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S u m m a r y

Introduction. Non-specific inflammatory bowel disease in children is often associated with other autoimmune disorders, 
additionally abdominal pain, weight loss and growth disturbance occur in celiac disease and food allergies. In the pathogen-
esis of these diseases the impact of increased intestinal permeability is considered. The aim of the study is an assessment 
of an incidence of celiac disease and food allergy in children with inflammatory bowel disease and determination of their 
correlation with serum zonulin levels.

Materials and methods. The analysis included 71 children in age from 4 to 18 years with the active form of Crohn’s dis-
ease and ulcerative colitis. The control group consisted of 32 children in the same age range without gastrointestinal symp-
toms. In the group of examined children immunological tests were performed to diagnose celiac disease and food allergy. 
In all children, quantitative determination of the zonulin in the serum was made.

Results. In the examined group of patients with inflammatory bowel disease celiac disease has not occurred, while in the case 
of atopic increased zonulin levels and significantly positive correlation between serum zonulin levels and total IgE was found.

Conclusions. Increased zonulin levels among children with atopic in the course of inflammatory bowel disease confirm its 
use as a serum biomarker of intestinal permeability. In the future, measurement of its levels among children with inflammatory 
bowel disease may also be one of non-invasive tests used in practice in the evaluation of the intestinal mucosa.
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S t r e s z c z e n i e

Wstęp. Nieswoistym zapaleniom jelit u dzieci nierzadko towarzyszą inne zaburzenia o charakterze autoimmunologicznym, 
a bóle brzucha, niedobór masy ciała i zaburzenia wzrastania występują również w celiakii oraz alergii na pokarmy. W patoge-
nezie tych chorób rozważa się udział zwiększonej przepuszczalności jelitowej.

Cel. Celem pracy jest ocena częstości występowania celiakii i alergii na pokarmy u dzieci z nieswoistymi zapaleniami jelit 
oraz określenie ich korelacji z poziomem zonuliny w surowicy krwi.

Materiały i metody. Analizą objęto 71 dzieci w wieku od 4 do 18 lat w aktywnej fazie choroby Leśniowskiego-Crohna i 
wrzodziejącego zapalenia jelita grubego. Grupę kontrolną stanowiło 32 dzieci w tym samym wieku bez objawów ze strony 
przewodu pokarmowego. W grupie dzieci chorych wykonano: IgA, IgG, stężenie IgA tTG lub IgA EmA (przy niskich warto-
ściach IgA całkowitego zostały pobrane IgG tTG bądź IgG EmA), IgE całkowite oraz IgE specyficzne na wybrane alergeny 
pokarmowe. U wszystkich dzieci oznaczono ilościowo zonulinę w surowicy krwi.

Wyniki. W badanej grupie chorych z nieswoistymi zapaleniami jelit nie stwierdzono celiakii, natomiast w przypadku atopii 
stwierdzono podwyższony poziom zonuliny oraz istotnie dodatnią korelację pomiędzy stężeniem zonuliny a IgE całkowitym.

Wnioski. Podwyższone stężenie zonuliny u dzieci z atopią w przebiegu nieswoistych zapaleń jelit potwierdza jej rolę jako 
biomarkera przepuszczalności jelitowej. Pomiar jej stężenia u dzieci z nieswoistymi zapaleniami jelit w przyszłości może sta-
nowić również jeden z nieinwazyjnych testów wykorzystywanych w praktyce w ocenie stanu błony śluzowej jelita.

