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Juvenile idiopathic arthritis (JIA, previously juvenile chronic
arthritis) is a clinically heterogeneous group of arthritides
occurring in children younger than 16 years with an onset
characterized primarily by arthritis persisting for at least 6
weeks and without a known cause1,2. The diagnosis of JIA is
made clinically after exclusion of infections or other inflam-
matory diseases. The serological support is limited to the
determination of antinuclear antibodies (ANA) and rheuma-
toid factor (IgM-RF). ANA are present in 75-85% of children
with oligoarticular JIA and in 40-50% of children with pol-
yarticular JIA. ANA are unusual in patients with systemic JIA.
A relation between the presence of ANA in the serum of JIA
patients and the occurrence of uveitis has been described but
their presence is not related to the disease course nor to the
severity of the joint involvement3. IgM-RF is present in 5-
10% of JIA patients and the clinical pattern of these patients
is very similar to rheumatoid arthritis (RA) in adults4-6. 

RA is the most common chronic inflammatory disease of
joints in adults (1-3% of the population) and this diagnosis
also depends primarily on clinical manifestations. IgM-RF
can be detected in about 75% of RA patients but its specifici-
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ABSTRACT. Objective. To determine if anti-cyclic citrullinated peptide antibodies (anti-CCP) can be detected in sera
of patients with juvenile idiopathic arthritis (JIA) and if they can be used to identify patients with a
more destructive course of disease.
Methods. One hundred serum samples of 71 patients with JIA taken at different time points in their dis-
ease course were analyzed by a commercially available anti-CCP ELISA. Followup serum samples
from 28 patients were also tested. Correlations between anti-CCP and disease characteristics, medica-
tion, and radiological damage (presence of joint space narrowing and/or erosions) were also deter-
mined. 
Results. The serum samples came from patients of all 8 different subtypes of JIA (mean age: 9.6 years,
median: 10.5; disease duration mean: 39 months, median: 24) including 11 polyarticular rheumatoid
factor positive (IgM-RF) patients. Anti-CCP was positive in 73% of the IgM-RF positive JIA patients
and in 3% of the other JIA patients (p < 0.0001). Disease duration, medication, and anti-nuclear anti-
body positivity did not differ significantly between anti-CCP positive and negative patients. Testing of
followup samples showed almost identical anti-CCP results. All IgM-RF positive JIA patients had
radiological damage (p < 0.001). Of the anti-CCP positive patients, 80% had radiological damage
resulting in a significant difference between anti-CCP positive and negative patients (p = 0.009) with
an odds ratio (OR) of 12.7, but corrected for IgM-RF, the OR was no longer significant (p = 0.88).
Conclusion. Anti-CCP antibodies can be detected in the sera of patients with JIA but almost exclusively
in the subset of patients with polyarticular IgM-RF. (J Rheumatol 2003;30:825–8)
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ty is limited7. Recently, Schellekens and coworkers described
a serological test, the anti-cyclic citrullinated peptide (anti-
CCP) ELISA, that is very specific (96-98%) for RA with a
sensitivity of more than 60%8. Anti-CCP auto-antibodies have
been shown to be present in 60-75% of established RA
patients9-11. The probability of diagnosing RA correctly at an
early stage of disease can be significantly increased by testing
both IgM-RF and anti-CCP10,12. Other studies have shown that
anti-CCP positive RA patients developed more severe radio-
logical damage than anti-CCP negative RA patients after 3-6
years of followup11,13. 

The aim of the present study was to determine if anti-CCP
can be detected in sera of JIA patients to support the diagno-
sis and if anti-CCP can be used to identify JIA patients with a
more severe destructive course of the disease. 

