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Abstract
Objective

To explore the association between serum S100A8/9 (calprotectin), clinical and ultrasound (US) assessment in juvenile 
idiopathic arthritis (JIA) patients.

Methods
A total of 30 well-characterised consecutive patients (18 female) with non-systemic JIA and 20 age-matched healthy 

controls were included. Serum and plasma samples obtained the same day of the clinical and sonographical assessment 
were tested for calprotectin levels by ELISA. Clinical status was defined using Wallace criteria. Ultrasonographic 

B-mode and power Doppler (PD) assessment of 44 joints for each subject was performed. 

Results
Clinically active disease was present in 14 patients, while 16 patients were active according to US evaluation. 

We found no differences in the serum/plasma calprotectin levels in clinically active disease group [29.6 (5.4–198.1) ng/ml; 
12.6 (2.8–65.8) ng/ml] as compared with inactive disease group [24.8 (14.1–204.3); 12.7 (3.4–65.1)] (p=0.73; p=0.29). 

There was also no difference between US active disease [29.8 (5.4–204.3); 12.9 (2.8–65.8)] and US inactive disease 
[24.8 (12.1–197.1); 11.7 (3.4–44.2)] with regard to the serum/plasma calprotectin levels (p=0.83; p=1.0). 

Serum/plasma calprotectin levels correlated moderately with C-reactive protein (CRP) (Spearman r=0.44, p=0.01; 
Spearman r=0.56, p=0.0021). 

Conclusion
To our knowledge, this is the first study to simultaneously examine the correlation between serum/plasma calprotectin 
levels, clinical and US assessment in JIA. Calprotectin was not associated with the disease status in JIA patients with 

low number of active joints and its levels were moderately correlated with CRP. Our preliminary study needs to be 
extended with a larger number of patients.
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Introduction
Juvenile idiopathic arthritis (JIA) is the 
most common inflammatory rheuma-
tological condition affecting children 
and adolescents, with a prevalence of 
approximately 1 in 1,000 (1). There 
are seven categories in JIA but even 
within each category, patients have dif-
ferent clinical courses and outcomes 
(2). Published studies and collabora-
tive efforts have identified some clini-
cal predictors of poor prognosis (3, 4). 
Biomarker profiling is very important 
when it is combined with clinical fea-
tures to predict disease phenotype, 
severity, course and can aid to select 
patients for early aggressive treatment 
(5, 6). Unfortunately, JIA still lacks 
reliable biomarkers for diagnosis or 
monitoring. Two well studied proteins 
S100A12, and the complex S100A8/
A9 (also known as calprotectin or 
MRP8/14) have shown correlations 
with disease activity in JIA patients 
(7-13). However, all of those studies 
were conducted on relatively small 
cohorts (<100 patients for all). S100 
proteins are secreted during neutrophil 
and monocyte activation. Calprotectin 
is an important proinflammatory factor 
of innate immunity. Inciarte-Mundo et 
al. showed that serum levels of calpro-
tectin is more accurate biomarker than 
erythrocyte sedimentation rate (ESR) 
and C-reactive protein (CRP) to de-
tect disease activity in patients with 
rheumatoid arthritis (RA) who are re-
ceiving anti-TNF treatment (14). In 
another study Frosch et al. determined 
serum calprotectin levels by ELISA in 
patients with systemic JIA, active and 
inactive oligoarticular JIA, in healthy 
controls and in patients with bacte-
rial infections. The study revealed that 
serum calprotectin levels in patients 
with active systemic JIA were 120-fold 
higher than healthy controls and 12 
times higher than active oligoarthritis 
group. Calprotectin was also signifi-
cantly higher when compared to pa-
tients with various bacterial infections 
(15). A recent study showed no asso-
ciation between S100 proteins and ar-
ticular disease activity in patients with 
JIA (16). This finding is also supported 
by another study, showing the lack of 
ability of S100 proteins in predicting 

