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Abstract 

Objectives: Historically chronic hepatitis C virus (HCV) infection accounted for the 

majority of mixed cryoglobulinemia (MC). The advent of direct-acting antivirals (DAA) 

against HCV has dramatically changed the management and the prevalence of chronic 

HCV infection. We aimed to describe the spectrum of MC in the era of DAA agents.  

 

Methods: We performed a longitudinal cohort study between 2011 to 2018 from a 

single-centre French university hospital’s database of 15 970 patients screened for MC. 

Epidemiological, clinical and immunological data of MC were recorded. We evaluated 

the incidence and evolution of MC before and after the era of DAA agents and 

compared HCV and non-HCV related MC. 

 

Results: Among 742 patients who tested positive for cryoglobulin, 679 [mean age 55.5 

years, 54.5% female and 381 (56.1%) with chronic HCV infection] patients with 

persistent MC were included in the study. 373 (54.9%) had type II and 306 (45.1%) 

type III cryoglobulin, and 139 (21.5%) had cryoglobulinemia vasculitis (CryoVas). The 

incidence of MC decreased steadily with 395 and 284 incident cases during 2011-2014 

and 2015-2018, respectively. In 2011, the leading cause was chronic HCV infection 

(62.5% of all MC). Currently, autoimmune diseases [systemic lupus erythematosus 

(28.9%) and Sjögren’s syndrome (10.7%)] are the main cause of MC. The incidence of 

CryoVas was similar between HCV-and non HCV-related MC. 

 

Conclusion: Direct-acting antivirals have dramatically changed the landscape and the 

incidence of MC. 
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Introduction 

Cryoglobulins are an abnormal immunoglobulin (Ig) which reversibly precipitates at 

low temperatures below 37ºC. This definition distinguishes cryoglobulins from other 

cryoproteins and cold agglutinins. Cryoglobulinemia is defined as the persistent 

presence of cryoglobulins in serum. According to Brouet’s classification [1] three 

subtypes of cryoglobulinemia can be defined: type I made of isolated monoclonal 

components, type II made of mixed cryoglobulins with a monoclonal component and 

type III made of mixed polyclonal cryoglobulins. The latter (type II and III) are also 

known as mixed cryoglobulins (MC). Cryoglobulins can cause systemic vasculitis 

which is more common in the mixed forms and can be a life-threatening condition [2,3].  

Before the era of direct acting antivirals (DAA), chronic hepatitis C virus (HCV) 

infection accounted for 80-90% of cases of MC [4]. At that time, among the cases of 

non-related-HCV cryoglobulinemia, B-cell malignancies and connective tissue disease 

disorders appeared as the leading causes. The remaining non HCV-related cases are 

classified as having essential cryoglobulinemia [5]. 

The recent advent of DAA which have the potential to produce sustained virological 

response rates greater than 95% [6] has dramatically changed the management of 

chronic HCV infection and HCV-related cryoglobulinemia vasculitis (CryoVas) [7]. In 

France, DAA are available since 2014 for the treatment of chronic HCV infection. Since 

the introduction of DAA, data are very scarce on the incidence, etiologies and main 

characteristics of MC. 

Based on a large cohort of patients followed from 2011 to 2018 in a single tertiary 

university hospital, we aimed to assess the incidence, main etiologies, clinical 

manifestations and immunological parameters of patients with MC. We also compared 

HCV-related MC and non HCV-related MC. 

 

1. Material and methods 

1.1. Study population and procedures 

For this observational longitudinal cohort study, 15 970 patients were screened for 

cryoglobulinemia at the Pitié-Salpêtrière University Hospital in Paris, France, between 

2011 and 2018. Out of this cohort 742 (4.6%) patients were tested positive for 

cryoglobulin detection and were retrospectively studied (Figure 1). 
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Inclusion criteria for the study was the presence of MC level in serum >0.05g/L on at 

least 2 determinations. Cryoglobulins were measured as previously described [8] and 

classified according to the method described by Brouet et al [1]. All patients with type I 

cryoglobulinemia or for whom there was no sufficient information available on the 

etiology of MC were excluded (Figure 1). Chart of patients with CryoVas seen between 

2011 and 2018 at the Pitié-Salpêtrière University Hospital, Paris, France, were reviewed 

and demographic information (age at diagnosis, gender, year of diagnosis) was 

collected. CryoVas cases were defined by clinically active vasculitis with skin, joint, 

renal, peripheral nerve, central neurologic, digestive, pulmonary and/or cardiac 

involvement (no histologic evidence needed if the patient had purpura) [9].  

