from 70% to 100%17; these percentages

were significantly higher when compared with

other systemic immune mediated diseases (Sjø-

gren’s syndrome, systemic lupus, rheumatoid

arthritis, and systemic sclerosis).17 The first study

evaluating the prevalence of HCV infection by a

polymerase chain reaction (PCR) technique in a

large series of Italian patients with MC showed a

striking correlation between HCV seropositivity

(91%) and HCV viraemia (86%).18 A subsequent

study from the USA confirmed the significantly

high prevalence of HCV in patients with MC,

together with the much higher (1000 fold)

concentration of viral genome in the cryoprecipi-

tate than in the supernatant.19 During the past

decade, clinico-epidemiological evidence and

laboratory investigations have established the

pathogenic role of HCV infection in MC. A direct

involvement of HCV antigens in immune complex

mediated cryoglobulinaemic vasculitis has been
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also suggested, on the basis of immunohistochemical and

molecular biology studies, including HCV RNA detection by in

situ hybridisation.17 20–22 Therefore, the term essential no longer

seems to be appropriate for most patients with MC.23 Numer-

ous epidemiological studies have found only low concentra-

tions of circulating mixed cryoglobulins in over 50% of HCV

infected individuals, and overt cryoglobulinaemic syndrome

develops in only a minority.24 25 The worldwide distribution of

HCV infection contrasts with the geographical heterogeneity

observed in the prevalence of HCV related MC.17 20 26–28 Thus,

particular HCV genotypes and unknown environmental

and/or genetic factors may contribute to the pathogenesis of

MC (fig 1); however, few and often contrasting studies are

available, and a role for the above cofactors remains to be

demonstrated.20 28–31

HCV AND AUTOIMMUNITY
An increasing number of immunological alterations have been

observed in individuals with chronic HCV infection,24 25 28 32 sug-

gesting that the same virus might be responsible for different

hepatic and extrahepatic immune mediated disorders. Table 2

summarises the main organ or systemic diseases variably asso-

ciated with HCV infection. Apart from MC syndrome, other

important HCV associated disorders are porphyria cutanea

tarda, autoimmune hepatitis, membranoproliferative

glomerulonephritis, and malignancies.20 27 28 33–39 In patients with

the sporadic variant of porphyria cutanea tarda, a metabolic

disorder characterised by reduced hepatic activity of uroporphy-

rinogen decarboxylase, a clear cut association with HCV

infection has been demonstrated.33 34 Most patients with

porphyria cutanea tarda present with chronic liver involvement

in addition to some type of HCV driven clinicoserological auto-

immune phenomenon.34 For certain patient subsets and in some

geographical areas, epidemiological and clinicoserological stud-

ies support a causative role for HCV in various immune system

disorders.28 35 Interestingly, different HCV related diseases show

a clinicoserological overlap27 28 35–38; in particular, MC can

represent a crossroad between a classic autoimmune disorder

(such as autoimmune hepatitis, sicca syndrome, glomerulo-

nephritis, thyroiditis, etc) and malignancy (such as B cell

lymphoma, hepatocellular carcinoma) (fig 1).27 28 38

“Mixed cryoglobulinaemia can represent a crossroad
between a classic autoimmune disorder and
malignancy”

Because of possible methodological bias, mainly in patient

selection among different studies, it is difficult to verify

whether the suggested association between HCV and some

immunological disorders (table 2) is coincidental or whether a

pathogenetic link really exists. Classic rheumatoid arthritis

seems to be uncommon in HCV positive patients, whereas an

intermittent, generally non-erosive oligoarthritis, involving

large and medium sized joints, is often seen.28 In general, HCV

associated chronic arthritis in patients with or without

cryoglobulinaemic syndrome is characterised by a more

benign clinical course and a good response to low dose steroids

and hydroxychlorochine treatment.28 40 Isolated HCV positive

membranoproliferative glomerulonephritis has been de-

scribed36; more frequently, nephropathy is one of the visceral

complications of HCV associated MC.28 In these patients renal

involvement can be secondary to the glomerular deposition of

HCV containing cryoglobulins and/or the in situ formation of

immune complexes.27 28 36 41

Some HCV related autoimmune manifestations, namely

polyarthritis, glomerulonephritis, or alveolitis, may be an iso-

lated symptom, often in patients with very mild or subclinical

MC. Therefore, in these patients the concomitant presence of

HCV related severe complications such as hepatitis, systemic

vasculitis, or lymphoma should be carefully investigated. As

observed for MC, the association between HCV and other

autoimmune diseases shows a geographically heterogeneous

distribution,27 28 32 35 suggesting the role of important cofactors

in these conditions also.

