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Markers of enterocyte damage in
celiac disease in children: is there
an association with the clinical
manifestations of the disease?

Svetlana Geller*, Zulhumor Umarnazarova, Noiba Azimova,
Kamola Usmonova and Altinoy Kamilova

Gastroenterology Department of Republican Specialized Scientific-Practical Medical Center of
Pediatrics, Ministry of Health of Republic of Uzbekistan, Tashkent, Uzbekistan

Actuality: The state of the intestinal barrier has crucial importance in the
pathogenesis of celiac disease (CD). Fecal zonulin (FZ) and intestinal fatty acid
binding protein (i-FABP) are important components in maintaining physiological
processes in the intestine and potential biomarkers of enterocyte damage.

Aim of study: To evaluate FZ and i-FABP levels as markers of small intestine
injury in children with CD, depending on the clinical forms and
histomorphological changes in the small intestinal mucosa.

Materials and methods: In 2021-2023 yy, a single-center observational study was
conducted among children with newly diagnosed CD.The level of FZ in stool and |-
FABP in serum were determined using the Immundiagnostik ELISA kits (Germany).
Results: Study included 75 patients,control group was 37 healthy children. The
intestinal form of the CD was established in 51 (68.0%) patients,the remaining
24 (32.0%) children have CD with extraintestinal manifestations. Among
children with classical CD, the mean values of FZ were 157.9 +29.8 ng/ml
(p<0.02 with control), in second group the mean values of FZ were
136.7+17.0 ng/ml, (p<0.05 with the control), and a statistically significant
difference between the groups was p<0.02. The i-FABP values in the first
group were 2476.9 +297.4 pg/ml (p<0.05 with control),and in the second
—2061.47 + 291.5 pg/ml. In the group of children with intestinal manifestations
of CD, a weak positive correlation relationship was found between FZ and
stool frequency (r = 0.35). In the second group: weak inverse correlations were
between FZ and weight, and height (r=-0.37 and r=-0.36 respectively).
|-FABP values in the first group moderately correlated with stool frequency
(r=0.53). In the group with extraintestinal manifestations, a moderate negative
relationship was found between the i-FABP2 level and BMI (r=-0.53) and a
moderate positive relationship between the i-FABP level and antibodies to
tissue transglutaminase IgA (r=0.58) and a weak positive correlation with
histological assessment according to Marsh criteria (r = 0.34).

Conclusions: Our study demonstrated a relationship between the clinical
manifestations of CD and the levels of FZ and i-FABP. The increase in the
values also can serve as marker of increased permeability and damage of
the intestinal barrier, which will open up new possibilities for understanding
the processes of restoration of the small intestinal mucosa.
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1 Introduction

Celiac disease (CD) is a chronic enteropathy caused by an
immune-mediated reaction to gluten that occurs in genetically
predisposed people and can manifest itself at any stage of life, from
early childhood to old age (1). The prevalence of CD in the world
is estimated at 1.4% according to serology and 0.7% according to
biopsy data, mainly among the Caucasian population (2, 3).

Intestinal villous atrophy in CD leads to malabsorption and
improper digestion of nutrients, resulting in symptoms such as
diarrhea, abdominal pain, weight loss, and steatorrhea. The
intestinal form of CD is most common in the pediatric population
and in children under 3 years of age when gluten-containing
foods are introduced into the diet (4), while older children and
adults are more likely to have extraintestinal signs (4, 5).

Intestinal permeability (IP) plays a decisive role in the
of CD. The
gastrointestinal tract acts as

pathogenesis mucous membrane of the

a highly specialized barrier
separating the internal environment from the external, which is
necessary to maintain the homeostasis of the body and prevent
the entry of harmful substances and microorganisms into the
circulatory system (6). Zonulin, a human protein weighing
47 kDa, plays an important role in modulating the permeability
of tight junctions of the small intestine, which is fundamental for
maintaining physiological processes in the intestine (7) and has
become a potential non-invasive biomarker for the study of
intestinal permeability. Tight junctions in CD are disrupted,
allowing undigested gluten peptides to pass through the epithelial
barrier, triggering an immune response involving both the
adaptive and innate immune systems (8). Study by Fasano et al.
(9) showed that zonulin expression in intestinal tissues increased
during the acute phase of CD, a clinical condition, in which tight
junctions opened and permeability increased. In most studies,
zonulin is determined in two biological substances (blood and
feces) (10-13). It is assumed that determination of zonulin levels
in feces may be a more sensitive and specific method for
assessing intestinal permeability, since it reflects protein secretion
directly from the site of epithelial damage (14, 15). There are
only a few studies in the literature on the determination of fecal
zonulin in children with CD; we found only one study by
Gallego et al, who found that the concentration of zonulin in
feces was higher in children with active CD compared to healthy
people and those who followed a gluten-free diet (GFD) (16).

