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Evaluation of anti-cyclic citrullinated peptide antibodies may
be beneficial in RF-negative juvenile idiopathic arthritis patients
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Abstract Despite the high diagnostic and prognostic perfor-
mance in adult rheumatoid arthritis, the role of antibodies to
cyclic citrullinated peptide (anti-CCP) in juvenile idiopathic
arthritis (JIA) is controversial. Occurrence of anti-CCP was
mainly seen in rheumatoid factor (RF)-positive polyarthritis
patients. In the present study, our aim was to investigate the
prevalence and significance of anti-CCP for subjects with JIA
in our population. We evaluated anti-CCP reactivity in the sera
of 70 patients with various subtypes of JIA in a prospective
cohort study. Anti-CCP titres were correlated with the evolu-
tion of joint involvement and the presence of joint damage.
Nine JIA patients were seropositive for anti-CCP with respect
to the cut-off value of the test. In our cohort, 34 patients had a
polyarticular joint disease, most of them being RF-negative
(30/34, 88 %). All four RF-positive polyarthritis patients had
high anti-CCP concentrations and an aggressive erosive dis-
ease. In the RF-negative JIA patients, anti-CCP reactivity was
in lower titres but significantly associated with polyarticular
joint involvement (p=0.016) and also with the presence of
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joint damage (p<0.001). Presence of anti-CCP, at both low
and high concentration, was significantly associated with a
more severe articular disease in our JIA patients.
Investigating anti-CCP should clearly be taken into consider-
ation even among patients with JIA subtypes other than RF-
positive polyarthritis.
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Abbreviations
CCP Cyclic citrullinated peptide

DMARDs Disease-modifying anti-rheumatic drugs

ERA Enthesitis-related arthritis

ILAR International League Against Rheumatism

IeG Immunoglobulin G

JIA Juvenile idiopathic arthritis

JADI-A Juvenile arthritis damage index-articular
damage

JADAS- Juvenile Arthritis Disease Activity Score-27

27

RA Rheumatoid arthritis

RF Rheumatoid factor

Introduction

Juvenile idiopathic arthritis (JIA), the most common chronic
rheumatic disease in children, is an umbrella term comprising
seven related disorders, according to the revised International
League of Associations for Rheumatology (ILAR) classifica-
tion system [1], all associated with persistent arthritis. Within
these subgroups of JIA, the prognosis varies markedly.
Despite appropriate treatment, some cases develop joint
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damage, a significant cause of short- and long-term disability.
Therefore, it is essential to early identify these patients, pref-
erably at the time of diagnosis. At this point, few early predic-
tors for the disease long-term outcome are available for JIA
patients [2].

One of the most important serological discoveries in rheu-
matology in recent years is the identification of rheumatoid
arthritis (RA)-specific autoantibodies directed against differ-
ent citrulline-containing peptides from the inflamed RA syno-
via [3]. Anti-cyclic citrullinated peptide antibodies (anti-
CCP), present in human serum or plasma, were demonstrated
to be 95-98 % specific, but moderately sensitive (48—70 %),
for adult RA [4, 5]. They can be found early in the disease
course of RA, even years before the onset of clinical symp-
toms, and they can predict erosive disease [6, 7].

Anti-CCP were also detected in children with JIA but with
a lower prevalence than in RA (range between 2 [8, 9] to 24 %
[10]) and mainly in rheumatoid factor (RF)-positive JIA pa-
tients. A great deal of evidence for the anti-CCP positivity in
RF-positive JIA patients with erosive joint disease has been
published so far [11-17]. These data may be explained by the
fact that this specific form of JIA has pathogenic and prog-
nostic common features with adult RA. But in the spectrum of
JIA, this particular form of disease counts only for 2—7 % [18].
In the other JIA subsets, a much more heterogeneous popula-
tion in terms of outcome and response to treatment, anti-CCP
were rarely found by previous investigators [8, 10, 11, 15, 16].
However, to date, the role of anti-CCP reactivity in these pa-
tients remains unclear.