flares in non-systemic polyarticular 
JIA (17). However, in systemic onset 
JIA (sJIA) serum level of S100 proteins 
were correlated with disease activ-
ity for systemic symptoms, and results 
were promising in monitoring disease 
course (7). 
Previous reports about patients with ac-
tive RA showed an association between 
S100 protein levels and ultrasonograph-
ic findings. Nordal et al. reported that 
the S100A12 protein was significantly 
associated with other inflammatory 
markers, clinical assessments as well 
as positive US evaluation. Their results 
supported that S100A12 is a potential 
marker of inflammation in RA patients 
(18). These proteins may also help cli-
nicians to identify active synovitis in 
RA and PsA patients in clinical remis-
sion or with low disease activity treated 
with TNF inhibitors (14). Unfortunate-
ly, the standardisation of the S100 pro-
teins assay is poor, with vast intra-assay 
and inter-assay variability (19).
There are several studies related to ul-
trasound (US) and flare prediction in 
RA, but the role of US to predict dis-
ease outcome is not yet well established 
for JIA. A few published reports have 
suggested that US may be more sensi-
tive than clinical examination in de-
tecting chronic joint inflammation for 
paediatric population (20-25), while 
US has not been shown to have a pre-
dictive value for relapse in patients 
with JIA (26). In our previous study, 
we found that US abnormalities were a 
strong predictor of relapse at individual 
patient but not at joint level (27). The 
role of US in clinical practice for JIA is 
therefore still debated (28). 
The previously published studies 
showed discrepancy of calprotectin 
usage to define disease activity in dif-
ferent subtypes of JIA, which served 
as justification for studying its value to 
predict disease activity. Ultrasonogra-
phy is increasingly being used as an ex-
tension to physical examination in pae-
diatric rheumatology practice and its 
application goes beyond the detection 
of synovitis in small and large joints. 
The present study explores the correla-
tions between serum levels of calpro-
tectin and clinical as well as US assess-
ment in a non-systemic JIA cohort.
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Materials and methods
Patients 
In this cross-sectional study, we in-
cluded consecutively children with JIA, 
classified according to the International 
League of Associations for Rheumatol-
ogy (ILAR) criteria (29). Patients were 
recruited from our outpatient rheu-
matology clinic between December 
2015 and May 2016. We also included 
healthy subjects for the comparisons 
of biomarker levels. The study was ap-
proved by ethical committee of Milano 
Area 2 (690_2017), Italy and informed 
consent was obtained from each subject 
and/or their legal guardian.
At the date of clinical visit for study 
entry, each patient underwent detailed 
clinical assessment and the following 
data were recorded: sex, birth date, 
ILAR category, age at disease on-
set, number of clinically active joints, 
extra-articular involvement, medica-
tion list (i.e. NSAIDs, corticosteroids, 
DMARDs or biologic agents). Disease 
activity status was defined by an expe-
rienced paediatric rheumatologist ac-
cording to Wallace criteria as clinical 
remission off medication-CR; clinical 
remission on medication-CRM; inac-
tive disease-ID (30). For the purpose 
of the study, we defined as clinical in-
active patients who were in clinical re-
mission. Each subject underwent an US 
assessment on the same day after the 
clinical evaluation, performed blindly 
by a rheumatologist (ODL) with long 
experience in paediatric musculoskel-
etal US. 

Biological samples
Morning blood samples were collected 
from patients after 12 hours of fasting 
on the day of the clinical and ultrasound 
examinations. Serum and plasma sam-
ples were immediately centrifuged and 
within two hours all sera were stored 
at -80˚C until the analysis. Calprotectin 
was measured by QUANTA Lite Cal-
protectin ELISA (Research use only, 
Inova Diagnostics, San Diego, USA). 
Analysis of inflammatory markers in-
cluded ESR and CRP, with upper nor-
mal levels of 20 mm/h for ESR and 1 
mg/dl for CRP. ANA were detected by 
indirect immunofluorescence. A titre of 
1:160 was chosen as a cut-off point for 

ANA positivity for at least two positive 
results at least 3 months apart.

