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Abstract

Objectives: The study aim was to prospectively evaluate the relationship between disease flare de-
velopment in children with juvenile idiopathic arthritis (JIA) after discontinuation of treatment and
serum calprotectin levels (MRP8/14).

Material and methods: Determination of blood serum level of calprotectin was performed in
54 patients with inactive JIA from various regions of Ukraine. The inclusion criterion was the exis-
tence of an inactive state of the disease in children with JIA for at least 6 months. During 1 week
after blood sampling for determination of serum calprotectin (MRP8/14) level the patients were
completely discontinued of all therapy. Determination of calprotectin level in blood serum was per-
formed with reagents EK-MRP8/14 Buhlmann (MRP8/14; S100A8/9), Switzerland, using the ELISA
method.

Results: The trial results showed that 3 months after discontinuation of treatment in patients with
inactive JIA, the flares developed in 5 out of 54 patients (9.3%). The median calprotectin level before
discontinuation of the treatment was 1,700 ng/mlin patients who developed a flare, and 1,500 ng/ml
inother studied patients (not statistically significant). At 6 months, the flare had developed in an addi-
tional 3 out of 48 (6.3%) of patients, who continued to be followed up, while their median calprotectin
serum levelswere 1,300 ng/mland 1,500 ng/mlrespectively (not statistically significant). At 12 months,
the flares had developed in 13 more out of 45 (28.9%) patients, who continued to be followed up,
while the median calprotectin serum levelin these patients before discontinuation of treatment was
1,100 ng/ml and 1,650 ng/ml respectively (not statistically significant).

Conclusion: After discontinuation of treatment a flare over the next year of follow-up developed
in 38.9% of patients. The study results did not reveal a significant difference in calprotectin level in
patients with JIA prior to complete discontinuation of treatment who developed a flare and those
without a flare after 3, 6 and 12 months.

Key words: juvenile idiopathic arthritis, blood calprotectin, biomarkers, flare.

Address for correspondence:

Yaryna Boyko, Department of Pediatrics, Western-Ukrainian Specialized Children’s Medical Centre, 27 Dnisterska St., 79035 Lviv, Ukraine,
e-mail: jpoyko@ukr.net

Submitted: 15.04.2020; Accepted: 15.07.2020

Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0)



Blood calprotectin in children with juvenile idiopathic arthritis

203

Introduction

With up-to-date treatment most patients with juve-
nile idiopathic arthritis (JIA) reach the state of inactive
disease and remission. After complete discontinuation
of treatment, the flares of the disease develop only in
a fraction of patients. Logically therefore a question
arises: which patients with JIA can stop the treatment
without having a flare of the disease in the future? It
is important to verify those patients with JIA in remis-
sion, who will not develop disease flare after discontin-
uation of treatment. The decision regarding compete
discontinuation of treatment today is based mainly on
empirical experience of practicing pediatric rheumatol-
ogists. Thus, is it possible to predict the disease course
after discontinuation of treatment? Are there biomark-
ers which could predict the possible flare of the disease?
Several up-to-date laboratory markers reflect the sub-
clinical activity of the disease [1-3].

These include MRP8/14, called blood calprotectin.
Given that MRP8/14 reflects the subclinical activity of
JIA, this parameter can be used to monitor the treat-
ment effectiveness, as well as prediction of the disease
flare after discontinuation of treatment.

Numerous studies have shown that MRP8/14 may
serve as an independent prediction marker of JIA flare
risk after discontinuation of treatment [1, 2, 4-10].

The study aim is to prospectively evaluate the dis-
ease flare development in children with JIA after dis-
continuation of treatment and serum calprotectin levels
(MRP8/14).

Material and methods

Determination of blood serum level of calprotectin
was performed in 54 patients with inactive JIA from
various regions of Ukraine (Lviv, Kropyvnytskyi, Iva-
no-Frankivsk, Odessa, Kherson, Kharkiy, Vinnytsia, Mar-
iupol, and Ternopil). The JIA diagnosis was determined
based on ILAR criteria, Durban, 1997, Edmonton, 2001
[11, 12].