Importantly, few previous studies demonstrated significant
correlations between anti-CCP and joint damage in JIA patients
[8, 10, 11, 19, 20], which can be indicative of a possible role in
predicting joint damage in this population. Additional studies
are needed to assess this potential predictive role of anti-CCP,
especially in RF-negative JIA patients. Therefore, the aim of
our study was to investigate the prevalence and significance of
anti-CCP for subjects with JIA in our population.

Patients and methods

This was a prospective cohort study, conducted in the 2"
Paediatric Clinic (Children’s Hospital at Cluj-Napoca,
Romania) between January 2009 and July 2014. The study
was performed in accordance with the Declaration of
Helsinki and good clinical practice. A written informed con-
sent has been obtained prior to their inclusion in the study as
appropriate.

Patients

A total of 70 JIA Romanian patients were consecutively in-
cluded in the study. Inclusion criteria were a confirmed
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diagnosis of JIA based on the revised ILAR criteria for JIA
[1], a disease duration longer than 1 year in order to provide
reliable outcome data and obtaining a parent informed consent
for our study. The median duration of the disease at the sample
collection was 2 years (range 1-15). Patients with other asso-
ciated autoimmune diseases or intercurrent infectious diseases
were excluded. All patients were submitted to complete clin-
ical examination made by a paediatric rheumatologist, blood
collection for laboratory investigations and joint damage as-
sessment. Patient characteristics, the disease features and the
use of medication were recorded for the study. The duration of
follow-up ranged from 1 to 20 years with a median of 5 years
[1 year in 3 (4.3 %) patients, 2 years in 5 (7.1 %) patients,
3 years in 6 (8.6 %) patients, 4 years in 12 (17.1 %) patients,
5 yearsin 12 (17.1 %) patients, 6 years in 9 (12.8 %) patients,
7 years in 6 (8.6 %) patients, 8 years in 1 (1.4 %) patient,
9 years in 3 (4.3 %) patients, 10 years in 1 (1.4 %) patient,
11 years in 4 (5.7 %) patients, 12 years in 2 (2.8 %) patients,
13 years in 1 (1.4 %) patient, 14 years in 1 (1.4 %) patient,
15 years in 2 (2.8 %) patients, 19 years in 1 (1.4 %) patient and
20 years in one (1.4 %) patient]. The evolution of joint in-
volvement during follow-up in our patients was noted as
oligoarticular (less than 4 affected joints) and polyarticular
(more than 5 affected joints).

At the time of sample collection, the disease activity status
was assessed by applying the Juvenile Arthritis Disease
Activity Score-27 (JADAS-27) [21] and also by determination
of C-reactive protein (CRP). The JADAS-27 includes the fol-
lowing four measures: physician global assessment of disease
activity, measured on a 10-cm visual analog scale (VAS)
where 0=no activity and 10=maximum activity; parent/
patient global assessment of well-being, measured on a 10-
cm VAS where 0=very well and 10=very poor; count of joints
with active disease (in 27 joints: cervical spine, elbows, wrists,
metacarpophalangeal joints—from the first to third, proximal
interphalangeal joints, hips, knees, and ankles) and erythro-
cyte sedimentation rate (ESR)—normalized to a 0 to 10 scale
according to the following formula: (ESR (mm/h)—20)/10.
The level of disease activity as measured with JADAS-27
(range 0-57) was found to be low (JADAS-27<10) in 14
patients, moderate (JADAS-27 range 10-25) in 22 patients
and high (JADAS-27>25) in two patients. Thirty-two patients
were in disease remission at the time of the study.

