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Abstract. Cryoglobulins are immunoglobulins that precipi-
tate at low temperatures and redissolve upon rewarming. 
Cryoglobulinemia refers to the presence of circulating 
cryoglobulins in serum, and generally leads to a systemic 
inflammatory syndrome characterized by fatigue, arthralgia, 
purpura, neuropathy and glomerulonephritis. The disease 
mainly involves small to medium-sized blood vessels and causes 
vasculitis due to cryoglobulin-containing immune complexes. 
Cryoglobulinemia is classified into three types (I, II and III) 
on the basis of immunoglobulin composition. Predisposing 
conditions include lymphoproliferative disease, collagen 
disease and hepatitis C virus (HCV) infection. The diagnosis 
of cryoglobulinemic syndrome is predominantly based on the 
laboratory demonstration of serum cryoglobulins. Treatment is 
often directed towards the underlying disease state. For patients 
with chronic HCV infection, anti-viral therapy is indicated. 
Intense immunosuppressive or immunomodulatory therapy, 
including steroids, plasmapheresis and cytotoxic agents, is 
reserved for organ-threatening or recalcitrant disease. In this 
review, we discuss the clinical characteristics of the three types 
of cryoglobulinemia.
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1. Introduction

Cryoglobulins are immunoglobulins (Ig) that precipitate at 
low temperatures and disappear when incubated at 37˚C. This 
phenomenon was first recognized by Wintrobe and Buell 
in 1933  (1). The biochemical characteristics that promote 
cryoprecipitation are not yet well understood. Cryoglobulins 
are classified into three types on the basis of their Ig compo-
sition (2). Type I is characterized by a monoclonal antibody, 
type II by polyclonal IgG and monoclonal IgM and type III 
by polyclonal IgG and IgM. Types  II and III cryoglobu-
linemia are regarded as mixed as they contain two Igs of 
different isotypes (2). Cryoglobulinemia leads to a systemic 
inflammatory syndrome characterized by fatigue, arthralgia, 
purpura, neuropathy, and glomerulonephritis. The disease 
mainly involves small to medium-sized vessel vasculitis 
caused by cryoglobulin‑containing immune complexes (3,4). 
Cryoglobulinemia is considered to be a rare disorder, but its 
occurrence is strongly linked to the prevalence of hepatitis C 
virus (HCV) infection in the general population. In this review, 
we discuss the clinical characteristics of the three types of 
cryoglobulinemia.

2. Epidemiology

Currently, there are insufficient epidemiological studies on the 
prevalence of cryoglobulinemia. The incidence is reportedly 
1:100,000 persons with a female to male ratio of 3:1 (5-9). 
The disease is more common in Southern Europe than in 
Northern Europe or North America (2,10-19). This distribu-
tion is associated with the prevalence of HCV infection. 
Cryoglobulins have been reported in a significant proportion 
of patients with chronic infections; 15-20% in patients with 
human immunodeficiency virus (HIV) infection and 15-25% 
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in patients with connective tissue diseases. Upon examination, 
>50% of HCV-infected individuals are found to have circu-
lating cryoglobulins, with approximately 5% presenting with 
cryoglobulinemic syndrome (5-9).

3. Etiology and pathogenesis

Although the etiology of cryoglobulinemia is not yet completely 
understood, three mechanisms are considered to be major 
pathogenic factors: i) chronic immune stimulation and/or lymph 
proliferation caused by the increased production of cryoglobu-
lins, ii) immune complex formation among cryoglobulins and/
or their antigens, and iii) insufficient clearance of cryoglobulins 
or their immune complexes.

Type I cryoglobulinemia. This type of cryoglobulinemia is 
characterized by the presence of monoclonal cryoglobulins; 
the production of which is due to underlying lymphoprolifera-
tive disease. Exposure to cold air induces the precipitation of 
Igs. These precipitates lead to inflammatory vasculitis and 
vessel obstruction.

Types II and III cryoglobulinemia. Hyperactivation and/or 
hyperproliferation of B-cells induces the selective expansion 
of B-cell clone(s), which in turn produce cryoglobulins (9,20).