The inactive disease state was determined accord-
ing to Wallace criteria, 2011 [13]. The inclusion criterion
was the existence of an inactive state of the disease in
children with JIA for at least 6 months. During 1 week
after blood sampling for determination of blood calpro-
tectin (MRP8/14) level the patients were completely dis-
continued of all therapy. The blood serum samples were
kept frozen until the time of investigations at minus
20°C. Blood samples were transported frozen. Further
follow-up of patients covered by this study continued
for the next 12 months and included visits to a physician
every three months with clinical and laboratory inves-
tigations. Calprotectin determination was performed at

the first examination (BO) and 3 months after discontin-
uation of treatment (B1).

Determination of calprotectin level in blood serum
was performed with reagents EK-MRP8/14 Buhlmann
(MRP8/14; S100A8/9), Switzerland, using the ELISA
method. The analysis was performed in the laborato-
ry of Communal Non-profit Enterprise of Lviv Regional
Council “Western-Ukrainian Specialized Children’s Med-
ical Centre”.

Statistical processing of data was performed using
the STATISTIC 8.0 software package. Distribution of
quantitative parameters in the group is represented as
median (minimum-maximum) [lower-upper quartiles],
given that the distribution of parametric parameters
in the sampling was non-Gaussian (in the Shapiro-Wilk
test). The comparison of rank and parametric parame-
ters was performed according to Mann-Whitney criteria,
which do not require testing for normal distribution and
are acceptable for comparison of small sample groups.

Results

A 54 patients with JIA from 9 Ukrainian pediatric
rheumatology centers were enrolled in the study. Medi-
an age for these patients was 8.6 years, with median
disease duration being 36 months. Patients of female
gender prevailed (68.5%). All patients were in the state
of inactive disease, the median of which was 11 months,
with the minimal duration of inactive disease being
6 months.

Patients with all types of the disease course were
enrolled in the study, among whom patients with oli-
goarthritis prevailed (59.3%); 22.2% of patients had
polyarticular JIA, and the rest in equal degree (9.3%)
were distributed between patients with systemic JIA
and enthesitis-related arthritis. The majority of patients
(88.9%) received background monotherapy with meth-
otrexate; three patients were prescribed methotrexate
together with biological agents (tocilizumab in one case,
adalimumab in another, and etanercept in the third),
one patient received etanercept, and one other received
sulfasalazine.

Median calprotectin level in all patients with JIA who
had an inactive form of the disease before complete dis-
continuation of the treatment was 1,550 (200-30,000)
ng/ml, and in patients treated in the past with meth-
otrexate only 1,450 (200-30,000) ng/m! (Table I). Our
study assessed the possible dependency of calprotectin
level in patients with inactive JIA disease on the type of
the disease (Table Il), duration of inactive disease up
until the moment of discontinuation of treatment, the
child’s age (before and after 5 years), and overall dura-
tion of the disease until the moment of discontinuation
of treatment.
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Table I. Features of juvenile idiopathic arthritis (JIA) pa-
tients enrolled in the study

Features Value
Total number of subjects 54
Age at time of the study, years, 8.6 (1.8-18.6)
median (min-max)
Age of JIA onset, years, median 3.7 (1.1-17.0)
(min—max)
Gender, number of subjects (%)
Females 37 (68.5)
Males 17 (31.5)

Disease duration, months, 36.0 (10.0-180.0)

median (min—-max)

Inactive disease duration, months, 11.0 (6.0-36.0)

median (min-max)

JIA disease type, number of subjects

Systemic 5
Polyarthritis 12
Oligoarthritis 32
Enthesitis-related arthritis 5
Inactive disease criteria
Systemic signs, absent/present 54/0
Arthritides, absent/present 54/0
ESR, mm/h, median (min—-max) 5 (2-20)
Uveitis, absent/present 54/0
VAS, score, median (min—max) 0(0-1)
JADAS27, score, median (min—-max) 0 (0-1)
CHAQ, median (min—-max) 0 (0-0)
Therapy on which an inactive disease
state was achieved
Methotrexate 48
Methotrexate, etanercept 1
Methotrexate, adalimumab 1
Methotrexate, tocilizumab 1
Methotrexate, Delagil 1
Sulfasalazine 1
Etanercept 1
Blood calprotectin, ng/ml, median 1,550
(min—max) (200-30,000)
Blood calprotectin, ng/ml, median 1,450

(min—-max)* (200-30,000)

* Therapy with methotrexate only

The study results showed that in patients with JIA
who have clinical signs of inactive disease, the median
calprotectin level is determined at the level between
600 ng/ml (enthesis—arthritis), 1,400 ng/ml (oligoarthri-
tis), 1,800 ng/ml (polyarthritis), and up to 3,200 ng/ml
(systemic arthritis), but no significant differences in blood
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calprotectin level were found between patients with dif-
ferent types of JIA (Table Il). In particular, no statistically
significant difference was found between the level of
blood calprotectin and duration of the inactive disease:
6 months, 6-12 months, and 12 and more months.

