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Absence of Antibodies to Cyclic Citrullinated Peptide
in Sera of Patients With Hepatitis C Virus Infection
and Cryoglobulinemia

Mark H. Wener, Kathleen Hutchinson, Chihiro Morishima, and David R. Gretch

Objective. To determine if antibodies to cyclic
citrullinated peptide (anti-CCP) are found in chronic
hepatitis C virus (HCV) infection.

Methods. Rheumatoid factor (RF) and anti-CCP
were measured in sera from 50 patients with HCV infec-
tion but without cryoglobulinemia, sera from 29 patients
with mixed cryoglobulinemia (including 13 with rheumatic
symptoms and 5 with arthritis), and sera from 20 normal
blood donors. Anti-CCP was measured by second-
generation enzyme-linked immunosorbent assay (ELISA).

Results. No sera with elevated anti-CCP were
found in patients with HCV infection without cryo-
globulinemia, and in that population, the maximum
anti-CCP was 10 units, well below the positive cutoff
of 20 units. Positive findings on RF testing >13 IU/ml
were present in 22 (44%) of the HCV patients, with RF
>50 IU/ml in 8 (16%) and a maximum RF of 526 1U/ml.
Of the cryoglobulinemia patients, 22 (76%) had positive
results on tests for RF, including 18 (62%) with RF
>50 IU/ml and a maximum RF of 5,540 IU/ml. Two
(6.9%) of the cryoglobulinemia patients had borderline-
positive findings on tests for anti-CCP (25 units and 37
units), which were false-positive results caused by non-
specific binding in the ELISA. No association between
the RF and the anti-CCP concentrations was found.

Conclusion. Whereas RF was frequent in patients
with HCV infection with and without cryoglobulinemia,
anti-CCP was not observed in patients with uncompli-
cated HCV infection. Borderline-positive anti-CCP re-
sults were observed infrequently in patients with mixed
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cryoglobulinemia and were caused by nonspecific bind-
ing to plastic. Measurement of anti-CCP may
help in diagnosing RA in patients with chronic HCV
infection.

Patients with chronic hepatitis C virus (HCV)
infection may have a variety of rheumatic symptoms and
signs, including arthralgias and arthritis (1,2). Further-
more, the sera of patients with chronic HCV infection
may contain rtheumatoid factor (RF) in 50-70% of the
cases (3), with an even higher prevalence in patients with
HCV-related cryoglobulinemia. These features can lead
to challenges in making or excluding a diagnosis of
rheumatoid arthritis (RA) in patients infected with HCV
(2,4). For distinguishing between true RA and HCV-
associated rheumatic symptoms, the presence of RF is of
little help and can be confusing or misleading.

Antibodies to citrullinated peptides, detected us-
ing cyclic citrullinated peptide (CCP) as the target
antigen, are associated with RA and have a diagnostic
usefulness that equals or exceeds the utility of RF for
RA (5-7). Approximately 80-90% of patients with RF+
RA also have antibodies to CCP (7,8). We sought to
determine if antibodies to CCP are found in chronic
HCV infection. If anti-CCP is not present in the setting
of RF+ HCV, measurement of anti-CCP could help
distinguish between RF+ RA coexistent with HCV
infection and HCV-associated arthritis. Furthermore,
information on the association of anti-CCP with RF+
chronic HCV infection could help determine whether
the presence of anti-CCP was linked primarily to the
diagnosis of RA or to the presence of RF. To our
knowledge, the prevalence of anti-CCP in HCV infec-
tion has not previously been investigated systematically.

MATERIALS AND METHODS

Autoantibodies. RF was measured using the Behring
BN II nephelometer (Dade Behring, Deerfield, IL). This
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method uses human and sheep IgG as target antigens coated
on latex beads, and primarily detects IgM-RF (9). The upper
limit of the reference range is 12 IU/ml. Antibodies to CCP
were measured using a second-generation commercial anti-
CCP enzyme immunoassay (kindly provided by Inova Diag-
nostics, San Diego, CA) performed as recommended by the
vendor, with a serum dilution of 1:101. This assay had a
coefficient of variation (CV) of 10-15% in our laboratory, and
the upper limit of the reference range was 20 units.

For blank assays to detect nonspecific binding, the
vendor (Inova Diagnostics) kindly provided blocked microtiter
plates. For these studies, 96-well enzyme-linked immunosor-
bent assay (ELISA) microtiter plates were prepared with the
same blocking reagents normally used for anti-CCP assays, but
without the primary CCP coating on the plates, and sera were
diluted with the same diluent used in the anti-CCP assay. The
details of the constituents of the blocking and diluent reagents
are proprietary. To determine binding that was specific for
anti-CCP, the absorbance of the blocked, but CCP-uncoated,
plates was subtracted from the absorbance of the CCP-coated
and blocked plates. The correction for background binding was
considered significant if elevated values of anti-CCP demon-
strated a difference of >15% (the CV of the method) between
the usual uncorrected result and the result obtained after
background correction.

