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Abstract
The purpose of this study is to evaluate the demographics, clinical presentation, laboratory findings, and gastrointestinal 
endoscopic findings in children with CD and assess their relationship with interleukin-15 (IL-15) single-nucleotide poly-
morphism (SNP) (rs2857261) and serum IL-15 levels. This case–control and prospective cohort study included 54 newly 
diagnosed pediatric CD patients attending the Gastroenterology Clinic at Alexandria University Children’s Hospital and 44 
age- and sex-matched healthy controls. Demographics, clinical data, laboratory tests, Marsh classification, and IL-15 SNP 
(rs2857261) genotypes were analyzed. Follow-up after 9 months on a gluten-free diet (GFD) was conducted. The mean age 
of patients and controls was 8.62 ± 4.4 and 8.07 ± 4.7 years, respectively, with no significant difference (p = 0.55). Male rep-
resentation was 48.1% in patients and 47.7% in controls (p = 0.97). The most common presenting symptoms in CD patients 
were abdominal distension (61.11%) and failure to thrive (59.26%). Laboratory findings showed that mean anti-tissue trans-
glutaminase immunoglobulin A was 103 ± 168 U/ml, and anti-endomysium immunoglobulin A was positive in 51.85% of 
patients. Histopathological assessment revealed Marsh 3C as the most common finding (37%), while 37% of patients were 
diagnosed without biopsy. IL-15 SNP (rs2857261) analysis showed a significantly higher prevalence of the A/A genotype in 
CD patients compared to controls (p < 0.0001). The A/G and G/G genotypes were protective against CD, with odds ratios of 
0.088 and 0.079, respectively. No significant associations were observed between IL-15 genotypes and clinical, laboratory, or 
histological variables. After 6 to 9 months on a GFD, genotype did not significantly influence symptom resolution (p > 0.05).
Conclusions: Serum IL-15 levels are elevated in newly diagnosed pediatric CD patients. The IL-15 SNP (rs2857261) A/A 
genotype is associated with increased susceptibility to CD, while the A/G and G/G genotypes appear protective. These 
findings highlight IL-15 as a potential biomarker and therapeutic target in CD. Further large-scale studies are warranted to 
validate these findings and explore therapeutic applications.

What is Known:
• Celiac disease is an immune-mediated enteropathy linked to HLA-DQ2/DQ8 alleles, with IL-15 playing a key role in its pathogenesis.
• Variability in IL-15 genetic polymorphisms has been suggested but remains underexplored in pediatric populations.
What is New:
• This study identifies the IL-15 SNP (rs2857261) A/A genotype as a risk factor for CD, while A/G and G/G genotypes are protective.
• Elevated serum IL-15 levels in newly diagnosed patients highlight its potential as a biomarker and therapeutic target.
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HLA	� Human leucocytic antigen
IgA	� Immunoglobulin A
IL-15	� Interleukin-15
IQR	� Interquartile range
NCGS	� Non-celiac gluten sensitivity
NPV	� Negative predictive value
OR	� Odds ratio
PCR	� Polymerase chain reaction
PPV	� Positive predictive value
ROC	� Receiver-operating characteristic
SD	� Standard deviation
SNP	� Single-nucleotide polymorphisms
WHO	� World Health Organization

Introduction

Celiac disease (CD) is a chronic gluten-induced, immune-
mediated enteropathy with recent estimates of global preva-
lence around 1% of population [1, 2]. It is characterized by 
a variable combination of gluten-dependent clinical mani-
festations, CD-specific antibodies, and enteropathy [3, 4]. 
The disease occurs in individuals carrying the human leu-
kocyte antigen (HLA) class II DQ2 or DQ8 allelic variants 
haplotype and is marked by an inflammatory enteropathy of 
varying severity, along with a wide range of gastrointestinal 
and extraintestinal symptoms and signs [5].

Celiac disease pathogenesis involves the passage of 
immunogenic gluten peptides through the intestinal epithe-
lium, triggering adaptive and innate immune responses in 
the lamina propria. CD predominantly affects the duode-
nal intestine and induces a general flattening of the mucosa 
characterized by villous atrophy, crypt hyperplasia, and 
increased lymphocyte infiltration of the epithelium [6].

Diagnosis of CD is challenging due to its nonspecific 
and heterogeneous clinical presentation. Symptoms usually 
occur in children after ingestion of gluten-containing grains 
between 4 and 24 months of age. There may be a delay or 
latent period between gluten intake and the onset of symp-
toms [1, 7].

The symptoms can vary in intensity but commonly it 
presents with abdominal symptoms such as malabsorption, 
discomfort, constipation, loose stools, and flatulence and a 
variety of non-intestinal symptoms that include short stat-
ure, delayed puberty, anemia, liver abnormalities, joint and 
muscular disorders, neurological complications, psychiat-
ric disorders, and cutaneous and mucosal manifestations. 
Importantly, CD can also present without symptoms and can 
only be diagnosed by screening [1, 8, 9].

Moreover, CD is strongly associated with autoimmune 
conditions such as type 1 diabetes mellitus and congeni-
tal disorders like immunoglobulin A deficiency and Down 
syndrome [10]. High-risk individuals, including first-degree 

relatives of CD patients and type 1 diabetics with suggestive 
signs, symptoms, or laboratory findings, should be screened 
[11].

Celiac disease is characterized by the presence of autoan-
tibodies generated in response to gluten, which are highly 
specific to the condition. These antibodies have been exten-
sively validated and are used for diagnostic and follow-up 
purposes. The two major autoantibodies are anti-tissue 
transglutaminase immunoglobulin A (anti-tTG IgA) and 
anti-endomysium immunoglobulin A (anti-EMA IgA) [12].

The management of CD requires strict adherence to a 
gluten-free diet (GFD), which can be challenging and expen-
sive [13].

Adherence to a GFD is crucial not only for intestinal 
mucosal recovery and alleviation of symptoms, but also for 
the prevention of complications such as anemia, osteoporo-
sis, fractures, and small bowel lymphoma [14].

Recent human genome studies have identified numerous 
non-HLA gene loci and specific single-nucleotide polymor-
phisms (SNP) related to cytokines involved in CD [15]. One 
of these cytokines is interleukin-15 (IL-15), which has a 
pivotal role in the immunopathogenesis of CD, as shown by 
significant positive correlations between IL-15 levels and 
histopathological severity of the disease [15, 16].

It is hypothesized that gliadin peptides indirectly enhance 
IL-15 expression by intraepithelial cells, primarily through 
the upregulation of inflammatory mediators resulting from 
T-cell activation. IL-15 is upregulated in both the epithelium 
and lamina propria, where it acts on various cell types and 
promotes immune dysregulation, contributing to CD patho-
genesis [17].