MATERIALS AND METHODS
Sample collection. Serum samples of 71 JIA patients who consecutively vis-
ited the departments of (pediatric) rheumatology in Leiden and Amsterdam
were analyzed. Informed consent was obtained according to the medical eth-
ical regulations. Two or more sera taken at different time points in the disease
course (before change of medication) were available from 28 of the 71
patients to determine if the anti-CCP ELISA converted from positive to neg-
ative or vice versa during followup. In total 100 serum samples were tested.
All patients were classified according to the ILAR criteria2. Data concerning
clinical signs of disease (clinical arthritis defined as swelling and/or pain with
limitation of motion, fever, rash, visceral involvement), medication use, lab-
oratory variables (IgM-RF, ANA), and radiological joint damage (defined as
the presence of joint space narrowing and/or erosions), were collected from
the patient files. The radiological data collected were roughly from the same
time point as serum collection.

Measurements. IgM-RF was measured by ELISA as described previously14.
ANA was assayed by a standard indirect immunofluorescence technique on
ethanol fixed HEp-2 cells (Biomedical Diagnostics, Brugge, Belgium). ANA
serum titers at ≥ 1/40 were considered positive. IgM-RF and ANA were deter-
mined at disease onset. 

Anti-CCP antibodies were tested by a commercially available ELISA kit
purchased from Euro-Diagnostica b.v. (Arnhem, The Netherlands) containing
the cyclic citrullinated peptide cfc1-cyc as described by Schellekens, et al10.
For the determination of anti-CCP in the sera the cut-off value chosen was 60
units rather than the 50 units recommended by the kit. In our cohort sera, the
cut-off of 60 units seemed to guarantee the highest specificity without signif-
icant loss of sensitivity as is illustrated in Figure 1. All sera were analyzed at

least in duplicate, and the results were averaged. A serum control was includ-
ed on all plates to monitor plate-to-plate variation. Variation never exceeded
5%, and values were therefore not corrected. 

Statistical analysis. Statistical analyses were performed using SPSS software.
The Fisher’s exact test and Student’s t test were used for testing the signifi-
cance of differences in variables between anti-CCP positive and anti-CCP
negative patients.  The associations between anti-CCP measurements, disease
activity, and radiological data were evaluated with random effects logistic
regression to account for the repeated anti-CCP measurements in some of the
patients. A p value of ≤ 0.05 was considered statistically significant.

RESULTS
One hundred sera from 71 JIA patients at different time points
in their disease course were analyzed. Patient and disease
characteristics at the time of serum collection are shown in
Table 1. The 100 sera belonged to 71 JIA patients [age 2-20
years, mean 9.6 years (SD 4.5), median 10.5 years] of all 8
different JIA subtypes. One or more followup sera were avail-
able from 28 patients randomly distributed over the different
JIA subtypes. The interval between the tested serum samples
of one patient ranged between 1 and 84 months (mean 26 ± 20
months, median 23).

The disease duration had a mean of 39 ± 47 months (medi-
an 24 months, and range 3-245). Seventy-seven percent of the
patients had clinical arthritis at the time of serum collection.
Radiological data were available for 66 of the 71 patients. 

Anti-CCP test results. Ten JIA patients (15%) tested anti-CCP
positive and 8 of these anti-CCP positive JIA patients were
also IgM-RF positive. A positive anti-CCP test occurred sig-
nificantly more often in polyarticular IgM-RF positive
patients compared to the other JIA subtypes (p < 0.0001). The
occurrence of anti-CCP among the other subtypes of JIA (p =
0.17) was rare as is shown in Table 2. Of the 11 IgM-RF pos-
itive patients, 8 (73%) had a positive anti-CCP test with val-
ues ranging between 60 and 1915 units. One JIA patient with
persistent oligoarthritis had a clearly positive anti-CCP test
(674 units), while one JIA patient with other arthritis (extend-
ed oligoarthritis with a second degree relative with psoriasis)
gave different results at the 2 occasions that serum was col-
lected. This patient first tested anti-CCP positive (77 units) but
the serum collected 2 years later was anti-CCP negative. This
was the only patient who had different anti-CCP results when
tested on more than one occasion. 