Ultrasound 
The US examination technique and the 
standard scans were based on published 
Outcome Measures in Rheumatology 
(OMERACT) guidelines and on the 
studies on paediatric US available at 
study entry (31-36). We adopted the re-
cent OMERACT preliminary definition 
of synovitis in children (37). During the 
enrolment phase of the study there was 
no published article about the definition 
of synovitis in children. We reanalysed 
ultrasound images on the basis of recent 
definition of synovitis and there was no 
discrepancy detected. 
In detail, in each joint, three elements 
were assessed by US: synovial hyper-
plasia, synovial effusion and power 
Doppler (PD) signal. Synovial hyper-
plasia was defined as an abnormal hy-
poechoic joint space, distinct from the 
intra-articular fat pad and non-displace-
able with the transducer. Synovial ef-
fusion was detected as the presence of 
an abnormal hypoechoic or anechoic 
displaceable space within the joint. 
Synovial hyperplasia and synovial effu-
sion were considered indifferently as a 
single abnormality in grey scale exami-
nation. PD signal was considered path-
ological in the presence of vessel dots 
only inside an area of synovial hyper-
plasia. In each joint, synovial hyperpla-
sia, effusion and PD signal were graded 
semi-quantitatively on a 0–3 scale (31). 
A total of 44 joints (2 shoulders, 2 el-
bows, 2 wrists, 10 metacarpophalan-
geal, 10 proximal interphalangeal of 
hands, 2 hips, 2 knees, 2 subtalar, 2 
tibiotalar and 10 metatarsophalangeal) 
were scanned in each subject for the 
presence of synovial hyperplasia/joint 
effusion and PD signal. To perform the 
examination, an Esaote MyLab 70 with 
a 6–18 MHz linear probe was used. 
The grey scale frequency was adjusted 
according to the depth of the joint (18 
MHz for small superficial joints, 14–12 
MHz for medium size and 10 or less for 
deeper joints); the highest frequencies 
were used for younger children. The 
PD frequency was set to 9–10 MHz for 
superficial joints and 8–6 MHz for me-
dium and deep joints. The pulse repeti-

tion frequency was 750 Hz and the gain 
was set at a level just below the disap-
pearance of the noise under the cortical 
bone (27). 

Statistical analysis
Data were analysed using the Statistical 
Package for the Social Sciences (SPSS 
15.0; SPSS Inc., Chicago, IL). Normal 
distribution was evaluated with Kol-
mogorov Smirnov test. Non-normally 
distributed variables were expressed as 
median (range) and normally distributed 
variables as mean ± Standard Deviation. 
Comparisons between groups of nomi-
nal variables were performed with the 
Chi-square test (or Fisher’s exact test 
where appropriate) and for numeric 
variables with Mann-Whitney U-test. 
Pearson’s correlation analysis was used 
to determine correlations between two 
variables. Both McNemar’s test and 
Cohen’s kappa coefficient were used to 
assess concordance between the Wal-
lace Criteria and US findings. Concord-
ance of κ coefficient was interpreted as 
follows: >0.81=high, 0.61–0.8=good; 
0.41–0.6=moderate, 0.21–0.4=fair, 0.0–
0.2=poor.  p-values <0.05 were consid-
ered to be statistically significant. 

Results
Clinical, ultrasound and laboratory 
assessment 
In total, 30 patients with diagnosed 
non-systemic JIA (16 clinically active, 
14 clinically inactive disease) were pro-
spectively included in our study. Demo-
graphic, clinical and laboratory charac-
teristics of our cohort are summarised 
in Table I. The median disease duration 
in the clinically active disease group 
was shorter than in the inactive group 
(p=0.001). Although the distribution 
of JIA subtypes was not equal between 
the two groups, there was no difference 
for the treatment regimens. No signifi-
cant differences were found in WBC 
(p=0.31), ESR (p=0.05), CRP (p=0.29) 
and ferritin (p=0.61) levels between pa-
tients with clinically active and inactive 
disease. ANA positivity was also found 
to be equal between the groups. 

Correlation between serum/plasma 
calprotectin levels 
Although we observed a statistically 
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relevant correlation between serum and 
plasma levels (r=0.39, 95% Confidence 
interval 0.11–0.61), calprotectin levels 
were significantly higher in serum ver-
sus plasma (p<0.001). The difference 
was mostly driven by 7 samples that 
had very high calprotectin levels when 
measured in serum (around 500 mg/mL) 
(Fig. 1). 