Given its central role in CD pathogenesis, IL-15 rep-
resents a promising therapeutic target. Current treatments 
for CD are limited to a GFD, which is ineffective for many 
patients who progress to refractory CD. Targeting IL-15 
could offer a novel approach to treating these patients, 
potentially reducing inflammation and preventing disease 
progression [18].

Evolving evidence highlights the crucial role of IL-15 in 
driving inflammation and tissue destruction in CD. Strate-
gies to block IL-15 action could pave the way for person-
alized medicine [18]. The advent of biologic therapeutics 
has significantly improved outcomes in many autoimmune 
diseases, and similar advancements are anticipated for CD. 
Further studies are needed to evaluate the efficacy of IL-
15-targeted therapies and to elucidate underlying mecha-
nisms [19, 20].

In this study, we aimed to investigate the demograph-
ics, clinical presentation, laboratory findings, and gastroin-
testinal endoscopic findings of children with CD attending 
the Gastroenterology Clinic in our center. Additionally, we 
sought to assess the relationship between IL-15 SNP and 
serum IL-15 levels and their effect on disease severity.



European Journal of Pediatrics         (2025) 184:308 	 Page 3 of 12    308 

Materials and methods

This was a mixed case–control and prospective cohort 
study that included all newly diagnosed patients with 
CD attending the Gastroenterology Clinic in Alexandria 
University Children’s Hospital. The diagnosis of CD fol-
lowed the European Society for Pediatric Gastroenterol-
ogy, Hepatology, and Nutrition guidelines for CD diag-
nosis [21]. Healthy children of matched age and sex with 
no evidence of gastrointestinal diseases and no evidence 
of family history of CD were included as a control group.

Ninety-eight children were included in this study, 54 
patients with CD diagnosis (Group I) and 44 healthy con-
trol subjects (Group II). A sample size of 88 children (44 
per group) was needed to detect the difference in IL-15 
gene SNP between CD patients (Group I) and healthy con-
trol group (Group II), assuming an effect size of 0.3 at 2 
degrees of freedom, according to a previous study using a 
software by Hintze J (USA: NCSS, LLC., Kaysville, Utah; 
2004) with a Pearson chi-square test at 0.05 level of sig-
nificance [22].

The inclusion criteria were children from 1 year up to 
18 years diagnosed with CD; they were not on a GFD, with 
the following additional inclusion criteria:

1.	 Positive celiac-specific serology and histopathological 
findings according to the Marsh classification.

2.	 Anti-tTG IgA levels more than 10 times the upper limit 
of normal, with positive anti-EMA IgA, with or without 
a biopsy.

3.	 In cases of immunoglobulin A deficiency, Marsh clas-
sification findings on biopsy were used [4].

Exclusion criteria included patients with acute or 
chronic gastrointestinal diseases other than CD, such as 
gastroenteritis, gastritis, inflammatory bowel disease, hep-
atitis, or cirrhosis, as well as patients with villous atrophy 
due to non-CD causes.

Written informed consent was obtained from all chil-
dren’s parents or guardians.

The study was approved by the Ethical Committee of 
Alexandria University (IRB code 00012098‑FWA: No. 
00018699. Ethics approval number: No. 0201709).

All patients underwent the following procedures:

	 I.	 A thorough history and clinical examination were 
conducted, focusing on the onset of symptoms, gas-
trointestinal symptoms, and extraintestinal symp-
toms. General and systemic examinations included a 
special emphasis on anthropometric measurements. 
Z-scores for body weight, height, and body mass 
index (BMI) were calculated using the World Health 

Organization (WHO) growth charts [23]. Signs of 
malnutrition, wasting, edema, arthritis, rash, and/
or pallor were assessed. Abdominal examinations 
included abdominal distension, abdominal tender-
ness, organomegaly, ascites, or any palpable mass 
including fecal mass [24]. Follow-up after 9 months 
on a GFD was conducted.

	 II.	 Investigations done:

1.	 Blood sampling: Five milliliters of venous blood 
was collected from the antecubital vein under asep-
tic conditions. The first blood fraction (3 ml) was 
collected in a clean centrifuge tube without antico-
agulant to separate serum for biochemical analysis. 
Serum samples were centrifuged at 8000 rpm for 
15 min. Hemolyzed samples were discarded. The 
second blood fraction (2 ml) was used for deoxyrib-
onucleic acid (DNA) extraction and transferred into 
disposable plastic tubes containing ethylenediami-
netetraacetic acid (EDTA). All samples were stored 
at − 20 °C [25, 26].d sampling 

2.	 Laboratory investigations:  for celiac patients 
included complete blood count, calcium profile 
(serum calcium, phosphorus, alkaline phosphatase), 
iron profile (serum iron and total iron binding capac-
ity), and serum albumin. Celiac disease serology 
was performed, including total IgA, anti-tTG IgA 
(via the standard ELISA technique), and anti-EMA 
IgA [27]

3.	 Serum:  IL-15 was detected by Enzyme-Linked 
Immunosorbent Assay Kit provided by Chong-
qing Biospes Co, China, catalogue No.: BEK1122 
according to the manufacturer’s directions. The 
IL-15 Quantitative Test Kit is based on sandwich 
enzyme-linked immune-sorbent assay technology. 
Duplicate readings for each standard, control, and 
sample were averaged, and the mean zero-standard 
optical density was subtracted. A standard curve 
was created and the mean absorbance value for each 
sample was used to determine the corresponding 
concentration of IL-15 in pg/ml [26].

4.	 IL-15 SNP genotyping assay (28, 29): Geno-
typing for IL-15 SNP (rs2857261); located on 
Chr.4:141719484 was done using TaqMan SNP 
Genotyping Assay. DNA was purified from whole 
blood samples using a spin column protocol 
with the QIAamp DNA Blood Mini Kit (Qiagen, 
Hilden, Germany). nanoDrop 2000 (Thermoscien-
tific; USA) was used to check the quality and quan-
tity of DNA samples [25]. IL-15 SNP (rs2857261) 
was genotyped using 40× TaqMan® Predesigned 
SNP Genotyping Assays (provided by Thermo 
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Fisher Scientific, Waltham, MA, USA). The con-
text sequence of IL-15 (rs2857261) SNP is TGA​
GTA​ATG​AGA​ATT​TCG​GTA​AGA​A[A/G]AAA​
AAT​AGA​TGA​AAA​TAT​CCT​ATG​G. The A allele 
was detected with VIC® dye and the G allele with 
FAM™ dye. The 40× Predesigned SNP Genotyp-
ing Assay was diluted to a 20× working solution 
with nuclease-free water. The reaction mix was 
composed of 40× TaqMan® Genotyping Assay, 
TaqMan® Genotyping Master Mix, and nuclease-
free water. The recommended final reaction vol-
ume per well was 20 µL for a 48-well plate (17 µL 
reaction mix + 3 µL DNA sample. To prepare the 
reaction mix, 10 µL of 2× TaqMan® Genotyping 
Master Mix, 1 µL of 20× Assay Working Solution 
(0.5 µL 40× TaqMan assay + 0.5 µL nuclease-
free water), and 6 µL of nuclease-free water were 
added in each well. The total reaction volume 
uses 20 ng of genomic DNA. Real-time Polymer-
ase Chain Reaction (PCR) was performed using 
Applied Biosystems StepOne™ Real-Time PCR 
System. In the real-time PCR system software, an 
experiment or plate document was using the fol-
lowing thermal Cycling Conditions; first Ampli-
Taq Gold® Enzyme Activation step at 95 °C for 10 
min then 40 cycles; each consists of 15 s at 95 °C 
for denaturation and 1 min at 60 °C for annealing/
extension [30].