The outcome of disease severity was determined by assess-
ment of the joint damage at the first visit for the study and
again, at last follow-up, and also by evaluation of the prescrip-
tion pattern of JIA medication [biological agents or
nonbiologic disease-modifying anti-rheumatic drugs
(DMARDs)]. The articular damage was established by
reanalyzing the patient conventional radiographs for
documenting the structural joint damage (joint space
narrowing, bone deformity, erosions or ankylosis) and also
by clinical articular assessment looking for motion
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restrictions, joint deformities and contractures not related to
active arthritis and persistent for at least 6 months, distur-
bances of bone growth and also the need for orthopaedic sur-
gery. The radiographs of the involved joints were taken ac-
cording to treating physician at the JIA diagnosis and during
the disease course when patient history or physical exam
raised clinical concern about joint damage or decline in func-
tion. Radiographic assessment was performed by a paediatric
radiologist and reviewed by a paediatrician with experience in
paediatric rheumatology, using anteroposterior and lateral
films of hands, wrists, knee, ankles, feet, pelvis or sacroiliac
joints. An agreement between the two observers was reached
in cases with subtle differences in radiographic interpretation.

Information on the therapeutic outcome was obtained from
the treating physician. At the time of the sample collection, 14
patients were treated with nonsteroidal anti-inflammatory
drugs, 24 with DMARDs (Methotrexate, Sulfasalazine), 18
with oral glucocorticosteroids and five patients were receiving
Etanercept. Eleven of them were on disease remission without
medication. Three patients have discontinued the Etanercept
by the time of our study, one of them after sustained disease
remission and two of them because of serious adverse events.
By the end of the research, ten more patients were switched to
anti-TNF-« inhibitors. In two more patients, the prescription
of anti-TNF-x agents was done by the treating physician and
refused by the parents.

Laboratory methods

Sera were collected for all patients as part of their periodic
clinical and biological assessment of disease activity. Anti-
CCP quantitative determination was performed in a commer-
cial laboratory by microparticle enzyme immunoassay
(MEIA), using second-generation CCP2 peptides without
knowledge of the patient’s clinical details of the disease. The
assay range of detection was 0-200 U/mL. The cut-off be-
tween positive and negative was 3 U/mL, as established by
the fabricant among adult population. ESR determination used
the Westergreen method, millimetre per half hour, and immu-
nological investigations as CRP, RF-IgM and serum total im-
munoglobulin G (IgG) were analysed by immunoturbidimetry.
The cut-off for RF in our laboratory was 19 IU/mL.
Designation of RF seropositive status was done according to
ILAR criteria, when presence of RF was documented on at
least two occasions at least 3 months apart. Anti-CCP were
analysed only once, at the time of the study. Repeated RF
determinations were made for all patients throughout their reg-
ular medical care.

Statistical analysis

Statistical analyses were conducted using SPSS 13. Patient
groups were compared using Fisher’s exact test. P values less

than 0.05 were considered significant. The relative risk (RR)
with 95 % confidence interval was also calculated.

Results

The study population consisted of 46 females and 24 males
(65.7 versus 34.3 %). At the time of sample collection, the
median age of the patients was 11.54 years (range 1.8-20).
ILAR categorization was 4 patients with RF-positive
polyarthritis (5.7 %), 15 with RF-negative polyarthritis
(21.4 %), 6 with extended oligoarthritis (8.6 %), 26 with per-
sistent oligoarthritis (37 %), 3 (4.3 %) with enthesitis-related
arthritis (ERA), 15 with systemic disease (21.4 %) and 1
(1.4 %) with undifferentiated arthritis. In our cohort, 34/70
(48.6 %) patients were identified as having a polyarticular
joint disease, and among them, 30 patients were RF-negative.
Seventeen patients (24.3 %) were confirmed with joint dam-
age (4 with RF-positive polyarthritis JIA, 7 with RF-negative
polyarthritis JIA, 3 with extended oligoarthritis, 2 with HLA-
B27 positive ERA and 1 with systemic JIA with polyarticular
course).

Throughout the disease follow-up, no conversions from RF
seronegative to RF seropositive polyarticular disease were
noted, even in patients with joint damage.

Nine JIA patients were seropositive for anti-CCP with re-
spect to the cut-off value of the test. All RF-positive
polyarthritis patients had high anti-CCP levels (two of them
exceeding the assay range of detection, and the other two
having 105.2 and 9.8 U/mL, respectively). Positive serum
anti-CCP levels also occurred in four patients with RF-
negative polyarthritis (3.9, 3.6, 3.6 and 3.2 U/mL) and in
one patient with extended oligoarthritis (4.8 U/mL), all with
erosive joint disease (Table 1).