Chronic inflammatory states, including collagen diseases 
and viral infections (including HCV infection), may initiate 
B-cell hyperactivation. HCV directly mediates B-cell hyper-
activation and causes infection via the cell surface protein 
CD81 (21). However, cryoglobulinemia is not always accom-
panied with HCV infection (22).

4. Clinical manifestations

Skin manifestations. Cutaneous manifestations are gener-
ally observed in type I cryoglobulinemia. Erythematous or 
purpuric papules (Fig. 1) of the lower extremities, infarction, 
hemorrhagic crusts, and ulcers are the commonly observed 
skin manifestations. Type I cryoglobulinemia is also more 
commonly associated with Raynaud's phenomenon, livedo 
reticularis and acrocyanosis than types II and III.

Musculoskeletal manifestations. Manifestations, such as 
arthralgia and myalgia are common in patients with mixed 
cryoglobulinemia (a combination of types II and III) (23,24). 
In patients with type III cryoglobulinemia, the metacarpopha-
langes, proximal phalanges, knees and ankles are frequently 
affected. These lesions are often exacerbated by exposure to 
the cold. Musculoskeletal problems rarely accompany type I 
disease.

Neurological manifestations. Peripheral neuropathy, presum-
ably caused by vasculitis, is rarely associated with clinically 
significant presentation  (25). However, electromyographic 
and nerve conduction studies have revealed the presence of 
peripheral neuropathy in 70-80% of patients with mixed cryo-
globulinemia (26-28).

Pulmonary manifestations. Respiratory manifestations, 
including dyspnea, cough or pleurisy, are more commonly 

observed in patients with mixed cryoglobulinemia than in 
those with type I cryoglobulinemia. These patients may have 
small airway disease and impairment of gas exchange.

Renal manifestations. Membranoproliferative glomerulone-
phritis is considered to be more common in patients with mixed 
cryoglobulinemia  (29). Isolated proteinuria or hematuria is 
more commonly observed than nephritis, nephritic syndromes 
or acute kidney failure.

5. Laboratory diagnosis

The presence of a measurable level of cryoglobulins (cryocrit) 
remains the most reliable laboratory standard for cryoglobulin 
syndromes (30).

Approximately 40% of normal individuals possess detect-
able cryoglobulins, typically at concentrations of <80 µg/
dl (19,31), but these small quantities are generally insufficient 
to generate a detectable cryocrit. As a result, a vast majority of 
healthy individuals show negative results following an exami-
nation for cryoglobulins. By contrast, mixed cryoglobulins 
in patients with types II and III cryoglobulinemia generally 
produce higher concentrations (1-5 mg/dl; 0.01-0.05 g/l). Many 
type I cryoglobulins are present at concentrations of >5-10 mg/
dl (0.05-0.10 g/l), with a cryocrit >70%.

Particularly in patients with a high cryoglobulin titer, cryo-
precipitates during blood collection often produce cloud-like 
structures on peripheral blood smears, which may be mistaken 
for leukocytes or platelets by automated cell differential 
analyzers (32), or pseudoleukocytosis or pseudothrombocy-
tosis by automated cell counters (21,33).

Figure 1. Skin manifestation of patient with type I cryoglobulinemia. 
Purpuric papules are observed on the patient's left leg.
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Diminished serum complement components may reflect 
an ongoing consumption by cryoglobulin-containing or 
-propagated immune complexes (34,35). Type I cryoglobulin 
typically produces few serological complement abnormalities, 
but mixed cryoglobulins often cause reduced serum levels of 
total hemolytic complement (CH50) and early complement 
proteins C1q, C2 and C4, particularly in patients with type II 
and III cryoglobulinemia associated with collagen vascular 
disease. C3 levels are generally unaffected or mildly dimin-
ished. Although modest elevations have been reported, (36) 
late complement components are also usually insignificantly 
affected.