5.	 Endoscopic evaluation and biopsy: where histo-
logical analysis of duodenal biopsies with Marsh 
classification was done as well as counting of 
lymphocytes per high-power field, and morphol-
ogy at the time of diagnosis. No biopsy approach 
was applied in patients with anti-tTG IgA more 
than 10 times the upper limit of normal and with 
positive anti-EMAIgA [21]. In the gastrointestinal 
(GI) endoscopy laboratory of our tertiary hospital, 
upper GI endoscopy was performed using a pedi-
atric Olympus esophagogastroduodenoscope (type 
EVIIS EXERA II) under general anesthesia after 
preparation (no milk or solid food for 6 h prior to 
the scheduled procedure). After air insufflation, the 
macroscopic appearance of the mucosa was docu-
mented at the duodenal bulb and the second and 
third parts of the duodenum. Four mucosal sam-
ples were collected from the second part of the 
duodenum and one from the duodenal bulb. The 
specimens were immediately immersed in buff-
ered formalin directly from the biopsy forceps. 
The severity of intestinal damage was graded by 
the pathologist as per the Marsh-Oberhuber clas-
sification.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics software, version 22.0 (IBM Corp., Armonk, NY, USA) 
[31]. The normality of data distribution was assessed using 
the Kolmogorov–Smirnov test. For normally distributed 
variables (except age), results were presented as arithme-
tic means and standard deviations (SD). Data for age were 
expressed as mean, median (minimum–maximum), and 
interquartile range (IQR). Categorical variables were com-
pared using the chi-squared test or Fisher’s exact test when 
appropriate. The means of two non-normally distributed 
variables were compared using the Mann–Whitney U test. 
For comparing the means of nonparametric variables across 
more than two groups, the one-way ANOVA test was used. 
Logistic regression analysis was performed for variables 
showing significant differences between groups. Odds ratios 
(OR), their standard errors, and 95% confidence intervals 
(CI) were calculated following Altman’s method (1991). A 
p value of less than 0.05 was considered statistically signifi-
cant. The genotype distribution of IL-15 polymorphisms in 
the control group was analyzed to verify conformity with 
the Hardy–Weinberg equilibrium [32, 33].

Results

A total of 54 patients and 44 healthy controls were enrolled 
in the study. Follow-up was conducted 9 months after diag-
nosis and initiation of GFD. Of the initial cohort, 3 patients 
were lost to follow-up, leaving 51 patients for analysis 
(Fig. 1).

The mean age of cases was 8.62 ± 4.4 years, while for 
controls, it was 8.07 ± 4.7 years, with no significant differ-
ence observed (p = 0.55). The gender distribution was bal-
anced, with 48.15% males in the case group and 47.72% 
females in the control group (p = 0.97), ensuring appropriate 
matching for age and gender.

The genotypic distribution of IL-15 SNP (rs2857261) 
revealed significant differences between cases and controls 
(p < 0.001). The AA genotype was found in 48.1% (26/54) 
of patients compared to only 6.8% (3/44) in controls. The 
AG genotype occurred in 35.2% (19/54) of patients and 
56.8% (25/44) of controls, while the GG genotype was 
observed in 16.7% (9/54) of patients and 36.4% (16/44) of 
controls. Both the AG and GG genotypes showed a protec-
tive effect compared to the AA genotype, with odds ratios 
of 0.088 (95% CI = 0.025–0.306, p < 0.001) and 0.065 (95% 
CI = 0.018–0.237, p < 0.001), respectively. The genotype 
frequencies in the control group were consistent with the 
Hardy–Weinberg equilibrium (HW p = 0.108). For allele fre-
quencies, allele A was represented in 71 cases (65.7%) and 
31 controls (35.2%), while allele G was found in 37 cases 
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Fig. 1   RECORD flow diagram of recruitment of the studied population

Table 1   Comparison of IL-15 
SNP (rs2857261) genotype 
and allele distribution between 
celiac disease cases and controls

c2, chi-square test; FE, Fisher Exact; OR, odds ratio; ®, reference group; CI, confidence interval; LL, lower 
limit; SNP, single-nucleotide polymorphism; UL, upper limit
p: p value for univariate regression analysis
* Statistically significant at p ≤ 0.05
HW χ2: chi-square for goodness of fit for the Hardy–Weinberg equilibrium (if p < 0.05—not consistent with 
HWE.)
1 OR between AA and AG
2 OR between AA and GG

Cases (n = 54) 
Number (%)

Control (n 
= 44) Number 
(%)

c2 p OR (LL–UL 95%C.I)

Il-15 SNP (rs2857261) 20.210*  < 0.001*
 AA 26 (48.1) 3 (6.8) 1.000
 AG 19 (35.2) 25 (56.8) 0.088 (0.023–0.333)1

 GG 9 (16.7) 16 (36.4) 0.065 (0.015–0.276)2

HWp 0.108 0.104
 AA® 26 (48.1) 3 (6.8) 19.877*  < 0.001* 1.000
 AG + GG 28 (51.9) 41 (93.2) 0.079 (0.022–0.286)
Allele 18.089*  < 0.001*
 A® 71 (65.7) 31 (35.2) 1.000
 G 37 (34.3) 57 (64.8) 0.283 (0.157–0.512)
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(34.3%) and 57 controls (64.8%) (p < 0.001). When compar-
ing between cases and control regarding IL-15 (rs2857261) 
SNP, (A/G) vs (A/A), the OR was 0.088 and (A/G + G/G) 
vs (A/A) OR was 0.079 (p < 0.0001). This indicates that the 
presence of the mutant allele (G) seems to be protective 
against developing CD (Table 1).

Serum IL-15 levels were significantly elevated in the 
patient group, with a mean value of 15.45 ± 1.21 pg/ml, 
compared to 14.18 ± 0.15 pg/ml in controls (p < 0.001) 
(Table 2).

Receiver-operating characteristic (ROC) curve analysis 
demonstrated excellent diagnostic accuracy for IL-15 in dis-
tinguishing cases from controls, with an area under the curve 
(AUC) of 0.993 (p < 0.001). At a cut-off value of 14.3 pg/
ml, IL-15 had a sensitivity of 98.15%, specificity of 90.91%, 
a positive predictive value (PPV) of 93%, and a negative 
predictive value (NPV) of 97.6% (Table 3, Fig. 2).