 

1.2. Outcomes 

We collected the etiology of MC and clinical manifestations of CryoVas. MC patients 

were divided into two groups, i.e. HCV-related and non HCV-related MC. The 

laboratory data collected at the time of initial diagnosis of MC, included cryoglobulin 

type and serum level (g/L), serum levels of complement C4 fraction (g/L), rheumatoid 

factor (RF) activity (UI/mL), gamma globulin levels (g/L) as measured by serum 

protein electrophoresis and monoclonal immunoglobulin levels (g/L) as evaluated by 

peak integration. 

 

1.3. Statistical analysis 

Categorical variables were described as counts (%) and were compared using a χ²-test or 

a Fisher’s exact test when appropriate. Continuous variables were described as median 

and interquartile range and were compared using the Z-score or a Wilcoxon’s test when 

appropriate. All tests were two-sided; p-values lower than 0.05 were considered as 

indicating a significant association. Analyses were performed using R statistical 

software, version 3.6.1. 

 

2. Results 

2.1. Patient characteristics 

Demographic, clinical and immunological features are summarized in Table 1. Between 

2011 and 2018, a total of 679 consecutive patients met inclusion criteria and were 
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included of whom 381 (56.1%) had HCV-related MC and 298 (43.9%) had non-HCV-

related MC (Table 1). Sixty-three patients were excluded because of type I cryoglobulin 

(n=42) or lack of data (n=21) (Figure 1). In the overall cohort, median age at diagnosis 

was 55 years, the sex ratio (F:M) was 1.2. In the overall cohort, 139 of 679 (21.5%) 

patients had vasculitis manifestations, and 54.9% and 45.1% had type II and type III 

mixed cryoglobulin, respectively. 69.9% of patients had elevated rheumatoid factor 

titters >5UI/mL (25.1 (13.0;76.5) UI/mL) and 52% had low C4 levels <0.16g/L (0.08 

(0.04;0.12) g/L). Among type II MC, the monoclonal component was IgM kappa 

(n=172, 46.2%) IgG kappa (n=50, 13.4%), IgM lambda (n=42, 11.3%) and IgG lambda 

(n=39, 10.5%). Seventy-three patients (19.6%) had oligoclonal bands.  

 

2.2. Etiologies of mixed cryoglobulinemia and cryoglobulinemia vasculitis 

Over the period of 2011 and 2018 chronic HCV infection still appeared as the most 

frequent etiology accounting for 56% of MC cases. In the remaining 44% of MC the 

main causes were autoimmune diseases (51.3%), hematological and neoplastic 

conditions (14.1%), infectious diseases other than chronic HCV infection (10.7%), and 

essential (23.8%) (Figure 2). Among the non HCV-related MC cases, systemic lupus 

erythematosus (SLE) and Sjögren’s syndrome were the most frequent autoimmune 

conditions (28.9% and 10.7% respectively) and non-Hodgkin’s B-cell lymphoma 

(5.4%) and Waldenström macroglobulinemia (4%) represented the main hematological 

conditions. HIV infection was the most frequent cause of non HCV infection accounting 

for 4.4% of cases. Supplementary Figure 1 shows the frequency of the non-HCV 

etiologies listed by year of diagnosis. We observed the same trend as for MC for the 

etiologies of CryoVas. Chronic HCV infection appeared as the most frequent etiolology 

accouting for 51.8% of CryoVas. HCV represented 73.9% and 36.4% of CryoVas in 

2011 and 2018, respectively. Autoimmune diseases (18.7% of all cases) appeared as the 

most common cause of non-HCV related CryoVas. Sjögren’s syndrome (17.9%) and 

SLE (11.9%) were the main autoimmune diseases associated with CryoVas. Patients 

with CryoVas had mainly type II MC (79.1%), and main clinical manifestations 

included purpura (54.7%), peripheral neuropathy (49.6%), membranoproliferative 

glomerulonephritis (21.6%) and arthritis (10.1%) (data not shown). 

