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ABSTRACT
Objective. Extrahepatic autoinunune
features of HCV infection include auto-
antibody production and the develop-
ment of mixed cryoglobulinemia. Anti-
Clq antibody, detected with high fre-
quency in systemic lupus erythemato-
sus and hypocomplementemic urticari-
al vasculitis, may have a direct patho-
genic role in complement mediated
autoimmune diseases. In this study, we
investigate the prevalence of anti-Clq
antibody in a population of patients
with chronic HCV infection. 
Methods. Serum was obtained from a
group of 50 patients with chronic HCV
infection and control groups comprised
of patients with SLE, rheumatoid
arthritis (RA), scleroderma (PSS), Sjö-
gren’s syndrome (SS), mixed connective
tissue disease (MCTD), and healthy
individuals. 
Results. Anti-Clq antibody was detect-
ed in 38% of HCV patients compared
with 2% of healthy controls (p <. 000l).
Levels were also significantly elevated
in patients with SLE (61%), RA (20%),
PSS (15%), SS (15%) and MCTD
(15%). 
Conclusion. In addition to numerous
other autoantibodies, patients with
chronic HCV infection exhibit increas-
ed production of anti-Clq IgG antibod-
ies. This observation may have implic-
ations for the pathogenesis of the mix-
ed cryoglobulinemic vasculitis syn-
drome.

Introduction
Infection with hepatitis C virus is
associated with a variety of autoim-
mune phenomena. HCV patients fre-
quently produce type II and III mixed
cryoglobulins and less commonly
develop symptomatic cryoglobuline-
mic vasculitis (CV). CV is a small
vessel immune complex mediated vas-
culitis that frequently presents with
palpable purpura, peripheral nerve
disease, glomerulnephritis, arthral-
gia/arthritis, and asthenia. There is
substantial evidence that the immune
complexes found within affected ves-
sels are composed of HCV particles
bound to anti-HCV antibodies, which
locally activate the classical comple-
ment pathway (1). The factors respon-

sible for determining which patients
with HCV progress from asympto-
matic mixed cryoglobulinemia to act-
ive CV remain largely unknown. Anti-
Clq antibodies are highly prevalent in
the prototypical autoimmune disease,
systemic lupus erythematosus (SLE)
(2). Analogous to CV, SLE can also
cause a complement mediated small
vessel cutaneous vasculitis and glo-
merulonephritis. In fact, anti-Clq anti-
bodies are strongly correlated with
lupus nephritis (3). These antibodies
are also detected in hypocomplement-
emic urticarial vasculitis (4), rheuma-
toid vasculitis (5), IgA nephropathy
(6), anti-glomerular basement mem-
brane (anti-GBM) nephropathy (7)
and HIV infection (8). Furthermore,
anti-Clq antibody has been directly
implicated in the pathophysiology of
complement mediated immune com-
plex disease in an animal model of
anti-GBM disease (9). Therefore, we
hypothesized that anti-Clq antibodies
may also be present in HCV infected
patients, and if so, could be important
in the development of cryoglobuline-
mic syndromes. In this initial investi-
gation, we determined the prevalence
of anti-Cl q antibodies in the serum of
unselected patients with chronic HCV
infection.

Materials and methods 
Patients
Fifty patients with chronic hepatitis C
infection, confirmed by HCV RNA
PCR testing, provided serum samples
as part of an IRB-approved HCV data-
base program at the University Of
Cincinnati College Of Medicine. The
clinical characteristics of these pa-
tients have been published previously
(10). None of the patients were receiv-
ing immunotherapy or had clinical
evidence of CV. Sera were also col-
lected from 291 control patients. This
group included 91 patients without
evidence of autoimmune disease
(healthy controls), 130 patients with
SLE, 20 patients with rheumatoid
arthritis (RA), 10 patients with mixed
connective tissue disease (MCTD), 10
patients with Sjögren’s syndrome
(SS), and 20 patients with scleroderma
(PSS). 
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Serological assessment
Anti-Clq IgG antibody levels were
determined using a solid phase ELISA
(6, 7). Briefly, Costar type II microtiter
plates were coated with 100 µL of
human Clq (5 µg/mL) per well in car-
bonate buffer (pH 9.6). After incuba-
tion at 4°C overnight, the plates were
washed three times with PBS-Tween-
20 (PBS-T). The plates were then
blocked with 150 µL of 1% BSA and
0.1% NaN3 in PBS for 1 hour at room
temperature. Because aggregated IgG
could bind to the plate bound Clq, we
utilized a high salt concentration (1 M
NaCI) PBS-T to clear the sera of
immune complexes. Portions (100 µL)
of serum, diluted 1:50 in the high salt
PBS-T with 1% BSA (a dilution found
to be optimal and uniformly used in
subsequent assays), were added to the
appropriate wells; the plates were incu-
bated for 1 hour with shaking at room
temperature. Following incubation, the
plates were washed four times with
PBS-T. Portions (100 µL) of BRP-con-
jugated goat anti-human IgG (diluted
1:2,000) were added to the plates. After
the plates were incubated for 30 min-
utes with shaking at room temperature,

the plates were washed and 100 µL of
TMB substrate buffer was added into
all wells. The color was developed for
15 mm at room temperature. The plates
were read at 450 nm on a Bio-Teck EL-
800 reader.
The calibration curve was constructed
by plotting the optical density (OD) of
the standards at 450 nm versus arbi-
trary EIA units.
A standard curve was established from
OD values obtained from twofold seri-
al dilutions of a high-positive serum
range from 1:50 to 1:1600. An arbi-
trary value of 200 units was assigned
to the lowest dilution (1:1600); and a
value of 0 unit was assigned to the
buffer only. The standard curves were
derived by computer-assisted data
reduction with the four-parameter
function. BioTek software connected a
straight line between the means of cal-
ibrator replicates. Arbitrary EIA units
were used for the quantitative assay.
All subsequent OD values were trans-
formed to the EIA units from the stan-
dard curve.