Table 1 Demographic, clinicoserological, and virological features of 170 patients
with mixed cryoglobulinaemia

Mean (SD; range) age (years)* 51 (11; 29–73)
Female/male ratio 2.8
Mean (SD; range) disease duration (years) 11.9 (6.4; 1–34)

Purpura 91%
Weakness 89%
Arthralgias 83%
Arthritis (non-erosive) 10%
Raynaud’s phenomenon 34%
Sicca syndrome 36%
Peripheral neuropathy 36%
Renal involvement† 31%
Liver involvement 70%
B cell non-Hodgkin’s lymphoma 7.5%
Hepatocellular carcinoma 2.4%

Mean (SD) cryocrit (%) 3.7 (7.0)
Type II/type III mixed cryoglobulins 2/1
Mean (SD) CH50 (units; normal, 160–220) 83 (58)
Mean (SD) C3 (mg/l; normal, 600–1300) 770 (280)
Mean (SD) C4 (mg/l; normal, 200–550) 100 (150)
Antinuclear antibodies 24%
Antimitochondrial antibodies 10%
Antismooth muscle antibodies 23%
Anti-extractable nuclear antigen antibodies 7%

Anti-HCV antibodies 90%
HCV RNA 86%
Anti-HBV antibodies 40%
HBsAg 3.5%

*At presumed disease onset; †invariably membranoproliferative glomerulonephritis.
HbsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCV, hepatitis C virus.
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HCV AND LYMPHOPROLIFERATION
HCV has been recognised to be both a hepatotropic and lym-

photropic virus, as suggested by the presence of active or

latent viral replication in the peripheral lymphocytes of

patients with type C hepatitis or MC.42 43 The infection of lym-

phoid tissues could represent an HCV reservoir that contrib-

utes greatly to viral persistence; moreover, the quasispecies

nature of HCV44 permits it to escape immune surveillance and

favours the persistence of infection in the host. These biologi-

cal characteristics may explain the appearance of a constella-

tion of both autoimmune and lymphoproliferative disorders in

HCV infected individuals.17 26–28 32 A possible causative link

between hepatotropic viruses and malignant lymphomas has

been hypothesised since the early 1970s.45 In 1994, HCV infec-

tion was first demonstrated in a large proportion of Italian

patients with unselected B cell non-Hodgkin’s lymphoma

(BCL), regardless of their histotype.46 This association was

confirmed in patients with BCL from different

countries.20 38 47–49 A further clue to the possible direct involve-

ment of HCV in lymphomagenesis was provided by investiga-

tions showing the presence of HCV related proteins and/or

HCV replicative particles, mainly intermediates, in peripheral

lymphocytes and tissue biopsy specimens of patients with

lymphoma by means of immunohistochemistry, reverse tran-

scription PCR, or in situ hybridisation studies.20–22 43 However,

the lymphomagenic role of HCV is still a matter of debate, for

several reasons. First, there is remarkable geographical and

racial variability in the incidence of HCV infection in patients

with BCL, as underlined by the existence of a gradient from

northern to southern Europe and by the differences observed

between southern California, with a prevalent Hispanic popula-

tion, and the midwestern USA.20 46–51 Because the prevalence of

HCV infection in Western countries is quite homogeneous, this

variability suggests that HCV per se may be insufficient to drive

malignant lymphoma, and that genetic and environmental

cofactors are possibly required for the full expression of

malignancy.20 Second, HCV is a positive, single stranded RNA

virus without a DNA intermediate in its replicative cycle, so that

viral genomic sequences cannot be integrated into the host

genome. Therefore, it has been proposed that HCV infection

exerts a chronic stimulus on the immune system, which facili-

tates the development and selection of abnormal clones.20

Patients with type II MC can develop a B cell lymphoma,
usually after long term follow up.52 53 This complication may be
related to peripheral B cell expansion54 and to the lymphoid
infiltrates observed in the liver and bone marrow of patients
with MC.55 56 In particular, these infiltrates have been regarded
by some authors as “early lymphomas”, because they are sus-
tained by lymphoid components indistinguishable from those
of B cell chronic lymphocytic leukaemia/small lymphocytic
lymphoma (B-CLL) and immunocytoma (Ic).57 However,
unlike frank malignant lymphomas, they tend to remain
unmodified for years or even decades, and are followed by
overt lymphoid tumours in about 10% of cases only.20 57 These
characteristics justify the recently proposed term of “mono-
typic lymphoproliferative disorder of undetermined signifi-
cance (MLDUS)”.20 57 Interestingly, type II MC related MLDUS
has its highest incidence in the same geographical areas where
about 30% of patients with “idiopathic” BCL also display HCV
positivity, and where an increased prevalence of the HCV
genotype 2a/c has been observed in both MC and BCL.20 29

Type II MC associated MLDUS presents two main pathologi-
cal patterns; namely, B-CLL-like and Ic-like patterns (fig 2).20

The lymphoid infiltrates of B-CLL-like MLDUS observed in
needle biopsies taken from the liver and bone marrow are
characterised by a mixture of small lymphocytes, prolym-
phocytes, and para-immunoblasts.58 Repeated biopsies do not
usually show expansion of the monotypic B cell infiltrates in
the bone marrow, and in the liver these can even undergo his-
tological regression, in the case of cirrhotic evolution.57 In par-
ticular, Monteverde et al reported that in 14 patients with