 

2.3. Incidence and evolution of MC before and after the era of DAA agents  
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The incidence of MC decreased steadily between 2011 and 2018 with 395 and 284 

incident cases during the 2011-2014 and 2015-2018 periods, respectively (Figure 2). 

The evolution of the number of incident new MC cases over the entire period showed 

96 cases in 2011, 118 in 2012, 114 in 2013, 67 in 2014, 87 in 2015, 74 in 2016, 72 in 

2017 and 51 in 2018. Figure 2 illustrates the evolution of the incidence and the 

distribution of MC from 2011 to 2018. In 2011, the leading cause was chronic HCV 

infection (62.5% of MC). Between 2016 and 2017, we observed a clear decrease in the 

incidence of HCV-related MC cases (Figure 2). In 2018, non-HCV-related MC 

accounted for 66.7% of all MC cases and autoimmune diseases were the leading cause 

(35.5% of cases in 2018 vs 17.3% in 2011). Among non-HCV-related MC, SLE and 

Sjögren’s syndrome were the most frequent conditions accounting for 28.9% and 10.7% 

of cases, respectively. Among autoimmune diseases, SLE and Sjögren’s syndrome 

accounted for 57.9% and 21.1% of cases, respectively. The proportion of HCV-related 

MC cases over the study period represented 62.5% in 2011, 61.0 % in 2012, 55.3% in 

2013, 73.1% in 2014, 59.8% in 2015, 51.4% in 2016, 41.7% in 2017 and 33.3% in 

2018. Focusing on CryoVas our results showed that its incidence also decreased 

between 2011 and 2018 with 93 and 46 new incident cases during the 2011-2014 and 

2015-2018 periods, respectively. 

 

2.4. Comparison between HCV and non-HCV related MC 

Among all MC positive patients, HCV-related compared to non HCV-related cases 

were older (55 (38;68) vs 55 (49;65) years, p<0.016) and more frequently male (51.7% 

vs 37.2%, p<0.001) (Table 1). Presence of vasculitis was not statistically different 

between HCV and non-HCV-related MC. In the overall population, median serum 

cryoglobulin level was 148 (82;296) mg/l. There was no statistically significant 

difference in cryoglobulin levels, type of cryogobulin, monoclonal immunoglobulin 

levels, RF activity or gamma globulin levels. There was a trend towards lower C4 

component levels in patients with HCV-related MC (0.15 (0.08;0.23) vs 0.16 

(0.06;0.27) g/L, p=0.06). 

 

2.5. Comparison between type II and type III MC 

Data regarding main features of type II and type III MC are summarised in Table 2. 

Compared to type III MC, those with type II MC were significantly older (57 (49;67) vs 
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51 (39;65) years, p<0.001) and had more frequently CryoVas (30.6 vs 10.1%, p<0.001). 

SLE was more frequent in type III MC (19.3 vs 7.2%, p<0.001) whereas non-Hodgkin 

lymphoma and Waldenström disease were more frequent in type II MC (3.5 vs 1.0%, 

p=0.03 and 3.2 vs 0.0%, p=0.002, respectively). Regarding biological features, type II 

MC cases had higher cryoglobulin levels (190 (91;424) vs 119 (75;214) mg/l, p<0.001) 

and lower C4 complement levels (0.15 (0.06;0.24) vs 0.16 (0.10;0.25) g/L, p=0.014). 