Słowa kluczowe: nieswoiste zapalenia jelit, celiakia, alergia, przepuszczalność jelitowa, dzieci

INTRODUCTION
Inflammatory bowel disease in children is often as-

sociated with other autoimmune disorders. Addition-

ally, an abdominal pain, weight loss and growth distur-
bance occur in celiac disease, food allergies and also 
in IBD (1, 2). In the pathogenesis of these diseases the 
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impact of increased intestinal permeability is consid-
ered (3). In recent years the diagnosis of celiac disease 
has been extended by assessment of serum zonulin lev-
els. Zonulin is a mediator which mediates in physiologi-
cal movement of molecules from the intestinal lumen by 
relaxation of tight junctions (4-6). These cell junctions 
belong to occluding junctions – zonula occludens (ZO). 
These structures reduce passage of harmful particles 
into the mucosa. Under conditions of excessive secre-
tion of zonulin increased movement of macromolecules 
through the intestinal mucosa may cause immunization 
leading to intestinal and extraintestinal autoimmune dis-
eases, what is genetically determined (7-9).

Until now, three ways of transepithelial transport 
were identified. These are: the transcellular way 
– through the surface of the enterocyte; the paracel-
lular way – through intercellular connections, in which 
zonulin is involved; and the way through dendritic cells. 
In recent years, the hypothesis that the increased in-
testinal permeability is the basis in inflammatory pro-
cess of IBD are put forward (10, 11).

It has been shown that due to a direct effect of glu-
ten on intestinal mucosa in acute celiac disease the in-
crease in zonulin activity occurs. In this case the zonulin 
release depends on MyD88 factor (mylloid differentia-
tion factor). The increase in zonulin activity causes a 
direct flow of gliadin and other antigens into the intesti-
nal mucosa (12, 13). Also, in patients with acute celiac 
disease the results of immunofluorescence studies on 
intestinal tissue showed increased zonulin levels in the 
submucosal layer (14).

There is a growing trend of allergies in recent 
years (15, 16). In the literature, the impact of food 
allergy on the etiopathogenesis of inflammatory 
bowel disease is considered. This is explained by 
the increase in the permeability of the intestinal mu-
cosa, and easier penetration of different antigens 
through the intestinal barrier and excitation of im-
mune response (17, 18).

Histological changes in the course of allergy in the gas-
trointestinal tract are seen as the increase in the amount 
of lymphocytes in the epithelium of the intestine, the re-
sult of this is a deepening of crypts and a progressive 
villous atrophy. Morphological abnormalities of intestinal 
villi have an impact on their absorption functions, what 
gives symptoms of malabsorption syndrome (19).

AIM

The aim of the study was an evaluation of preva-
lence of food allergy and celiac disease in children with 
inflammatory bowel disease and determination of their 
correlation with serum zonulin levels.

MATERIALS AND METHODS

The analysis included 71 children with active IBD, 
average age – 12.9 years: 36 children (17 girls and 
19 boys; average age – 13,36 years) with Crohn’s dis-
ease (CD) and 35 children (17 girls and 18 boys; aver-
age age – 12.44 years) with ulcerative colitis (UC).

The diagnosis was made using Porto criteria (20).
The control group consisted of 32 children without 

gastrointestinal symptoms (14 girls and 18 boys, aver-
age age – 12.09 years) classified for planned laryngo-
logical procedures. After legal guardians got familiar 
with the information concerning the nature of proce-
dure and agreed in writing to its performance the study 
was conducted. Planned work received the positive 
opinion from the Bioethics Commission of the Medical 
University of Silesia in Katowice. All patients were sub-
jected to subjective and physical examination.

To diagnose celiac disease and food allergy in ex-
amined group of children with CD and UC following 
immunological studies were performed:

1. Evaluation of IgA, IgG by immunoturbidimetric 
metod. In the interpretation of the results stan-
dards for age were applied.

2. tTG IgA levels by ELISA (standards: < 20 EU/ml 
negative result; 20-25 EU/ml questionable result, 
> 25 EU/ml positive result) or IgA EMA by indirect 
immunofluorescence (at low values for age the to-
tal IgA, tTG IgG or IgG EmA were used).

3. Total IgE levels determined by chemilumines-
cence. In the interpretation of the results stan-
dards for age were applied.

4. Specific IgE for selected food allergens (milk, 
wheat flour, egg white and egg yolk) determined 
by chemiluminescence. Reagents produced by 
DPC Krakow. Standard < 0.35 kU/l.