Serum cytosolic intestinal Fatty-Acid-Binding Protein (i-
FABP), which is a small 5 kDa protein that accounts for 1%-2%
of the total cytosolic protein in enterocytes, is also a non-invasive
marker of enterocyte injury (17). The tissue specificity of i-FABP,
as well as its ability to be mea-sured in readily available
noninvasive samples (e.g., urine), make it an attractive biomarker
of upper GI tissue injury/damage. Previous studies have shown that
patients with IBD and CD have significantly higher circulating
serum i-FABP concentrations compared to healthy individuals, but
the evidence has not always been specifically (18-28).

In several studies, it has been noted that the level of i-FABP
in blood plasma in patients with CD is higher than in healthy
people at diagnosis compared to healthy people, which
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indicates damage to the small intestinal mucosa (20, 21, 24,
26, 29-32). In CD in adults, it has been found that i-FABP are
involved as mediators of inflammatory processes in the tissues
where they are represented, and changes in the enterocytes of
the epithelium disrupt the absorption of nutrients, which can
lead to changes in intracellular lipid transport, protein
expression (33).

Thus, a review of the literature on the concentration of
zonulin and i-FABP demonstrated the limitations of studies on
these indicators in children with CD depending on the clinical
forms and histomorphological changes in the small
intestinal mucosa.

The aim of our study was to evaluate fecal zonulin and i-FABP
indicators as markers of small intestine injury in children with CD,
depending on the clinical forms and histomorphological changes in
the small intestinal mucosa for future assessment of their potential

diagnostic and prognostic value.

2 Methods
2.1 Study subjects and grouping

In 2021-2023 yy., at the Gastroenterology Department of
Republican Specialized Scientific-Practical Medical Center of
Pediatrics (RSSPMCP), Tashkent, Uzbekistan a single-center
prospective study was conducted.

Inclusion Criteria: children newly diagnosed CD aged 1 to 16
years and healthy children of the same age.

Exclusion Criteria: previously diagnosed with CD; exclusion of
gluten from the diet at the time of selection for the study; refusal to
sign informed consent to participate in the study.

The study did not include patients with comorbid conditions
such as Down syndrome, Hoshimoto’s thyroiditis.

Controls were recruited from the community and included
healthy volunteers with no known history of gastrointestinal
diseases or symptoms per Rome IV and eating gluten
without restriction.

Limitations of the study: a small group of patients and a lack

of studies in dynamics on the background of a gluten-free diet.

2.2 General clinical data collection

General clinical examination of patients included anamnesis,
objective examination, instrumental and laboratory research
methods. Objective examination was conducted according to the
standard scheme. At the same time, attention was paid to the
general condition, the presence of specific complaints, the time
of onset of symptoms of the disease, the state of internal organs
and systems, changes in the nature of the stool were taken into
account. The assessment of the physical development of children
was carried out according to reference tables of anthropometric
indicators proposed by experts of the World Health
Organization, using the WHO Anthro, WHO AnthroPlus
programs (34).
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2.3 Laboratory analysis

2.3.1 Confirmation of diagnosis

To confirm the diagnosis of CD, 2020 ESPGHAN criteria were
used: the first stage was the determination of antibodies to tissue
transglutaminase IgA and total IgA, IgG, IgM
GmbH Enzyme-Linked
(ELISA) kit for quantitative determination in human serum, Cat.
No. 416-5400A].
transglutaminase IgA increased above 100 U/ml, the patient

[Orgentec

Diagnostika Immunosorbent  Assay

If the values of antibodies to tissue
moved on to the next stage, at which, due to the absence of
endomysial antibodies in the Republic of Uzbekistan, all
serologically positive patients underwent to upper gastrointestinal
endoscopy and duodenal biopsy (by Pentax EG2930 K endoscope
after overnight fasting). With parental consent, 51 patients
underwent biopsy of the post-bulbar portion of the duodenum
(4 biopsies). The biopsy samples were included in neutral
buffered formalin and processed according to standard
procedures, in order to be evaluated by two experienced
pathologists who graded the histologic findings according to the
modified Marsh criteria (35).