Figure 1 Possible aetiopathogenesis of mixed cryoglobulinaemia
(MC) and other hepatitis C virus (HCV) related disorders. HCV
infection may exert a chronic stimulus on the immune system. The
interaction between HCV envelope protein E2 and CD81 on both
hepatocytes and lymphocytes may be an important step in the
cascade of events. T(14;18) translocation is commonly found in HCV
infected individuals, particularly in patients with MC. The activation
of the Bcl2 proto-oncogene may lead to prolonged B cell survival. B
cell expansion is responsible for the production of various
autoantibodies, including rheumatoid factor and cryoprecipitable
immune complexes. Consequently, various autoimmune disorders
and cryoglobulinaemic vasculitis may develop. In a minority of
cases, indolent B cell proliferation may be complicated by frank
malignant lymphoma. HCV is the major causative factor of
hepatocellular carcinoma; moreover, a possible link between HCV
and thyroid cancer has been hypothesised. There is a
clinicoserological and pathological overlap among different HCV
related diseases; mixed cryoglobulinaemia syndrome represents a
crossroad between these autoimmune and neoplastic disorders.

B cell
proliferation

Autoantibodies, rheumatoid factor,
        immune complexes,
        mixed cryoglobulins

Immune mediated
disorders
Chronic hepatitis,
autoimmune hepatitis,
porphyria cutanea tarda,
polyarthritis, thyroiditis,
diabetes, lung fibrosis

Cryoglobulinaemic
vasculitis

Other genetic aberrations
(c-myc; etc)

Prolonged
B cell survival

Autoreactive
cyotoxic
T cells

Viral antigens
Autoantigens

Molecular mimicry

T(14;18) translocation
Bcl2 overexpression
B cell apoptosis inhibition

HCV-E2         CD81
Lymphocyte and hepatocyte infection

HCV
Other viruses?

Genetic and/or environmental factors

B cell malignancies
Hepatocellular
carcinoma
Thyroid cancer?

Table 2 Association between hepatitis C virus (HCV)
infection and diseases

Established association*
Mixed cryoglobulinaemia (MC)

(complete or incomplete MC syndrome)
Porphyria cutanea tarda

Significant association†
Autoimmune hepatitis
B cell non Hodgkin’s lymphoma
Monoclonal gammopathies

Possible association‡
Chronic polyarthritis
Sicca syndrome
Lung fibrosis
Polyarteritis nodosa
Poly/dermatomyositis
Thyroiditis/thyroid cancer
Diabetes mellitus
Lichen planus
Mooren corneal ulcers

*HCV infection in 80–90% of cases; †HCV infection in a significant
percentage of patients when compared with the general population;
suggested but unconfirmed association.
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MLDUS and type II MC, who received serial liver biopsies and
showed evolution of their HCV related hepatitis to frank
cirrhosis, the augmentation of the inflammatory component
parallelled the reduction of monotypic infiltrates.57 Notably, in
a few patients with MLDUS, who received repeated bone mar-
row biopsies before and after interferon administration,
regression of the lymphoid infiltrates has been observed in
conjunction with the clearance of the virus.59

Only a few studies have been performed at the molecular
level. Magalini et al first reported on the analysis by microdis-
section PCR of the B cell component in 35 portal lymphoid

infiltrates from 11 HCV positive patients (seven with and four
without type II MC).60 IgH PCR showed a single band in 21
infiltrates, two bands in 10, and three bands in four. Compari-
son of the IgH PCR amplified samples obtained from different
lymphoid aggregates of the same biopsy revealed that they
differed in size. These findings suggest that in the liver each
aggregate derives from the proliferation of one or a few unre-
lated founder B cells. Thus, in spite of the monotypic pattern
shown by immunohistochemistry, it seems likely that the
lymphoproliferation is sustained by more than one clone. This
hypothesis has found further support in a recent report by De