In all patients and in the control group: quantifica-
tion of serum zonulin levels was performed using a set 
for research purposes – the Zonulin ELISA kit from Im-
mundiagnostik. Determination of zonulin in serum was 
performed using 1cm3 blood sample collected for oth-
er examination. The serum was diluted 1:2 with extrac-
tion buffer (EXBUF), and the results of zonulin levels 
(expressed in units of ng/ml) were read from the curve 
defined by the calibration.

The results of zonulin levels were compared to con-
trol group.

Laboratory researches were conducted at the De-
partment of Laboratory Diagnostics in the Upper Sile-
sian Center of Child’s Health in Katowice. Statistical 
analysis was performed using STATISTICA program. 
The average values and standard deviation of exam-
ined parameters were calculated. The following tests 
were used: the Kolmogorov-Smirnov test, Student’s 
t test, Mann-Whitney test, chi-square test or chi-square 
with Yates’ correction, [R] Spearman Rank Correlation 
test. Level of p < 0.05 considered to be statistically sig-
nificant.

RESULTS

In the examined group of children and the control 
group differences in gender has not been demon-
strated. In the group of children with CD average age 
was about one year higher than in children with UC, 
however, this difference was not statistically significant. 
In examined group, in patients with CD zonulin levels 
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ranged from 2.87 to 46.2 ng/ml and in patients with UC 
form 1.93 to 61.43 ng/ml. In the control group zonulin 
levels ranged from 0.51 to 15.46 ng/ml. Zonulin levels 
in children with CD and UC were similar and signifi-
cantly higher compared to the control group (tab. 1).

Table 1. Average values of zonulin levels in the examined 
groups of patients with Crohn Disease (CD) and Ulcerative 
Colitis (UC), and in the control group.

CD UC Control 
group

Average values of
zonulin levels (ng/ml)

18.96 18.40 7.84

+/- SD +/- 14.2 +/- 16.05 +/- 5.78

CD – Crohn Disease, UC – Ulcerative Colitis

IgE values in children with IBD

In both groups, regard to the age standard in more 
than a half of children, elevated total IgE values oc-
curred (tab. 2).

Table 2. IgE values in the examined groups of children.

Group N
Total IgE IU/ml

Mean values Elevated Proper

CD 36 79.0 ± 78.5 21 (58.3%) 15 (41.7%)

UC 35 73.2 ± 71.8 22 (62.9%) 13 (37.1%)

Comparison NS NS

CD – Crohn Disease, UC – Ulcerative Colitis

The presence of positive specific IgE for selected 
foods (milk, chicken eggs, chicken, wheat flour) was 
observed in 3 children (8.33%) with CD and in 4 chil-
dren (11.42%) with UC. In patients with CD, with ele-
vated total IgE levels, significantly higher zonulin levels 
occurred (p = 0.01). Also in patients with ulcerative 
colitis, with elevated total IgE, significantly higher levels 
of this protein occurred (p = 0.03). In both groups, sta-
tistically significant correlation between total IgE and 
zonulin levels has been shown (tab. 3).

Intestinal biopsy in children with IBD

In patients with CD and UC, there were no positive tis-
sue transglutaminase antibodies, or antibodies against 
the endomysium of the smooth muscle. In the exami-
ned group, in 7 patients with IBD (9.85%) villous atro-
phy was observed. Among patients with CD following 
Marsh stages of villous atrophy were found: in 2 patients 
stage IIIA (zonulin levels in these patients were as fol-
lows: 42.73 ng/ml, 10.99 ng/ml), in 2 patients stage IIIB 
and in 3 patients with UC stage IIIA (zonulin levels were 
as follows: 39.56 ng/ml, 17.97 ng/ml, 17.37 ng/ml).

DISCUSSION
The discovery of zonulin has resulted in a number of 

studies on the nature and significance of intestinal per-
meability in the pathogenesis of many diseases of the 
digestive system diseases (such as celiac disease), 
nervous system, and some cancers and allergies (8).