There was no significant correlation between serum IL-15 
level and anti-tTG IgA (Fig. 3).

Clinically, the most common presenting symptoms among 
patients included abdominal distention (61.11%), chronic 
diarrhea (44.4%), abdominal pain (57.4%), failure to thrive 
(59.3%), and chronic fatigue (55.6%). Associated autoim-
mune conditions were also noted, with 29.6% of patients 
having type 1 diabetes and 9.3% having thyroid disease 

Table 2   Comparison between 
the two studied groups 
according to level of serum 
IL-15 (pg/ml)

IQR, inter quartile range; SD, standard deviation; t, Student’s t-test
p: p value for comparing the two studied groups
* Statistically significant at p ≤ 0.05

Cases (n = 54) Control (n = 44) t p

IL-15
 Min.–max 14.30–20.30 13.90–14.50 6.900*  < 0.001*
 Mean ± SD 15.45 ± 1.21 14.18 ± 0.15
 Median (IQR) 14.90 (14.70–15.50) 14.20 (14.10–14.25)

Table 3   Diagnostic performance for IL-15 to discriminate patients (n = 54) from control (n = 44)

AUC​, area under a curve; p value, probability value; CI, confidence intervals; IL-15, interleukin-15; NPV, negative predictive value; PPV, posi-
tive predictive value
* Statistically significant at p ≤ 0.05

AUC​ p 95% C.I Cut-off Sensitivity Specificity PPV NPV

IL-15 0.993  < 0.001* 0.984–1.000  > 14.3 98.15 90.91 93.0 97.6

Fig. 2   ROC curve analysis of IL-15 to differentiate celiac disease 
patients from controls

Fig. 3   Correlation between serum IL-15 levels and anti-tTG IgA
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(Table S1). Growth impairment was prominent, as 50% of 
patients had height-for-age below − 2 Z score, 40.74% had 
weight-for-age below − 2 Z score, and 14.81% had BMI-for-
age below − 2 Z score (Table S2).

Laboratory investigations revealed anemia in 46.29% 
(25/54) of cases. Celiac disease serology showed elevated 
anti-tTG2 IgA levels (103 ± 168 U/ml); about 37% of 
patients had a level more than 100 U/ml and anti-EMA IgA 
positivity in 51.85% (28/54) of patients. The Marsh classifi-
cation indicated varying degrees of intestinal damage, with 
Marsh 3C being the most common (37%), emphasizing the 
heterogeneity of mucosal involvement in the study popula-
tion (Table 4).

Subgroup analysis of clinical and laboratory parameters 
by IL-15 genotype (AA, AG, GG) showed no significant 
differences across genotypes (p > 0.05). Growth parameters, 
hemoglobin levels, anti-tTG2 IgA, and IL-15 levels were 
similar among genotypes (Table 5, Fig. 4).

Table S3 compares the distribution of IL-15 genotypes 
among patients with and without residual symptoms after 
follow-up. The A/A genotype was slightly more prevalent in 
patients with residual symptoms (50%) compared to those 
without residual symptoms (43.5%). Similarly, the A/G gen-
otype showed comparable proportions in both groups (34.8% 
vs. 35.7%), while the G/G genotype was observed in 21.7% 
of patients without residual symptoms and 14.3% of those 
with residual symptoms.

Table S4 explores the relationship between IL-15 SNP 
genotypes and anti-tTG IgA levels after follow-up. Among 
patients with normal anti-tTG IgA levels, the A/A genotype 
was most frequent (48.7%), followed by the A/G (29.7%) 
and G/G (21.6%) genotypes. In patients with persistently 
high anti-tTG IgA levels, the A/A genotype was present in 
42.9%, A/G in 50%, and G/G in 7.1%.

Statistical analysis revealed no significant associations 
between IL-15 genotypes and the persistence of symptoms 
or the normalization of anti-tTG IgA levels (p > 0.05 for all 
comparisons). These findings suggest that IL-15 genotype 
may not directly influence symptom resolution or serological 
response to treatment during the follow-up period.

Discussion

In our prospective study, the mean age of participants was 
8.62 ± 4.4 years, with a median age of 9 years. Females con-
stituted a slight majority, accounting for 51.9% of the study 
population. Bardella et al. (2005) investigated gender- and 
age-related symptoms of gluten intolerance in a cohort of 
1436 patients and found a higher prevalence among females 
(69.4%) [34]. Similarly, a more recent study by Kara et al. 
(2021) involving 90 patients with CD reported a median age 
of 11 years (range = 3–18 years) and a female predominance 
(54.4%) [29].

In our study, patients exhibited a wide range of clini-
cal features. The most common presenting symptom was 
abdominal distention (61.11%), followed by failure to thrive 
(59.26%), chronic abdominal pain (57.41%), and chronic 
fatigue (55.56%). Similarly, Kara et al. (2021) reported that 
the most common symptom in their cohort was abdominal 
pain (52%), followed by weight loss (42%) and malnutri-
tion (28%) (29). In a cross-sectional study conducted by 
Dehbozorgi et al. (2020) involving 130 patients with CD, 
abdominal pain was also the most prevalent symptom (62%), 
followed by bone pain (53%) and chronic fatigue (49%) [35].

A study from Saudi Arabia by Al Sarkhi et al. (2016), 
which included 113 patients, revealed that the most common 
presentation of CD was chronic abdominal pain (59%), fol-
lowed by poor weight gain (54%) and abdominal distention 
(46%) [36]. Similarly, an older study by Poddar et al. (2006) 
involving 300 confirmed CD patients reported that the most 
frequent presenting symptoms were failure to thrive (91%), 
wasting (87%), anemia (84%), and diarrhea (84%) [37]. 
These findings highlight the vast variability in the clinical 
manifestations of CD, which can present with a wide range 
of gastrointestinal and extra-gastrointestinal symptoms.

