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Summary

Introduction. Faecal calprotectin (FC) is a good marker in monitoring adults with ul-
cerative colitis (UC). Its concentrations in faeces is related to state of mucosa observed in
endoscopy. There are a few studies concerning FC in mucosa status assessment in UC
paediatric population.

Aim. Determination of cut-off points for FC levels in children with UC corresponding to
the severity of inflammation in the colon.

Material and methods. 91 patients with UC (F 45, M 46, median 14.79 years) were
involved to the study and had colonoscopy performed and FC level within a week before
endoscopy measured. Mucosa status was assessed with Mayo score. We have identified
three subgroups: those with mucosal healing and Mayo score 0 or 1, patients with mod-
erate inflammation in gut mucosa defined as Mayo score 2 and those with sever colitis
described as Mayo score 3. The ROC was used as a statistical method to establish cut-off
points. The AUC assesses the differentiation quality of the study group. We also analysed
other laboratory, clinical or demographic data to established their impact on state of mu-
cosa.

Results. Strong significant positive correlation between Mayo score and PUCAl and FC
was found, with r = 0.61; r = 0.68 respectively. AUC for FC in differentiation between mu-
cosal healing and moderate disease was 0.90 whereas mild colitis and sever disease was
0.53. The optimal cut-off levels of FC of discrimination between subgroup with no or low
disease activity and moderate activity in endoscopy findings was 300 ug/g with sensitivity
0.90 and specificity 0.82.

Conclusions. Only FC and PUCAI are strongly correlated with state of mucosa in chil-
dren with UC. FC of 300 ug/g let us to distinguish children with no or low activity of the
disease between those with moderate colitis. The differentiation between moderate and
sever colitis is not possible in UC children with usage of model based only on FC.

Streszczenie

Wstep. Kalprotektyna w kale (FC) jest dobrym markerem w monitorowaniu dorostych
pacjentéw z wrzodziejacym zapaleniem jelita grubego (UC). Jej stezenie jest zwigzane ze
stopniem aktywnosci zmian zapalnych uwidacznianych podczas badan endoskopowych.
Nieliczne prace rozwazajg znaczenie kalprotektyny w ocenie stanu $luzéwki w populaciji
pediatrycznej UC.

Cel pracy. Wyznaczenie punktéw odciecia dla stezenia FC odpowiadajgcych nasileniu
zmian zapalnych w jelicie u dzieci z UC.

Materiat i metody. Do badania wiaczono 91 dzieci z UC (K 45, M 46, mediana
14,79 roku), u ktérych wykonano kolonoskopie oraz zmierzono poziom FC w przeciggu
tygodnia przed badaniem endoskopowym. Nasilenie zmian zapalnych na $luzéwce oce-
niano w skali Mayo. Pacjentéw podzielono na trzy grupy: tych z wygojona $luzéwka jelita
grubego oceniong w skali Mayo na 0 lub 1, pacjentéw ze $rednio nasilonymi zmianami
zapalnymi w obrebie $luzéwki opisanymi jako Mayo 2 oraz tych z duzymi zmianami zapal-
nymi skalsyfikowanymi jako Mayo 3. W celu wyznaczenia punktéw odciecia jako metody
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statystycznej uzyto krzywej ROC. AUC okresla jako$¢ FC jako klasyfikatora w rozréznianiu
grupy badanej. W pracy analizowano réwniez wptyw innych badan laboratoryjnych, oceny
klinicznej i danych demograficznych na stan sluzéwki.

Wyniki. Znaleziono silng dodatnig korelacje pomiedzy oceng nasilenia zmian zapal-
nych w skali Mayo oraz PUCAI i FC z odpowiednio r = 0,61 oraz r = 0,68. AUC dla FC
w réznicowaniu pacjentéw z wygojong $luzéwka jelita grubego od pacjentéw ze $rednio
nasilonymi zmianami zapalnymi wyniosto 0,90, podczas gdy w dyskryminacji pomiedzy
$rednio zaawansowanym zapaleniem a duzym nasileniem w skali Mayo wniosto 0,53.
Optymalny punkt odcigcia FC w rozréznianiu pacjentéw bez zmian zapalnych lub z nie-
znacznie przekrwiong $luzéwka od tych ze $rednim stopniem zaawansowania choroby
wynosi 300 ug/g. Przy uzyciu tego punktu odciecia mozna zaklasyfikowaé pacjentéw do
podgrup z czutoscig 0,90 oraz specyficznoscia 0,82.