Most recently there has been a growing interest in 
the subject of intestinal permeability disorders and its 
impact on the pathogenesis of many diseases, and 
also the coexistence of some of them (9). The issue 
of this work is to evaluate the coexistence of IBD, food 
allergies and celiac disease. Currently, many studies 
relate to assessment of the intestinal permeability in 
terms of an initiating disease factor – is it the primary 
mechanism or is it occur secondary to lasting inflam-
mation? According to Kalach et al., maturity and there-
fore sealing of the intestinal barrier occurs in children 
who have completed one year of age. Thus, in infancy 
an increased tendency to be allergic to food occurs 
(21-23). Also, the long-term oral antibiotic treatment, 
the usage of NSAIDs and intestinal infections do affect 
the balance of intestinal flora – damage the function 
of the intestinal epithelium. Increased susceptibility to 
the harmful factors as well as genetic predisposition 
to the occurrence of increased intestinal permeability 
are indicated in the research by Hilsedena et al. This 
research showed increased intestinal permeability in 
30% of healthy relatives of patients with IBD. Easier 
penetration of antigens through the intestinal barrier 
undoubtedly predisposes to the development of aller-
gies (24, 25).

Bartunkowa et al. found the presence of IgE-me-
diated food allergy in 14.3% of children with CD and 
in 9% of patients with ulcerative colitis. Van den Bo-
gaerde observed hypersensitivity to foods in the half 
of patients with CD. Arienzo showed the coexistence 
of food allergies in 22% of patients with ulcerative 
colitis (26-28). In our previous studies, IgE-mediated 
selected food allergy was found in 21% of patients 
with CD and in 32% of patients with UC. Features of 
atopic in the form of high total IgE were shown twice 
as often in CD (29). Results of this study show the 
IgE-mediated allergy to selected foods in 3 (8.33%) 
children with CD and in 4 (11.42%) children with UC, 
and features of atopic in the form of increased total 
IgE were found much more often because in more 
than half of the patients. In both disease groups, 
also the positive correlation between zonulin levels 
and total IgE in patients was demonstrated. How-
ever, until now, it has not been proven if the increase 
in total IgE is in the primary or secondary mecha-

Table 3. Correlations between zonulin levels and total IgE in the examined groups of children with Inflammatory Bowel 
Disease (IBD).

Correlated
parameter

CD + UC P CD P UC P

Spearman rank Spearman rank Spearman rank

IgcEc 0.4669 < 0.001 0.3509 0.0359 0.5574 < 0.001
CD – Crohn Disease, UC – Ulcerative Colitis
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nism to disorders of intestinal permeability. But it 
has been proven, that in the course of IBD the atopic is 
most probably related to immune disorders, at the root 
of which lies increased intestinal permeability.

In 2009, Fasano et al. published the research in 
which they showed the gliadin effect on the intestinal 
mucosa, what leads to the relaxation of the actin micro-
filaments and increased intestinal permeability, while 
the amount of secreted zonulin depends on levels of 
gliadin (30). Celiac disease coexists with some disease 
conditions in the course of which an increased intesti-
nal permeability was found (31, 32). In none of the pa-
tients with UC and CD positive tissue transglutaminase 
antibodies or antibodies against the endomysium of 
the smooth muscle were detected. Among examined 
group with IBD in 7 patients (9.85%) intestinal villous 
atrophy was found. In this group of patients zonulin lev-

els were high, what confirms abnormalities in intestinal 
permeability.

Perhaps if the study included a larger group of chil-
dren with IBD, it would show the coexistence of these 
two diseases. However, analyzing epidemiological data 
in literature, which determined this rate at the level of 
0.83% what is equal to the population ratio, the much 
higher results should not be expect (33).

CONCLUSIONS

Increased zonulin levels in children with atopic in the 
course of inflammatory bowel disease confirm its use 
as a serum biomarker of intestinal permeability. In the 
future, measurement of its levels among children with 
inflammatory bowel disease may also be one of non-
invasive tests used in practice in the evaluation of the 
intestinal mucosa.

