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ABSTRACT Fecal calprotectin (FCP) is a biomarker of intestinal inflamma-
tion and has recently been proposed as a diagnostic biomarker of food
allergy (FA) in children. The aim of this study was to compare FCP level in
infants and children under 4 years old with 1) atopic dermatitis (AD) with
food allergy (FA) and 2) children with AD and without FA with the results
in healthy controls. In total, 46 infants and children (mean age 14 months
+ 12) diagnosed with AD were divided into two groups: G1, children with
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atopic AD with FA (n=28) and G2, children with AD without FA (n=18).
10000 Zagreb The control group (G3) was made up of healthy children of the same age
Croatia (n=18). The median FCP was significantly higher in G1 compared with G2

(G1: median 154,1QR 416 ug/g vs G2: median 41.3, IQR 59 pg/g; P=0.0096).
The median FCP in children with AD and FA was significantly higher be-
fore elimination diet in comparison with FCP after 3 months of elimina-
tion diet (median 154, IQR 416 pg/g vs median 35, IQR 23 ug/g; P=0.0039).
The level of FCP was significantly positively correlated with the SCORAD
score (r=0.5544, P=0.0022). Our study showed a significant difference
in level of FCP in patients with AD without FA compared with patients
with AD and FA. We also found a positive correlation of FCP with SCORAD
score, a biomarker of AD severity. New studies are needed to investigate
the role of FCP as a biomarker of FA in children with AD.
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INTRODUCTION

Atopic dermatitis (AD) is a chronic, pruritic, inflam-
matory dermatosis that affects up to 25% of children
(1). The prevalence of food allergy (FA) in infants with
AD was reported to range from 20% to 80% in vari-
ous studies, and may be estimated at 30% (2). The
prevalence of immunoglobulin E (IgE) -mediated FA

confirmed by double-blind placebo-controlled trials
in children with AD, except in patients with a history
of anaphylaxis and positive specific IgE (slgE), ranges
from 33-63% (3-5). The early onset of the disease (be-
fore the third month of life) and the more severe form
of AD are associated with the high values of specific
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IgE on milk, eggs and / or peanuts (6). Sensitization
is not evidence of clinically relevant allergies, which
represents a significant socio-economic and medical
problem given the nutritional deficit and the conse-
qguent growth disorder to which the children are ex-
posed due to the elimination diet (7). Additionally,
food sensitization is also common after the onset
of clinical signs of AD, which is associated with the
resorption of food allergens through damaged skin
(8-10).

Fecal calprotectin (FCP) is a protein most com-
monly found in neutrophil granulocytes and to a
lesser extent in monocytes and reactive macrophag-
es (11-13). FCP gets into the stool via neutrophil
granulocytes, and its presence in the stool is usu-
ally a reflection of damage to the intestine mucous
membrane (14). Concentration of FCP is increased in
inflammatory diseases such as inflammatory bowel
disease (15), celiac disease (16), gastrointestinal form
of graft versus host disease (17), bowel diverticulosis
(18), necrotic enterocolitis (19), and acute gastrointes-
tinal infections (20). Concentration of FCP is elevated
in children with FA affecting the gastrointestinal tract

History and physical examination
(SPT and specific IgE +/-)

(GIT), and FCP was suggested as a non-invasive intes-
tinal inflammatory marker in FA (21,22).

We hypothesized that children with AD (without
GIT symptoms) have an increased concentration of
FCP compared with healthy subjects. Furthermore,
we hypothesized that there is a significant differ-
ence in the concentration of FCP in children with AD
without FA and without GIT symptoms in comparison
with patients who have both AD and FA without GIT
symptoms.

The aim of this study was to compare FCP level
in infants and children under 4 years of age suffer-
ing from atopic dermatitis (AD) with and without
food allergy (FA) (and without GIT symptoms for both
groups) with FCP level in healthy controls.