Another two patients with polyarticular disease (RF-
negative polyarthritis and extended oligoarthritis) had margin-
ally negative anti-CCP levels (2.8 and 2.7 U/ml, respectively),
both with considerable joint damage at follow-up. All the rest
demonstrated very low or undetectable anti-CCP levels.

When patients with JIA subtypes other than RF-positive
polyarthritis were investigated separately, there was a signifi-
cant association between anti-CCP reactivity and polyarticular
joint involvement (p=0.016, Fisher’s exact test), also with the
presence of joint damage (p<0.001, Fisher’s exact test).
Patients with positive anti-CCP were significantly more likely
to develop a polyarthritis (RR=2.4; 95 % CI, 1.8-3.3) and to
have an erosive joint disease (RR=7.6; 95 % CI, 3.9-14.5)
compared to patients with negative anti-CCP.

The distinct features of articular damage found in patients
with positive and marginally negative anti-CCP are described
in detail in Table 1. Six patients with radiological damage
(35.3 %) had very low or undetectable anti-CCP levels.
Among them, one female patient at 20 years follow-up had
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multiple erosions, osteopenia, subluxations and lateral devia-
tion in both hands and feet and significant growth retardation.
Another girl with long-term articular damage was remarked
with multiple erosions and cystic changes in the carpal bones,
advanced osteoporosis. Marginal irregularities and sclerosis in
the sacroiliac joints and coxarthrosis were noted in a 17-year-
old boy with HLA-B27-positive ERA. The joint damage in
the other three patients was characterized by erosions in the
right second metatarsophalangeal joint in one boy with HLA-
B27-positive ERA, loss of joint space of the left PIP 4 and PIP
5 area with flexion deformity in another 3-year-old boy with
RF-negative polyarticular disease and bone growth distur-
bance and osteonecrosis of femoral heads with severe degen-
erative changes of both hip joints in a girl with a polyarticular
RF-negative disease at 5 years follow-up.

We detected no correlation between anti-CCP titres and
total IgG levels (»p=0.73), JADAS-27 (p=0.51, Mann-
Whitney test), CRP levels (p=0.42, Mann-Whitney test),
ESR (p=0.77, Mann-Whitney test), prescription of biologi-
cals (p=0.63, Fisher’s exact test) or DMARDs’ use (p=0.32,
Fisher’s exact test).

Discussion

Our findings offer additional information regarding the poten-
tial role of anti-CCP in predicting joint involvement during
disease course, particularly among patients with JIA subtypes
other than RF-positive polyarthritis. In our study, all patients
with RF-positive polyarthritis had high anti-CCP levels and an
aggressive erosive disease. For the rest of the patients, anti-
CCP levels were less prevalent, and when positive, they were
in much lower titres. But we could easily observed, that these
patients could also benefit from anti-CCP results, as
polyarticular joint involvement and also the presence of joint
damage in these patients were significantly associated with the
presence of anti-CCP. Likewise, patients with borderline anti-
CCP levels (>2.5 U/mL) also exhibit articular damage.

The prevalence of anti-CCP in our RF-negative JIA popu-
lation was 7.5 % comparable to 6.9 [12] and 6.25 % [13] from
the recent published cohorts. Moreover, the discrepancy in the
anti-CCP quantitative status between RF-positive and RF-
negative patients has also been reported by other investigators
[8, 12, 20]. It has been suggested that patients with a low titre
of anti-CCP in the absence of RF may represent a distinct
subset of JIA patients [12]. Additionally, we observed that this
subset of JIA patients was significantly more likely to develop
a polyarthritis and to have an erosive joint disease compared to
anti-CCP seronegative patients. Several prior observations
have also indicated a correlation between radiographic joint
damage and anti-CCP positivity [8, 10, 14, 19, 22] and even
with borderline anti-CCP levels [8], but their analysis looked
at the whole group of JIA patients. Therefore, investigating

anti-CCP should clearly be taken into consideration in the
decision whether a patient should be treated aggressively at
an early stage and probably in future revisions of ILAR
criteria.