Plasma/serum calprotectin levels 
in the different patient subgroups
The median plasma calprotectin levels 
were 9.1 (5.0–7.3) ng/ml in healthy con-
trols, 12.6 (2.8–65.8) ng/ml in clinically 
active disease and 12.7 (3.4–65.1) ng/
ml in clinically inactive disease group. 
We found no differences for the plasma 
calprotectin levels in clinically active 
disease group as compared with inactive 
disease group (p=0.29). For both groups, 
plasma calprotectin levels were not sta-
tistically different from the healthy con-
trols (p=0.92 for clinically active disease 
and p=0.06 for inactive disease). 
There was also no difference between 
plasma calprotectin levels in active 
[12.9 (2.8–65.8)] vs. inactive disease 
[11.7 (3.4–44.2)] defined based on US 
(p=1.0). For both US groups, plasma 
calprotectin levels were not statistically 

different from healthy controls (p=0.21 
for US active disease and p=0.4 for 
inactive disease). No difference in the 
plasma calprotectin levels were found 
between clinically and US active dis-
ease (p=0.91).
We performed the same comparisons 
with serum samples and we did not 
find statistically significant differ-
ences between patients and healthy 
controls, and between active and inac-
tive patients according to clinical and 

ultrasound evaluation. Figure 2 shows 
serum and plasma calprotectin levels in 
active and inactive groups, both clini-
cally and sonographically in compari-
son with controls.
When we compared calprotectin levels 
between all active patients (clinically 
and sonographically, n=18) and inac-
tive patients (n=12) the median serum/
plasma calprotectin level were not sig-
nificantly different neither in serum 
[29.8 (5.4–204.3) vs. 24.8 (14.1–197.1), 

Table I. Demographic, clinical and laboratory findings.

 Active disease (n=14) Inactive disease (n=16) Total (30) p-value

Female  10  (71.4%) 8  (50.0%) 18  (60%) 0.23
Median age yrs (range) 10.7  (2.4-17.4) 10.5  (5.18-18.87) 10.6  (2-18) 0.80
Median age of disease onset, yrs (range) 7.9  (1.20-16.01) 3.09  (1.60-8.20) 4.2  (1.20-16.01) 0.14
Median disease duration, months (range) 19.3  (1.51-16.01) 73.49  (23.54-190.82) 58.4  (1.51-190.82) 0.001
Extra-articular involvement (uveitis) 2  (14.3%) 4  (25.0%) 6  (20%) 0.65
ANA positivity, n (%) 10  (71.4%) 12  (75.0%) 22  (73.3%) 1
WBC median, (range) 7.2  (4.0-10.6) 6.2  (3.3-10.70) 6.7  (4.0-10.7) 0.31
ESR mm/h, median, (range) 18.5  (3-67) 9.5  (2-20) 12  (2-67) 0.05
CRP mg/dl, median, (range) 0.3  (0.1-4.6) 0.2  (0.1-1.0) 0.2  (0.1-4.6) 0.29
Ferritin ng/ml, median, (range) 22  (5-270) 26.5  (14-119) 22  (5-270) 0.61
Alpha 2/globulin %, median (range) 11.5  (9.4-15.5) 10.4  (7.9-13.5) 11.28  (7.9-15.5) 0.11

ILAR category:    
Persistent oligoarticular, n (%) 3  (21.42%) 10  (62.5%) 13  (43.3%) 
Extended oligoarticular, n (%) 5  (35.7%) 3  (18.8%) 8  (26.6%) 
Polyarthritis (RF-), n (%)  4  (28.6%) 1  (6.3%) 5  (16.6%) 
Polyarthritis (RF+), n (%) 1 (7.14%) 0  1  (3.3%) 
ERA, n (%) 1  (7.1%) 1  (6.3%) 2  (6.6%) 
Psoriasic arthritis, n (%) 0  1  (6.3%) 1  (3.3%) 

Ongoing treatment:    
Corticosteroids 2  (14.3%) 0  2  (6.6%) 
DMARDs, n (%) 9  (64.3%) 10  (62.5) 19  (63.3%) 
Biological therapy, n (%) 1  (7.14%) 1  (6.3) 2  (6.6%) 

ANA: antinuclear antibodies; WBC: white blood cells; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; ERA: enthesitis-related arthritis; 
ILAR: International League Against Rheumatism; RF: rheumatoid factor; DMARD: disease-modifying anti-rheumatic drugs. 