SUBJECTS AND METHODS

Subjects

A total of 64 infants and children, 40 (62.5%) boys
and 24 (37.5%) girls, age range 1 to 43 months (mean
15 months) were analysed. The 46 subjects were

Anaphylaxis or clear immediate
type reaction

Diagnostic elimination diet
Early and late reactions 2-4 weeks
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Figure 1. Diagnostic algorithm for food allergy (FA) in children with atopic dermatitis (AD).
SPT: skin prick test; IgE: immunoglobulin E; AD: atopic dermatitis
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patients with AD, while the control group consisted
of healthy children (n=18). The AD group was divid-
ed into two subgroups: G1, children with AD and FA
without gastrointestinal symptoms (n=28), and G2,
children with AD and without FA (and without gas-
trointestinal symptoms) (n=18). The characteristics of
the subjects are presented in Table 1. The diagnosis
of AD was based on the criteria of Hanifin and Rajka
(23), and the SCORing of Atopic Dermatitis (SCORAD)
index for assessing the severity of AD was evaluated
by a pediatric allergist (MN) or dermatologist (NP)
(24). The diagnosis of FA was in accordance to Euro-
pean Society for Paediatric Gastroenterology Hepa-
tology and Nutrition (ESPGHAN) Guideline: Diagnosis
and Management of Cow’s Milk Protein Allergy (25)
and standardized in-house procedure (Figure 1).
We defined FA based on the history of the subject,
if they experienced an immediate reaction follow-
ing ingestion of a specific food and increased serum
food-specific IgE levels or positive skin prick test. A
standardized oral challenge with food allergen was
performed if the specific IgE or skin prick test were
negative. A therapeutic elimination diet was pro-
vided if the standardized oral challenge with specific
food allergen was positive. Patients were considered
not to have a diagnosis of FA if the standardized
oral challenge was negative. Diagnostic elimination
diet was prescribed to patients whose history and
physical examination findings were suggestive of
the diagnosis of FA (deterioration of skin status after
ingestion of certain food allergen without a history
of an anaphylaxis or immediate type reaction) and
with negative specific IgE or skin prick test. A stand-
ardized oral challenge food allergen was performed
in patients who improved with regard to clinical
symptoms (SCORAD score) after introduction of the
elimination diet. A therapeutic elimination diet was

Table 1. Characteristics of study subjects

given if the standardized oral challenge was positive.
Patients were considered not to have a diagnosis of
FA if the standardized oral challenge was negative; in
addition, patients were considered not to have a di-
agnosis of FA if the patients showed no improvement
of the clinical symptoms (SCORAD score) during the
elimination diet.

Subjects used topical steroids, topical antibiotics,
or calcineurin inhibitors for treatment of AD at the
time of enrollment.

Diagnostic work-up was performed according
to a standardized in-house procedure (according to
ESPHGAN guideline (25) and Lieberman et al. (26)),
and in line with ethical principles (approved by the
Institutional Review Board of Children’s Hospital Za-
greb No. 02-23/14-1-16) and Declaration on Human
Rights from Helsinki 1975 and Tokyo amendments
2004-2008 (27). The parents of all subjects consented
to the study.

Exclusion criteria included subjects with a respira-
tory, urinary, or gastrointestinal tract infection dur-
ing a preceding month, use of corticosteroids or an-
tibiotics during a preceding month, cancer, systemic
inflammatory disorders, primary immunodeficiency,
inflammatory bowel disease, food allergy with gastro-
intestinal symptoms, neutropenia, infantile colic, diar-
rhea, probiotics supplementation, and prematurity.

Healthy children with no allergic disease, food al-
lergy, or gastrointestinal complaints were selected
from the Children’s Hospital Zagreb Outpatient Clinic
and from the children of healthcare workers as the
control group.

