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ABSTRACT
Objective. To determine the pre v a -
lence, target antigens and clinical as -
sociations of antineutrophil cytoplas -
mic antibodies (ANCA) in chronic hep -
atitis C without extrahepatic manifes -
tations and in chronic hepatitis C virus
(HCV)-associated mixed cry o g l o b u -
linemia (MC) in two European centers.
Methods. 50 sera from patients with
chronic hepatitis C and 116 sera from
H C V-associated MC were tested for
cytoplasmic or perinuclear pattern (C-
ANCA/P-ANCA) by indirect immuno -
f l u o rescence test (IFT). A N C A t a rg e t
antigens were determined by enzyme-
linked immunosorbent assay (ELISA).
Results. Clinical characteristics of the
patients were not different between the
two centers. Cryoglobulinemic vasculi -
tis (CV) was biopsy-proven in about
90% of the MC patients. Two patients
with HCV-associated MC and 1 patient
with chronic hepatitis C had a P-
ANCA. A C-ANCA was detected in 1
patient with HCV-associated MC.
Eight patients with a HCV-associated
MC and 5 patients with chronic hepati -
tis C had an A N C A either dire c t e d
against bactericidal/permeability in -
creasing protein (BPI) or cathepsin G
(CG). BPI- or CG-ANCA positivity was
not associated with a more severe dis -
ease course. The C-ANCA titer fol -
lowed disease activity in one C-ANCA
positive HCV-associated MC patient.
The subspecifity of the C-ANCA was
not determinable in that patient.
Conclusion. Two new target antigens
of ANCA have been identified in HCV-
associated MC and chronic hepatitis C
in this study. BPI-ANCA and GC-
ANCA were present in about 10% of
patients with HCV-associated MC or
chronic hepatitis C. ELISAproved to be
m o re sensitive in the detection of
ANCA than IFT. The present study on

chronic HCV infection adds to various
reports on the induction of CG- and
BPI-ANCA in chronic infections.

Introduction
Soon after the identification of the
hepatitis C virus (HCV) as the princi-
ple cause of chronic non-A, non-B he-
patitis (1) several authors reported on
the association of formerly so-called
”essential” mixed cryoglobulinemia
(EMC) with HCV infection in 80-90%
of the cases (2-6). Purpura and rheum-
atic complaints are the most common
symptoms found in HCV- a s s o c i a t e d
MC (7-10). Leukocytoclastic vasculitis
is the hallmark of cutanous manifesta-
tions of MC. The pathogenesis of vas-
culitis is secondary to the deposition of
immune complexes, mainly cryoglobu-
lins [c ryoglobulinemic vasculitis (CV)] ,
and complement in small and – less
often – medium-sized blood vessels
(8).
Autoantibody production and phenom-
ena of autoimmune diseases have been
reported in patients with chronic HCV
infection (7-10). Rheumatoid factor
(RF) is seen in more than 75% of the
patients. In type II (monoclonal IgM
and polyclonal IgG) MC cross-reacting
idiotypes on monoclonal IgMk rheum-
atoid factors, e.g. the WA i d i o t y p e ,
indicate an antigen independent prolif-
eration of autoreactive B-lymphocyte
clones (11, 12). Ten percent to 30% of
patients with MC have low-titer antinu-
clear antibodies (ANA) (10). Autoanti-
bodies against extractable nuclear anti-
gens such as anti-Ro or anti-La are de-
tected in less than 5% of patients with
chronic hepatitis C (8). Sicca syndrome
is seen in about 20-30% of patients
with chronic hepatitis C (8-10). Whe-
ther autoantibodies are found more fre-
quently in HCV sequelae such as mix-
ed cryoglobulinemia (MC) is still a
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matter of debate (8).
The detection of antineutrophil cyto-
plasmic antibodies (ANCA) has been
reported in chronic hepatitis C and
HCV-associated MC in few cases so far
(13-18). Cacoub et al. (14) did not find
A N C A using IFT and MPO-ANCA
ELISA in 36 patients with “essential”,
i.e. HCV-negative, MC or HCV-associ-
ated MC. They detected P-ANCA in 2
of 15 patients with HCV i n f e c t i o n
without cryoglobulinemia and conclud-
ed, that ANCA do not play a role as a
marker or mediator of disease in MC.
The target antigen of ANCAwas repor-
ted not to be myeloperoxidase (MPO).
H o w e v e r, other target antigens were
not mentioned (14).
In this study, we sought to determine
the prevalence of ANCA and associa-
tion with disease manifestations in a
much larger group of patients consist-
ing of 166 patients with HCV-associat-
ed MC or chronic hepatitis C without
extrahepatic manifestations. The study
was conducted in 2 European centers
with extensive experience in the diag-
nosis and treatment of patients with
chronic hepatitis C and HCV-associat-
ed MC. An array of different targ e t
antigens of ANCA was determined in
these patients. Several of these target
antigens have not been tested in chronic
hepatitis C or HCV-associated MC so far.