Monoclonal immunoglobulin levels, RF activity and gamma globulin levels were not 

statistically different between type II and type III MC cases.  

 

3. Discussion 

Our study covers the complete spectrum of MC, as the data represent different medical 

specialties at a university hospital. Between 2011 and 2018, 15 970 patients were 

screened for the presence of a cryoglobulin. Of these, 679 patients (4.3%) tested 

positive for MC and were included in this study.  

The most striking conclusions drawn by this study are 1) Between 2011 and 2014 HCV-

related MC represented the largest cohort. However, from 2016 to 2018, two major 

epidemiological changes were noted, i.e. non HCV patients represented the largest 

cohort and the incidence of MC and CryoVas decreased steadily; 2) systemic 

autoimmune diseases (i.e. SLE and Sjögren syndrome) currently represent the main 

causes of MC and of CryoVas; and 3) The incidence of CryoVas was similar between 

HCV and non HCV-related MC. 

 

The development of DAA has dramatically changed the management of chronic HCV 

infection. Indeed, interferon-free DAA regimens have showed unprecedented high rates 

of sustained virological response (SVR) of over 90% [10]. With more than 184 million 

infected patients worldwide and increasing rates of SVR it is expected that by 2030 

chronic HCV infection should be confined [11–14]. Up until now, previous studies 

showed that HCV infection accounted for 80 to 90% of cases of MC [4,15–17]. The 

prevalence of HCV infection varies depending on the geographical region being highly 

prevalent (>3.5%) in some parts of Asia, Middle East and Africa and less prevalent 

(<1%) in several western European countries[18]. Besides liver disease, HCV infection 

can be involved in many extra-hepatic manifestations mostly driven by chronic immune 

system stimulation in particular MC. Circulating mixed cryoglobulins are detected in 40 

to 60% of chronically infected HCV patients [19,2,20]. Since it is considered a rare 
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condition data of prevalence and incidence of MC in the general population are scarce.  

Our findings suggest that the landscape of MC is changing with HCV-related incident 

cases dropping continuously since 2011. From 2016 we observed an inversion in the 

underlying causes of MC and HCV is no longer the leading cause. The prevalence of 

HCV in our cohort decreased sharply from 62.5% in 2011 to 33.3% in 2018. This is in 

line with a recent study reporting a prevalence of HCV of 49.5% between 2010 to 2016 

in a MC cohort [21]. The same trend was also observed when focusing on patients who 

were symptomatic (i.e. with CryoVas). As a result, we observed a 1.5 fold decrease in 

incident MC cases between 2011-2014 and 2015-2018 periods. A previous meta-

analysis of extrahepatic manifestations of chronic HCV infection revealed a prevalence 

of CryoVas of 4.9% [22]. In our cohort, the prevalence of CryoVas was 21.5%. This 

discrepancy is likely explained by a referral bias in this study conducted in a specialized 

tertiary medical center.  

Previous reports showed a close correlation between virological response and 

improvement of CryoVas in patients treated with an oral interferon-free regimen[23–

27]. Complete disappearance of circulating cryoglobulin was evidenced in up to 50% of 

cases and DAA therapy reverted autoreactive memory B cell, T follicular helper and 

Th17 cell expansion and restored regulatory T cell deficiency in HCV-related MC 

patients [9]. These data provide a mechanistic link between HCV and MC [28].  

The present study also provides evidence on the emerging main etiologies of MC. In 

older reports, 10 to 20% of MC cases unrelated to HCV infection were related to B cell 

malignancies, non-HCV infectious diseases and autoimmune disorders[29]. 

Cryoglobulinemia is known to be associated with connective tissue diseases such as 

SLE and Sjögren’s syndrome [30,31] with a prevalence of 10% in SLE and 5 to 20% in 

Sjögren’s syndrome [31,32]. In the present study, autoimmune diseases currently 

represent the main cause of MC (36.5% of all cases). More specifically, SLE and 

Sjögren’s syndrome are in 2018 the main etiologies of MC and CryoVas, supporting the 

evolving spectrum of MC with potential important clinical implications. 