Methods

The parents completed the questionnaire which
included items on age, sex, family history of allergic

(SD), kg

Characteristics AD (n=46) G1 (n=28) G2 (n=18) Control group (n=18)
Age, mean (SD) 14.02 (12) 7.54 (4.93) 24.11(12.87) 17.6 (15.03) [1-42]
[range], months [2-43] [2-21] [3-43]

Sex, male, No (%) 31(67.4) 21 (75) 10 (55) 9 (50)

Body weight, mean | 9.54 (3.11) 7.90 (1.68) 12.12(3.14) 8.92(3.80)

IgE mediated food allergy, No (%)
. Mono-sensitized 8 (32) (4
egg, 4 cow'’s milk)
° Poly-sensitized 13 (46,4)
(13 egg white, 7 cow’s milk, 7
peanut, 7 wheat, 3 hazelnut)
Non-IgE  mediated food
(cow’s milk allergy), No (%) 7 (25)

allergy

G1: children with atopic dermatitis (AD) with food allergy (FA); G2: children with AD without FA; SD: standard deviation; IgE:

immunoglobulin E
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Figure 2. FCP in G1, children with atopic dermatitis (AD)
with food allergy (FA) (n=28) and G2, children with AD
without FA (n=18). Small boxes represent median values
and big boxes represent interquartile range (IQR).

diseases, the mode of delivery, birth weight, breast-
milk feeding, detailed history after food ingestion,
and medication.

Sensitization status was determined by skin prick
tests and / or increased level of serum IgE. The skin
prick tests (SPT) were performed according to the
Lieberman et al. (26), with 6 food allergens (Diater,
Spain): cow’s milk, hen’s egg, wheat, peanut, hazel-
nut, walnut. Negative (saline solution) and positive
(histamine 1 mg/mL) controls were used. The tests
were considered positive if a mean wheal diameter
was >3 mm compared with a negative control.

Blood sampling was done upon clinical examina-
tion between 8.00 a.m. and 12.00 a.m. The follow-
ing parameters were analyzed in a peripheral blood
specimen: white blood cell count (WBC, leukocytes)
eosinophilic granulocyte count (Eo), concentration of
eosinophil cationic protein (ECP), and concentration
of immunolobulins (Ig) IgA, IgE, IgG, and IgM. The
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Figure 3. Relationship between fecal calprotectin (FCP)
and SCORAD score (r=0.5544, 5=0.0022) i n children with
atopic dermatitis (AD) with food allergy (FA); G1 group,
n=28.

peripheral blood leukocytes and Eo counts were de-
termined using a Sysmex XN-1000 automated hema-
tology analyzer (Sysmex Corporation, Kobe Hyogo,
Japan). The serum IgA, IgG and IgM concentrations
were analysed on the Beckman Coulter AU680 ana-
lyzer (Beckman Coulter Inc, Brea, USA) by the turbi-
dimetric immunoassay method. The serum concen-
trations of total IgE (tlgE), and serum IgE of 6 food
allergens (egg white, f1; milk, f2; wheat, f4; peanut,
f13; hazelnut, f17; walnut, f256), and ECP concentra-
tion were determined using the fluorescence enzyme
immunoassay (FEIA) (ImmunoCAP, Thermo Fisher Sci-
entific, Uppsala, Sweden).

The stool samples were obtained from 64 subjects
at the time of enrollment and 3 months after elimi-
nation diet in the group of children with AD and FA.
All stool samples were extracted with the B-CAL-EX
Extraction kit (BihImann Laboratories AG, Schonen-
buch, Switzerland), and FCP concentration was

Table 2. Characteristics and outcomes of children with atopic dermatitis (AD) and FA and healthy

children (n=46)

G1 (m=28) G3 (m=18) Statistics*
Gender, male, No (%) 21(75) 9 (50) df=1, P=0.4163
Age, mean (SD) [range], months 7.54 (4.93) [2-21] 17.6 (15.03) [1-42] t=3.2980, P=0.0019
Body weight, mean (SD), kg 7.90 (1.68) 8.92 (3.80) t=1.4177,P=0.1703
FCP, median (IQR), ng/g 154 (416) 77.75 (155) Z=-1.8231, P=0.0679