In the current study, we observed significantly elevated 
serum IL-15 levels in newly diagnosed CD patients compared 
to the control group. Aghamohamadi et al. found that IL-15 
messenger ribonucleic acid levels were notably higher in CD 

Table 4   Investigations done for patients at the time of diagnosis 
(n = 54)

EMA, endomyseal; IgA, immunoglobulin A; IL, interleukin; TG2, 
tranglutaminase-2; SNP, single-nucleotide polymorphism

n (%)

Hemoglobin (g/dl) 11.3 ± 1.9
Anemia (hemoglobin < 11.5 g/dl) 25 (46.29)
Serum albumin (g/dl) 3.93 ± 0.67
Serum calcium (mg/dl) 9.35 ± 0.96
Serum phosphorus (mg/dl) 4.4 ± 1.1
Alkaline phosphatase (IU/l) 280 ± 144
Serum iron (µg/dl) 45.7 ± 21
Total iron binding capacity (µg/dl) 337 ± 85
Total IgA (mg/dl) 145 ± 73
Anti-TTG2 IgA (U/ml) 103 ± 168
Anti-EMA (positive) 28 (51.85)
Marsh classification
 2 1 (1.9)
 3A 10 (18.5)
 3B 3 (5.6)
 3C 20 (37)
 Not done 20 (37)
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Table 5   Subgroup analysis 
according to IL-15 SNP 
genotypes

A/A 
(n = 26)
n (%)

A/G 
(n = 19)
n (%)

G/G 
(n = 9)
n (%)

F p

Age (years)
 Min.–max 2–18 1–15 3–14
 Mean ± SD 8.35 ± 4.5 8.6 ± 4.7 9.4 ± 3.6 0.81 0.82
 Median (IQR) 8 (4–12) 10 (6–12) 10 (6–12)
Gender (male) 12 (46.2) 9 (47.4) 5 (55.6) 0.51 0.633
Age of introduction of gluten (months)
 Min.–max 4–14 3–6 5–6
 Mean ± SD 6.3 ± 1.8 5.6 ± 0.85 5.89 ± 0.33 0.32 0.235
 Median (IQR) 6 (6–6) 6 (6–6) 6 (6–6)
Symptoms appearance (years)
 Min.–max 1–17 1–13 2–14
 Mean ± SD 6.8 ± 4.7 7.1 ± 4.2 7.78 ± 4.6 0.06 0.91
 Median (IQR) 7 (4–10) 7.5 (4–10) 9 (4–12)
Consanguinity (positive) 7 (26.9) 4 (21.1) 3 (33.3) 0.43 0.49
Family history of celiac disease 4 (15.4) 4 (21.1) 2 (22.2) 0.52 0.65
Family history of other autoimmune disease 4 (15.4) 3 (15.8) 1 (11.1) 0.32 0.75
Chronic diarrhea 9 (34.6) 11 (57.9) 4 (44.4) 2.81 0.12
Chronic abdominal pain 15 (57.7) 12 (63.2) 4 (44.4) 0.21 0.36
Abdominal distension 17 (65.4) 11 (57.9) 5 (55.6) 0.56 0.61
Constipation 6 (23.1) 7 (36.8) 4 (44.4) 1.4 0.23
Recurrent nausea and vomiting 8 (30.8) 5 (26.3) 2 (22.2) 0.57 0.63
Failure to thrive 15 (57.7) 12 (63.2) 5 (55.6) 0.69 0.71
Delayed puberty 2 (7.7) 3 (15.8) 1 (11.1) 0.15 0.4
Chronic fatigue 15 (57.7) 12 (63.2) 3 (33.3) 2.25 0.15
Resistant iron deficiency anemia 7 (26.9) 3 (15.8) 2 (22.2) 0.19 0.38
Unexplained elevated liver functional tests 1 (3.8) 1 (5.3) 0 (0) 0.16 0.49
Unexplained arthritis or arthralgia 9 (34.6) 5 (26.3) 2 (22.2) 0.45 0.5
Short stature 13 (50) 10 (52.6) 4 (44.4) 0.51 0.69
Recurrent aphthous stomatitis 5 (19.2) 3 (15.8) 1 (11.1) 0.49 0.58
Dermatitis herpetiformis-type rash 4 (15.4) 0 (0) 0 (0) 1.41 0.22
Dental enamel defects 12 (46.2) 7 (36.8) 4 (44.4) 0.69 0.53
Signs of malnutrition
 Underweight 16 (61.5) 10 (52.6) 5 (55.6) 0.65 0.56
 Muscle wasting 12 (46.2) 8 (42.1) 4 (44.4) 0.43 0.79
 Lower limb edema 3 (11.5) 1 (5.3) 0 (0) 0.19 0.29
 Signs of vitamins deficiency 11 (42.3) 10 (52.6) 4 (44.4) 0.65 0.5
 Features of anemia 10 (38.5) 8 (42.1) 4 (44.4) 0.42 0.76
Laboratory data
 Hemoglobin (g/dl) 11.6 ± 2.1 11 ± 1.9 11.5 ± 1.1 0.57 0.64
 Anemia (hemoglobin < 11.5 g/dl) 10 (40) 12 (63.2) 3 (33.3) 0.17 0.34
 Serum albumin (g/dl) 4 ± 0.8 3.74 ± 0.6 4 ± 0.4 0.15 0.35
 Serum calcium (mg/dl) 9.33 ± 1.14 9.27 ± 0.83 9.6 ± 0.7 0.42 0.76
 Serum phosphorus (mg/dl) 4.6 ± 1.38 4.11 ± 0.74 4.5 ± 0.8 0.15 0.43
 Alkaline phosphatase (IU/l) 276 ± 169 262 ± 127 333 ± 101 0.66 0.52
 Serum iron (µg/dl) 44 ± 18.6 47 ± 23.3 47 ± 24.4 0.05 0.91
 Total iron binding capacity (µg/dl) 321 ± 68 347 ± 104 362 ± 89 0.16 0.44
 Total IgA (mg/dl) 131 ± 58 164 ± 97 144 ± 47 0.15 0.36
 Anti-TTG2 IgA (U/ml) 65 ± 84 143 ± 248 56 ± 55 1.49 0.24
 Anti-EMA (positive) 12 (46.2) 12 (63.2) 4 (44.4) 0.15 0.36
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patients with Marsh II lesions compared to healthy controls, 
as well as those with Marsh I and Marsh III lesions. The 
difference between Marsh II and Marsh I patients was statis-
tically significant. While serum IL-15 concentrations were 
also elevated in Marsh II patients compared to Marsh I and 
Marsh III patients, these differences did not reach statistical 
significance [38]. However, the study suggested that tissue 
levels of IL-15 correlate with circulating IL-15 expression. 

This supports the potential of circulating IL-15 as a reliable 
biomarker for assessing intestinal damage in CD [38].

IL-15 overexpression was also demonstrated in patients 
with active CD in the study by Mention et al. [39]. Numer-
ous studies have shown that the gluten-driven intestinal 
inflammatory disorder in CD is primarily caused by the 
upregulation of IL-15 expression in the intestinal mucosa. 
IL-15 acts on various cell types and influences distinct 

Table 5   (continued) A/A 
(n = 26)
n (%)

A/G 
(n = 19)
n (%)

G/G 
(n = 9)
n (%)

F p

 Serum IL-15 (pg/ml) 15.4 ± 1 15.6 ± 1.6 15.2 ± 0.6 0.47 0.746
March classification
 2 1 (3.8) 0 (0) 0 (0) 0.59 0.56
 3A 4 (15.4) 3 (15.8) 3 (33.3) 1.51 0.25
 3B 3 (11.5) 0 (0) 0 (0) 1.37 0.29
 3C 6 (23.1) 9 (47.4) 5 (55.6) 8.75 0.075
 Not done 10 (38.5) 7 (36.8) 1 (11.1) 2.65 0.13

EMA, endomyseal; IgA, immunoglobulin A; IL-15, interleukin-15; SNP, single-nucleotide polymorphism; 
TG2, tranglutaminase-2
F for one-way ANOVA test that was used to compare means and proportions of the three groups
p: p value for comparing between the studied groups
* Statistically significant at p ≤ 0.05

Fig. 4   Graphical representations of IL-15 levels and genotype frequency distribution
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immune components and pathways, ultimately disrupting 
intestinal immune homeostasis [17].