Patients and methods
Clinical evaluation
Sera from patients with HCV-associat-
ed MC and from patients with chronic
hepatitis C without clinical symptoms
of MC were analyzed. HCV-associated
MC was diagnosed between January
1996 and January 2002 on the basis of
the revised criteria of the GISC (Italian
Group for the Study of Cryoglobuline-
mias) (19,20). In particular, MC was
diagnosed in patients with either:
a) mixed cryoglobulinemia ± low com-

plement factor C4, purpura, and
biopsy-proven leukocytoclastic vas-
culitis or

b) mixed cryoglobulinemia ± low C4,
2/4 of clinical manifestations (chro-
nic hepatitis, membrano-prolifera-
tive glomerulonephritis, peripheral
neuropathy, skin ulcers), and 2/4 of
serological/pathological findings

(RF, HCV RNA, HBV DNA, clonal
B-cell infiltrates in the liver and/or
bone marrow).

In all cases the coexistence of autoim-
mune, lymphoproliferative or other
infectious diseases (except HCV o r
HBV infection) was excluded (19, 20).
In addition, histological proof of cryo-
globulin immune deposits aff e c t i n g
small vessels was sought in order to
fulfill the Chapel Hill Consensus defin-
ition of CV (21). Diagnosis of chronic
hepatitis C infection was based on stan-
dard criteria, e.g. history, laboratory
abnormalities, serology and liver his-
tology as described elsewhere (22).
Detection of HCV antibodies and
demonstration of HCV- R N A by the
polymerase chain reaction (PCR) were
required for the diagnosis of HCV-
infection in all patients. The disease
extension and vasculitis activity were
described by the Disease Extension
Index (DEI) and Birgmingham Vasculi-
tis Activity Score (BVAS) as outlined
elsewhere (23, 24). In brief, the DEI is
the equivalent of organ involvement
attributable to active vasculitis (23),
whereas the BVAS considers clinical
features and laboratory data to give a
measure of vasculitis activity (24).

Study population
A total of 166 sera from 116 patients
with HCV-associated MC and from 50

patients with chronic hepatitis C with-
out clinical symptoms of MC were ana-
lyzed. The group of 50 patients with
chronic hepatitis C without extrahepat-
ic manifestations was from the Italian
c e n t e r. 100 patients from the Italian
center and 16 patients from the German
center had HCV-associated MC. 
There were no statistically significant
differences between the patient groups,
when patients with chronic hepatitis C
without extrahepatic manifestations
and patients with HCV-associated MC
were compared with regard to age,
ESR, CRP, and complement factor C3.
There was a trend towards lower com-
plement C4 values in patients with
HCV-associated MC (11 ± 6 resp. 12 ±
7 mg/dl in Italian resp. German center)
compared with patients with chronic
hepatitis C without extrahepatic mani-
festations (28 ±12 mg/dl, P= 0.06, Ital-
ian center). Trace amounts of cryoglob-
ulin were detected in 14% of the
patients with chronic hepatitis C. How-
ever, these patients had no symptoms
attributable to MC such as purpura,
arthralgia or signs of organ dysfunction
attributable to immune complex-medi-
ated disease, e.g. CV. 
There were no statistically significant
differences for age, ESR, CRP, comple-
ment factors C3 and C4 when the pa-
tient groups from the Italian and the
German center were compared (Table I).

Table I. Patient characteristics were not significantly different for patients with chronic hepatitis
C without extrahepatic manifestations and patients with HCV-associated mixed cryoglobuline-
mia (MC) between the two centers from Italy and Germany. There was a trend towards lower
complement C4 between chronic hepatitis C and HCV-associated MC. Trace amounts of cryo-
globulin were detected in 14% of patients with chronic hepatitis C without clinical symptoms of
MC or cryoglobulinemic vasculitis.