Median blood calprotectin level in patients with in-
active JIA of 6 months duration was 1,900 ng/ml, of 6 to
12 months duration — 1,150 ng/ml, and over 12 months
duration — 1,550 ng/ml. Median blood calprotectin lev-
el in patients with inactive JIA disease up to 5 years of
age was 1,650 ng/ml, and in patients over 5 years of
age — 1,450 ng/ml. Median blood calprotectin level in
patients with inactive JIA who had disease duration up
to 24 months was 1,200 ng/ml, and over 24 months —
1,600 ng/ml, the difference being not statistically signif-
icant too.

At 3 months, data regarding 54 patients were ob-
tained, and it was found that 5 of them (9.3%) devel-
oped a flare of JIA (Table Ill). Median calprotectin level
in patients with JIA 3 months after discontinuation of
treatment was 800 ng/ml. Comparison of blood cal-
protectin levels before discontinuation of treatment in
patients with JIA who developed a flare 3 months after
discontinuation of treatment (5 patients) and those
without a flare (49 patients) was performed. No statis-
tically significant difference in these parameters was
found, their median calprotectin levels being 1,500 ng/
mland 1,700 ng/ml respectively.

At 6 months, exacerbation was seen already in 8 pa-
tients (14.8%). Similarly to the above results, no statis-
tically significant difference in calprotectin levels prior
to discontinuation of treatment was found between
JIA patients who developed and those who did not de-
velop flares, median calprotectin level being equally
1,500 ng/mlin each group (Table Il1).

At 12 months, the flares had developed already in
21 subjects (39.6%). Calprotectin level prior to discon-
tinuation of treatment in JIA patients with a flare was
1,300 ng/ml, and without a flare — 1,650 ng/ml (Table II1).

Thus, it was established that in 3 months the flare
of the disease developed in 5 out of 54 patients (9.3%)
(Table 1V). Median calprotectin level before discontin-
uation of treatment was 1,700 ng/ml, and in patients
who did not develop a flare — 1,500 ng/ml. One pa-
tient (a girl) dropped out of the study at 3 months. At
6 months, the flares had developed in an additional 3 out
of 48 patients (6.3%), who continued participation in the
study, median calprotectin level being 1,300 ng/ml and
1,500 ng/ml respectively.

At 12 months, the flares had developed in an addi-
tional 13 out of 45 patients (28.9%), who continued to
be followed up by pediatric rheumatologists, median
calprotectin level in these patients before discontinu-
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Table II. Blood calprotectin level in patients with different disease types of juvenile idiopathic arthritis (JIA) prior

to discontinuation of treatment

Disease type Number Calprotectin level, ng/ml, p
of patients median (min-max) (Mann-Whitney criteria)
Oligoarthritis 32 1,400 (200-30,000) p? =054
13
Polyarthritis 12 1,800 (200-11,200) po= %23
p—=0.
Systemic arthritis 5 3,200 (500-22,600) p?2 =021
Enthesitis-related arthritis 5 600 (400-24,000) p?=0.92
p**=0.40

p¥? —compared to patients with oligoarthritis and polyarthritis, p'> — compared to patients with oligoarthritis and systemic arthritis,
p* — compared to patients with oligoarthritis and enthesitis-related arthritis, p?> — compared to patients with polyarthritis and systemic

arthritis, p?> — compared to patients with polyarthritis and enthesiti

and enthesitis-related arthritis.

s-related arthritis, p>* — compared to patients with systemic arthritis

Table Ill. Study of links between blood calprotectin level in patients with juvenile idiopathic arthritis (JIA) prior to

discontinuation of treatment and flare risk

Follow-up Total Gender Flare development, Calprotectin level in patients with JIA at visit 0
(male/female) number (abs., %) (ng/ml, median [min-max]), who
Developed a flare Did not develop a flare
At 3 months 54 17/37 5(9.3%) 1,700 1,500 (200-30,000)
(920-24,000)
p** =035
At 6 months 53* 17/36* 8 (15.1%) 1,500 1,500 (200-30,000)
(200-30,000)
p** =0.619
At12 months  53* 17/36* 21 (39.6%) 1,300 (200-30,000) 1,650 (200-11,200)
p** =034

* One patient withdrew from the study at 3 months, ** Mann-Whitney criteria.