Fig. 1. Correlation 
between serum/plasma 
calprotectin levels. 
Although a significant 
correlation was ob-
served, significant dif-
ference was observed 
in seven samples.
QL: QUANTA Lite; 
P: plasma; JIA: juven-
ile idiopathic arthritis. 
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p=0.91] nor plasma [12.3 (2.8–65.8) vs. 
12.6 (3.4-44.2), (p=0.58)]. 

Correlation between calprotectin 
levels and other inflammatory markers
Calprotectin (serum/plasma) correlated 
moderately with CRP levels (Spearman 
r=0.44; p=0.01; r=0.56; p=0.0021) but 
not with ESR values (Spearman r=0.19; 
p=0.325; r=0.17; p=0.39) (Fig. 3).

Concordance of physical 
and ultrasound examination 
We scanned 44 joints per patient by 
US for a total of 1320 joints in 30 JIA 
patients. The US examination was ab-
normal in 16/30 (53.3%) of patients, 
for at least one of grey scale elementary 
lesions (synovial hyperplasia/joint ef-
fusion), with or without abnormal PD 
signal. Among the 14 clinically active 
patients, one patient was active just be-
cause of the uveitis without any active 
synovitis. The median number of active 
joints in 13 active patients was 2 (1-26) 
according to our physical examination. 

In these 13 patients the median number 
of active arthritis according to US was 
1 (0–32) (p=0.26). US and physical ex-
amination agreed in 80% of cases. The 
concordance between US and physical 
examination to define synovitis in all 
joints was moderate (κ=0.60, 95% CI 
0.32–0.89) (Fig. 4).

Comparisons between other 
biomarkers and disease activity
There were no significant differences in 
CRP levels between clinically active and 
inactive patients according to Wallace 
criteria (p=0.29). CRP levels were also 
not different between the sonographi-
cally active and inactive [0.21 (0.1–1.0)] 
patient groups (p=0.85). Similar results 
were obtained when we compared ESR 
levels and disease activity according 
to Wallace criteria and US evaluation 
(p=0.05 and p=0.92, respectively). 

Discussion
In this cross-sectional study of patients 
with non-systemic JIA, serum/plasma 

calprotectin levels have not been able 
to differentiate clinically or sonograph-
ically active from inactive disease. In-
terestingly, calprotectin levels were not 
able to differentiate patients with active 
disease from healthy controls. Moreo-
ver, our study did not find a correlation 
between calprotectin values and the 
presence of a clinical and/or ultrasound 
synovitis in patients with a prevalent 
oligoarticular pattern. The most rep-
resented ILAR category was, in fact, 
persistent oligoarthritis (13/30 patients) 
and, even in the presence of cases clas-
sified according to ILAR as extended 
oligoarthritis and polyarthritis, the joint 
count was very low in patients with ac-
tive arthritis.
Previous studies on this subject have 
yielded conflicting results. A positive 
correlation between circulating cal-
protectin levels and disease activity at 
baseline and subsequent response to 
therapy with methotrexate or biologics 
has been previously shown. Alberdi-
Saugstrup et al. investigated the asso-