An important aspect of our cohort is that six anti-CCP
negative JIA patients have also developed significant structur-
al joint damage at follow-up. This is a strong indication that
anti-CCP alone may not be sufficient in predicting joint de-
struction in JIA patients and that other associated factors could
also be involved in the pathogenesis.

The performance of anti-CCP in predicting the therapeutic
outcome was also examined in our study. No association was
found between anti-CCP reactivity and prescription of biolog-
icals or the use of DMARDs. Additionally, we observed no
relationship between anti-CCP titres and severity of the dis-
ease activity quantified with a composite disease activity score
(JADAS-27) or serum concentrations of CRP at the time of
the study. This composite index provides a comprehensive
view of disease activity for JIA patients and is the only one
available for JIA at the moment. Studies in adults with RA
have also addressed this issue [21] and concluded that changes
in antibody levels do not reflect changes in disease activity.
Moreover, nowadays, there is strong evidence that anti-CCP
may be present years before the onset of the disease in RA.
Therefore, we believe that anti-CCP appears to have a greater
prognostic importance rather than a meaning of disease activ-
ity status.

One limitation of our study is that our patients were inves-
tigated for anti-CCP at one specific point in time, at different
moments after disease onset. Adult studies have shown that
very few patients change their anti-CCP antibody status over
time over a 1 to 5-year period, but when qualitative changes
occurred, they tend to be in marginally positive samples [23].
In 2002, Avcin et al. assessed serial anti-CCP determination in
20 JIA patients; of whom, the only two patients with low
positive anti-CCP levels at first determination were transiently
positive [24]. Having high specificity for inflammatory arthri-
tis, we believe that evidence of anti-CCP positivity at some
point during the disease course should be relevant for the
clinical judgement in JIA patients and not necessarily the level
of anti-CCP or its fluctuation in time.

In paediatric patients, there have been suggested a potential
effect of age on the prevalence and titre of anti-CCP. Dewint
et al. detected higher anti-CCP titres in polyarthritis patients
older than 16 years of age compared to younger patients [25].
The investigators hypothesized that the positivity of anti-CCP
may be influenced by lower IgG production in children [25].
We detected no correlation between anti-CCP titres and total
IgG levels. Whether anti-CCP reactivity is dependent on RF
positivity, upon age or other external factors causing the dis-
ease need to be determined by further studies.

The accurate assessment of joint destruction in paediatric
patients is challenging. According to domain experts, the
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conventional radiography is currently still the reference for
assessment of bone and cartilage destruction in JIA but with-
out standardized protocols for monitoring the radiographic
damage [26, 27]. Most studies published to date, investigating
the potential role of anti-CCP in predicting erosive disease in
JIA, have used conventional radiography to evaluate joint
space narrowing and/or erosions [8, 10, 14, 19, 22]. Our study
is limited by the fact that in patients without poor prognosis
factors, previous evidence of joint damage and no recent al-
teration in their symptoms or clinical examination, no addi-
tional radiographs have been taken for the study. In these
children, radiation exposure was considered a potential risk
and of no clear benefit for the patient, and therefore,
inappropriate.

Other limitations for our study are related to very few pa-
tients of RF-positive polyarticular JIA included and also to the
low number of patients with RF-negative polyarticular course.
However, distribution of JIA subtypes in our cohort is in ac-
cordance with that of other JIA populations [18], and the
prevalence of anti-CCP in our patients was comparable to
other published cohorts.

On conclusion, investigating anti-CCP should clearly be
taken into consideration even among patients with JIA sub-
types other than RF-positive polyarthritis. Although at low
concentration, presence of anti-CCP in our RF-negative JIA
patients gave indication of a more severe articular disease.
Larger cohorts still need to be studied in order to validate these
findings.
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