Whioski. Tylko skala PUCAI oraz FC s3 silnie skorelowane z nasileniem zmian zapal-
nych w $luzéwce jelita u dzieci z UC. FC ponizej 300 ug/g pozwala na odréznienie pa-
cjentéw bez aktywnych zmian zapalnych od tych ze $redniego stopnia stanem zapalnym
w jelicie. Uzywajac jedynie FC, nie mozna rozgraniczy¢ dzieci ze $rednig aktywnoscig

choroby od tych z intensywnymi zmianami zapalnymi.

INTRODUCTION

Ulcerative colitis (UC) is most common one of the
inflammatory bowel diseases (IBD) (1). It is closely re-
lated to immunologic dysregulation. UC natural history
consist of remissions and relapses. Due to relatively
high rate of colectomy in childhood onset of UC the
disease need to be under good monitoring (2, 3). The
gold standard in defining the state of disease activity
is colonoscopy. But this procedure is expensive and
invasive, especially in young patients. Biomarkers like
C-reactive protein (CRP), erythrocyte sedimentation
rate (ESR), serum albumin have low sensitivity and
specificity so relaying on them is not recommended in
assessing state of mucosa or in diagnosing a flare (4).
On the other hand nowadays new non-invasive mark-
ers have been developed. Most popular, cheap and
quick is faecal calprotectin (FC). Calprotectin is zinc
and calcium binding protein found in cytosol of neutro-
phils, monocytes, macrophages (5). It is related extra-
cellularly in times of cell stress or damage and can be
found in faces. FC levels are stable in room tempera-
ture up to 3 days (6, 7). Like Szczepanski et al. showed
FC is closely related to state of mucosa in paediatric
patients with IBD (8). Although FC has been available
for some time its applications in monitoring inflamma-
tion of UC patients in clinical practice have not been
standardized.

AIM

The aim of our study was to determine the relation-
ship between FC and non-invasive markers and to es-
tablish cut-off points for FC levels in children with UC
corresponding to the severity of inflammation in the
colon.

MATERIAL AND METHODS

Patients

Into the study we involved 91 children with UC (45 fe-
males, 46 males, median age 14,79) administrated in
our Institute between 2013 and 2015 year as an out-
and inpatient admission. Each of them had elective
colonoscopy performed and within a week before FC,

ESR, CRP, haematocrit (HT), platelets (PLT), weight
and height measured. They had also body mass in-
dex (BMI) and paediatric ulcerative colitis activity in-
dex (PUCAI) calculated. Disease activity was assessed
during endoscopy by Mayo score. We divided our pa-
tients into subgroups based on Mayo score. Children
with Mayo score 0 or 1 was defined as in remission,
those with Mayo 2 as mild disease and with Mayo 3 as
sever colitis. Table 1 contains patients characteristics.

Tab. 1. Patients characteristics

Parameter Characteristic
Gender:
male 46 (51%)
female 45 (49%)

Age in years (median) 14.79 (IQR 4.16)

Mayo:

0 37 (40.7%)

! 28 (30.8%)

2 19 (20.9%)

3 7 (7.7%)

Disease duration in years

(median) 1.82 (IQR 3.41)
Methods

The level of FC was assessed with Bihlmann Quan-
tum Blue Calprotectin test. Quantum Blue Calprotectin
is an immunologic test of double-binding which uses
2 types of mouse monoclonal antibodies (mAb) highly
specific to human calprotectin. The test is a dispos-
able cartridge which allows FC assessment within only
about 45 minutes. After assessment, the outcome is
registered with reader (9).

Statistics

All statistics test were performed by Statistica 12 (Stat-
Soft, Tulusa, OK, United States) and StatsDirect (Copy-
right 1993-2004, Manchester).

Quantitative variables were tested for normality by
Shapiro-Wilk test. Those with normal distribution were
presented as means and standard deviations and oth-
ers with medians and interquartile ranges (IQR). Binary
and categorical variables were shown as numbers and
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percentages. Correlation coefficient was conducted
between Mayo score and other variables by Spear-
man’s rank correlation. A p value of less than 0.05 was
considered to be statistically significant. The receiver
operating characteristic curve (ROC) was used as
a statistical method to establish cut-off points.

RESULTS

Out of analysed variables only weight was consid-
ered as normally distributed. 65 children out of 91 pres-
ents mucosal remission during full endoscopy with ter-
minal ileum intubation.

Demographic data

We did not found any significant correlation between
age of diagnosis and Mayo score but the duration of
the disease have small negative impact on endoscop-
ing findings with r = 0.27.

Clinical and laboratory evaluation

Strong positive significant correlation was found be-
tween Mayo score and FC or PUCAI with r = 0.68 and
r = 0.61 respectively and week positive correlation on
ESR, PLT with r = 0.24 and r = 0.26. The moderate
negative impact on Mayo score showed HT and BMI
with r = 0.37 and 0.32 respectively. Also negative but
week correlations was demonstrated by weight with
r = 0.25. There were no significant correlation identi-
fied between Mayo and CRP or height. The clinical,
laboratory and demographic characteristics of our pa-
tients subgroup are shown in tables 2-4.