G1: children with atopic dermatitis (AD) with food allergy (FA); G3: control group; SD: standard deviation; IQR: interquartile

range; FCP: fecal calprotectin

*Group comparisons were performed using the chi 2 -test for sex distribution (P=0.4163, df=1), t-test for age distribution
(t=3.2980, P=0.0019) and body weight (t=3.2980, P=0.0019), and Mann Whitney test for FCP (Z=-1,8231, P=0.0679)
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Figure 4. Relationship between SCORAD score and serum
eosinophils (r=0.5735, P=0.002) in children with atopic der-
matitis (AD) with food allergy (FA); G1 group, n=28.

measured with particle enhanced turbidimetric im-
munoassay (PETIA) (Bihlmann fCAL Turbo kit, Biihl-
mann Laboratories AG, Schonenbuch, Switzerland)
on the Beckman Coulter AU680 analyzer (Beckman
Coulter Inc, Brea, USA). The FCP concentration was ex-
pressed as micrograms per gram of feces.

SCORAD scores were assessed in all patients.

Statistical analysis

Data storage and processing for statistical analysis
was performed using Microsoft Excel 2013 (Microsoft,
USA). Continuous variables were described as mean
and standard deviation (x* SD) if they had normal
distribution, or median and interquartile range [M
(IQR)] for non-normal distribution. The variables that
were not normally distributed were normalized using
logarithmic transformation before further analysis.
Blood cell counts and immunoglobulin concentra-
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Figure 5. FCP in children with atopic dermatitis (AD) with
food allergy (FA) before elimination diet (0) and after 3
months of elimination diet (n=28). Small boxes represent
median values and big boxes represent interquartile range
(IQR).

tions were adjusted for age and expressed as Z-val-
ues. Comparisons between groups were made using
a Student’s t-test for normally distributed variables or
Mann Whitney test for non-normally distributed and
using chi*-test or Fisher exact test for categorical vari-
ables.

Analysis of covariance (ANCOVA) was used to com-
pare groups with different age distributions. Age was
used as a covariate in the models. Correlation analysis
was performed with the Spearman correlation test.
The data were analyzed using STATISTICA version 10
software program (StatSoft, Inc. Tulsa, OK) and Med-
Calc version 12 software program (MedCalc Software,
Mariakerke, Belgium). Statistical significance was set
to P<0.05 for all tests.

Table 3. Characteristics and outcomes of children with atopic dermatitis (AD) without FA and healthy

children (n=36)

G2 (N=18) G3 (N=18) Statistics**
<drc, male, No (%) 10 (55) 9 (50) df=1, P=0.8527
Age, mean (SD) [range], months 24.11 (12.869) [3-43] 17.6 (15.03) [1-42] t=-1.3933, P=0.1725
Body weight, mean (SD), kg 12.12(3.14) 8.92 (3.80) t=-1.3755, P=0.1905
FCP, median (IQR), ug/g 41.3(59) 77.75 (155) Z=0.7909, P=0.4289

G2: children with AD without FA; G3: control group; SD: standard deviation; IQR: interquartile range; FCP: fecal

calprotectin

**Group comparisons were performed using the chi 2 -test for gender distribution (P=0.8527; df=1), t-test for age distri-
bution (P=0.1725, t=-1.3933) and body weight (t=-1.3755, P=0.1905), and Mann Whitney test for FCP (P=0.4289, Z=0.7909)
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Table 4. Comparison of characteristics and outcomes between children with AD and FA before elimina-

tion diet and children with AD and without FA (n=46).