B I B L I O G R A P H Y

1. Kotze LM, Nisihara RM, Utiyama SR et al.: Antibodies anti-
Saccharomyces cerevisiae (ASCA) do not differentiate Crohn’s 
disease from celiac disease. Arq Gastroenterol 2010; 47(3): 
242-245.

2. Grzybowska-Chlebowczyk U, Woś H: Występowanie celiakii w 
przebiegu nieswoistych zapaleń jelit u dzieci. Ped Współ Ga-
stroenterol Hepatol Żyw Dziecka 2009; 11(4): 142-144.

3. Tursi A, Giorgetti GM, Brandimarte G, Elisei W: High prevalence 
of celiac disease among patients affected by Crohn’s disease. 
Inflamm Bowel Dis 2005; 11(7): 662-666.

4. Fasano A: Intestinal zonulin: open sesame! Gut 2001; 49(2): 
159-162.

5. Fasano A: Physiological, pathological, and therapeutic implica-
tions of zonulin-mediated intestinal barrier modulation: living life 
on the edge of the wall. Am J Pathol 2008; 173(5): 1243-1252.

6. Moreno-Navarrete JM, Sabater M, Ortega F et al.: Circulating 
zonulin, a marker of intestinal permeability, is increased in as-
sociation with obesity-associated insulin resistance. PLoS One 
2012; 7(5): e37160.

7. Tripathi A, Lammers KM, Goldblum S et al.: Identification of 
human zonulin, a physiological modulator of tight junctions, 
as prehaptoglobin-2. Proc Natl Acad Sci USA 2009; 29: 106(39): 
16799-16704.

8. Fasano A: Zonulin and its regulation of intestinal barrier func-
tion: the biological door to inflammation, autoimmunity and can-
cer. Physiol Rev 2011; 91(1): 151-175.

9. Fasano A: Zonulin, regulation of tight junctions, and autoim-
mune diseases. Ann N Y Acad Sci 2012; 1258: 25-33.

10. Liu Z, Li N, Neu J: Tight junctions, leaky intestines and pediatric 
diseases. Acta Pediatr 2005; 94(4): 386-393.

11. Arieta MC, Madsen K, Doyle J, Meddings J: Reducing small in-
testinal permeability attenuates colitis in the IL 10 gene-deficient 
mouse. Gut 2009; 58(1): 41-48.

12. Heyman M, Abed J, Lebreton C, Cerf-Bensussan N: Intestinal 
permeability in coeliac disease: insight into mechanisms and 
relevance to pathogenesis. Gut 2012; 61(9): 1355-1364.

13. Lammers KM, Lu R, Brownley J et al.: Gliadin induces an in-
crease in intestinal permeability and zonulin release by bind-
ing to the chemokine receptor CXCR3 Gastroenterology 2008; 
135(1): 194-204.

14. Fasano A, Not T, Wang W et al.: Zonulin, a newly discovered 
modulator of intestinal permeability, and its expression in co-
eliac disease. Lancet 2000; 29, 355(9214): 1518-1519.

15. Kaczmarski M, Wasilewska J, Jarocka-Cyrta E et al.: Polish 
statement on food allergy in children and adolescents. Post 
Dermatol Alergol 2011; 28(5): 331-367.

16. Yawn BP, Fenton MJ: Summary of the NIAID-Sponsored Food 
Allergy Guidelines. Am Fam Physician 2012; 86(1): 43-50.

17. Grzybowska-Chlebowczyk U, Woś H, Sieroń AL et al.: Serologic 
investigations in children with inflammatory bowel disease and 
food allergy. Mediators of Inflamm 2009; Article ID 512695, doi: 
10.1155/2009/512695.

18. Groschwitz KR, Ahrens R, Osterfeld H et al.: Mast cells regulate 
homeostatic intestinal epithelial migration and barrier function 
by a chymase/Mcpt4 – dependent mechanism. Proc Natl Acad 
Sci USA 2009; 106(52): 22381-22386.

