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Abstract

Objectives: The aim of the investigation was to compare blood calprotectin (MRP8/14, S100A 8/9) 
levels in patients with systemic-onset, polyarticular, RF-negative and oligoarticular subtypes of juve-
nile idiopathic arthritis (JIA), and to explore links between blood calprotectin levels and clinical and 
laboratory markers of JIA activity.
Material and methods: Measurement of calprotectin in blood serum was performed in 160 patients 
with JIA followed up at Lviv Regional Council Public Institution “Western-Ukrainian Specialised Chil-
dren’s Medical Centre”. Seventeen patients with systemic-onset JIA (sJIA) and 49 patients with oth-
er JIA subtypes (RF-negative polyarthritis and oligoarthritis) in the active phase of the disease were 
included in this study. Determination of calprotectin levels in blood serum was performed using 
EK-MRP8/14 Buhlmann Calprotectin reagents (Buhlmann, Switzerland) by the ELISA method.
Results: The results of the investigations showed that blood calprotectin levels were higher in pa-
tients with systemic-onset subtype of the disease (median 13,800 ng/ml), and differed significantly 
from levels in healthy children (median 1,800 ng/ml, p = 0.00002), levels in patients with articular 
subtypes of JIA (median 2,700 ng/ml, p = 0.000008), and patients with RF-negative polyarthritis 
(median 3,800 ng/ml, p = 0.003226) and oligoarthritis (median 2,500 ng/ml, p = 0.000009). The 
highest blood calprotectin levels were found in patients with newly diagnosed sJIA, the median be-
ing 32,500 ng/ml (range: 13,800–177,000 ng/ml). Direct correlations were found between blood cal-
protectin and JADAS 27 activity score (p = 0.000009), ESR (p = 0.000079) and CRP (p = 0.000058).
Conclusions: Blood calprotectin level is one of the measures that can be used to confirm the diag-
nosis of sJIA and to monitor the disease activity and therapy effectiveness.
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Introduction

In recent years special attention in diagnostics of sys-
temic-onset juvenile idiopathic arthritis (sJIA) started to 
be paid to determination of levels of S100A8 (also called 
MRP-8) and S100A9 (also called MRP-14) proteins, which 
are secreted at the time of neutrophil and monocyte ac-
tivation, and have a common name – blood calprotectin 
[1-5]. Blood calprotectin (MRP-8/MRP-14) is a complex 
that stimulates endogenous Toll-like receptors on cells, 
leading to production of anti-inflammatory cytokines. 

According to many studies conducted over recent years, 
S100A8 and S100A9 proteins are recommended for use 
in differential diagnostics of sJIA and fevers of unknown 
origin (infectious, oncologic), for subclinical inflamma-
tion detection and for therapy response control. Mea-
surement of blood calprotectin level may help in pre-
dicting the JIA subtype, which determines the choice of 
further therapeutic tactics [6-7].

The aim of this study was to compare blood calpro-
tectin (MRP8/14, S100 8/9) levels in patients with sys-
temic-onset, polyarticular, RF-negative and oligoarticular 
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subtypes of JIA, and to investigate correlations between 
blood calprotectin levels and clinical and laboratory 
markers of JIA activity.

Material and methods

Measurement of calprotectin in blood serum was 
performed in 160 patients with JIA followed up at the Lviv 
Regional Council Public Institution “Western-Ukrainian 
Specialised Children’s Medical Centre”, among them  
17 patients with sJIA and 49 patients with polyarthri-
tis with negative rheumatic factor and oligoarthritis in 
the active period of the disease. Diagnosis of JIA was 
made according to ILAR classification criteria, Durban, 
1997, Edmonton, 2001 [8]. The control group comprised 
10 healthy children (4 boys and 6 girls) aged between 
7 months and 17 years.

Bioethics committee has made agreement for this 
research work. Determination of calprotectin levels in 
blood serum was performed using EK-MRP8/14 Buhl-
mann Calprotectin (MRP-8/14 (S100A 8/9) reagents, 
Switzerland, by the ELISA method. The tests were per-
formed at “Intersono” laboratory, Lviv.