Figure 2 Type II mixed cryoglobulinaemia (MC) associated monotypic lymphoproliferative disorder of undetermined significance (MLDUS)
shows two main pathological patterns: B cell chronic lymphocytic leukaemia/small lymphocytic lymphoma (B-CLL)-like and immunocytoma
(Ic)-like MLDUS. (A) lymphoid infiltrate in a portal tract of the liver; note the substantial lack of activity (haematoxylin and eosin; original
magnification, ×100); (B) lymphoid infiltrate in a portal tract of the liver with moderate activity (Giemsa; original magnification ×100); at
higher magnification, the infiltrate shows either B-CLL-like (C) or Ic-like (D) morphology (Giemsa; original magnification, ×400); (E) nodular
lymphoid infiltrate in the bone marrow showing indistinct borders (Giemsa; original magnification, ×100). (F–H) B-CLL-like MLDUS: the
lymphoid population of a liver infiltrate strongly expresses the CD22 antigen (F) and is in turn CD5 positive (G) and CD3 negative (H); CD3 is
expressed by some T cells. Immunochemistry in frozen (F) and paraffin wax embedded sections (G,H) (alkaline phosphatase anti-alkaline
phosphatase (APAAP) technique; Gill’s haematoxylin counterstaining; original magnification, ×150). (I,J) Ic-like-MLDUS: the lymphoid infiltrate
in the bone marrow shows a clear cut positivity for CD20 and turns out to be negative for CD5, which is confined to reactive T cells
(immunochemistry in paraffin wax embedded sections; APAAP technique; Gill’s haematoxylin counterstaining; original magnification, ×150).
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Vita et al, who showed that the pattern of B cell expansion in
12 of 15 bone marrow biopsies from HCV positive patients
with type II MC was indeed oligoclonal.61

Some groups have reported that MLDUS often shows

immunocytic morphology (for a comprehensive review of the

topic see Ferri and colleagues20). However, this has not been

our experience, and the discrepancy may result from the

differences in terminology existing between the updated Kiel

classification62 and the REAL classification.58 A critical review

of reports in the literature reveals that most of the

immunocytoma-like proliferations described by others do not

satisfy the criteria of the REAL classification.62

In spite of morphology and monotypic Ig light chain

expression, the lymphoproliferation occurring in HCV positive

patients with type II MC cannot be regarded as a real lympho-

matous condition because: (1) it is usually characterised by

oligoclonality, and (2) the overt malignant lymphoma that

eventually develops during follow up usually stems from a B

cell clone other than those sustaining MLDUS.

Further findings reported in the literature during the past

two years have increased the interest in lymphoproliferative

disorders in HCV positive patients with MC. In particular, in

1997 the presence of the t(14;18) translocation in peripheral

blood lymphocytes detected by PCR was first demonstrated in

HCV infected individuals.63 This was later evaluated on a larger

patient series,64 and showed a significantly high percentage of

Bcl2 recombination and overexpression in both type C hepati-

tis (26%) and HCV related type II MC (71%) when compared

with HCV negative chronic liver diseases (4%). T(14;18)

translocation correlated with the presence of the HCV

genotype 2c.64 The above findings are supported by two recent

studies using the same techniques (A L Zignego et al, unpub-

lished, 2000) and cytogenetic analysis and fluorescence in situ

hybridisation (FISH) with painting probes65; in both studies,

most patients with HCV related MC, especially type II, had

t(14;18) positive circulating B cells.

The HCV related lymphoproliferation, varying from the

benign poly/oligoclonal B cell expansion frequently seen in

MC to overt malignant lymphoma, is a multifactorial and

multistep process for which multiple genetic aberrations are

probably necessary.20 Moreover, the recent identification of

HCV envelop protein E2, which can bind the CD81 molecule

expressed on both hepatocytes and B cells,66 might help to

clarify the pathogenesis of HCV related autoimmune and lym-

phoproliferative diseases (fig 1). In fact, CD81 is a cell surface

protein, which, on B cells, is complexed with CD21, CD19, and

Leu 13. This complex reduces the threshold for B cell

activation by bridging antigen specific recognition and CD21

mediated complement recognition. It can be hypothesised that

the interaction between HCV-E2 and CD81 may increase the

frequency of VDJ rearrangement in antigen reactive B cells.

One possible consequence could be the bcl2 recombination

seen in an appreciable number of HCV infected individuals,

and particularly in patients with MC.63 64 This proto-oncogene

can inhibit apoptosis, leading to extended cell survival.67 The

bcl2 aberration may explain, at least in part, the B cell expan-

sion and the wide autoantibody production seen in HCV

infected individuals.20 28 Other mechanisms, such as molecular

mimicry, may be involved in the B cell activation responsible

for different autoimmune disorders. Conversely, prolonged B

cell survival can expose these cells to other genetic

aberrations,20 38 68 69 leading to overt malignant lymphoma (fig

1). The oncogenic potential of HCV for hepatocellular

carcinoma is well known, regardless of the intermediate

cirrhosis70; the same virus might also be involved in other

malignancies, such as thyroid cancer.20 38 39

“The hepatitis C virus related lymphoproliferation,
varying from the benign poly/oligoclonal B cell
expansion frequently seen in mixed cryoglobulinaemia

to overt malignant lymphoma, is a multifactorial and
multistep process for which multiple genetic aberrations
are probably necessary”