Chronic hepatitis C MC MC
Italy Italy Germany

No. 50 100 16
Age (years) 59 ± 12 58 ± 9 54 ± 13
ESR (mm/h) 15 ± 12 21 ± 19 22 ± 16
CRP(mg/dl) 3 ± 2 4 ± 3 2 ± 2
Cryocrit (%) / cryoglobulin (mg/l) Trace in 14% 5.5 ± 10.0% 476 ± 907 mg/l
Type II cryoglobulinemia1 - 65% 100%
Type III cryoglobulinemia2 - 35% 0%
C3 complement (mg/dl) 75 ± 30 66 ± 26 88 ± 27
C4 complement (mg/dl) 28 ± 12 11 ± 6 12 ± 7
Creatinine (mg/dl) 0.91 ± 0.23 1.2 ± 0.51 0.86 ± 0.17

1Type II cryogl.: mixed monoclonal IgM and polyclonal IgG cryoglobulinemia. 2Type III cryogl.: mixed
polyclonal IgG cryoglobulinemia. Type II and Type III mixed cryoglobulinemia according to (25).



ANCAin MC and HCVinfection / P. Lamprecht et al. 

S-91

All patients of the German group had
H C V genotype 1, patients from the
Italian center were not routinely tested
for the genotype.

Laboratory studies
In both centers, patient sera were rou-
tinely tested for serum transaminases,
γGT, AP, concentrations of serum bili-
rubin, total protein, albumin, IgG, IgA,
IgM, creatinine, complement factors
C3c and C4, rheumatoid factor ( R F ) ,
and anti-nuclear antibodies (ANA) b y
standard techniques. Cryoglobulins
were detected and classified according
to Brouet et al. (25). In brief, venous
blood is kept at 37°C for 2 hours for
complete coagulation. T h e r e a f t e r, the
serum is kept at 4°C for 96 hours for
precipitation of cryoproteins. Vi s i b l e
precipitates are quantified either as the
cryocrit (percent per volume) or in the
form of protein concentration (i.e.
mg/l). For classification according to
Brouet et al. (25) cryoprecipitates are
washed four times and assayed by
immunofixation for polyclonal and
monoclonal components (22, 25).

Detection of ANCA and ANA
A N C A were detected by established
and evaluated techniques in the labora-
tory of the German group (26). A l l
serum samples had been stored at –20°
C prior to analysis. Cytoplasmic pat-
tern (C-ANCA) and perinuclear pattern
(P-ANCA) were detected by indirect
immunofluorescence test (IFT). Brief-
l y, air-dried, ethanol-fixed cytospin
preparations of purified neutrophils
were incubated with the test serum
diluted with phosphate buffered saline
(PBS). Antibody binding was detected
with fluoresceinisothiocyanate-conju-
gated F(ab’)2 fragments of rabbit anti
human IgG (Dako, Copenhagen, Den-
mark). Cytoplasmic or perinuclear flu-
orescence was denoted. 
For the differentiation of P-ANCA f r o m
antinuclear antibodies, samples with
perinuclear fluorescence on ethanol-
fixed neutrophils were also tested on
formalin-fixed neutrophils. These were
prepared by incubation of cytospin
preparations of purified neutrophils
with 0.5% formalin at room tempera-
ture for 5 minutes. Perinuclear fluores-

cence on the former was taken to indi-
cate the presence of P-ANCA only if
associated with exclusively cytoplas-
mic fluorescence on formalin-fixed
cells. If this procedure did not yield a
clear-cut discrimination between ANA
and P-ANCA, sera were further tested
on Hep-2 cells. Results were accepted
as P-ANCA-positive, if the titer on
neutrophils was at least 4-fold higher
than that on Hep-2 cells. 
Target antigens of ANCA were deter-
mined by solid phase enzyme-linked
immunosorbent assay (ELISA) as des-
cribed earlier (27,28). Target antigens
were highly purified myeloperoxidase
(MPO), proteinase 3 (PR3), human
leukocyte elastase (HLE), cathepsin G
(CG), lactoferrin (LF), bactericidal per-
meability increasing protein (BPI) and
lysozyme (LZ). The optical density
(OD) mean value + 3 x sd of 140
healthy blood donors sera served as the
cut-off point, as described earlier (29).
Detection of antinuclear antibodies
(ANA) was performed by the immuno-
fluorescence technique on HEp-2 cells.