Clinical correlation. Disease duration did not differ signifi-
cantly between anti-CCP positive and anti-CCP negative
patients (p = 0.34).

All anti-CCP positive patients had clinical arthritis at the
time of serum collection, as was the case in only 39 of 61
(64%) anti-CCP negative patients (p = 0.025). There was no
significant difference in the use of disease modifying
antirheumatic drugs between anti-CCP positive and negative
patients in this study.

Radiological damage was observed on the radiographs of
30/66 (46%) of the evaluable patients: 8/30 (27%) of the
patients with radiological damage were anti-CCP positive,
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Figure 1. Relationship between the cut-off value of anti-CCP ELISA and the
percentage of JIA patients with values above the cut-off. X-axis: values of
anti-CCP ELISA (units) (Euro-Diagnostica b.v., Arnhem, The Netherlands).
Y-axis: percentage of JIA patients with values above cut-off.
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and 11/30 (37%) were IgM-RF positive. All 11 IgM-RF posi-
tive JIA patients had radiological damage (p < 0.001) com-
pared to 8 out of 10 anti-CCP positive patients (p = 0.009).
The 2 positive anti-CCP patients without IgM-RF had no radi-
ological abnormalities. Radiological damage occurred signif-
icantly more in the anti-CCP positive patients than in the anti-
CCP negative patients (p = 0.009) with an odds ratio (OR) of
12.7 (95% confidence interval 1.5-108), but when corrected
for IgM-RF status the OR was no longer significant (p = 0.88).

DISCUSSION
The anti-CCP ELISA is a new diagnostic test with extremely
high specificity for RA8. We investigated whether anti-CCP
antibodies could also support the diagnosis of JIA. We did not
test sera from healthy children or those with infections or
other autoimmune diseases since such analyses have been per-
formed extensively in adults8,10,15. The high prevalence of
anti-CCP in polyarticular IgM-RF positive JIA patients shows
that anti-CCP selects for a specific subgroup of JIA patients
but is not supportive for the diagnosis of JIA in general. 

The anti-CCP test originates from the detection of other
autoantibodies commonly seen in RA: antiperinuclear factor
(APF) and anti-keratin antibodies (AKA). Schellekens, et al
have shown that APF and AKA specifically bind to substrates
containing the modified amino acid citrulline9. The method-
ological difficulties in the assessment of APF and AKA are
summarized by Van Boekel, et al8 and the anti-CCP assay
might be looked at as a simple, more specific, and functional
replacement of the immunofluorescence tests used for the
detection of APF and AKA.

Published studies have reported substantial differences of
occurrence of APF and AKA in patient populations with JIA;
results varied from 1% to 37% for APF16,17 and 2% to 50% for
AKA18,19. These discrepancies were attributed to either
methodological differences in the detection of the autoanti-
bodies or differences in the JIA population studied. Several
authors have noted that APF or AKA were most frequently
detected in the subgroup of IgM-RF positive JIA patients17-21.
These observations are in agreement with our results of pre-
dominance of occurrence of anti-CCP in this subgroup. 

In the literature, reports of anti-CCP ELISA in JIA are very
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Table 1. Patient and disease characteristics of 71 JIA patients at the time point of serum collection.

JIA Subtype Patients, Tested Sera*, Disease Duration DMARD Use at Time Clinical Arthritis Present Radiological Damage
n n mos**, Mean Point of Serum at Time Point of Serum Present‡ (No Data

(range) Collection***, n Collection†, n Available), n

Systemic arthritis 10 18 60 (3–141) 10 13 10 (1)
Persistent oligoarthritis 11 13 33 (3–134) 1 8 5 (4)
Extended oligoarthritis 6 11 53 (3–223) 4 8 0 (1)
IgM-RF negative polyarthritis 24 35 26 (3–71) 20 25 14 (1)
IgM-RF positive polyarthritis 11 12 26 (6–245) 5 12 11 (1)
Psoriatic arthritis 3 3 45 (36–65) 2 2 1
Enthesitis related arthritis 2 2 6 (3–12) 1 1 1
Other arthritis 4 6 67 (15–122) 5 4 1