Statistical analysis was performed using “STATIS-
TIC 8.0” software package. Distribution of quantita-
tive measures in the group is presented as the median 
(minimum-maximum) [lower-upper quartiles], because 
distribution of parametric data in the samples was 
non-Gaussian (validation using Shapiro-Wilk criteria). 
Comparison of rank and parametric data was performed 
using Mann-Whitney criteria, which needs no check for 
normality of distribution and is suitable for comparison 
of small samples. 

Results of the study

Characteristics of JIA patients, in whom blood cal-
protectin level was determined, are presented in Table I. 
Out of 160 patients, 87 had active disease, while 73 
were in remission or had an inactive disease. 102 pa-
tients received immunosuppressive therapy with meth-
otrexate, 3 with sulfasalazine, 13 with adalimumab, 14 
with tocilizumab, and 7 with etanercept.

Seventeen patients with sJIA and 49 patients with 
other JIA subtypes (polyarthritis with negative rheumat-
ic factor and oligoarthritis) in the active period of the 
disease entered this study (Table II).

Among patients with systemic-onset arthritis, 6 were 
boys and 11 girls, with a median age at disease onset of 
2.5 years (range 1–12) and median disease duration of  
4 years (range: 0.4–6). Median number of joints involved 
was 2 (range: 0–19). Median JADAS 27 activity score was 
10 (range: 0–35). 

Among patients with seronegative polyarthritis, 2 we- 
re boys and 10 girls. Median age at disease onset was 
5.5 years (range: 2.8–11 years) with a median disease 
duration of 1 year (range: 0.02–6 years). Median number 
of joints involved was 4.5 (range: 0–28). Median JADAS 
27 activity score was 6.5 (range: 0–36). Thirty-seven 
children with oligoarthritis were investigated (11 boys 
and 26 girls). Median age at disease onset was 3 years 
(range: 1–15.8 years) with a median disease duration 
of 2.5 years (range: 0.1–14.5 years). Median number of 
joints involved was 1 (range: 0–8). Median JADAS 27 ac-
tivity score was 5 (range: 0–25). 

Blood serum calprotectin levels were higher in patients 
with systemic-onset disease (median 13,800 ng/ml), be-
ing significantly different from values of healthy children 
(median 1,800 ng/ml, p = 0.00002), patients with articular 
forms (median 2,700 ng/ml, p = 0.000008), patients with 
RF-negative polyarthritis (median 3,800, p = 0.003226) 
and oligoarthritis (median 2,500 ng/ml, p = 0.000009).

The highest calprotectin values were found in chil-
dren with newly diagnosed sJIA, the median being 
32,500 ng/ml (range: 13,800–177,000 ng/ml). This index 

Table I. Features of JIA patients tested for blood calpro-
tectin levels in blood serum 

Total number 160

Gender (m/f), numbers 54/106

JIA subtypes, numbers

systemic 24

polyarthritis, RF– 28

polyarthritis, RF+ 6

enthesitis-related arthritis 29

oligoarthritis 72

psoriatic 1

Age at time of investigation, years, me-
dian (min.-max.) [lower-upper quartiles]

10.0 (1.0–32.0) 
[5.0–14.0]

Age at disease onset, years, median 
(min.-max.) [lower-upper quartiles]

5.0 (0.6–17.0)
[2.5–10.3]

Disease in active phase, numbers 87

Remission, numbers

medication-induced 64

non-medication 9

Therapy, numbers

adalimumab 13

tocilizumab 14

etanercept 7

methotrexate 102

prednisolone 14

sulphasalazine 3
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was significantly higher not only in comparison with 
systemic-onset arthritis patients in the inactive peri-
od (median 1,700 ng/ml, range: 600–7,100 ng/ml), but 
also in comparison with patients in the active period at 
the time of disease flare (median 6,000 ng/ml; range:  
3,100 ng/ml up to 20,300 ng/ml) (Fig. 1).

A study investigating the correlation of blood serum 
calprotectin levels in all patients with JIA in the active 
period of the disease with clinical and laboratory pa-
rameters of disease activity was performed. A direct 
correlation was found between calprotectin and JADAS 
27 activity score (p = 0.000009), ESR (p = 0.000079) and 
CRP (p = 0.000058) (Fig. 2–4).