Table IV. Study of links between blood calprotectin level in patients with juvenile idiopathic arthritis (JIA) prior to

discontinuation of treatment and flare risk

n = 13/45 (28.9%)

Follow-up, Calprotectin in patients with JIA at visit 0, ng/ml, median p

flares/in total (min-max) (Mann-Whitney criteria)
(% of flares) Flares No flares

At 3 months 1,700 (920-24,000) 1,500 (200-30,000) 0.35
n="5/54(9.3%)

At 6 months 1,300 (600-1,900) 1,500 (200-30,000) 0.70

n =3/48* (6.3%)

In 12 months 1,100 (200-30,000) 1,650 (200-11,200) 0.16

* One patient withdrew from the study at 3 months.

ation of treatment being 1,100 ng/ml and 1,650 ng/ml
respectively.

Discussion

In the last years blood calprotectin (MRP8/14) has
been extensively studied as a potential biomarker of
disease activity and treatment response in rheumatic
and other inflammatory diseases. A direct correlation

was found between blood calprotectin level and JADAS
27 activity score, ESR and CRP in patients with JIA [14].
In patients with enthesitis-related arthritis a correlation
was found between the MRP8/14 levels and disease ac-
tivity [4].

The blood calprotectin level is currently regarded
as a verification marker for diagnostics of systemic JIA
(sJIA), as it enables differential diagnostics with many
diseases accompanied by a fever. In the study by Frosch

Reumatologia 2020; 58/4
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[15] for the first time it was shown that serum calprotec-
tin level statistically significantly increases in patients
with active sJIA (from 14,920 +4,030 ng/ml) as compared
with healthy children of the control group, and patients
with leukemia and infectious diseases.

The results of the study that we performed in the
past have shown that blood calprotectin level was high-
er in patients with a systemic disease course (median
13,800 ng/ml) and statistically significantly differed from
the parameters in healthy children (median 1,800 ng/ml),
patients with articular forms of JIA (median 2,700 ng/ml),
patients with polyarthritis with negative RF (median
3,800 ng/ml), and oligoarthritis (median 2,500 ng/ml).
The highest calprotectin levels were found in patients
with newly diagnosed sJIA, median being 32,500 ng/ml
(from 13,800 to 177,000 ng/ml) [14]. The role of blood
calprotectin (MRP8/14) for diagnostics of systemic JIA
(slIA) is confirmed by many studies; therefore blood cal-
protectin (MRP8/14) level is currently a widely recognized
biomarker used to confirm the diagnosis of sJIA [15, 16].

It was shown that in patients with rheumatoid ar-
thritis (RA) MRP8/14 is a strong predictor of response to
biological treatment [5]. Another MRP8/14 study estab-
lished that this parameter helps to predict the therapeu-
tic response to treatment with methotrexate within the
heterogeneous group of patients with JIA [6]. The results
of this study enable the information about MRP8/14 lev-
el to be used for clarifying the issue of which patient will
be a responder to methotrexate treatment, and which
one will be better off with earlier introduction of biolog-
ical therapy.

Studies of blood calprotectin level in patients with
JIA have shown that its level was higher compared to
the level in healthy controls, and higher in patients who
had an active disease in comparison with patients in the
remission status of JIA, being 9,600 (100-48,610) ng/ml
and 2,965 (0-45,390) ng/ml respectively [1].

Because of the proven role of blood calprotectin
(MRP8/14) as a sensitive biomarker of subclinical activi-
ty in patients with JIA, and because its level statistically
significantly differs in JIA patients with active disease
and in the remission period, results of its determination
have started to be used for prediction of disease relapse
after discontinuation of treatment — as an instrument
for JIA disease course prediction.