G1(N=28)

G2 (N=18) Statistics***

Sex, male, No (%) 21 (75)

10 (55) df=1, p=0.5387

Age, mean (SD) [range], months 7.54 (4.93) [2-21]

24,11 (12.87) (3-43) t=-6.1775, P<0.00001

Body weight, mean (SD), kg 7.90 (1.68) 12.12(3.14) t=-0.3909, P=0.06979
WBC, mean (SD), 13.36 (4.64) 10.45 (2.88) t=2.299, P=0.0267
Total IgE, median (IQR), kU/L 49.95 (88.4) 23.9(95.07) 7=1.0060, P=0.3144
ECP, mean (SD), x10°/L 36.99 (26.82) 13.44 (8.83) t=2.370, P=0.0307
IgG, mean (SD), g/L 4.002 (1.90) 7.135(2.392) Z=-1.1003, P=0.2712

IgA, mean (SD), g/L 0.277 (0.159) 0.647 (0.434) 7=0.3043, P=0.7618
IgM, mean (SD), g/L 0.496 (0.158) 0.845 (0.424) 7=-0.4656, P=0.6480
FCP, median (IQR), ug/g 154 (416) 41.3(59) F=7.3427, P=0.0096
SCORAD score, mean (SD) 35.32(16.26) 26.26(19.06) t=1.7241, P=0.0917

G1: children with atopic dermatitis (AD) with food allergy (FA); G2: children with AD without FA; SD: standard deviation;
IQR: interquartile range; WhBC: whole blood count, Ig: immunoglobulin; ECP: eosinophil cationic protein; FCP: fecal calpro-

tectin; SCORAD: SCORing Atopic Dermatitis

***Group comparisons were performed using the chi 2 -test for sex distribution (P=0.5387, df=1), t-test for age distribu-
tion, body weight (t=-0.3909, P=0.06979), and WhBC, ECP, and SCORAD score (P=0.0267, t= 2.299; P=0.0307, t=2.370; P=0.0917,
t=1.7241, respectively), Mann Whitney test for total IgE, I9G Z-scores, IgA Z-scores, and IgM Z-scores (P=0.3144, Z=1.0060;
P=0.2712, Z=-1.1003; P=0.7618, Z=0.3043; P=0.6480, Z=-0.4656, respectively) and ANCOVA for FCP (F=7.3427, P=0.0096).

RESULTS

Comparison between children with AD
and healthy controls

There was no differ in FCP level between children
with AD (regardless of presence of FA) and healthy
controls (FCP level median [IQR], ug/g 70 [152.4], vs
77.75 [155], Z=-0.8287, P=0.4073).

There were no statistically significant differences
between the G1 and G3 groups in distribution of age,
sex, body weight and FCP level (Table 2). There were
no statistically significant differences between the
G2 and G3 groups for distribution of age, sex, body
weight and FCP level (Table 3).

Comparison between children with AD
and FA before elimination diet and chil-
dren with AD and without FA

There were no statistically significant differences
between groups in distribution of body wight, sex,
WBC counts, total IgE, IgA, 1gG, IgM Z-scores and
SCORAD score (Table 4). There were significant dif-
ferences between groups in distribution of age, ECP

180

level, and FCP level (G2 vs. G3: age, mean [SD],
months; 9.5 [4.9] vs 24.11 [12.87], P<0.0001; ECP level,
mean [SD] 36.99 [26.82] vs. 13.44 [8.83], P=0.0307;
FCP level median [IQR], ug/g 154 [416], vs 41.3 [59],
P=0.0096; Table 4, Figure 2).

Association of FCP with other inflamma-
tory parameters of AD severity

The level of FCP in children with AD and FA sig-
nificantly positively correlated with SCORAD score
(r=0.5544, P=0.0022; Figure 3). SCORAD scores sig-
nificantly positively correlated with eosinophils
(r=0.5735, p=0.0027; Figure 4).

Comparison of FCP level before and 3
months after elimination diet

The median FCP in the group of children with AD
and FA was significantly higher before elimination
diet in comparison with FCP after elimination diet
(median 154, 1QR 416 pg/g vs median 35, IQR 23 ug/g;
Mann Whitney test Z=2.8850, P=0.0039; Figure 5).
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DISCUSSION

The present study demonstrated that FCP level in
patients with AD without FA was lower in comparison
with patients who had both AD and FA. FCP level was
significantly mildly to highly correlated with SCORAD
score, a marker of AD severity in children with AD and
FA. Contrary to our hypothesis, there was no differ-
ence in FCP level between children with AD (regard-
less of presence of FA) and healthy controls.