In our study, the diagnostic power of IL-15 was evaluated, 
demonstrating its potential as a promising tool for detecting CD 
with a sensitivity of 98.15% in the cases group. Furthermore, a 
serum level of IL-15 exceeding 14.3 pg/ml could be considered 
evidence of CD when compared to healthy controls.

An Iranian study by Masaebi et al. assessed the diagnos-
tic performance of various cytokines for CD and non-celiac 
gluten sensitivity (NCGS). Their findings, for the first time, 
highlighted that IL-8 and IL-15 exhibited the highest sensitivi-
ties, specificities, and predictive values (positive and negative) 
for detecting CD patients compared to the NCGS group and 
healthy controls [40].

Similarly, a study conducted by Di Sabatino et al. evaluated 
46 CD patients and 22 healthy individuals. Their results indi-
cated that IL-15 expression significantly increased in the intesti-
nal tissues of CD patients compared to healthy individuals. This 
finding suggests that a lower immunological threshold of IL-15 
in CD contributes to the initiation of other immune responses 
and the development of small bowel lesions [41].

Bernardo et al. obtained similar findings after evaluating 
42 CD patients and 24 healthy individuals at a gastroenterol-
ogy clinic for intestinal pathologies. However, they noted that 
IL-15 levels did not increase in the NCGS group [42].

In another study by Heydari et al., they enrolled 110 
treated CD patients, 15 with NCGS, and 46 healthy children, 
despite the higher mean serum levels of IL-15 they reported 
in the CD patients group (69.4 ± 137.9) as compared with 
patients in the NCGS (27.9 ± 61.1) and control (17.0 ± 43.9) 
groups, these differences were not significantly different 
between the studied populations (p = 0.869) [43].

Additionally, a study by Escudero-Hernandez et al. ana-
lyzed the IL-15 and IL-15Rα genes in samples from the 
Spanish Consortium for Genetics of Celiac Disease. Their 
findings suggested that the IL-15 gene might contribute to 
the genetic predisposition to CD and refractory CD through 
less common variants with moderate effects. They identi-
fied two regulatory SNP associated with CD: rs4956400 
(p = 0.0112, OR 1.21, 95% CI 1.04–1.40) and rs11100722 
(p = 0.0087, OR 1.24, 95% CI 1.06–1.45), both located 
upstream of the IL-15 gene. These SNP were found to cor-
relate with higher IL-15 protein expression [16]

In our study, comparing the IL-15 SNP (rs2857261) 
between the patient and control groups, we found that the A/A 
genotype was significantly more prevalent among the patients 
(48.15%) compared to the control group (6.8%) with statistical 
significance (p < 0.0001). In contrast, the A/G genotype was 
more frequent in the control group (56.8%) than in the patient 
group (35.2%) with a significant difference (p < 0.0001). 
These findings contradict those of Kara et al., who studied 
Turkish patients with CD and found a significantly higher 
frequency of the GG genotype in celiac patients compared to 

controls. In their study, the AA genotype was more common 
in the control group than in the celiac patients [29].

Furthermore, we analyzed the potential impact of this 
IL-15 SNP (rs2857261) on CD symptoms and histopatho-
logical grade, but found that none of the clinical symptoms or 
the histological grade was influenced by the presence of any 
of the genotypes of this SNP. These discrepancies in clinical 
manifestations may be explained by the presence of additional 
modifier genes that may influence the disease phenotype."

In addition, differences in genotype findings could be 
attributed to variations in genetic backgrounds, as popula-
tion-specific allele frequencies can significantly influence 
results [44]. The presence of modifier genes and genetic 
linkage with other variants may further explain population-
specific effects [45].

Currently, limited data exist regarding IL-15 gene poly-
morphisms and their variability among individuals from 
different ethnic backgrounds and diseases. However, IL-15 
gene variants have been associated with several autoimmune 
disorders, including psoriasis, type 1 diabetes, ulcerative 
colitis, and rheumatoid arthritis. These findings highlight the 
importance of genetic studies investigating the involvement 
of the IL-15 gene in celiac disease (CD) [16, 17].

Given the central role of IL-15 in the immunopathogenesis 
of CD, there is growing interest in developing novel therapies 
to attenuate its actions. To inhibit IL-15 activity and pre-
vent its harmful effects on oral tolerance and intraepithelial 
lymphocyte activation, several therapeutic agents have been 
developed, including IL-15-specific antibodies [17].

While HLA genes are a prerequisite for the development 
of CD, they are not sufficient on their own. Approximately 
39% of the general population carries the DQ2 or DQ8 
genes, yet only 3% of these individuals develop CD. This 
highlights the role of additional genetic factors in determin-
ing host susceptibility to the disease [46].

This study has several limitations. Its single-center 
design may limit the generalizability of the findings. Addi-
tionally, serum and tissue IL-15 levels were not assessed 
after GFD adherence, particularly in patients with the A/A 
genotype, restricting insights into IL-15 expression dynam-
ics. Resource constraints prevented the analysis of addi-
tional IL-15 SNPs beyond rs2857261. Future large-scale 
studies should evaluate IL-15 levels before and after GFD 
adherence, especially in genetically predisposed individu-
als, and investigate multiple IL-15 SNP to better under-
stand IL-15’s role in CD and its therapeutic potential.

Conclusion

This study revealed that the most common gastrointesti-
nal symptoms in children with CD were abdominal pain, 
abdominal distension, and failure to thrive. The most 
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frequent extraintestinal manifestations included failure to 
thrive, long-term fatigue, and short stature. Additionally, 
type 1 diabetes mellitus and hypothyroidism were identi-
fied as the most common comorbidities associated with CD.

Our findings demonstrated that IL-15 levels were elevated 
in newly diagnosed children with CD. Moreover, the study 
suggests that the IL-15 gene (rs2857261) AA variant is more 
prevalent among celiac patients compared to healthy con-
trols, whereas the A/G and G/G variants appear to confer a 
protective effect against the disease.

This conclusion underscores the importance of IL-15 as a 
potential biomarker and therapeutic target in the management 
of CD.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00431-​025-​06108-6.