Fig. 2. Comparison of S100A8/9 (calprotectin) serum levels according to clinically and sonographically disease activity status. 
A: serum calprotectin in healthy control, clinically active patients and clinically inactive patients. 
B: serum calprotectin in healthy control, US active patients and US inactive patients. 
C: plasma calprotectin in healthy control, clinically active patients and clinically inactive patients. 
D: plasma calprotectin in healthy control, US active patients and US inactive patients.
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ciation between the pre-treatment level 
of calprotectin or hsCRP and found 
a significant positive association be-
tween the baseline concentration of 
calprotectin and CRP with achievement 
of an inactive disease after 1 year of 
treatment (38). Anink et al. performed 
a study in 88 non-systemic JIA and 
found that baseline calprotectin levels 
were higher in responders. They also 
compared patients who achieved inac-
tive disease with those not achieving 
inactive disease and found higher se-
rum calprotectin levels in patients with 
inactive disease (9). There are however 
also some published studies which are 
in agreement with our results. Recent 
published data on 72 patients with 
non-systemic JIA indicate that neither 
S100A8/9 (calprotectin) nor S100A12 
were related to disease activity (16). 
In another prospective study, Hinze et 
al. aimed to determine the relationship 
between serum levels of S100A8/A9 
(calprotectin) and S100A12 with clini-
cally inactive disease in patients with 
polyarticular forms of JIA. Comparison 
of serum levels of S100A8/A9 (calpro-

tectin) and S100A12 between patients 
who maintained clinically inactive 
disease (n=106) and those who did 
not (n=24) revealed no significant dif-
ferences between these patient groups 
(17). Our results revealed that there 
were no differences for the calprotectin 
levels in the clinically active versus in-
active disease group. We conducted our 
study on a population with limited joint 
involvement. We found an absence of 
correlation between serum/plasma cal-
protectin levels and both clinical and 
US disease activity, and that the finding 
of median values of this inflammatory 
marker were not significantly different 
from that of a healthy control group. 
To the best of our knowledge this is the 
first published study comparing serum/
plasma calprotectin levels between ac-
tive and inactive JIA patients as evalu-
ated by US. US is a potentially valu-
able tool in paediatric clinical practice 
especially in the assessment of joints 
more difficult to examine clinically 
(e.g. shoulder, hip, ankle) (28). On the 
other hands, US usage in paediatric 
rheumatology is new and user depend-

ent, which can cause misdiagnosis. 
Adding objective biomarkers such as 
calprotectin could strongly supplement 
the ultrasound results. In our study, we 
were not able to show significant differ-
ences between the groups, but we ac-
knowledge the small sample size. There 
are few studies in adult RA populations 
that demonstrated significant correla-
tion between calprotectin and clinical 
and/or US scores (39, 40).
While ESR and CRP levels were not 
sensitive enough to assess clinically ac-
tive and inactive disease in our cohort, 
there was a moderate correlation be-
tween calprotectin and CRP levels. Of-
ten, in the oligoarticular JIA category, 
the inflammatory markers are normal. 
It was demonstrated that S100A8 and 
S100A9 were strongly expressed in 
infiltrating neutrophils and monocytes 
within the inflamed joints, and could be 
found in significantly higher concentra-
tions (about 20 times) in synovial fluid 
compared with serum in oligoarticular 
type of JIA (41). These findings support 
the hypothesis that calprotectin might 
be released at sites of inflammation and 

Fig. 3. Correlation between S100A8/9 (calprotectin) and other inflammatory biomarkers [C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR)]. 
A: correlation between plasma calprotectin and ESR. B: correlation between plasma calprotectin and CRP. C: correlation between serum calprotectin and ESR. 
D: correlation between serum calprotectin and CRP.
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thus may be reliable markers to monitor 
local activity of the phagocyte system 
during inflammatory processes (41). 
Of note, fecal calprotectin is known to 
be an important marker for inflamma-
tory bowel diseases, and we have pre-
viously shown that fecal calprotectin 
levels were higher in JIA patients than 
in healthy controls, and that levels were 
significantly higher in patients with 
polyarticular than in those with oligoar-
ticular disease (unpublished data).
S100A8 (MRP8) and S100A9 
(MRP14) are calcium-binding proteins 
expressed in granulocytes, monocytes 
and macrophages during early differ-
entiation stages. Since the activation of 
the innate immune system is a hallmark 
of the pathogenesis of sJIA, S100A8/
A9 (calprotectin) serum/plasma con-
centrations seem to be a good candi-
date marker for monitoring disease 
activity, as has been already shown in 
other autoinflammatory diseases (42-
44). High levels of S100 proteins were 
reported in serum from sJIA patients, 
and were significantly higher than 
those in patients with various bacterial 
infections, thus allowing to help in the 
clinical dilemma regarding the differ-
ential diagnosis between systemic JIA 
and infectious febrile diseases (15). 