Inflammation of the intestinal mucous membrane
that happens without a clear clinical manifestation
and without symptoms in the GIT is a predictive fac-
tor for the development of atopic diseases in chil-
dren. Early inflammation of the intestinal mucosa af-
fects the development of inflammatory or atopic skin
and respiratory diseases later in life (29). It is believed
that inflammation of the intestinal mucosa increases
bowel permeability and consequently increases the
penetration of insufficiently digested food proteins,
which promotes the development of allergy in sus-
ceptible individuals (30). Subclinical inflammation of
the intestinal mucosa increases the permeability of
the intestine and leads to “secondary” sensitization to
allergens and ultimately affects the development of
atopic diseases later in life.

Increased level of FCP in children with AD and FA
is most probably the result of increased intestinal in-
flammation connected to development of nutritive
allergy. However, whether fecal calprotectin directly
contributes to the immunopathogenetic mechanisms
in children with AD and food allergy remains to be
explored. In animal models, FCP, along with other in-
flammatory factors, promotes Th2 inflammation seen
in mild food allergy (31). In 2012, Lack presented a du-
al-allergen exposure hypothesis that says that expo-
sure to food allergens through the damaged skin can
lead to allergy, while consumption of these foods at
an early age may actually result in tolerance. It is pos-
sible that sensitization to nutritive allergens occurs
through damaged skin, and elevated FCP in the gut of
such children promotes the continuation of food aller-
gy (32). There was no difference between FCP level in
children with AD and healthy controls, so we cannot
hypothesize that epithelial barrier dysfunction has an
impact on FCP irrespective of FA. Hypothetically, we
can distinguish children with AD who have food al-
lergy from those who do not by measuring FCP.

In accordance with Seo et al. (33) we found a sig-
nificant positive association of FCP level and SCORAD
score, suggesting FCP as a potential biomarker of AD
severity.

Furthermore, in accordance with Beser et al. (22)
we found a statistically significant difference in FCP

level before and after 3 months of elimination diet
in the group of children with AD and FA (mostly IgE-
mediated). Thus, FCP may be a useful biomarker of
food allergy treatment follow-up in children with FA
and AD without GIT symptoms. If these findings are
confirmed in a larger number of subjects and studies,
they will have a significant impact on reducing oral
challenge and unnecessary elimination diets in such
children. Thus, FCP could be an inexpensive and non-
invasive biomarker of FA activity in children with AD.
A correlation between FCP and SCORAD score also
speaks in favor of utilizing FCP in this way.

We are aware of certain limitations of the present
study, such as the lack of data on other local inflam-
matory biomarkers of gastrointestinal inflammation.
Secondly, we found no significant correlation be-
tween fecal calprotectin levels and other inflamma-
tory markers of AD. Furthermore, this was not a lon-
gitudinal study with repeated measurements of BMs
with consecutive monitoring of AD severity before
and after introduction of nutritive allergens. There are
also several factors that could confound study results,
such as like age, sex, difference in atopic status (IgE-
mediated and non-IgE-mediated food allergy, mono-
sensitization and poly-sensitization), and nutrition,
although the study groups were well-matched for
most of these factors.

CONCLUSION

Our results provide evidence supporting the po-
tential utility of a FCP as biomarker of FA in children
with AD. However, new studies are required in order
to estimate the role of FCP as a biomarker FA in in-
fants and children with AD and FA.

References:

1. Eichenfield LF, Tom WL, Chamlin SL, Feldman SR,
Hanifin JM, Simpson EL, et al. Guidelines of care
for the management of atopic dermatitis: section
1. Diagnosis and assessment of atopic dermatitis.
J Am Acad Dermatol. 2014;70:338.

2. Werfel T, Ballmer-Weber B, Eigenmann PA, Nig-
gemann B, Rance F, Turjanmaa K, et al. Eczema-
tous reactions to food in atopic eczema: Posi-
tion paper of the EAACI and GA2LEN. Allergy.
2007;62:723-8.