Sera. Normal sera were obtained from volunteer blood
donors at the Puget Sound Blood Center. Sera from patients
with HCV infection were obtained from the clinical archive of
the Viral Hepatitis Laboratory, Department of Laboratory
Medicine University of Washington. Twenty-five sera contain-
ing genotype 1 HCV and 25 sera containing other genotypes
were randomly selected for testing. The presence of HCV was
established by reverse transcriptase—polymerase chain reaction
(RT-PCR), and HCV genotyping was performed using restric-
tion fragment length polymorphism analysis of the 5'-
noncoding region, as previously described (10).

Sera from 29 patients with cryoglobulinemia were
obtained from the Immunology Division, Department of Lab-
oratory Medicine, based only on the presence of positive
results on tests for cryoglobulins and the availability of sera in
the laboratory at the time of testing. Cryoglobulin-containing
sera were prewarmed at 37°C to dissolve cryoglobulins prior
to testing for the presence of antibodies. HCV was determined
by RT-PCR to be present in the sera of 23 of the 29
cryoglobulin patients. To compare the results of anti-CCP
testing in the cryoglobulinemia patients with the anti-CCP
results observed in RA patients, anti-CCP results obtained
concurrently in our laboratory in representative sera from
patients with RA included in the North American Rheumatoid
Arthritis Consortium study (8) are shown. The RA patients
met the American College of Rheumatology (formerly,
American Rheumatism Association) criteria for classification
as RA (11). Sera were used in accordance with protocols
approved by the University of Washington Human Subjects
Committee.

Statistical analysis. Chi-square analysis was performed
using Excel (Microsoft, Redmond, WA). Confidence intervals
were calculated using binomial distribution tables (12).
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Figure 1. Anti-cyclic citrullinated peptide (anti-CCP) values in vari-
ous patient populations and a reference population. Values in all 20
healthy individuals and 50 unselected patients with hepatitis C virus
(HCV) were normal. Anti-CCP levels were minimally elevated in 2 of
29 sera from patients with cryoglobulinemia. Specimens from repre-
sentative rheumatoid arthritis (RA) patients with and without rheu-
matoid factor (RF) are shown for comparison.

RESULTS

Anti-CCP was not detected in any of the 20 sera
from healthy blood donors (Figure 1). Anti-CCP was not
detected in any of the 50 randomly selected HCV-
containing sera (95% confidence interval [95% CI]
0-7.1). In the random HCV sera, the maximum anti-
CCP level was 10 units/ml, well below the positive cutoff
of 20 units/ml. The test for anti-CCP was weakly positive
in 2 of the 29 cryoglobulin-containing specimens (6.9%;
95% CI 0.9-22.8), with anti-CCP values of 25 units and
37 units, respectively. Both of the positive patients were
infected with HCV. There was no correlation between
the amount of cryoglobulinemia (measured by a cry-
ocrit) and the results of anti-CCP testing.

RF was not detected in any of the 20 sera from
healthy blood donors. RF was elevated in sera from 22
(44%) of the randomly selected patients with HCV, with
the positive RF values ranging from barely elevated (16
IU/ml) to markedly elevated (526 IU/ml). High levels of
RF (>50 IU/ml) were observed in 8 (16%) of the sera
from HCV-infected patients. RF was present in 52% of
sera containing HCV genotype 1, compared with 36% of
sera with other genotypes, a difference that was not
statistically significant. RF was present in 22 of 29 (76%)
of the cryoglobulinemia sera, with positive values rang-
ing from 20 IU/ml to 5,540 IU/ml, and 62% were
considered high titer (>50 IU/ml). There was no corre-
lation between positive results in the anti-CCP assay and
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Figure 2. Comparison of anti—cyclic citrullinated peptide (anti-CCP)
results obtained after correction for nonspecific binding to enzyme-
linked immunosorbent assay plates and using the conventional test
without correction for nonspecific binding. Broken lines show the
upper limit of the normal reference range. The 2 specimens from
cryoglobulinemia patients with positive anti-CCP results (see Figure 1)
(A) demonstrate that the positive results were eliminated when
nonspecific binding was subtracted. One of the positive sera (W) had a
significant reduction in the measured level of anti-CCP, from 148 to 78
units, after correcting for background binding, but the result remained
elevated even after this correction. For most of the sera tested (@), the
background correction caused no significant change in the calculated
anti-CCP value.

the RF assay in the cryoglobulinemia sera. The RF was
weakly positive (20 IU/ml) in 1 of the 2 anti-CCP-
positive cryoglobulinemia patients and negative (<12
IU/ml) in the other.

Among the total of 29 cryoglobulinemia patients,
13 (45%) had documented rheumatic symptoms, includ-
ing 5 with arthritis. Clinicians caring for 3 of these
patients had listed RA as a diagnostic consideration at
some time during the course of the disease. One of the
2 cryoglobulinemia patients with a positive test for
anti-CCP had arthralgias, but neither had documented
arthritis nor was either of them clinically considered to
have RA.