Other tests appear to reflect a chronic inflammatory 
response. Acute phase reactants, including the erythrocyte 
sedimentation rate (ESR) and C-reactive protein concentra-
tion, are generally elevated. ESR can be markedly elevated in 
patients with type I cryoglobulinemia, reflecting the underlying 
monoclonal Ig. Mild-to-moderate hypergammaglobulinemia of 
IgM, IgA and/or IgG also personifies mixed cryoglobulinemia, 
with extreme and often monoclonal levels more indicative of 
type I disease. Hypogammaglobulinemia, particularly of IgG, 
is rarely observed.

Autoantibodies, including antinuclear antibodies and 
rheumatoid factor, are often present in sera with mixed 
cryoglobulins (34,37). In addition, blood viscosity is mildly 
increased (38), and a mild normochromic, normocytic anemia 
is often detectable (39). However, the diagnosis of cryoglobulin 
syndromes rests principally on the laboratory demonstration 
of serum cryoglobulins.

6. Pathological diagnosis

Type I cryoglobulinemia affects the skin, kidneys and bone 
marrow (12). Skin biopsies may demonstrate non-inflam-
matory thrombotic skin lesions with evidence of cutaneous 
infarction or hemorrhaging (2,12,40). Sural nerve biopsies 
may reveal axonal degeneration caused by underlying diseases 
of the vasa vasorum and systemic neuronal damage (41-46). 
Pauci-inflammatory occlusive lesions may imply neuronal 
ischemia. Renal biopsies may demonstrate non-inflammatory 
glomerulopathies, including thrombotic and hypocellular 
lesions. Bone marrow examination may reveal evidence of an 
underlying hematological condition.

The typical pathological finding of mixed cryoglobu-
linemia is, which involves medium and, more often, small 
blood vessels (10,16-18,47), and is diagnosed by a skin biopsy 
of recent vasculitic lesions. Mixed cryoglobulinemia is also 
characterized by conditions, including chronic hepatitis, 
membranoproliferative glomerulonephritis, peripheral neurop-
athy, skin ulcerations, diffuse vasculitis, and, less frequently, 
lymphatic and hepatic malignancies (2,11,14,40,47-49).

7. Treatment

In clinical practice, it is difficult to treat cryoglobulin syndrome 
due to the wide variation in underlying disease states. 
Asymptomatic patients do not usually require any treatment; 
non-steroidal anti-inflammatory drugs (NSAIDs) are often 
prescribed to control mild symptoms, including general fatigue, 
arthralgia and myalgia. 

On the contrary, patients with moderate to severe symp-
toms, including progressive renal failure, necrosis of the 
distal extremities, or uncontrolled neuropathy, need aggres-
sive therapies, such as plasmapheresis and/or steroid and/
or cytotoxic drugs (cyclophosphamide). Plasmapheresis is 
conventionally required three times per week for three weeks. 
However, a recent study suggested that the detailed protocol 
of procedures and quantitative outcomes of apheresis have not 
yet been clarified (50). 

In patients with type I cryoglobulinemia, it is imperative to 
treat underlying hematological malignancies or lymphoprolifera-
tive disorders. Chemotherapy and radiation therapy are indicated 
in such cases. A combination of oral prednisone (1-2 mg/kg/
day) and intravenous cyclophosphamide (0.5-1.0 g/m2) (51) was 
reportedly used to treat a case of non-malignancy-related type I 
disease (52).

In order to reduce the cryoglobulin burden in patients 
presenting with mixed cryoglobulinemia, rapid plasma 
exchange should be performed in conjunction with the intra-
venous administration of methylprednisone daily for three 
days, especially in severe cases. Oral prednisone or cyclophos-
phamide should be added to this regimen to prevent further 
antibody formation (52-55).

In the majority of cases, patients are likely to present with 
chronic HCV infection; therefore, antiviral therapy is neces-
sary. A suitable treatment regimen usually depends on renal 
function. A combination of interferon α, pegylated interferon 
and ribavirin is recommended (56-59). Therapy recommended 
by the European League Against Rheumatism for patients 
presenting with normal renal function consists of a combina-
tion of pegylated interferon and ribavirin; however, for patients 
with renal insufficiency, monotherapy with interferon α is 
indicated since ribavirin is generally contraindicated in renal 
insuffiency (60).