Statistical analysis
Patient characteristics are presented as
the mean± standard deviation (SD).
Clinical and serological parameters
were tested for significant differences
between both centers with the Mann-
Whitney U Test.

Results
Clinical manifestations of HCV-
associated MC
Within the group of 116 patients with
HCV-associated MC, the presence of
cryoglobulinemic vasculitis was biop-
sy-proven in 90% of the patients from
the Italian center and in 15 of 16 (94%)
patients from the German center. Most
prevalent symptoms and manifesta-
tions of MC were palpable purpura,
arthralgia or arthritis, weakness, poly-
n e u r o p a t h y, glomerulonephritis, sicca
syndrome and Raynaud`s phenomenon
(Table II).

Antinuclear antibodies in patients 
with chronic hepatitis C and HCV-
associated MC
Antinuclear antibodies (ANA) were
detected in 7 patients with chronic he-
patitis C without extrahepatic manifes-
tations. Twenty-two patients from the
Italian group and 6 patients from the
German group with HCV- a s s o c i a t e d
MC had ANA. Thus, ANA were more
prevalent in HCV-associated MC com-
pared with chronic hepatitis C without
extrahepatic manifestations (Table III).
ANAwere usually fine speckled.

Antineutrophil cytoplasmic antibodies
(ANCA) in patients with chronic
hepatitis C and HCV-associated MC
A N C A were detected by IFT in 1

Table II. Prevalent symptoms of HCV-associated mixed cryoglobulinemia (MC) were
purpura, weakness, arthralgia or arthritis, polyneuropathy and glomerulonephritis in
the German and the Italian center.

Clinical manifestation German group Italian group

no. 16 100
Purpura 88% 91%
Arthralgias 56% 83%
Weakness 75% 89%
Polyneuropathy 81% 40%
Glomerulonephritis 19% 31%
Gastrointestinal involvement 19% 8%
Cardiac involvement 13% 10%
Central nervous system manifestation 6% 3%
Raynaud phenomenon 19% 34%
Sicca syndrome 19% 38%
DEI 4.3 ± 3.7 6.4 ± 2.2

BVAS 8.5 ± 7.2 15.0 ± 4.8
Biopsy-proven cryoglobulinemic vasculitis 94% 90%

DEI = disease extension index according to (23). BVAS = Birmingham vasculitis index according to
(24).
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patient with chronic hepatitis C without
extrahepatic manifestations and in 3
patients with HCV-associated MC. The
patient with chronic hepatitis C had a
P-ANCA. One patient with HCV-asso-
ciated MC had a C-ANCA and 2 pa-
tients a P-ANCA. Moreover, BPI-
ANCAand CG-ANCAcould be detect-
ed by ELISA in about 10% of patients
with either chronic hepatitis C without
extrahepatic manifestations or HCV-
associated MC. Two patient with
chronic hepatitis C had a BPI-ANCA
and 3 had a CG-ANCA. Four patients
each had BPI-ANCA or CG-ANCA
within the group of patients with HCV-
associated MC.
The target antigen of the C-ANCAwas
CG in the patient with chronic hepatitis
C. The target antigen of the P-ANCAin
the patients with HCV-associated MC
was BPI. The target antigen of the C-
ANCA in the other patient with HCV-
associated MC was not determinable.
Of note, the C-ANCA titer followed
disease activity in this patient. Disease
extension was followed by the Disease
Extension Index (DEI) (23) and disease
activity was followed with the Birm-
ingham Vasculitis Activity Score
(BVAS) (24) in this patient similar to
other patients with HCV- a s s o c i a t e d
cryoglobulinemic vasculitis as describ-
ed earlier (30). There was no ANCA
detectable with IFT in the other pa-
tients, who were shown to have either a
CG-ANCA or BPI-ANCA by ELISA.
ANCA directed against other subspeci-

fities, i.e. PR3, MPO, HLE, LF or LZ,
were not detected by ELISA in the
patients (Table III).