Acknowledgements  The authors thank the staff members of Pediatric 
Gastroenterology and Nutrition and for their collaboration during the 
data collection.

Authors’ contributions  All authors contributed to the study's concep-
tion and design. N.M.Z performed data collection. Biochemical and 
genotyping assays by H. A. Y. Pathology interpretation by N.B. Mate-
rial preparation, analysis and the first draft of the manuscript were 
written by N.M Z and O.M. O. All authors read and approved the final 
manuscript.

Funding  Open access funding provided by The Science, Technology & 
Innovation Funding Authority (STDF) in cooperation with The Egyp-
tian Knowledge Bank (EKB).

Data availability  Data can be shared by the corresponding author with 
a reasonable request.

Declarations 

Ethics approval   This study was performed in line with the principles 
of the Declaration of Helsinki. Ethical approval for the study was 
obtained from the local Faculty of Medicine Ethics Committee. (IRB 
code 00012098‑FWA: No. 00018699. Ethics approval number: No. 
0201709).

Consent to participate  The authors thank the staff members of Pediat-
ric Gastroenterology and Nutrition and for their collaboration during 
the data collection

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Sahin Y (2021) Celiac disease in children: a review of the litera-
ture. World J Clin Pediatr 10(4):53–71

	 2.	 Satherley RM, Coburn SS, Germone M (2020) The impact of 
celiac disease on caregivers’ well-being: an integrative review. 
J Pediatr Gastroenterol Nutr 70(3):295–303

	 3.	 Roca M, Donat E, Masip E, Crespo-Escobar P, Cañada-Martínez 
AJ, Polo B et al (2021) Analysis of gluten immunogenic peptides 
in feces to assess adherence to the gluten-free diet in pediatric 
celiac patients. Eur J Nutr 60(4):2131–2140

	 4.	 Sansotta N, Amirikian K, Guandalini S, Jericho H (2018) Celiac 
disease symptom resolution: effectiveness of the gluten-free diet. 
J Pediatr Gastroenterol Nutr 66(1):48–52

	 5.	 Rodrigues M, Yonamine GH, Satiro CAF (2018) Correction to: 
Rate and determinants of non-adherence to a gluten-free diet 
and nutritional status assessment in children and adolescents 
with celiac disease in a tertiary Brazilian referral center: a cross-
sectional and retrospective study. BMC Gastroenterol 18(1):36

	 6.	 Wieser H, Ruiz-Carnicer Á, Segura V, Comino I, Sousa C (2021) Chal-
lenges of monitoring the gluten-free diet adherence in the management 
and follow-up of patients with celiac disease. Nutrients 13(7):2274

	 7.	 Gallegos C, Merkel R (2019) Current evidence in the diagnosis 
and treatment of children with celiac disease. Gastroenterol Nurs 
42(1):41–48

	 8.	 Sahin Y, Sahin DA (2021) The frequency of celiac disease in 
children with chronic constipation. Kuwait Med J 53(4):383–387

	 9.	 Dehghani SM, Ehsaei Z, Honar N, Javaherizadeh H (2015) 
Frequency of celiac disease in children with chronic functional 
constipation in Shiraz-Iran. Middle East J Dig Dis 7:166–169

	10.	 Sahin YU, Cakir MDU, Isakoca MU, Aydin Sahin DU (2019) 
Prevalence of celiac disease in children with type 1 diabetes 
mellitus in the South of Turkey. Iran J Pediatr e97306. https://​
doi.​org/​10.​5812/​ijp.​97306

	11.	 McAllister BP, Williams E, Clarke K (2019) A Comprehensive 
review of celiac disease/gluten-sensitive enteropathies. Clin Rev 
Allergy Immunol 57(2):226–243

	12.	 Macedo-Campos V, Macedo-Campos R, Pinto-Ribeiro F, Antunes 
H (2021) Factors affecting compliance to a gluten-free diet in pedia- 
tric populations with celiac disease. J Child Sci 11(01):e1–e13

	13.	 Guandalini S, Assiri A (2014) Celiac disease: a review. JAMA 
Pediatr 168(3):272–278

	14.	 Aljada B, Zohni A, El-Matary W (2021) The gluten-free diet for 
celiac disease and beyond. Nutrients 13(11). https://​doi.​org/​10.​
3390/​nu131​13993

	15.	 Wolters VM, Wijmenga C (2008) Genetic background of celiac dis-
ease and its clinical implications. Am J Gastroenterol 103(1):190–195

	16.	 Escudero-Hernández C, Plaza-Izurieta L, Garrote JA, Bilbao JR, 
Arranz E (2017) Association of the IL-15 and IL-15Rα genes 
with celiac disease. Cytokine 99:73–79

	17.	 Abadie V, Jabri B (2014) IL-15: a central regulator of celiac 
disease immunopathology. Immunol Rev 260(1):221–234

	18.	 Yokoyama S, Watanabe N, Sato N, Perera PY, Filkoski L, Tanaka T 
et al (2009) Antibody-mediated blockade of IL-15 reverses the auto-
immune intestinal damage in transgenic mice that overexpress IL-15 
in enterocytes. Proc Natl Acad Sci U S A 106(37):15849–15854

	19.	 Allard-Chamard H, Mishra HK, Nandi M, Mayhue M, Menendez 
A, Ilangumaran S et al (2020) Interleukin-15 in autoimmunity. 
Cytokine 136:155258

	20.	 Pagliari D, Cianci R, Frosali S, Landolfi R, Cammarota G, New-
ton EE et al (2013) The role of IL-15 in gastrointestinal dis-
eases: a bridge between innate and adaptive immune response. 
Cytokine Growth Factor Rev 24(5):455–466

	21.	 Mearin ML, Agardh D, Antunes H, Al-Toma A, Auricchio 
R, Castillejo G et  al (2022) ESPGHAN position paper on 

https://doi.org/10.1007/s00431-025-06108-6
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5812/ijp.97306
https://doi.org/10.5812/ijp.97306
https://doi.org/10.3390/nu13113993
https://doi.org/10.3390/nu13113993


	 European Journal of Pediatrics         (2025) 184:308   308   Page 12 of 12

management and follow-up of children and adolescents with 
celiac disease. J Pediatr Gastroenterol Nutr 75(3):369–386

	22.	 Vorobjova T, Tagoma A, Oras A, Alnek K, Kisand K, Talja I et al 
(2019) Celiac disease in children, particularly with accompany-
ing type 1 diabetes, is characterized by substantial changes in the 
blood cytokine balance, which may reflect inflammatory processes 
in the small intestinal mucosa. J Immunol Res 2019:6179243

	23.	 Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM, 
Guo SS, Wei R et al (2000) CDC growth charts: United States. 
Adv Data 314:1–27

	24.	 de Onis M, Garza C, Victora CG, Onyango AW, Frongillo EA, 
Martines J (2004) The WHO Multicentre Growth Reference Study: 
planning, study design, and methodology. Food Nutr Bull 25(1 
Suppl):S15-26