Discussion

 Systemic-onset JIA is a multifactorial auto-inflam-
matory disease, which manifests with arthritis, febrile 
spikes, erythematous rash, hepatosplenomegaly and 
serositis [9]. At disease onset usually just hectic fever 
is present, while symptoms of arthritis – the most im-
portant signs confirming the disease – are often absent. 
There are difficulties in diagnosis of systemic-onset ar-
thritis in the initial phase of the childhood disease due 
to the need for differentiation not only with various JIA 

Table II. Clinical and laboratory data of patients with systemic-onset JIA, seronegative polyarthritis and oligo- 
arthritis

Parameters Healthy children 
control group

Group of children with 
systemic-onset JIA

Group of children with oligoarthritis 
and RF– polyarthritis

median (min. – max.) [lower – upper quart.]

Number 10 17 49

Gender, m/f 4/6 6/11 13/36

Age at onset, years – 2.5 (1.0–12.0) [2.5–4.0] 3.9 (1.0–15.8) [2.0–8.0]

Duration of JIA, years – 4.0 (0.0–31.0) [0.4–6.0] 2.0 (0.02–14.5) [0.5–5.0]

Number of joints involved – 2 (0–19) [0–2] 2 (0–28) [1–2]

JADAS 27 – 10.0 (0.0–35.0) [8.0–20.0] 6.0 (0.0–36.0) [3.0–9.0]

ESR, mm/hr 7.0  
(4.0–19.0) 
[5.5–12.8]

10.0 (2.0–64.0) [5.0–43.0]

**p = 0.191740

8.0 (0.0–38.0) [5.0–14.3]
*p = 0.073255
**p = 0.983577

CRP, mg/l 3.3 
(0.4–8.4)
[2.9–4.4]

8.0 (6.0–48.0) [6.0–24.0]

**p = 0.000148

6.0 (0.0 – 36.0) [6.0–6.0]
*p = 0.011099

**p = 0.000896

WBC, ×109/l 7.2
(4.3–11.9)
[5.6–9.2]

10.0 (4.0–20.0) [6.0–11.5]

**p = 0.214848

7.9 (0.7–17.0) [6.0–10.0]
*p = 0.232594
**p = 0.635151

Calprotectin,  
× 103 ng/ml

1.8  
(1.0–2.7) 
[1.5–2.3]

13.8 (3.1–177.0) [5.8–26.0]

**p = 0.00002

2.7 (0.4–49.5) [1.7–4.0]
*p = 0.000008
**p = 0.051134

*p – in comparison with sJIA, **p – in comparison with control

Fig. 1. Comparison of blood serum calprotectin 
levels in healthy subjects of the control group 
and patients with active sJIA, newly diagnosed 
sJIA and patient in remission phase.
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subtypes, but with other diseases manifesting with hec-
tic fever. The most common causes of fever of unknown 
origin (FUO) are infectious diseases. Other FUO causes 
could be oncological and haemato-oncological diseases. 
The role of blood serum calprotectin for diagnostics of 
systemic-onset JIA has been investigated in many stud-
ies [10]. In the study by Frosch et al. (2009) the serum cal-
protectin level statistically significantly increased in pa-
tients with active systemic-onset JIA (up to 14,920 ±4,030 
ng/ml) in comparison with healthy children of the control 
group (340 ±70 ng/ml) [10]. MRP-8/MRP-14 indices in pa-
tients with acute lymphoblastic leukaemia were within 
the range of 650 ±280 ng/ml, in patients with acute mye-
loblastic leukaemia 840 ±940 ng/ml, and in patients with 
neonatal-onset multisystem inflammatory disease 2,830 
±580 ng/ml, which is statistically significantly lower than 
in patients with systemic-onset arthritis [10]. 