According to indications, examination was performed for the

presence of specific heterodimers DQ2 and DQ8 (n = 24).

2.3.2 Fecal zonulin detection methods

To assess the function of tight junctions of the small intestine,
the level of fecal zonulin was determined using the
IMMUNDIAGNOSTIK enzyme-linked immunosorbent assay kit
(Germany, Cat. No. K 5600). The fecal extract in frozen form
was stored at —20°C. The analysis is based on the competitive
ELISA method, the study was carried out in duplicates with the
construction of an analytical curve.

2.3.3 Intestinal fatty acid-binding protein
detection methods

To assess the presence of enterocyte damage, the level of
intestinal fatty acid-binding protein in blood serum or plasma
was determined using the IMMUNDIAGNOSTIK ELISA kit
(Germany, Cat. No. K 6809).

2.4 Ethical statement

Approved by the Ethics Council of the Republican Specialized
Scientific and Practical Medical Center of Pediatrics of the Ministry
of Health of the Republic of Uzbekistan IP-2021-1223. Informed
written consent was acquired from their parents or guardians
and the research was conducted in compliance with the World
Medical Association Declaration of Helsinki.

2.5 Statistical analysis

The sample size was not calculated preliminarily, a continuous
study of children who came to our center with the first established
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CD was carried out. Studies were carried out with the written
consent of their parents.

Missing data were handled using the Complete Case Analysis
method, in which rows/columns containing gaps were excluded
from the data set. Statistical analysis was performed using
GraphPad Prism (version 9.3.1, 2021). Using statistical functions
with calculation for quantitative values of the arithmetic mean
(M), standard deviation (SD), median (Me), quartiles (Q1; Q3),
Student’s criterion (t), Mann-Whitney criterion. The normality
of the distribution of quantitative variables was checked using
the Kolmogorov-Smirnov method. The following indicators had
a normal distribution in a group 1: weight, hemoglobin, total
protein, i-FABP; in group 2: age, weight, height, age of
introduction of gluten-containing products, stool frequency, age
of first symptoms, tTG-IgA, hemoglobin, total protein, i-FABP.

For measuring the strength and direction of the relationship
between two variables Pearson’s correlation coefficient was used.

Categorical variables were expressed as absolute and relative
values. 95% CI for the proportion was calculated using the Wald
normal approximation method.

The differences were considered statistically significant at
P <0.05, the calculation was made by the two-sided p-value.

3 Results
3.1 Demographic and clinical characteristics

Study was conducted in 75 children. Girls were more prevalent
than boys, when distributing by gender—58.6% (44). The median
age was 3 years 3 months [1; 15.5 years]. Controls were 37
children from 1 to 16 years old, whose average age was
4.5+ 1.8 years.

Intestinal or classical form of the disease was in 51 (68.0%)
patients (group 1), the remaining 24 (32.0%) children were
diagnosed with CD with extraintestinal manifestations (group 2).
Girls prevailed in both groups. The average age between the
groups did not have a statistically significant difference, however,
in the group of patients with extraintestinal manifestations, there
was a later introduction of gluten-containing products into the
diet 12.7 +3.7 and 7.5+ 5.1 months, respectively (p <0.001). The
time of appearance of the first complaints in both groups
coincided, on average, 2.5 years, however, due to the non-
specificity of symptoms and the complexity of diagnosis, the age
of diagnosis of CD with extraintestinal symptoms was several
times higher 65.6+48.3 and 38.2+28.6 months, respectively
(p <0.005).

The leading clinical symptoms in the group of patients with
typical manifestations were abdominal distention (48-94.1%),
abdominal pain (24-47.0%), vomiting (25-49.0%), diarrhea (51-
100.0%) with a stool frequency of 4.5+ 1.8 times, lag in weight
(30-58.8%) and height (38-74.5%) of moderate and severe
degree. Of the extraintestinal symptoms in this group, a quarter
had pain in the bones and joints, caries, and every fifth person
had headaches (Table 1).
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TABLE 1 Comparative clinical and laboratory characteristics of patients with CD.