* 28 patients had more than one serum sample tested at different time points in their disease course; ** The disease duration is calculated at the time point
of serum collection; *** DMARD included sulfasalazine, hydroxychloroquine, methotrexate, etanercept; † Clinical arthritis defined as swelling and/or pain
with limitation of motion; ‡Radiological damage defined as swelling and/or joint space narrowing (at the time point of serum collection). Other arthritis is
defined as not fulfilling one category within the JIA definition2.

Table 2. Results of anti-CCP ELISA using cfc1-cfc peptide in sera of 71 JIA patients.

JIA type n Anti-CCP Positive, n Value ELISA, U Anti-CCP Negative, n Value ELISA, u 
Range Range

Systemic arthritis 10 — 10 30–52
Persistent oligoarthritis 11 1 674 10 33–47
Extended oligoarthritis 6 — 6 35–47
IgM-RF negative polyarthritis 24 — 24 32–51
IgM-RF positive polyarthritis 11 8 60–1915 3 36–47
Psoriatic arthritis 3 — 3 32–37
Enthesitis related arthritis 2 — 2 37–50
Other arthritis 4 1* 77 3 34–38

Anti-CCP positive: values ≥ 60 units; Anti-CCP negative: values ≤ 59 units. *One patient was tested with different results: at disease duration of 8 yrs: anti-
CCP positive (77 units); 24 mos later the results were: anti-CCP negative (35 units)
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scarce. Bizzaro, et al15 describe negative anti-CCP results in 3
tested JIA patients (subtype unknown). Recently, Avcin, et al22

described anti-CCP positivity in 2 out of 108 tested JIA
patients (oligoarticular and polyarticular IgM-RF negative
patients). One polyarticular IgM-RF positive JIA patient test-
ed negative. Although their cut-off value, using the same com-
mercial anti-CCP test we used, was 70 units, our results were
very similar. In our study only one patient with a value of 60
units (Table 2) was considered anti-CCP positive, while all
others had values above 70 units. Therefore our results are in
agreement with the results published by Avcin and cowork-
ers22 and indicate that anti-CCP antibodies are present in only
a subset of JIA patients. 

Because of the very high specificity of this autoantibody
system for adult RA (more than 97%)8, it seems likely that this
subset includes JIA patients who are developing a pattern of
involvement like that of adult RA. The observation that the
titer values in the anti-CCP positive JIA patients generally
were lower than those observed in adults with RA is in line
with this assumption of a developing disease. Longer fol-
lowup of this group of JIA patients will provide a definitive
answer as to whether anti-CCP antibodies can predict the
development of an adult RA-like disease pattern in JIA. 

It is known that IgM-RF positive JIA often has a disease
course similar to RA in adults6. Our study confirms this simi-
larity.

Although a role for anti-CCP in RA has been suggested, the
significance of anti-CCP in the disease pathogenesis remains
unclear23. All IgM-RF positive JIA patients had clinical arthri-
tis and radiological damage, and almost all were anti-CCP
positive. These results confirm previous studies in adult early
RA that both IgM-RF and anti-CCP antibodies can predict the
development of a more severe destructive disease course11-13

and that their simultaneous presence may be an indication for
earlier immunosuppressive treatment24. 

We have shown that anti-CCP antibodies can be found
incidentally in the serum of children with several subtypes of
JIA, but that they are commonly present in polyarticular IgM-
RF positive JIA patients. Further followup studies will more
firmly establish whether the presence of anti-CCP antibodies
in JIA patients predicts the development of a disease course
like adult RA and selects JIA patients with a more severe
destructive disease course. 
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