Cryoglobulins and other immune complexes can
contribute to nonspecific binding of Ig to plastic wells
used in ELISAs and, thus, can contribute to false-
positive results in ELISAs (13). We therefore tested for
nonspecific binding of sera by using plastic microtiter
plates that had been blocked using the techniques for
blocking the CCP-coated wells, but without the CCP
antigen, using the same serum dilution and diluent used
in the standard anti-CCP assay. Both of the cryo-
globulin-containing sera that had been positive for the
anti-CCP test as well as 28 sera from representative RA
patients with a range of anti-CCP were tested for the
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presence of nonspecific binding and retested in parallel
using the standard anti-CCP assay. Tests of the 2
cryoglobulin-containing sera demonstrated that the ele-
vated absorbance in the anti-CCP test could be attrib-
uted entirely to nonspecific binding. Thus, while the
prevalence of a positive anti-CCP test result in cryo-
globulinemic patients was 6.9%, the frequency of true
antibodies to CCP in cryoglobulinemia sera was 0%
(95% CI 0-11.9). In contrast to the importance of
nonspecific binding in the cryoglobulinemia sera, none
of the positive anti-CCP results in the RA sera tested
was due entirely to nonspecific binding, although 1 of
the positive specimens had a significant reduction in the
level of anti-CCP, from 148 to 78 units (Figure 2).

DISCUSSION

Antibodies to citrullinated peptides are a family
of antibodies with specificities directed against a variety
of citrullinated peptides (14) and are most commonly
detected using CCP as the antigen (6). Antibodies to
CCP are present in the sera of a majority of patients with
RA, only rarely in the sera of patients with other
diagnoses, and are usually present in the sera of RA
patients with RF as well as in a minority of RA patients
in whom serum RF is not present. The presence of
anti-CCP antibodies has been shown in many studies to
be a useful marker for RA (5-7).

Patients with chronic HCV infection may have a
variety of rheumatic symptoms, and their sera often
contain high titers of RF (2). Since the prevalence of
HCV in the general population (1-2% in the US) is
similar to the prevalence of RA, and since RF is
detected at similar frequencies in HCV patients and RA
patients, the presence of RF is generally not helpful in
establishing a diagnosis of RA in patients with concur-
rent HCV infection. We sought to determine if anti-CCP
was also associated with HCV infection. The data pre-
sented here clearly indicate that anti-CCP rarely is found
in the sera of unselected patients with HCV. We con-
firmed that, in contrast, RF is common in the sera of
those patients. No cases of cryoglobulinemia with true
elevations in anti-CCP levels were found, although non-
specific binding led to borderline-positive results in 2 of
29 cryoglobulinemia sera.

Our observations demonstrate that HCV and
cryoglobulinemia are not associated with anti-CCP, in
contrast to their frequent association with RF. In eval-
uating patients with arthralgias or arthritis, positive RF
tests, and chronic HCV infection, the presence of anti-
CCP in the serum at high levels would provide strong
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support that the patient has true concurrent RA. In
contrast, the absence of anti-CCP in such a patient
would suggest that the patient is less likely to have
erosive, deforming RA and is more likely to have
HCV-associated rheumatic disease. Previous studies of
patients with other infections have also shown that
anti-CCP is rarely seen in the sera of patients with
chronic infection, whereas RF is occasionally seen (6).

By demonstrating the lack of association between
positive findings on tests for RF and anti-CCP in a
population with a high prevalence of RF but without
RA, our data contribute to the evidence that the factors
leading to the production of RF are distinct from those
that lead to the development of anti-CCP. Citrullinated
synovial proteins are present in RA, suggesting a plau-
sible explanation for the origin of anti-CCP and the
potential for a pathogenic role (15,16), although further
research is necessary to clarify the role of anti-CCP.

Nonspecific binding of Ig to plastic microtiter
plates can cause false-positive ELISA results (13). Non-
specific binding may be enhanced by the presence of Ig
aggregates or immune complexes, such as cryoglobulins.
If elevated values on antibody tests are observed in a
clinical setting in which the results are unlikely, the
possibility of false-positive test results should be consid-
ered. Testing serum that was allowed to bind to blocked
but antigen-uncoated wells, the approach used in these
studies, is one effective way to test and correct for
nonspecific binding. Our data indicate that nonspecific
binding can cause borderline or weakly false-positive
results, and such a mechanism should be considered in
evaluating the specificity of diagnostic blood tests. Fur-
thermore, manufacturers of diagnostic reagents, labora-
tories performing these tests, and clinicians using the
findings of these tests should be aware of the potential
for nonspecific binding.

Our study confirms previous data indicating that
RF is frequently present in the sera of patients with
HCV, and therefore, RF testing is of little, if any, value
in assessing the possibility of RA in such patients. In
contrast, we have shown that the presence of high levels
of anti-CCP in a patient with HCV and arthritis is
unlikely to be related to HCV infection. Testing HCV-
infected patients for the presence of anti-CCP is likely to
be helpful in diagnosing early RA in these cases.

Addendum. In a recent electronic publication, it was
reported that anti-CCP is not present in the serum of patients
with chronic HCV infection (17).
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