CD with extraintestinal
manifestations (n = 24)

CD with intestinal
manifestations (n = 51)

Control group | p-value

Characteristic

Frontiers in Pediatrics
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Age, Me (Q1-Q3), months 40 (28;79) 50 (32;100) 72 (42;102) 0> 0.05
**p <0.001
o0t > 0.05
Number of boys/girls abs. (%) 20/31 (39,2/60,8) 11/13 (45,8/54,2) 30/7 (81,1/18,9) *p>0.05
*p<0.01
**p <0.001
Age of introduction of gluten-containing 6,5 (6;10) 10 (8:14) 8 (7;10) *p <0.001
products, Me (Q1-Q3), months **p >0.05
0 > 0.05
Age of appearance of the first signs, Me 24 (14;36) 24 (14,5:42) - *p>0.05
(Q1-Q3), months
Age of diagnosis, Me (Q1-Q3), months 36 (26;77) 45 (41,5;94,5) - *p <0.005
Gastrointestinal symptoms
Abdominal distention 48 (94,1%) 10 (41,6%) - *p <0.001
Abdominal pain 24 (47,0%) 8 (33,3%) - *p>0.05
Stool frequency, times 4 (3;5) 1(1;2) 1(1;2) *p <0.001
**p <0.001
p > 0.05
Constipation - 6 (25,0%) - -
Vomiting 25 (49,0%) - - -
Extraintestinal symptoms
Recurrent stomatitis 8 (15,6%) 10 (41,6%) - *p <0.02
Bone pain 13 (25,5%) 11 (45,8%) - *p <0.02
Caries 13 (25,5%) 10 (41,6%) - *p <0.02
Headaches 10 (19,6%) 9 (37,5%) - *p>0.05
Anemia 9/17,6% 12/50,0% - *p<0.01
Hair loss - 6/25,0% - -
Anthropometric indicators
Height (z-score) —2.57 (—3.28; —1.82) —1.605 (—2.73; —1.15) 0,31 (0,11;0,52) *p <0.02
©p < 0,001
**p <0.001
Weight (z-score) —2.125 (=3.05; —1.58) —1.85 (=3.13; —0.645) 0,54 (0,24;0,83) *p < 0.02
*p < 0,001
*p <0.001
BMI (z-score) —0.92 (-2.02; 0.19) —0.985 (—1.94; 0.27) 0,49 (0,3;1,0) *p>0.05
**p <0.001
45 < 0,001
Laboratory indicators
Hemoglobin, g/L 105 (87;115) 112.5 (97;122) 118.6 (115;125) *»>0.05
**p <0.001
*p > 0.05
Total protein, g/L 56 (49;63) 62 (57;65) 72 (68; 76) *p>0.05
**p <0.001
#4p < 0,001
Leukocytes 10° 8.05 (6.37;11.22) 8.075 (6.525; 11.215) 7.0 (4.35;10.87) *p>0.05
**p>0.05
o0t > 0.05
tTG-IgA, Me (Q1-Q3), (U/ml) 174 (118;400) 166.9 (110;370,9) 5.2 (4.3;8.7) *p>0.05
**p <0.001
*p <0.001
tTG-IgG, Me (Q1-Q3), (U/ml) 53 (11; 126.2) 23.3 (5.57; 93.8) 3.8 (2.6;4.8) *p <0.02
**p<0.001
*p <0.001
Histological picture according to Marsh n=40 n=11
Marsh I infiltrative 0 0 - *p>0.05
Marsh II Hyperplastic 2/5,0% 7163,6% - *p <0.001
Marsh III Destructive: 38/95,0% 4/36,4% - *p <0.002
Marsh Illa 12/31,5% 3/75% - *p<0.02
Marsh IIIb 20/52.6% 1/25% - *p>0.05
Marsh Illc 6/15,9% - - -
(Continued)
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TABLE 1 Continued

Characteristic

CD with intestinal

10.3389/fped.2025.1566149

CD with extraintestinal

Control group  p-value

manifestations (n = 51) manifestations (n = 24) (n=37)
HLA typing n=11 n=13
HLA-DQ2.5 7/63,6% 5/38,4% - *p>0.05
HLA-DQ2.2 2/18,2% 5/38,4% - *»>0.05
HLA-DQ7.5 2/18,2% 3/23,2% - *»>0.05

*p-validity between groups of patients with CD with intestinal manifestations and CD with extraintestinal manifestations.