Comparison of CV patients with 
and without ANCA
No statistically significant differences
were found for the laboratory and clini-
cal parameters between patients with
either BPI- or CG-ANCA with chronic
hepatitis C without extrahepatic mani-
festations and HCV-associated MC.

Discussion
This study analyzed the prevalence of
ANCA in the largest group of patients
with either chronic hepatitis C without
extrahepatic manifestations or HCV-
associated MC tested for ANCA so far.
Since HCV-associated cryoglobuline-
mic vasculitis is an immune complex-
mediated vasculitis and does not
belong to the group of ANCA-associat-
ed vasculitides, i.e. Wegener’s granulo-
matosis, microscopic polyangiitis and
Churg-Strauss syndrome (21), it was of
particular interest whether ANCA can
occasionaly be detected in this patient
group and whether there was any rela-
tion to the disease course. We found
two new target antigens antigens of
A N C A in HCV-associated MC and
chronic hepatitis C in this study. BPI-
or CG-ANCAwere detected by ELISA
in 10% of the patients with either
chronic hepatitis C or HCV-associated
MC. Furthermore, IFT was less sensi-
tive in the detection of ANCA. Thus,

ANCAdetection by IFTmay underesti-
mate the prevalence of ANCA in HCV
related diseases. A N C A directed against
other target antigens, i.e. PR3, MPO,
HLE, LF or LZ, were not detected by
E L I S A within both patient groups.
ANA, usually of the fine speckled type,
were more prevalent in HCV-associat-
ed MC than in chronic hepatitis C.
Our data confirm earlier single-case
reports and smaller case series (Table
IV) in which ANCA have been detect-
ed in chronic hepatitis C without extra-
hepatic manifestations and in HCV-
associated MC (13-18). MPO was
found to be the target antigen of P-
ANCA in two earlier case reports (13,
17). P-ANCA and C-ANCA w e r e
reported in two other cases of chronic
hepatitis C without extrahepatic mani-
festations (14) and one case of biopsy-
proven HCV-associated CV ( 1 6 , 1 8 ) .
The only two cases, where a C-ANCA
with PR3 specificity has been reported
in biopsy-proven CV so far, had an
“essential”, i.e. HCV-negative, CV and
an endocarditis-associated CV (16, 28,
31). PR3 specificity was also proven in
these patients by an inhibition assay
and by immunobloting (16, 18). Inter-
estingly, PR3-ANCA and/or C-ANCA
were shown to follow the disease
course in these patients (16, 18, 31)
similar to the one patient with C-
ANCApositive HCV-associated MC in
this study, whose C-ANCA titer fol-
lowed disease activity as determined
by the BVAS (24, 30).
In the present study, systematic testing
for various target antigens revealed that
about 10% of patients with chronic
hepatitis C without extrahepatic mani-
festations and patients with HCV-asso-
ciated MC had either BPI-ANCA o r
CG-ANCA. No other target antigens
were detected. In contrast to the above
mentioned rare cases of cryoglobuline-
mic vasculitis with PR3-ANCA and/or
C-ANCA, where the ANCA followed
disease activity, we could not find an
association of BPI- and CG-ANCA in
chronic hepatitis C without extrahepat-
ic manifestations and in HCV-associat-
ed MC with more severe disease cours-
es in this study. However, detection of
BPI- and CG-ANCA in chronic hepati-
tis C and in HCV-associated MC may

Table III. BPI-ANCAand CG-ANCA were detected by ELISA in about 10% of patients with
either chronic hepatitis C or HCV-associated mixed cryoglobulinemia (MC), whereas other tar-
get antigens were not detected. C- or P-ANCAwere detected less often by IFT. ANAwere more
prevalent in HCV-associated MC and cryoglobulinemic vasculitis (CV) than in chronic hepatitis
C.