3. Eigenmann PA, Calza AM. Diagnosis of IgE-
mediated food allergy among Swiss children
with atopic dermatitis. Pediatr Allergy Immunol.
2000;11:95.

4. Niggemann B, Sielaff B, Beyer K, Binder C, Wahn
U. Outcome of double-blind, placebo-controlled

181



Svigir etal.
Fecal calprotectin in atopic dermatitis

Acta Dermatovenerol Croat
2021;29(4):175-183

10.

11.

12.

13.

14.

15.

16.

17.

182

food challenge tests in 107 children with atopic
dermatitis. Clin Exp Allergy. 1999;29:91.

Sampson HA. The immunopathogenic role of
food hypersensitivity in atopic dermatitis. Acta
Derm Venereol Suppl (Stockh). 1992;176:34.

Hill DJ, Hosking CS, de Benedictis FM, Oranje AP,
Diepgen TL, Bachau; EPAAC Study Group. Confir-
mation of the association between high levels
of immunoglobulin E food sensitization and ec-
zema in infancy: an international study. Clin Exp
Allergy. 2008;38:161.

Noimark L, Cox HE. Nutritional problems related
to food allergy in childhood. Pediatr Allergy Im-
munol. 2008;19:188-95.

Boyce JA, Assa’ad A, Burks AW, Jones SM, Samp-
son HA, Wood RA, et al. Guidelines for the diag-
nosis and management of food allergy in the
United States: summary of the NIAID-sponsored
expert panel report. Nutr Res. 2011;31:61-75.

Rance F. Food allergy in children suffering from
atopic eczema. Pediatric allergy and immunolo-
gy: official publication of the European Society of
Pediatric Allergy and Immunology. 2008;19:279-
84. quiz 85.

De Benedetto A, Kubo A, Beck LA. Skin barrier
disruption: a requirement for allergen sensitiza-
tion? J Invest Dermatol. 2012;132:949-63.

Johne B, Fagerhol MK, Lyberg T, Prydz H, Brand-
tzaeg P, Naess-Andresen CF, et al. Functional and
clinical aspects of the myelomonocyte protein
calprotectin. Mol Pathol. 1997;50:113-23.

Striz |, Trebichavsky I. Calprotectin - a pleiotro-
pic molecule in acute and chronic inflammation.
Physiol Res. 2004;53:245-53.

Wright EK. Calprotectin or Lactoferrin: Do They
Help. Dig Dis. 2016;34:98-104.

Raseth AG, Aadland E, Jahnsen J, Raknerud N. As-
sessment of disease activity in ulcerative colitis
by faecal calprotectin, a novel granulocyte mar-
ker protein. Digestion. 1997;58:176-80.

Inoue K, Aomatsu T, Yoden A, Okuhira T, Kaji E,
Tamai H. Usefulness of a novel and rapid assay
system for fecal calprotectin in pediatric patients
with inflammatory bowel diseases. J Gastroente-
rol Hepatol. 2014;29:1406-12.

Ertekin V, Selimoglu, MA, Turgut A, Bakan N. Fe-
cal calprotectin concentration in celiac disease. J
Clin Gastroenterol. 2010;44:544-6.

Rodriguez P, Porcher R, Peffault R, Contreras M,
Bouhnik Y, Xhaard A, et al. Fecal calprotectin and
alpha-1 antitrypsin predict severity and response

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

to corticosteroids in gastrointestinal graft-ver-
sus-host disease. Blood 2012;119:5909-17.

Tursi A, Elisei W, Picchio M, Giorgetti GM, Brandi-
marte G. Moderate to severe and prolonged left
lower-abdominal pain is the best symptom cha-
racterizing symptomatic uncomplicated diver-
ticular disease of the colon: a comparison with
fecal calprotectin in clinical setting. J Clin Gastro-
enterol. 2015;49:218-21.