Although limited in the context of MC and some cases of idio-

pathic BCL (20–30%), HCV related lymphomagenesis might

be of great pathogenetic interest. In fact, the monotypic/

oligoclonal lymphoproliferation might arise within the con-

text of the HCV driven inflammatory process because of the

frequent (virus related?) occurrence of the t(14;18) transloca-

tion, which favours the proliferation of some clones over oth-

ers by inducing protection against apoptosis.20 63–65 These

selected clones might need the persistence of an HCV antigen

driven stimulus71 and T cell cooperation for their maintenance;

thus, appropriate treatments can induce both clearance of the

virus and MLDUS regression, at least in some cases.59 72 The

chronic stimulation of the B cell system exerted by HCV infec-

tion and possible concurrent autoimmune phenomena, along

with the occurrence of the above mentioned clonal selection,

is a favourable background for the development of an overt

malignant lymphoma.20 Thus, reactive lymphoproliferation

occurring in HCV positive patients with type II MC shows

consistent similarities to the models of lymphomagenesis

already accepted in HIV positive patients and in subjects with

Helicobacter pylori positive gastritis (fig 3).20 38 73–75 Further

molecular studies are needed to evaluate this possible patho-

genetic mechanism, which can also be postulated in the

development of lymphoid tumours occurring in HCV positive

patients without type II MC.

CLASSIFICATION
Cryoglobulinaemia is usually classified into three subgroups,

according to Brouet and colleagues8: type I, composed of a sin-

gle monoclonal immunoglobulin, usually a paraprotein; types

II and III, characterised by polyclonal IgG and monoclonal or

polyclonal IgM RF, respectively. Table 3 shows the main

biological and clinicopathological characteristics of these sub-

groups. Cryoglobulinaemia type I is found mainly in patients

with overt lymphoid tumours (that is, immunocytoma/

Waldenstrom’s macroglobulinaemia, multiple myeloma, etc);

MC types II and III can be associated with different infectious,

immunological, or neoplastic diseases.7–9 In general, the analy-

sis of cryoprecipitates is carried out by means of immunoelec-

trophoresis or immunofixation. Using more sensitive method-

ologies, such as immunoblotting or two dimensional

polyacrylamide gel electrophoresis, type II MC shows a micro-

heterogeneous composition; in particular, oligoclonal IgM or a

mixture of polyclonal and monoclonal IgM can be detected.76

This particular serological subset, termed type II–III MC, could

represent an intermediate state in the evolution from type III

to type II. This serological condition agrees with the most

Figure 3 Hepatitis C virus (HCV) related lymphoproliferation shows
consistent similarities with the model of lymphomagenesis already
accepted for subjects with Helicobacter pylori positive gastritis.

Possible
regression
after HCV
eradication

Overt B cell lymphoma

HCV

Helicobacter pylori-like model
of lymphomagenesis

Polyclonal B cell
proliferation
(Type III MC)

Oligo monoclonal B cell
proliferation (type II MC)
indolent lymphoma
(MLDUS)
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recent molecular studies showing the presence of oligoclonal

B cell proliferation in liver and bone marrow biopsies in most

patients with type II MC.60 61

In two thirds of patients with type II MC, serum
monoclonal RFs have been found. Like natural autoantibod-

ies, monoclonal RFs share a major complementary determin-

ing region named Wa, and they invariably express a Vκ light

chain derived from a single germinal gene, the human Kv 325

gene.26 77

Cross idiotype Wa monoclonal RF has also been demon-

strated in other B cell lymphoproliferative disorders, with or

without type II MC, probably an expression of antigen

independent clonal B cell lymphoproliferation.26 This suggests

that the same antigen might be the triggering factor of both

primary and lymphoma associated type II MC. Because type II

and type III MC occur in a variety of infectious diseases, we

could speculate that they are the result of chronic stimulation

of the immune system by complexes composed of autologous

IgG and antigen(s) of the involved infectious agent. When

complexed, the IgG becomes autoantigenic and it can elicit the

Wa or other RFs.26

There are no available diagnostic criteria for MC; in 1989 the

Italian group for the study of cryoglobulinaemias proposed

preliminary criteria for MC classification (C Ferri for the Ital-

ian Group for the Study of Cryoglobulinemias. Proceedings of

10th Congresso Società Italiana di Immunologia e Immun-

opatologia, S. Margherita di Pula, Cagliari, 12 May, 1989).

Table 4 gives a revised version of these criteria, including

pathological and virological findings. Circulating mixed

cryoglobulins, low C4, and orthostatic skin purpura are the

hallmarks of the disease; moreover, leucocytoclastic vasculitis,

involving medium and, more often, small sized blood vessels

(arterioles, capillaries, and venules) is responsible for MC tis-

sue injury.9 Cryoglobulinaemic vasculitis is secondary to

vascular deposition of circulating immune complexes, mainly

cryoglobulins, and complement, with the possible contribu-

tion of both haemorheological and local factors.9 26 79 Because

of its clinical and histological features, MC is classified among

systemic vasculitides, in the subgroup of small vessel

vasculitides, which also includes cutaneous leucocytoclastic

vasculitis and Schonlein-Henoch purpura.80

CLINICAL AND LABORATORY INVESTIGATIONS
Essential MC was first described by Meltzer et al in 19667;

originally, this term referred to autonomous disease when

other well known systemic, infectious, or neoplastic disorders

had been ruled out by means of a wide clinicoserological

investigation. The MC syndrome is characterised clinically by

Table 3 Classification of cryoglobulins

Type I cryoglobulinaemia Type II mixed cryoglobulinaemia Type III mixed cryoglobulinaemia