**p-validity between groups of patients with CD with intestinal manifestations and control group.
***p-validity between groups of patients with CD with extraintestinal manifestations and control group. Counts (%), medians (Me, interquartile range) are presented appropriate.
CD, celiac disease; Me, median; tTG-IgA, tissue transglutaminase IgA; tTG-IgG, tissue transglutaminase IgG; BMI, body mass index; HLA, human leukocyte antigen system.

Whereas children from the group 2 did not have any significant
complaints from the gastrointestinal tract. These patients were
referred to a gastroenterologist mainly to assess the condition
associated with low height (12-50.0%) and/or weight delay (13-
54.2%), as well as frequent stomatitis (10-41.6%), caries (10—
41.6%), hair loss (6-25.0%), refractory anemia (12-50,0%).

Analysis of anthropometric data by (z-score) showed that, on
average, growth deficiency in the group 1 was —2.57 (—3.28;
—1.82) and -1.605 (-2.73; —1.15), respectively, which was
significantly important compared to patients with extraintestinal
manifestations of CD (p<0.02). There was also a significant
difference between the groups in terms of weight deficit, which
was —2.125 (—3.05 —158) and —185 (=3.13; —0.645),
respectively (p <0.02). There was no statistically significant
difference in BMI indicators (Table 1).

An increased level of tTG-IgA (>10 U/ml) was found in 48
(94.1%) children with classical CD, the mean value was
230+ 147.05 U/L. In 3 children, the level of IgA was below the
age-related reference range. In the group 2, the mean value of
tTG-IgA was 209.1+131.5 U/ml, selective IgA deficiency was
also present in 3 patient.

A statistically significant difference was observed between the
groups in terms of the level of tTG-IgG, the mean value in the
group 1 was 96.2 +20.2 U/L, in the group 2 it was 1.8 times less
—53.7+19.8 U/ml, p <0.02 (Table 1).

With parental consent, 51 patients underwent biopsy of the
post-bulbar portion of the duodenum (4 biopsies). In the
assessment of morphological changes, stage I, infiltrative, was
absent, stage II (hyperplastic) was observed in 9 (17.6%)
children. In 42 (82.3%) children, stage III (destructive) changes
in the mucous membrane of the small intestine were noted,
which corresponded to the clinical picture of the disease.

For patients with CD with extraintestinal manifestations,
hyperplastic changes in the small intestinal mucosa Marsh II
were more characteristic compared to the group 1 (63.6% and
5.0%, respectively, p <0.001). Among children with classical CD,
the destructive picture according to Marsh IIIb prevailed (20-
52.6%), in the group 2—Marsh IIla in 75%, p <0.02 (Table 1).

12 patients (50.0%) were carriers of HLA-DQ2.5, encoded by
the genes DQA1_05 (alpha- chain) and DQB1_02 (beta- chain),
7 (29.1%) were carriers of HLA-DQ2.2, encoded by the genes
HLA-DQ2.2 (DQA1 * 02/DQB1 * 02) and 5 (20.8%)—DQ7.5,
encoded by the genes (DQAL * 05, DQB1 * 03: 01). DQ 8 was
not detected in any case.

Frontiers in Pediatrics

3.2 Fecal zonulin levels depending on the
form of celiac disease

The mean value of fecal zonulin in patients with CD was
150.5 + 35,8 ng/ml, which was 2 times higher than the control
value 90,3 + 15,2 ng/ml (p <0.01) (Figure 1).

If we consider the groups separately, among children with
classical CD, fecal zonulin was increased in 41.2% (mean value
for the group 157.9 +29.8 ng/ml (p < 0.02 relative to the control),
among patients with extraintestinal symptoms in half of patients
(mean value for the group 136.7 £ 17.0 ng/ml).
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FIGURE 1
Fecal zonulin level in patients with celiac disease (CD), ng/ml (mean
with SD).
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3.3 i-FABP levels depending on the form of
celiac disease

The results of measuring the activity of i-FABP in children with
CD demonstrated a significant increase in its values compared to
The i-FABP value in patients was
2293.5+1075.8 pg/ml, which was almost 1.8 times higher than
the control value 1090.4 + 325.8 pg/ml (p <0,0001) (Figure 2).