The prognostic value of MRP8/14 regarding risk of
relapse development in patients with JIA, who had clini-
cal remission for at least one year after discontinuation
of methotrexate treatment, is reflected in a number of
studies. The prognostic role of blood calprotectin was
first declared in the study by Foell et al. [7]. Obtained
results have shown that MRP8/14 level above 250 ng/ml
statistically significantly predicted risk of JIA relapse [7].
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The same authors hypothesized that three biomark-
ers (S100A12, MRP8/14, and hsCRP) can serve as predic-
tors of flare development after discontinuation of treat-
ment in patients with JIA. This study has shown that
MRP8/14 may serve as an independent prediction mark-
er of JIA flare risk after discontinuation of treatment.
Upon comparison of patients who were in the state of
stable remission and patients with JIA who developed
a flare within 6 months after discontinuation of treat-
ment, the median MRP8/14 level was 440 ng/ml and
850 ng/ml respectively [2].

The link between the MRP8/14 level and the disease
flare after discontinuation of etanercept was studied.
Patients who experienced a flare of the disease within 6
months after discontinuation of etanercept had a higher
blood calprotectin level in the period of discontinuation
of treatment than patients without a flare, the median
blood calprotectin level being 1,025 ng/ml and 505 ng/
ml respectively [8].

Similar results regarding prediction of the sJIA flare
were obtained in the study of Holzinger et al. [9], who
proved that high MRP8/14 levels predict flares in pa-
tients with systemic-onset JIA. In patients with sJIA the
MRP8/14 level above 740 ng/ml during clinical remission
accurately predicted a flare of systemic JIA [9].

The results obtained in our study differ from the re-
sults obtained by our colleagues. We did not find a sig-
nificant difference in blood calprotectin levels in those
patients with JIA prior to complete discontinuation of
treatment who developed a flare, and without a flare af-
ter 3, 6 and 12 months. So, why do the results obtained
by us completely differ from the published data?

Our results showed substantially lower blood cal-
protectin levels in patients with JIA who are in the state
of inactive disease, compared to data obtained by us in
past studies regarding its level in the period of an active
disease. However, despite this difference, it appeared
that these low levels cannot predict a future flare of the
disease. Maybe the calprotectin level could predict a fu-
ture flare in patients with sJIA only. These speculations
are based on correlation of the pathogenesis of system-
ic JIA (autoinflammatory) and the origin of calprotectin
(MRP8/14), which is produced by monocytes and reflects
activation of the inborn immunity mechanisms — a ba-
sis of sJIA pathogenesis. In our opinion, further studies
should be performed with regard to flare risk prediction
that would engage patients with systemic arthritis only.

However, our results are consistent with data of the
study published in 2019 which investigated the predic-
tive role of blood calprotectin prior to discontinuation of
treatment with TNF inhibitors in 137 patients with poly-
articular-course JIA. No correlation was found between
time to relapse of the disease and blood calprotectin
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(MRP8/14) level prior to discontinuation of anti-TNF
therapy [10]. The authors of this study tried to answer
the question why in their study blood calprotectin had
a limited role for prediction of disease flare. An issue
of possible presence of infectious disease in the study
subjects with JIA that could influence the basal blood
calprotectin (MRP8/14) level was considered. However,
the main explanation, from the authors’ viewpoint, lay
in the clearance of biological preparation which these
patients received, influencing the investigated biological
marker. This study was related to patients on biological
therapy with TNF inhibitors, which is different from the
patients enrolled in our study.

Further studies of biomarkers that could predict
flares in patients with JIA would be important. These
could be studies of blood calprotectin in homogeneous
groups of patients, particularly those with systemic JIA.
It is likely that analysis of combined biomarkers (clini-
cal, laboratory, and instrumental) would be more worth-
while in the sense of development of biomarkers that
would predict JIA flares in children after complete dis-
continuation of treatment.

Conclusions

After discontinuation of treatment a flare over the
next year of follow-up develops in 38.9% of patients with
inactive JIA. The study results did not reveal a significant
difference in blood calprotectin levels in those patients
with JIA prior to complete discontinuation of treatment
who developed a flare and without a flare after 3, 6 and
12 months. Given that the group of JIA patients enrolled
in this study was small, it would be reasonable to con-
tinue to study the value of blood calprotectin level as
a prognostic biomarker in a larger cohort of patients.

The authors declare no conflict of interest.
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