Composition Single monoclonal Ig mainly IgG, IgM, or
IgA, or monoclonal free light chains

Presence of monoclonal component:
usually IgM, IgG, or IgA and polyclonal
Ig (mainly IgG)

Polyclonal mixed Ig (all isotypes)

Biological characteristics Self aggregation through Fc fragment of
Ig

RF activity of monoclonal component
against Fc portion of polyclonal Ig
predominant, cross idiotype Wa mRF

RF activity of one polyclonal component
(usually IgM)

Pathological
characteristics

Tissue histological alterations of
underlying disorder

Leucocytoclastic vasculitis, B cell
expansion, and tissue B cell infiltrates

Leucocytoclastic vasculitis, B cell
expansion, and tissue B cell infiltrates

Clinical associations Lymphoproliferative disorders: multiple
myeloma, Waldenstrom’s
macroglobulinaemia, chronic lymphocytic
leukaemia, B cell NHL

Viral, bacterial, parasitic infections
(mainly HCV, less HBV, others),
autoimmune diseases, lymphoproliferative
disorders rare in essential form

Viral, bacterial, parasitic infections
(mainly HCV, less HBV, others),
autoimmune diseases, lymphoproliferative
disorders rare in essential form

HBV, hepatitis B virus; HCV, hepatitis C virus; Ig, immunoglobulin; m, monoclonal; NHL, non-Hodgkin’s lymphoma; RF, rheumatoid factor.

Table 4 Proposed criteria for the classification of patients with mixed
cryoglobulinaemia

Criteria Major Minor

Serological Mixed cryoglobulins Rheumatoid factor+
Low C4 HCV+

HBV+

Pathological Leucocytoclastic vasculitis Clonal B cell infiltrates (liver and/or bone marrow)

Clinical Purpura Chronic hepatitis
Membranoproliferative glomerulonephritis
Peripheral neuropathy
Skin ulcers

HCV+ or HBV+: markers of hepatitis C virus or hepatitis B virus infection (anti-HCV ±HCV RNA; HBV DNA or
HBV surface antigen).
“Definite” mixed cryoglobulinaemia syndrome:
(a) Serum mixed cryoglobulins (±low C4) + purpura + leucocytoclastic vasculitis.
(b) Serum mixed cryoglobulins (±low C4) + 2 minor clinical symptoms + 2 minor serological/pathological
findings.
“Incomplete” or “possible” mixed cryoglobulinaemia syndrome:
(a) Mixed cryoglobulins or low C4 + 1 minor clinical symptom + 1 minor serological ±pathological findings.
(b) Purpura and/or leucocytoclastic vasculitis + 1 minor clinical symptom + 1 minor serological ±pathological
findings.
(c) Two minor clinical symptoms + 2 minor serological ± pathological findings.
“Essential” or “secondary” mixed cryoglobulinaemia:
Absence or presence of well known disorders (infectious, immunological, or neoplastic) at the time of the
diagnosis.
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a triad—purpura, weakness, arthralgias—and by a series of

pathological conditions (table 1), including chronic hepatitis,

membranoproliferative glomerulonephritis, peripheral neu-

ropathy, skin ulcers, diffuse vasculitis, and less frequently,

lymphatic and hepatic malignancies.7–9 26–28 81 The prevalence of

MC manifestations reported in table 1 describes an Italian

patient population referred to a rheumatology/immunology

division; variable patient recruitment at different specialist

centres, together with racial differences among patient series,

are responsible for contrasting data in the literature.26–28 81 As

observed for HCV related BCL, the prevalence of MC shows

much geographical heterogeneity; the disease is more

common in southern Europe than in northern Europe or

North America. The disease is considered to be a relatively rare

disorder; however, as yet there are no adequate epidemiologi-

cal studies regarding its overall prevalence. Given its clinical

polymorphism, a single manifestation (skin vasculitis, hepati-

tis, nephritis, peripheral neuropathy, etc) is often the only

apparent or clinically predominant feature, so that patients

with MC are often referred to different specialties. A correct

diagnosis might thus be delayed or overlooked entirely; conse-

quently, the prevalence of MC is probably underestimated.