Statistical analysis
Differences in anti-Clq antibody

seropositivity between groups were
compared by Fisher’s Exact Test.

Results
The high specificity of the assay was
confirmed by the low seropositivity
rate in the 91 healthy control donors
(2%). As expected, most patients with
SLE had anti-Clq antibody (61%);
patients with a history of lupus nephri-
tis had a slightly higher frequency
(70%). Anti-Clq antibody was present
in a statistically significant minority of
patients with other connective tissue
disease including RA (15%), PSS
(20%), SS (20%) and MCTD (20%).
Interestingly, we found that 38% of 50
patients with chronic HCV infection
had serum anti-Clq IgG antibody (Fig
1). In these same patients, IgM rheu-
matoid factor and dsDNA, detected by
ELISA, were present in 52% and 0%,
respectively (data not shown). We used
the high salt concentrated buffer to
remove circulating immune complexes
from the sera that was tested for the
anti-Clq antibodies. This method,
while efficient at clearing CIC from
sera, could be expected to decrease
anti-Clq antibody levels in the sera by
removing anti-Clq antibody bound to
Clq containing immune complexes,
decreasing the sensitivity of the
ELISA, and leading to an underesti-
mate of the true anti Clq antibody sero-
positive rate.

Discussion
Many patients with chronic HCV
exhibit a broad spectrum of antibodies
which may include polyclonal or mon-
oclonal rheumatoid factors and cryo-
globulins; there is a growing body of
evidence to support the hypothesis that
due to chronic antigenic stimulus, and
probably under the direct influence of
the hepatitis C virus on immune cells, a
progressive lymphoproliferative pro-
cess develops leading to cryoglobuline-
mic vasculitis, and rarely culminating
in non-Hodgkin’s B cell lymphoma
(12). However, while a large propor-
tion of HCV patients will produce RF
and cryoglobulins, cryoglobulinemic
vasculitis remains relatively unusual.
Factors triggering the evolution of a
“benign” asymptomatic cryoglobuline-

Fig. 1. Compared to healthy control populations, patients with connective tissue disease and HCV
infection have significantly elevated frequency of anti-C1q antibodies.
*p <.0001
**p <.001
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mia to a symptomatic vasculitis are
largely unknown. We hypothesized that
anti-Clq antibodies could be one of
these factors. These antibodies are fre-
quently detected in the serum of lupus
patients (2, 3), and have also been fou-
nd in other conditions in which com-
plement activation plays a key role in
disease pathogenesis (4, 6, 7).
In their recently published studies in a
complement dependent model of mur-
ine anti-GBM nephritis, Trouw et al.
demonstrated that the addition of anti-
Clq antibodies to subnephritic doses of
anti-GBM antibody resulted in acute
glomerulonephritis (9). In this model,
GN did not occur in Clq or C3 deficient
mice, suggesting that the anti-Clq anti-
body induced GN through amplifica-
tion of the early events in the comple-
ment cascade. Furthermore, anti-Clq
antibody did not appear to deposit in
the glomerulus in the form of circulat-
ing immune complexes; rather, anti-
Clq antibody bound to the Clq that was
present in anti-GBM antibody immune
complexes located in the mouse kid-
ney. Based on this data, one could spec-
ulate that anti-Clq antibody may play a
role in the pathogenesis of disparate
complement mediated disease process-
es. Our data confirms that there is pro-
duction of anti-Clq antibodies in
patient with chronic HCV infection,
paving the way for further study of a
possible role in the pathogenesis of
cryoglobulinemic vasculitis.

A major weakness of this study is that
none of our patients, including those
with anti-Clq antibody, had cryoglobu-
linemic vasculitis. The retrospective
nature of the analysis precludes mea-
surement of cryoglobulins or comple-
ment levels in the stored serum. Most
of these patients subsequently received
immunotherapy, likely altering the nat-
ural history of their disease, and rend-
ering prospective study of this cohort
unlikely to be informative. Therefore,
more definitive analysis of the import-
ance of anti-Clq antibodies in patients
with HCV infection, particularly in
patients with cryoglobulinemic vascul-
itis, will require future studies in well
characterized groups of HCV patients.

Conclusion
In this study, we demonstrate for the
first time that anti-Clq antibody should
be added to the list of autoimmune phe-
nomena attributable to chronic HCV
infection. Based on the emerging evi-
dence of anti-Clq antibody in the path-
ogenesis of certain autoimmune dis-
ease processes, we postulate a potential
mechanistic role for anti-Cl q antibod-
ies in cryoglobulinemic vasculitis.
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