19. Mayer L: Mucosal Immunity. Pediatrics 2003; 111(6): 
1595-1600.

20. IBD Working Group of the European Society for Paediatic Gas-
troenterology, Hepatology and Nutrition (ESPGHAN): Inflamma-
tory bowel disease in children and adolescents. Recomenda-
tion for diagnosis – The Porto Criteria. IPGN 2005; 41: 1-7.

21. Kalach N, Rocchiccioli F, de Boisseu D et al.: Intestinal perme-
ability in children: variation with age and reliability in the diagno-
sis of cow’s milk allergy. Acta Pediatr 2001; 90(5): 499-504.

22. Burks WA, Tang M, Sicherer S et al.: ICON: Food allergy. Jour-
nal of Allergy and Clinical Immunology 2012; 129(4): 906-920.

23. Sicherer SH: Epidemiology of food allergy. J Allergy Clin Immu-
nol 2011; 127(3): 594-602.

24. Hilsden RJ, Meddings JB, Sutherland LR: Intestinal permeability 
changes in response to acetylsalicylic acid in relatives of pa-
tients with Crohn’s disease. Gastroenterology 1996; 110(5): 
1395-1403.

25. Kiyono H, Kweon MN, Hiroi T, Takahashi L: The mucosal im-
mune system: from specialized immune defense to inflamma-
tion and allergy. Acta Odontol Scand 2001; 59(3): 145-153.

26. Bartunkowa J, Kolarova I, Sediva A, Holzelova E: Antineutro-
phil cytoplasmic Antibodies, Anti-Saccharomyces cerevisiae 
antibodies, and specific IgE to food allergens in children with 
inflammatory bowel disease. Clin Immunol 2002; 102: 162-168.

27. Bogaerde J, Cahill J, Emanuel A et al.: Gut mucosal response 
to food antigens in Crohn’s disease. Aliment Pharmacol Ther 
2002; 16: 1903-1915.

28. D-Arienzo A, Manguso F, Astarita C et al.: Allergy and mucosal 
eosinophil infiltrate in ulcerative colitis. Scand J Gastroenterol 
2000; 35: 624-631.



350

Danuta Pabijasz, Urszula Grzybowska-Chlebowczyk, Halina Woś

29. Grzybowska-Chlebowczyk U: Ekspresja objawów klinicznych w 
zależności od genotypu oraz profilu cytokin u dzieci i młodzieży 
z nieswoistymi zapaleniami jelit. Rozprawa habilitacyjna, Śląski 
Uniwersytet Medyczny w Katowicach 2007; 15.

30. Fasano A: Physiological, pathological, and therapeutic implica-
tions of zonulin-mediated intestinal barrier modulation: living life 
on the edge of the wall. Am J Pathol 2008; 173(5): 1243-1252.

31. Tursi A, Giorgetti GM, Brandimarte G, Elisei W: High prevalence 
of celiac disease among patients affected by Crohn’s disease. 

Inflamm Bowel Dis 2005; 11(7): 662-666.
32. Kotze LM, Nisihara RM, Utiyama SR et al.: Antibodies anti-Sac-

charomyces cerevisiae (ASCA) do not differentiate Crohn’s 
disease from celiac disease. Arq Gastroenterol 2010; 47(3): 
242-245.

33. Leeds JS, Horoldt BS, Sidhu R et al.: Is there association betwe-
en coeliac disease and inflammatory bowel diseases? A study 
of relative prevalence in comparison with population controls. 
Scan J Gastroenterol 2007; 42: 1214-1220.

Address/adres: 
*Urszula Grzybowska-Chlebowczyk

Department of Pediatrics
Medical University of Silesia

Upper-Silesian Child Health Care Centre
ul. Medyków 16, 40-752 Katowice

tel.: +48 504-122-362; +48 (32) 207-17-00
e-mail: klinikapediatrii@sum.edu.pl

received/otrzymano: 20.02.2013 
accepted/zaakceptowano: 10.04.2013