Tab. 2. Patients with mucosal remission

n =65 Mean Median IQR SD
Age 14.36 15.16 3.77 3.22
Disease duration 3.15 2.22 3.25 2.73
PUCAI 5.27 0.00 7.50 10.44
FC 257.60 89.00 205.00 434.86
CRP 0.26 0.06 0.23 0.54
ESR 14.23 10.00 14.00 16.67
HT 39.18 38.90 4.70 4.23
PLT 289.89 283.00 112.00 91.58
Weight 54.72 54.50 20.90 17.46
Height 160.85 163.00 19.50 18.12
BMI 20.54 20.47 4.49 3.85

Tab. 3. Patient with mild disease

n=19 Mean Median IQR SD
Age 13.22 13.83 5.18 3.02
Disease duration 2.70 1.57 3.89 2.94
PUCAI 28.33 22.50 45.00 25.61
FC 1038.84 748.00 1482.00 697.36
CRP 0.38 0.11 0.50 0.67
ESR 15.37 11.00 16.00 11.30
HT 36.05 36.00 4.50 2.81
PLT 334.89 334.00 115.00 103.50
Weight 48.16 47.30 27.30 18.76
Height 160.41 164.50 36.50 16.40
BMI 18.02 18.36 4.98 4.08
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Tab. 4. Patients with severe colitis

n=7 Mean Median IQR SD
Age 12.14 11.00 5.85 3.32
Disease duration 0.23 0.27 0.43 0.26
PUCAI 41.43 55.00 45.00 24.45
FC 1292.57 1800.00 | 1653.00 799.25
CRP 0.92 0.17 1.50 1.09
ESR 22.86 23.00 17.00 11.68
HT 30.74 31.70 15.30 6.98
PLT 488.00 366.00 505.00 230.32
Weight 40.89 39.10 21.00 14.81
Height 147.86 150.00 22.00 12.36
BMI 18.39 16.22 7.08 4.87

Predicting mucosal state with FC

The area under curve (AUC) for discrimination be-
tween subgroup of patients in remission vs moderate
disease was 0.90 with cut-off level of FC = 300 ug/g
and sensitivity 0.89, specificity 0.82. The figure 1 pres-
ents ROC curve distinguishing those two subgroups.

Sensitivity

300 J < —
0.00 0.25 0.50 0.75

1.00
1-Specificity

Fig. 1. ROC curve for discriminating patients with mucosal remission
vs moderate activity lesions in mucosa

While the AUC for patients with moderate disease
vs sever lesions was 0.53 with cut-off FC = 1592 ug/g
and sensitivity 0.71, specificity 0.58. The ROC for those
subgroups is showed below on figure 2.

DISCUSSION

The incidence of UC in paediatric population world-
wide is increasing (10). There are several methods
known in assessing disease activity from non-invasive
like: PUCAI and laboratory tests to more complicate
like endoscopic evaluation. Whereas the colonoscopy
is a gold standard in assessing the disease activity it
has its limitations in cost, invasiveness, or availability
in a timely fashion. Therefore there is a great need in
developing new monitoring tools in children with UC.
One of them is FC which is closely correlated to mu-
cosal status and can distinguished between disease
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Fig. 2. ROC curve for discriminating patients with moderate colitis
vs sever colitis

activity scores observed in colonoscopy like Lobaton
Ortega et al. showed (11). In their work they observed
88 UC patients. They evaluated levels of FC that dis-
criminate patients with Mayo 0/1 on 89.4 ug/g, Mayo
1/2 on 441.2 ug/g and Mayo 2/3 on 2004.1 ug/g. But
the data from paediatric population with UC are limited.
Canani et al. studied 58 children with IBD (23 Crohn’s
disease, 32 UC) to evaluate the correlation between
FC, clinical scores, ESR, CRP, histology and endos-
copy findings (12). They found high significant posi-
tive correlation between FC and histology or endos-
copy grade of inflammation withr = 0.66 and r = 0.70
respectively. These observations are similar to ours
but we are stepping forward and calculating the cut-
off points of FC that determining the disease activity
presented in Mayo score. We showed that FC below
300 ug/g can discriminate UC children with remission
and moderate disease with high sensitivity and speci-
ficity whereas there is no reliable FC level that can dif-
ferentiate patients with moderate from sever colitis.
In this paper we have demonstrated that only PUCAI
and FC are in strong correlation with endoscopy find-
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