We identified differences between non-HCV and HCV-related MC patients. Non-HCV 

related MC patients were younger, more frequently female, and had similar proportion 

of type II and III MC. They also tended to have higher C4 complement levels compared 

with those with HCV. However, the prevalence of CryoVas was similar between the 

two groups. 

We acknowledge some limitations in this study. First, this is an observational single-
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center tertiary hospital study reviewing only patients that have been tested for 

cryoglobulin. Secondly, our study does not provide information relative to the 

institutional or regional incidence of HCV or the frequency of DAAs use. Finally, 

indications for cryoglobulin testing were not standardized and therefore a selection bias 

is not excluded. 

In conclusion, DAA are changing the landscape of MC with HCV infection no longer 

being its leading cause. Due to the safety profile and high virological responses rates of 

DAA regimens in HCV, we speculate that the incidence of HCV-related MC will 

continue to decline in the upcoming years. 
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Table 1 
 Population 

(n=679) 

 Non-HCV 

(n=298) 

 HCV 

(n=381) 

 P-value 

Age, median (IQR) 55(46;66)  55(38;68)  55(49;65)  0.016 

Male gender 308 (45.4)  111 (37.2)  197 (51.7)  <0.001 

Etiologies        

  HCV 381 (56.1)    381 

(100.0) 

  

  AUTOIMMUNE 153 (22.5)  153 (51.3)     

      SLE 86 (12.7)  86 (28.9)     

      Sjögren's syndrome 32 (4.7)  32 (10.7)     

      Mixed connective tissue 

disease 

6 (0.9)  6 (2.0)     

      Antiphospholipid syndrome 6 (0.9)  6 (2.0)     

      ANCA vasculitides 6 (0.9)  6 (2.0)     

      Myositis 4 (0.6)  4 (1.3)     

  HEMATOLOGICAL/ 

NEOPLASTIC 

42 (6.2)  42 (14.1)     

      Non-Hodgkin lymphoma 16 (2.4)  16 (5.4)     

      Waldenström 

macroglobulinemia 

12 (1.8)  12 (4.0)     

      Chronic lymphocytic leukemia 4 (0.6)  4 (1.3)     

      MGUS 3 (0.4)  3 (1.0)     

      Solid neoplasm 3 (0.4)  3 (1.0)     

  INFECTIOUS 32 (4.7)  32 (10.7)     

      HIV 13 (1.9)  13 (4.4)     

      Malaria 3 (0.4)  3 (1.0)     

  ESSENTIAL 71 (10.5)  71 (23.8)     

Cryoglobulin levels (mg/L), 

median (IQR) 

148 

(82;296) 

 97 

(67;168) 

 214 

(113;376) 

 0.92 

Type of cryoglobulin      0.18 

    II 373 (54.9)  155 (52.0)  218 (57.2)   

    III 306 (45.1)  143 (48.0)  163 (42.8)   

Monoclonal Ig (g/L), median 

(IQR) 

4.7 

(2.8;8.8) 

 5.3 

(3.0;11.4) 

 4.4 

(2.8;6.9) 

 0.68* 

C4 level (g/L), median (IQR) 0.15 

(0.07;0.25) 

 0.16 

(0.06;0.27) 

 0.15 

(0.08;0.23) 

 0.06 

Rheumatoid factor (UI/mL), 

median (IQR) 

30.0 

(6.7;109.1) 

 20.8 

(5.0;97.9) 

 42.9 

(11.4;112.1

) 

 0.9 

Gammaglobulin levels (g/L), 

median (IQR) 

13.9 

(10.5;18.8) 

 13.9 

(10.3;18.8) 

 13.9 

(11.0;18.4) 

 0.48 

Cryoglobulinemia vasculitis 139 (21.5)  67 (22.8)  72 (20.4)  0.46 

* : Wilcoxon’s rank sum test 

Data are n (%) unless otherwise stated. 