MRP-8/MRP-14 concentration in patients with sys-
temic-onset arthritis was statistically significantly higher 
in comparison to patients with infectious diseases, re-
gardless of the infection origin. At the same time, MRP-8/
MRP-14 in patients with sJIA was above 9,200 ng/ml [10]. 
These studies demonstrate how the scientific results can 
be translated for implementation in medical practice in 
order to differentiate sJIA. The obtained results showed 
a statistically significant difference in blood serum cal-
protectin levels of JIA patients with systemic-onset versus 
non-systemic disease. In patients with sJIA the median 
calprotectin level was 13,800 ng/ml, while in patients with 
the non-systemic disease type it was 2,700 ng/ml. Similar 
results were obtained in the study by Shenoi et al. (2014), 
where the median level of calprotectin in patients with 
systemic-onset JIA was 38,600 ng/ml, and in patients with 
a non-systemic disease course it was 4,700 ng/ml [11]. 

Fig. 2. Correlation relationship of blood serum 
calprotectin level and JADAS 27 (Juvenile Arthri-
tis Disease Activity Score) in patients with JIA  
(p = 0.000009, R = 0.501128).
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Fig. 3. Correlation relationship of blood serum 
calprotectin level and ESR in patients with JIA  
(p = 0.000079, R = 0.450954).
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Fig. 4. Correlation relationship of blood serum 
calprotectin level and CRP in patients with JIA  
(p = 0.000058, R = 0.480845).
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The higher levels of calprotectin in patients involved 
in the Stanford University study can be explained by the 
fact that the majority of patients with sJIA had newly 
diagnosed disease [11]. In the study conducted at our 
clinic the highest calprotectin level was found in children 
with newly diagnosed sJIA (median 32,500 ng/ml, range: 
13,800–177,000 ng/ml) (Fig. 1). In the Holtzinger et al. 
study [12] the highest calprotectin levels were found in 
blood of patients with newly diagnosed sJIA, the medi-
an being 24,750 ng/ml, high levels persisted in patients 
with active form of the disease (12,030 ±3,090 ng/ml), 
while patients in the inactive period of sJIA had values 
comparable with data of healthy children from the con-
trol group (864 ±86 ng/ml). Serum MRP-8/MRP-14 levels 
in patients with sJIA from AID-NET (German registry of 
patients with sJIA) at the time of flare were statistical-
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ly significantly higher (median 9,600 ng/ml, range: 100 
to 48,610 ng/ml) in comparison with levels in these pa-
tients at disease remission (median 2,965, range: 0 to 
45,390 ng/ml) [13].

Given that MRP-8/MRP-14 level reflects the subclinical 
activity of systemic-onset arthritis, this index can be used 
to monitor treatment effectiveness, and can be used as 
a therapeutic response marker. Measurement of MRP-8/
MRP-14 level provides a possibility to reveal patients with 
systemic-onset arthritis in the inactive stage of the dis-
ease, but with the risk of a flare [12]. It was shown that 
patients with sJIA in the clinical remission stage with 
calprotectin levels above 740 ng/ml are prone to disease 
flare [12]. Studies conducted in our clinic demonstrat-
ed a direct correlation of clinical and laboratory activity 
markers with blood serum calprotectin levels of patients 
with JIA, which indicates prospective viability of its use as 
a sensitive biomarker of subclinical activity of the disease.

Thus, the first results of the conducted study show 
that determination of serum MRP-8/MRP-14 level helps 
in diagnostics of systemic-onset juvenile arthritis, which 
is paramount for children with newly diagnosed JIA. 
Measurement of MRP-8/MRP-14 level can be used to 
monitor the subclinical activity of systemic-onset arthri-
tis and for identification of patients with a potential risk 
of disease flare [2].

Measurement of MRP-8/MRP-14 in patients with 
systemic-onset arthritis is considered today as a new 
important therapeutic management instrument, which 
helps in diagnosis of this JIA subtype, and in decision 
making on termination of therapy without the risk of 
further exacerbation of the disease.

Conclusions

1. Blood serum calprotectin levels can be used for 
confirmation of diagnosis of sJIA and for monitoring the 
disease activity and therapy effectiveness.

2. Calprotectin levels in blood serum are highest in 
patients with newly diagnosed sJIA.

The author declares no conflict of interest.
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