At initial observation, MC can present with different

clinicoserological patterns (fig 4), varying from isolated serum

mixed cryoglobulins, probably an expression of the early stage

of disease, to complete cryoglobulinaemic syndrome. This is a

combination of serological findings (mixed cryoglobulins with

RF activity and frequent low C4) and clinicopathological fea-

tures (purpura, leucocytoclastic vasculitis with multiple organ

involvement). Moreover, incomplete MC—that is, mixed

cryoglobulinaemia with one or two typical MC features

(arthralgias, peripheral paresthesias, mild hepatitis, RF sero-

positivity, low C4, etc)—is frequently found, mainly in the

rheumatic outpatient clinic. In these subjects, an overt MC

syndrome can develop during long term follow up. Alterna-

tively, some patients have typical MC syndrome, but without

serum cryoglobulins, the hallmark of the disease (fig 4). This

is usually a transient phenomenon, resulting from the wide

variability of amounts of cryoprecipitable circulating immune

complexes.82 Repeated cryoglobulin determinations are neces-

sary for a correct diagnosis in these subjects; obviously, it is

necessary to avoid false negative results as a result of Ig cold

precipitation occurring at room temperature. For a correct

evaluation of serum cryoglobulins, the first steps (blood sam-

pling, clotting, and serum separation by centrifugation)

should always be carried out at 37°C and the cryocrit determi-

nation and cryoglobulin characterisation at 4°C (after seven

days). Moreover, cryocrit determinations should be done on

blood samples without anticoagulation to avoid false positive

results caused by cryofibrinogen. Unfortunately, there are no

standardised methodologies for cryoglobulin measurements

that are accepted worldwide. Serum cryoglobulin values usu-

ally do not correlate with the severity and prognosis of the

disease. Very low cryocrit values, often difficult to quantify, can

be associated with severe, active cryoglobulinaemic syndrome;

on the contrary, high serum cryoglobulin concentrations may

characterise an oligosymptomatic or asymptomatic disease

course. In these subjects, particularly in the presence of a

cryogel phenomenon, rheological alterations caused by blood

hyperviscosity can be observed.79 Finally, a sudden decrease or

disappearance of serum mixed cryoglobulins, sometimes

associated with abnormally high C4 values, can be the

presenting manifestation of complicating B cell malignancy.83

MANAGEMENT
The clinical course, treatment, and prognosis of type I

cryoglobulinaemias largely depend on the underlying disor-

der, varying from benign MLDUS to malignant B cell neopla-

sia. Hyperviscosity syndrome is a direct consequence of type I

cryoglobulinaemia and plasma exchange treatment is often

necessary for this haemorheological disorder. On the contrary,

MC is often responsible for a more or less severe clinical syn-

drome, including vasculitic damage of the skin and visceral

organs, chronic liver disease, B cell neoplasms, and other

cancers.7–9 17 20 27 28 Because of its complex aetiopathogenesis,

the treatment of MC is particularly challenging. For a correct

therapeutic approach we must deal with three important fac-

tors: HCV infection, autoimmune disorders, and neoplastic

complications. Following the cascade of events leading from

HCV infection to cryoglobulinaemic vasculitis (fig 5), we can

treat the disease at different levels by means of different—

aetiological, pathogenetic, symptomatic—treatments. Because

HCV is the triggering factor of the disease, and probably exerts

a chronic stimulus on the immune system (figs 1, 5), HCV

eradication should be attempted in all cases of HCV associated

MC. In this respect, encouraging data came from anecdotal

observations: in patients with MLDUS repeated bone marrow

biopsies, before and after interferon treatment, showed a

regression of lymphoid infiltrates along with HCV clearance.84

Unfortunately, the beneficial effect seen with this drug is often

transient and sometimes associated with important immune

mediated complications, in particular, peripheral sensory

motor neuropathy.85–90 There are no parameters available for

predicting this harmful complication; thus, α interferon treat-

ment should be avoided at least in those patients with

clinically evident peripheral neuropathy. Similarly, in patients

treated by α interferon for type C hepatitis, it is not rare to

encounter complications such as peripheral neuropathy,

thyroiditis, and rheumatoid-like polyarthritis. Probably, in

predisposed subjects α interferon, both an antiviral and

immunomodulating agent, can trigger or exacerbate some

pre-existing, often subclinical, symptoms.

The usefulness of α interferon treatment in patients with

MC is limited by the low rate of responders and frequent side

effects. However, treatment with a combination of α interferon

and ribavirin might eradicate HCV infection in a considerable

number of subjects, as recently demonstrated in patients with

type C chronic hepatitis.91–93 Controlled clinical trials are

necessary to evaluate the usefulness of such combination

treatment in HCV associated MC.

“The usefulness of α interferon treatment in patients with
mixed cryoglobulinaemia is limited by the low rate of
responders and frequent side effects”

Hopefully, with the rapid growth of molecular biology a

vaccine against HCV may be available in the near future. The

recent identification of the interaction between HCV envelope

Figure 4 Different clinicoserological patterns of mixed
cryoglobulinaemia (MC) at presentation; complete MC syndrome is
a combination of serological findings (mixed cryoglobulins with
rheumatoid factor activity and frequent low C4) and
clinicopathological features (purpura, leucocytoclastic vasculitis with
multiple organ involvement; tables 1, 4). MC can appear as an
incomplete syndrome, mainly in the early stages of the disease.