Abbreviations: IQR, interquartile range; HCV, hepatitis C virus; MC, mixed cryoglobulinemia; SLE, 

systemic lupus erythematosus; ANCA, antineutrophil cytoplasmic antibody; MGUS, monoclonal 

gammopathy of undetermined significance; HIV, human immunodeficiency virus; Ig, immunoglobulin. 
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Table 2 
 Type 2 (n=373)  Type 3 (n=306)  P-value 

Age, median (IQR) 57(49;67)  51(39;65)  <0.001 

Male gender 180 (48.3)  128 (41.8)  0.09 

Etiologies      

  HCV 218 (58.4)  163 (53.3)  0.18 

  AUTOIMMUNE 58 (15.5)  95 (31.0)   

      SLE 27 (7.2)  59 (19.3)  <0.001 

      Sjögren's syndrome 21 (5.6)  11 (3.6)  0.21 

      Mixed connective tissue disease 3 (0.8)  3 (1.0)  1** 

      Antiphospholipid syndrome 3 (0.8)  3 (1.0)  1** 

      ANCA vasculitides 2 (0.5)  4 (1.3)  0.42** 

      Myositis 1 (0.3)  3 (1.0)  0.33** 

  HEMATOLOGICAL/NEOPLASTIC 35 (9.4)  7 (2.3)   

      Non-Hodgkin lymphoma 13 (3.5)  3 (1.0)  0.03 

      Waldenström macroglobulinemia 12 (3.2)  0 (0.0)  0.002 

      Chronic lymphocytic leukemia 3 (0.8)  1 (0.3)  0.63** 

      MGUS 3 (0.8)  0 (0.0)  0.26** 

      Solid neoplasm 2 (0.5)  1 (0.3)  1** 

  INFECTIOUS 20 (5.4)  12 (3.9)   

      HIV 9 (2.4)  4 (1.3)  0.3 

      Malaria 1 (0.3)  2 (0.7)  0.59** 

  ESSENTIAL 42 (11.3)  29 (9.5)  0.45 

Cryoglobulin levels (mg/L), median (IQR) 190 (91;424)  119 (75;214)  <0.001 

Monoclonal Ig (g/L), median (IQR) 43 5.4(2.5;9.7)  3 4.1(3.7;4.2)  0.49* 

C4 level (g/L), median (IQR) 0.15 (0.06;0.24)  0.16 (0.10;0.25)  0.014 

Rheumatoid factor (UI/mL), median 

(IQR) 

31.0 (5.8;138.0)  29.2 (7.3;71.2)  0.38 

Gammaglobulin levels (g/L), median 

(IQR) 

13.6 (10.2;20.0)  14.6 (11.2;17.7)  0.95 

Cryoglobulinemia vasculitis 110 (30.6)  29 (10.1)  <0.001 

* : Wilcoxon’s rank sum test 

** : Fisher’s exact test 

Data are n (%) unless otherwise stated. 

Abbreviations: IQR, interquartile range; MC, mixed cryoglobulinemia; HCV, hepatitis C virus; SLE, 

systemic lupus erythematosus; ANCA, antineutrophil cytoplasmic antibody; MGUS, monoclonal 

gammopathy of undetermined significance; HIV, human immunodeficiency virus; Ig, immunoglobulin. 
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Legends 

 

Table 1 

Main characteristics of patients with mixed cryoglobulinemia. 

 

Table 2 

Comparison between patients with type II and type III mixed cryoglobulinemia. 

 

Figure 1 

Flow-chart of patients included in the study. 

 

Figure 2 

Evolution of the etiologies of mixed cryoglobulin (MC) over the period 2011-2018.  

(A) Decrease in the proportion of patients with HCV-related MC from 2014 with non 

HCV-related MC representing the majority of cases from 2016;  

(B) Decrease in the incidence of overall MC cases. From 2016, non-HCV patients 

represented the largest population of MC. 

HCV, hepatitis C virus.  

 

Supplementary Figure 1 

Frequency of the non-HCV-related MC etiologies by year over the period 2011-2018.  
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