Furthermore, rituximab therapy is recommended in patients 
with uncontrolled mixed cryoglobulinemia despite anti-HCV 
therapy. Rituximab exerts selective B-cell control and may be 
an alternative to immunotherapy; moreover, it is well-tolerated. 
In a number of studies, rituximab administered at a dose of 
375 mg/m2 once weekly for four weeks was well-tolerated 
and effective in interferon α-resistant patients with HCV 
infection (61), uncontrolled skin manifestations, peripheral 
neuropathy (62) and cryoglobulinemic glomerulonephritis (63). 
A recent study on HCV-related cryoglobulinemia suggests 
that a combination of rituximab, pegylated interferon α and 
ribavirin is more effective than a combination of pegylated 
interferon and ribavirin (64).

Finally, in patients with cryoglobulinemia associated with 
HBV infection, certain studies have suggested that lamivudine 
or entecavir may be useful (65-68).

8. Prognosis

The prognosis of cryoglobulinemia depends on the underlying 
condition(s) as well as the choice of treatment. In a literature 
review on the mortality of patients with mixed cryoglobu-
linemia, the ten-year survival rate was <60% (69). Predictors 
of mortality reportedly include age, male gender, circulating 
cryoglobulins, immunosuppressive treatment, cutaneous 
ulceration, renal involvement, chronic hepatitis, widespread 
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vasculitis, lymphoma and myeloproliferative diseases (70-76). 
The use of immunosuppressive treatment may depend on 
disease severity (75).

The main causes of mortality are infection, end-stage 
liver disease, end-stage renal disease, cardiovascular disease, 
neuropathy and solid tumors (including hepatic cell carci-
noma) (71,73-76). 

In cryoglobulinemia associated with HCV infection, early 
virologic response to interferon treatment is associated with 
reduced mortality (75). However, not all patients respond to 
interferon treatment; in certain patients, cryoglobulinemia 
may persist or recur after clearance of HCV RNA with anti-
viral therapy (77). 

9. Conclusion

Cryoglobulinemia is considered to be a rare disorder, and 
epidemiological studies on its prevalence are inadequate. 
Clinical manifestations of cryoglobulinemia and its manage-
ment vary substantially due to the wide variation in underlying 
diseases. Type I is characterized by monoclonal cryoglobu-
lins produced as a result of underlying lymphoproliferative 
disease, type II by polyclonal IgG and monoclonal IgM, and 
type III by polyclonal IgG and IgM. Types II and III are also 
called mixed cryoglobulinemia as they contain different 
isotypes, with B-cell hyperactivation and/or hyperprolif-
eration supposedly initiated by chronic inflammatory states, 
including collagen disease or viral infections (including HCV). 
Cryoglobulinemia leads to systemic inflammatory syndrome 
characterized by fatigue, arthralgia, purpura, neuropathy 
and glomerulonephritis. The disease mainly affects small 
to medium-sized blood vessels and causes vasculitis due to 
cryoglobulin-containing immune complexes. The diagnosis 
of cryoglobulinemic syndrome is predominantly based on 
the laboratory demonstration of serum cryoglobulins, with 
or without associated characteristic clinical signs and symp-
toms. Diminished serum complement components may reflect 
ongoing consumption by cryoglobulin-containing or -propa-
gated immune complexes. In clinical practice, it is difficult 
to treat cryoglobulin syndrome due to the wide variation in 
underlying conditions. Treatment is often determined on the 
basis of the underlying disease(s). For patients with chronic 
HCV infection, anti-viral therapy with interferon α and riba-
virin is recommended. Patients whose symptoms are resistant 
to anti-HCV therapy may be suitable candidates for rituximab 
therapy. Intense immunosuppressive or immunomodulatory 
therapy, including steroids, plasmapheresis or cytotoxic 
agents (cyclophosphamide), is reserved for organ-threatening 
or recalcitrant disease. However, there are no well-delineated, 
evidence-based guidelines for treating cryoglobulinemia. 
Further research on this aspect is warranted. 
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