Incomplete
mixed

cryoglobulinaemia
syndrome

Serum
mixed

cryoglobulins
alone

Clinical
symptoms

alone

Incomplete mixed cryoglobulinaemia syndrome

Complete mixed cryoglobulinaemia syndrome

Serological finding (mixed cryoglobulinaemia)
+ clinical symptoms
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protein E2 and CD81 on both hepatocytes and lymphocytes66

suggests the possibility of interfering with HCV binding to

target cells. A vaccine based treatment94 with recombinant

HCV proteins in HCV infected individuals might prevent the

evolution from viral infection to both severe hepatic and ext-

rahepatic complications, and could possibly interrupt the self

perpetuating autoimmune mechanism underlying HCV re-

lated disorders.

Immunosuppressive treatment is still the first line interven-

tion in cases of non-HCV associated MC. For HCV positive

patients with MC, immunosuppressive treatment should be

considered, particularly in subjects who have failed to respond

to α interferon. This includes steroids, a low antigen content

(LAC) diet, plasma exchange, and immunosuppressors,

mainly cyclophosphamide.9 27 28 95–99 A reduction in circulating

immune complexes can be achieved by means of plasmapher-

etic treatment, including both traditional plasma exchange

and double filtration plasma exchange.100 The use of oral

cyclophosphamide (50–100 mg/day for two to six weeks) dur-

ing the tapering of apheretic sessions can reinforce the

beneficial effect of plasma exchange; moreover, it can prevent

the rebound phenomenon that may be observed after the dis-

continuation of apheresis. Plasma exchange is useful in severe

MC complications, particularly in active cryoglobulinaemic

nephropathy (table 5). A LAC diet has been used for some

immune complex mediated disorders, such as MC and IgA

nephropathy.95 98 In patients with MC, this particular treat-

ment can improve circulating immune complex clearance by

restoring the activity of the reticuloendothelial system,

overloaded by large amounts of circulating cryoglobulins.95 A

LAC diet and/or low dose of steroids may be sufficient to

improve mild–moderate manifestations of MC (table 5). As

often observed, patients with MC and mild–moderate

symptoms, such as palpable purpura, are particularly sensitive

to the smallest variations of daily steroid dosage (1–2 mg). In

general, the treatment of MC should be tailored for the single

patient according to the severity of clinical symptoms. There-

fore, patients with severe vasculitic manifestations must be

treated promptly with high doses of steroids and/or plasma

exchange and/or cyclophosphamide, whereas clinically

asymptomatic patients usually need no treatment, even in the

presence of high cryocrit values. Careful clinical monitoring of

the disease is mandatory in all cases, with particular attention

to neoplastic complications.

CONCLUSIONS
Cryoglobulinaemia is a frequent laboratory finding, often with

no clinical relevance. Low concentrations of serum mixed cryo-

globulins are detectable in a large number of acute or chronic

infections, and in autoimmune or lymphoproliferative

diseases.1 2 7–9 Their presence in the course of infectious

diseases can be regarded as transient insufficiency of circulat-

ing immune complex clearance; in these conditions, infectious

particles or antigens can be directly involved in immune com-

plex mediated systemic manifestations. In some instances, a

persistent production of cryoimmunoglobulins and RF long

after the disappearance of the eliciting agent may constitute

an autonomous condition, so called essential MC.2 This is an

immune complex mediated systemic vasculitis caused by the

deposition of cryoprecipitable circulating immune complexes.

Because of the striking association between MC and HCV

infection, the term essential should be referred to in only a

minority of cases.17 23 26–28

HCV related MC can be considered an interesting model of

virus driven autoimmune and neoplastic disease.

For decades, cryoglobulins have fascinated investigators

and clinicians. The research into this intriguing disorder

weaves together the history of medicine during the last

century: from the observation of a simple in vitro

phenomenon100 to a definite disease, cryoglobulinaemic

vasculitis.7–9 Finally, the striking association between MC and

HCV infection,17 along with the multifaceted clinical expres-

sion of this infection,27 28 relaunch the challenge.
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We can treat the disease at different levels and by means of
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Chronic HCV infection HCV eradication

Poly oligoclonal
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Table 5 Treatment of HCV associated mixed cryoglobulinaemia

Proposed treatments

Asymptomatic None

Mild–moderate manifestations
Purpura, weakness, Low dose steroids
arthralgias, arthritis, and/or LAC diet,
peripheral sensory neuropathy other symptomatics

Attempt at HCV
Severe manifestations eradication*
Nephropathy, skin ulcers, Steroids,
sensory motor neuropathy, and/or plasma exchange,
widespread vasculitis and/or cyclophosphamide

Active hepatitis α Interferon + ribavirin

Cancer
B cell NHL, HCC Chemotherapy, surgery

*α Interferon + ribavirin.
NHL, non-Hodgkin’s lymphoma; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LAC, low antigen
content.
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