Chronic hepatitis C HCV-associated MC

no. 50 116
C-ANCA(IFT) 0 1 (1:128)
P-ANCA(IFT) 1 (1:32) 2 (1:32, 1:64)
BPI-ANCA(ELISA) 2 [50, 66 (U/ml)] 4 [30, 37, 48, > 128 (U/ml)]
CG-ANCA(ELISA) 3 [118, 120, 120 (U/ml)] 4 [20, 32, 41, > 128 (U/ml)]
ANA 7 (1:64 – 1:512) 28 (1:64 to > 1:2048)

Antineutrophil cytoplasmic antibodies: ANCA; cytoplasmic pattern ANCA: C-ANCA; perinuclear pat-
tern ANCA: P-ANCA; IFT: indirect immunofluorescence technique; enzyme-linked immunosorbent
assay: ELISA. 
Target antigens of ANCA determined in this study: Proteinase 3 (PR3), myeloperoxidase (MPO),
human leukocyte elastase (HLE), lactoferrin (LF), lysozyme (LZ), bactericidal permeability increasing
protein (BPI), and cathepsin G (CG). Titers of the IFTresults and the ELISAtests are given in paren-
thesis. Cut-off of IFT1:2. Cut-off of ELISA: 10 U/ml.
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be of value in the analysis and dissec-
tion of mechanisms leading to autoanti-
body formation against different target
antigens in ANCA-associated autoim-
mune diseases, other chronic diseases
and in chronic infections (32-34).
CG-ANCA have been reported in re-
fractory ulcerative colitis (32), whereas
BPI-ANCAhave been detected in vari-
ous conditions such as reactive arthri-
tis, and chronic inflammatory bowel
disease or cystic fibrosis, which are
complicated by secondary infections
(33, 34). BPI-ANCA have been detect-
ed in such patients, but often no ANCA
immuno-fluorescence was seen on IFT
(33, 34). The common feature of CG-
A N C A and BPI-ANCA in chronic
hepatitis C, HCV-associated MC and
the above mentioned disorders may be
their induction by chronic infection or
autoimmune diseases complicated by
infections.
Since no uniform disease definition of
MC and CV exists, we used the GISC
criteria (19, 20) to define HCV-associ-
ated MC and additionally applied the
CHC nomenclature (21) for cases,
where CV was biopsy proven as well.
As not all symptoms, such as arthritis,
may be a consequence of MC or CV in
chronic HCV infection (8), we tenta-
tively denominated those patients who
did not have biopsy-proven CV as hav-
ing HCV-associated symptomatic MC.

However, as most patients had purpura
and other clinical manifestations, the
patient group with MC or CV virtually
had the same clinical disease manifes-
tation of chronic HCV infection. 
We did not find any significant differ-
ences for age, ESR, CRP, clinical man-
ifestations, complement factors C3 and
C4 between the patient groups with
HCV-associated MC from the Italian
and the German center. However, this
does not exclude regional differences
with regard to certain manifestations
and the suspected, but not survey
proven higher prevalence of “essen-
tial”, i.e. HCV-negative, MC or CV in
northern Europe (35). The prevalence
of characteristic symptoms of MC was
in agreement with earlier studies (7-
11). The high prevalence of polyneu-
ropathy within the German and Italian
group of patients with HCV-associated
MC may result from high clinical sus-
picion and extensive electrophysiologi-
cal investigation in both centers, as
reported previously (16, 18, 36).
Polyneuropathy may prove to be resis-
tant to antiviral therapy and require
plasmapheresis or immunosuppressive
therapy in some patients, especially
when motor neuropathy is found (36,
37). Interestingly, the age of both
patient groups, i.e. chronic hepatitis C
and HCV-associated MC and CV, was
not significantly different as may have

been expected from previous observa-
tions. 
Other factors, such as genotype or virus
load may also influence the prevalence
of MC in chronic HCV infection (38).
Lower complement factor C4 levels
were seen in HCV-associated MC com-
pared with chronic hepatitis C without
extrahepatic manifestations. Comple-
ment consumption is a common feature
of MC and CV. Complement factor C4
generally tends to be low, whereas C3
may take an intermittent disease activi-
ty related course (30, 39). Moreover,
clinically symptomatic MC or CV was
mainly seen in the presence of type II
cryoglobulinemia. This finding is in
agreement earlier studies and patho-
physiologic considerations (40, 41).
In conclusion, this study identified two
new target antigens of ANCA in HCV-
associated MC and chronic hepatitis C.
BPI-ANCA and GC-ANCA were pre-
sent in about 10% of patients with
HCV-associated MC or chronic hepati-
tis C. BPI-ANCAand GC-ANCAwere
not associated with a more severe dis-
ease course. ELISA proved to be more
sensitive in the detection of A N C A
than IFT.
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