	25.	 Scherczinger CA, Bourke MT, Ladd C, Lee HC (1997) DNA extrac-
tion from liquid blood using QIAamp. J Forensic Sci 42(5):893–896

	26.	 Björck S, Lindehammer SR, Fex M, Agardh D (2015) Serum cytokine 
pattern in young children with screening detected coeliac disease. Clin 
Exp Immunol 179(2):230–235

	27.	 Rifai N (2022) Tietz textbook of laboratory medicine. Elsevier
	28.	 Yamamoto-Furusho JK, De-León-Rendón JL, Alvarez-León E, 

Valdivia-Eziquio M, Obil-Chavarría C, Vargas-Alarcón G (2014) 
Association of the interleukin 15 (IL-15) gene polymorphisms with 
the risk of developing ulcerative colitis in Mexican individuals. Mol 
Biol Rep 41(4):2171–2176

	29.	 Kara Y, Eren M, Arslan S, Çilingir O (2021) IL-15 gene polymor-
phism in celiac disease patients and their siblings. Turk J Gastroenterol 
32(4):349–356

	30.	 García-Alegría AM, Anduro-Corona I, Pérez-Martínez CJ, Guada-
lupe Corella-Madueño MA, Rascón-Durán ML, Astiazaran-Garcia H 
(2020) Quantification of DNA through the NanoDrop spectrophotom-
eter: methodological validation using standard reference material and 
Sprague Dawley rat and human DNA. Int J Anal Chem 2020:8896738

	31.	 Corp (2013) I, inventorIBM SPSS Statistics for Windows, Version 
22.0. Armonk, NY: IBM Corp

	32.	 Ryckman K, Williams SM (2008) Calculation and use of the Hardy-
Weinberg model in association studies. Curr Protoc Hum Genet. 2008 
Chapter 1:Unit 1.18. https://​doi.​org/​10.​1002/​04711​42905.​hg011​8s57

	33.	 Mayo O (2008) A century of Hardy-Weinberg equilibrium. Twin 
Res Hum Genet 11(3):249–256

	34.	 Bardella MT, Fredella C, Saladino V, Trovato C, Cesana BM, Quat-
rini M et al (2005) Gluten intolerance: gender- and age-related dif-
ferences in symptoms. Scand J Gastroenterol 40(1):15–19

	35.	 Dehbozorgi M, Honar N, Ekramzadeh M, Saki F (2020) Clinical 
manifestations and associated disorders in children with celiac 
disease in southern Iran. BMC Pediatr 20(1):256

	36.	 Sarkhy AA, El Mouzan MI, Saeed E, Alanazi A, Alghamdi S, 
Anil S et al (2015) Clinical characteristics of celiac disease and 
dietary adherence to gluten-free diet among saudi children. Pediatr 
Gastroenterol Hepatol Nutr 18(1):23–29

	37.	 Poddar U, Thapa BR, Singh K (2006) Clinical features of celiac 
disease in Indian children: are they different from the West? J 
Pediatr Gastroenterol Nutr 43(3):313–317

	38.	 Aghamohamadi E, Kokhaei P, Rostami-Nejad M, Pak F, Ros-
tami K, Moradi A et al (2020) Serum level and gene expression 
of interleukin-15 do not correlate with villous atrophy in celiac 
disease patients. Genet Test Mol Biomark 24(8):502–507

	39.	 Mention JJ, Ben Ahmed M, Bègue B, Barbe U, Verkarre V, Asnafi 
V et al (2003) Interleukin 15: a key to disrupted intraepithelial 
lymphocyte homeostasis and lymphomagenesis in celiac disease. 
Gastroenterology 125(3):730–745

	40.	 Masaebi F, Azizmohammad Looha M, Rostami-Nejad M, Pourhose-
ingholi MA, Mohseni N, Samasca G et al (2020) The predictive value 
of serum cytokines for distinguishing celiac disease from non-celiac 
gluten sensitivity and healthy subjects. Iran Biomed J 24(6):340–346

	41.	 Di Sabatino A, Ciccocioppo R, Cupelli F, Cinque B, Millimaggi D, 
Clarkson MM et al (2006) Epithelium derived interleukin 15 regulates 
intraepithelial lymphocyte Th1 cytokine production, cytotoxicity, and 
survival in coeliac disease. Gut 55(4):469–477

	42.	 Bernardo D, Garrote JA, Allegretti Y, León A, Gómez E, Bermejo-
Martin JF et al (2008) Higher constitutive IL15R alpha expression and 
lower IL-15 response threshold in coeliac disease patients. Clin Exp 
Immunol 154(1):64–73

	43.	 Heydari F, Rostami-Nejad M, Moheb-Alian A, Mollahoseini MH, 
Rostami K, Pourhoseingholi MA et al (2018) Serum cytokines profile 
in treated celiac disease compared with non-celiac gluten sensitivity 
and control: a marker for differentiation. J Gastrointestin Liver Dis 
27(3):241–247

	44.	 Rosenberg NA, Pritchard JK, Weber JL, Cann HM, Kidd KK, Zhi-
votovsky LA et al (2002) Genetic structure of human populations. 
Science 298(5602):2381–2385

	45.	 Nadeau JH (2001) Modifier genes in mice and humans. Nat Rev Genet 
2(3):165–174

	46.	 Aureli A, Aboulaghras S, Oumhani K, Del Beato T, Sebastiani P, 
Colanardi A et al (2020) CD1 gene polymorphism and susceptibility 
to celiac disease: association of CD1E*02/02 in Moroccans. Hum 
Immunol 81(7):361–365

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Mohamed Abdelfadeel Ragab1 · Omneya M. Omar1   · Omneya Badreldin1 · Nahed Baddour2 · Hend A. Yassin3 · 
Nada M. Zeitoon1

 *	 Omneya M. Omar 
	 O_magdy09@alexmed.edu.eg

	 Mohamed Abdelfadeel Ragab 
	 m_abdulfadeel@hotmail.com

	 Omneya Badreldin 
	 dromneya@yahoo.com

	 Nahed Baddour 
	 nahedbaddour@yahoo.com

	 Hend A. Yassin 
	 Hend.yassin@alexmed.edu.eg

	 Nada M. Zeitoon 
	 nadamokhtardoctor@hotmail.com

1	 Department of Pediatrics, Faculty of Medicine, Alexandria 
University, Alexandria, Egypt

2	 Department of Pathology, Faculty of Medicine, Alexandria 
University, Alexandria, Egypt

3	 Department of Medical Biochemistry, Faculty of Medicine, 
Alexandria University, Alexandria, Egypt

https://doi.org/10.1002/0471142905.hg0118s57
http://orcid.org/0000-0003-1967-8893

	Interleukin-15 gene polymorphism in children with celiac disease: a single-center experience
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References