Calprotectin levels measured in blood 
matrices have been used to determine 
prediction of flares, response to treat-
ment, maintenance of therapy, and dif-
ferentiation of active from inactive dis-
ease in published articles (7-9, 17, 45, 
46). We were not able to show any re-
lation between calprotectin levels and 
disease activity. This is possibly related 
with sample size, heterogeneous group 
of patients, exclusion of systemic JIA, 
lack of follow-up data and lack of re-
peated measures of calprotectin levels. 
It is known that S100A8/9 levels vary 
in serum versus plasma, the former 
usually being higher than in the latter 
which is in keeping with our obser-
vations. Chelation of Ca2+ (EDTA) 
destructs heterodimers, resulting in 
an altered calprotectin structure (47), 
and it is hypothesised that such altered 
structure underlies the differences in 
calprotectin levels observed between 
serum and plasma (48). Indeed, in con-
trast to EDTA-plasma, serum contains 
freely available calcium which can 
cause generation of calprotectin dimers 
and oligomers. Therefore, in a sand-
wich ELISA, serum calprotectin levels 
can be artificially elevated (48, 49). It 
has also been reported that circulating 
calprotectin levels can be highly vari-

able throughout the day (50). More-
over, the kinetics of S100 protein may 
play a role. There has been no avail-
able information about the half-life 
of S100A12. It is presumably rather 
short (in the order of hours rather than 
days), similar to the half-life of the re-
lated S100A8/A9 proteins (51, 52). It 
is also known that processing time may 
influence calprotectin levels: we were 
able to process and store our samples 
within two hours from blood drawing. 
Our data provides additional evidence 
that serum and plasma matrix should 
not be used interchangeably for the 
measurement of circulating calprotec-
tin. In addition, although not statisti-
cally significant, we observed a trend 
towards higher degree of correlation 
between circulating calprotectin levels 
and measures of disease activity when 
using plasma which is consistent to ob-
servations from RA (49). 
The concordance between US and 
physical examination to define syno-
vitis in all joints was moderate (=0.60, 
95% CI 0.32–0.89). It has been sug-
gested that US may be more sensitive 
in detecting joint inflammation in pa-
tients with JIA than the clinical assess-
ment (21, 22, 25). However, the role 
of US-detected synovitis when clinical 
manifestations in JIA are absent is un-
known. In our previous study, we found 
that US abnormalities are a strong pre-
dictor of relapse at individual patient 
but not at joint level (27). In our current 
study, concordance indicated a moder-
ate agreement. Clinical and US assess-
ment agreed in 80% of cases to define 
disease status. Among clinically active 
patients (n=14), 12 of them were also 
found active by US evaluation (85.7%). 
However, a quarter of the cases judged 
inactive by the paediatric rheumatolo-
gist showed the presence of subclinical 
synovitis (4/16, 25%) with US exami-
nation (Fig. 4). With no gold standard 
(e.g. magnetic resonance imaging) 
available, the jury is still out.
In conclusion of our small series of 
patients, serum levels of calprotectin 
were not associated with disease status 
as active or inactive both clinically or 
sonographically in children with non-
systemic type of JIA, and its levels were 
moderately correlated with CRP. High 

Fig. 4. Concordance of physical examination and ultrasound. 
A: agreement between US and clinical disease activity status. B: comparison between US and clinical 
disease. C: agreement of activity between Wallace and US.
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serum calprotectin levels could be relat-
ed with a polyarticular disease either in 
clinical activity or in subclinical remis-
sion. Our study is limited by its cross-
sectional nature, the relatively small 
sample size and the small number of pa-
tients in subgroups. This is a preliminary 
study which needs to be extended with 
further work including large number of 
patients and designed as prospectively, 
to outline the importance of calprotectin 
for use in clinical practice and for deci-
sion making protocols.
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