MacQueen BC, Christensen RD, Yost CC, Lambert
DK, Baer VL, Sheffield ML, et al. Elevated fecal cal-
protectin levels during necrotizing enterocolitis
are associated with activated neutrophils extru-
ding neutrophil extracellular traps. J Perinatol.
2016;36:862-9.

Berni Canani R, Rapacciuolo L, Romano MT, Tan-
turri de Horatio L, Terrin G, Manguso F, et al. Di-
agnostic value of faecal calprotectin in paediatric
gastroenterology clinical practice. Dig Liver Dis.
2004;36:467-70.

Merras-Salmio L, Kolho KL, Pelkonen AS, Kui-
tunen M, Makela MJ, Savilahti E. Markers of gut
mucosal inflammation and cow’s milk specific
immunoglobulins in non-IgE cow’s milk allergy.
Clin Transl Allergy. 2014;4:8.

Beser OF, Sancak S, Erkan T, Kutlu T, Cokogras H,
Cokugras FC. Can fecal calprotectin level be used
as a markers of inflammation in the diagnosis
and follow-up of cow’s milk protein allergy? Al-
lergy Asthma Immunol Res. 2014;6:33-8.

Hanifin JM, Rajka G. Diagnostic features of
atopic dermatitis. Acta Derm Venereol (Stockh).
1980;2:44-7.

Kunz B, Oranje AP, Labreze L, Stalder JF, Ring J,
Taieb A. Clinical validation and guidelines for the
SCORAD index: consensus report of the Europe-
an Task Force on Atopic Dermatitis. Dermatology.
1997;195:10-9.

Koletzko S, Niggemann B, Arato A, Dias JA,
Heuschkel R, Husby S, et al; European Society
of Pediatric Gastroenterology, Hepatology, and
Nutrition. Diagnostic approach and manage-
ment of cow’s-milk protein allergy in infants
and children: ESPGHAN GI Committee prac-
tical guidelines. J Pediatr Gastroenterol Nutr.
2012;55:221-9.

Lieberman JA, Sicherer SH. Diagnosis of food al-
lergy: epicutaneous skin tests, in vitro tests, and
oral food challenge. Curr Allergy Asthma Rep.
2011;11:58-64.

World World Medical Association Declaration of
Helsinki — Ethical Principles for Medical Research



Svigir etal.
Fecal calprotectin in atopic dermatitis

Acta Dermatovenerol Croat
2021;29(4):175-183

28.

29.

Involving Human Subjects, August 2005. Availa-
ble at: http://www.wma.net/e/policy/b3.htm.

Paganelli R, Ansotegu IJ, Sastre J, Lange C-E,
Roovers MH, de Groot H, et al. Specific IgE anti-
bodies in the diagnosis of atopic disease. Clinical
evaluation of a new in vitro test system, UniCAP
537 TM, in six European allergy clinics. Allergy.
1998;53:763-8.

Orivuori L, Mustonen K, de Goffau MC, Hakala S,
Paasela M, Roduit C, et al; PASTURE Study Group.
High level of fecal calprotectin at age 2 months
as a marker of intestinal inflammation predicts
atopic dermatitis and asthma by age 6. Clin Exp
Allergy. 2015;45:928-39.

30.

31.

32.

33.

Perrier C, Corthesy B. Gut permeability and food
allergies. Clin Exp Allergy. 2011;41:20-8.

Zhu Q, Li F, Wang J, Ma J, Sheng X. Upregulation
of calprotectin in mild IgE-mediated ovalbumin
hypersensitivity. Oncotarget. 2017;8:37342-54.
Lack G. J Update on risk factors for food allergy.
Allergy Clin Immunol. 2012;129:1187-97.

Seo SC, Ahn SH, Ri S, Yoon Y, Byeon JH, Kim SH, et
al. Elevated fecal calprotectin levels are associa-
ted with severity of atopic dermatitis in children.
Asian Pac J Allergy Immunol. 2018;36:82-7.

183