In the group of patients with classical CD, as well as among

the control. mean

children with CD with extraintestinal manifestations, this
indicator was increased in half of patients. The mean value in
groups was 2476.9 £297.4 pg/ml (p<0.001 compared to the
control) and 2061.47 +291.5 pg/ml (p <0.01 compared to the
control, respectively).

3.4 Correlation analysis of clinical and
laboratory findings and fecal zonulin/
I-FABP

Evaluation of the correlations in the group 1 shows a weak
positive relationship was found between the level of zonulin and
stool frequency (r=0.35, p<0.02), as well as a weak positive
relationship with the level of tissue transglutaminase IgA
(r=0.36) (Table 2).

More correlation relationships were found in the group 2: a
weak inverse correlation relationship between zonulin and weight
and height (r=-0.37 and r=-0.36, p<0.02), a weak positive
relationship between zonulin level and antibodies to tissue
transglutaminase IgG (r=0.35, p<0.02),
relationship with protein level (r=-0.34, p <0.02), and a weak

a weak negative

inverse correlation relationship between zonulin and the time of
diagnosis (r=—-0,30, p <0.02).

When assessing the correlation with i-FABP in the group 1,
there was a moderate positive relationship with the stool
frequency (r=0.53, p<0.02), a weak positive relationship with

10.3389/fped.2025.1566149
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FIGURE 2
i-FABP level in celiac disease, pg/ml (mean with SD).

the number of leukocytes (r=0.41, p <0.02), and a weak negative
relationship was also found between the level of i-FABP and
anthropometric indicators (weight, height, BMI)—r=—0.40,
r=-0.36, r=—0.40 (p <0.02), respectively. There were also weak

TABLE 2 Correlations of clinical and laboratory findings and fecal zonulin/I-FABP in classical CD and CD with extraintestinal manifestations.

Indicator Fecal zonulin i-FABP

Classic CD with extraintestinal Classic CD with extraintestinal

CD manifestations CD manifestations

Stool frequency 0,35 - 0,53 -
{TG-IgA 0,36 - - 0,58
tTG-IgG - 035 - -
The number of leukocytes in the 0,31 - 0,41 0,52
blood
Weight - -0,37 —0,40 —0,34
Height - —0,36 —0,36 —0,34
BMI - - —0,40 —0,53
Time of appearance of the first - - - —-0,37
symptoms
Time of diagnosis - -0,30 —0,28 -0,35
Protein level - —0,34 -0,38 -
Histological picture according to - - - 0,34
Marsh

CD, celiac disease; I-FABP, intestinal fatty acid binding protein; tTG-IgA, tissue transglutaminase IgA; tTG-IgG, tissue transglutaminase IgG; BMI, body mass index.
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negative associations between the level of i-FABP and the time of
diagnosis, as well as the level of the protein r=-0.28 (p <0.02)
and r=—-0.38 (p <0.02), respectively.

In the group 2, a moderate positive relationship was recorded
i-FABP and
transglutaminase IgA (r=0.58, p <0.02), as well as with the level

between the level of antibodies to tissue
of leukocytes (r=0.52, p<0.02), a weak negative relationship
between the level of i-FABP and such anthropometric indicators
as weight and height: r=-0.34 (p<0.02), r=—-0.34 (p<0.02),
respectively, there was a moderate negative relationship with BMI
r=-0.53 (p <0.02). Weak negative relationships were established
between the level of i-FABP and the time of appearance of the
first signs, as well as the establishment of the diagnosis: » = —0.37
(p<0.02), r=-0.35 (p<0.02), respectively. In contrast to the
group 1, there was also a weak positive relationship of i-
FABP with morphological to Marsh

(r=0,34, p <0.02).

changes according

4 Discussion

This study is the second study to establish fecal zonulin values
in the pediatric population up to 16 years of age. The mean fecal
zonulin value among healthy children in our study was
significantly lower than the data of Gallego et al. (16) and the
values presented by Loniewska et al. (36), who conducted a
single study analyzing fecal zonulin in healthy people during the
first 2 years of life and observed an increase in fecal levels from
birth to 2 years.

iFABP values in plasma of healthy children in our study were
1.3 times higher than the values in Logan et al. study (37), close to
the data of Bottasso Arias et al. (28).

In the group of patients with CD, children with the intestinal
form of the disease predominated, whose clinical picture was
accompanied by severe protein-energy deficiency and
pronounced atrophy of the small intestinal mucosa during
morphological examination: atrophy of stage 3, according to
Marsh, was found in 95% of children, while in patients with CD
with extraintestinal manifestations, stage 2, according to Marsh,
was detected 1.5 times less often, despite the later diagnosis.

As can be seen from our results, in half of the patients with CD,
the level of fecal zonulin was three times higher than the control
values. There were differences in fecal zonulin values among
children with CD depending on the variant of the disease.
Higher numbers were established in children with the classical
form of CD. The same pattern is described by Gallego et al. (16).
The authors also note a decrease in fecal zonulin levels in
children with CD against the background of GFD, and a
dependence of its indicators on the duration of the diet is noted.

Statistically significant differences in zonulin values between
patients with CD and the control group emphasize the
pronounced intestinal permeability in the active phase of the
disease, which is consistent with the data of other
researchers (16, 33, 38).

The data are worthy of attention (39) that children with CD

showed a significant increase in zonulin levels during 18.3
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months (range 6-78 months) preceding the development of the
disease. The obtained data suggest that fecal zonulin can be used
as a biomarker for preclinical screening of CD.

Statistically significant differences in i-FABP values between
patients with CD and the control group highlight the presence of
severe enterocyte damage.

As it has been noted in several studies, the level of i-FABP in
blood plasma in patients with CD is higher than in healthy
people at diagnosis, which indicates damage to the mucosa (20,
21, 24, 26, 29-32). Moreover, it has been suggested that patients
who meet the four criteria for diagnosing CD (clinical
presentation, tTG-IgA levels above 10 U/ml and IgA-EMA
positivity, HLA-DQ2 and/or DQS8 genotype), together with
increased serum i-FABP levels, may be diagnosed without a
biopsy (24). In addition, i-FABP levels may be useful for disease
monitoring from the onset of GFD treatment, as they correlate
with intestinal injury and repair (24).

Retrospective studies have shown a significant correlation
between serum i-FABP levels in pediatric patients with CD and
Marsh histological values at the time of diagnosis (21). In our
studies, we found only a weak association between i-FABP values
and histological mucosal lesions in children with extraintestinal
manifestations of CD.

Similar results were obtained by Israeli scientists (40). In the
group of patients with CD, there was a higher level of I-FABP
upon confirmation of CD compared to the control group
(median 641.7 pg/ml vs. 334 pg/ml; p<0.05). I-FABP levels
differed significantly between patients whose tTG-IgA level was
3-10 times the upper limit of normal (ULN) compared to
patients with values >10 times ULN (median 432.2 pg/ml vs.
796.2 pg/ml; p<0.05). In patients with CD, a significant
decrease in the median i-FABP level was observed after 6
months of GFD.

The analysis of correlational relationships in our study
demonstrated the most significant relationship between i-FABP
indicators and stool frequency in the classic form of the
disease, and an inverse relationship with BMI and values of
with
extraintestinal manifestations. Fecal zonulin values had a weak

antibodies to tissue transglutaminase in CD
association with antibodies to tissue transglutaminase and
stool frequency in the classic form of the disease and an
inverse relationship with the weight and height of children

with extraintestinal manifestations.

5 Conclusions

Thus, our study demonstrated a relationship between the
clinical manifestations of CD and the levels of fecal zonulin and
i-FABP in the blood plasma of children with CD. The growth
of fecal zonulin and i-FABP demonstrates a certain relationship
between the severity of clinical manifestations and the increase
in the values of non-invasive markers of small intestinal
damage, also they can serve as markers of permeability and
damage of intestinal barrier in CD, which will open up new
possibilities for understanding the processes of restoration of
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the small intestinal mucosa to improve the prognosis (outcome)
of the disease.
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