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Celiac disease is a chronic, immune-mediated inflammatory disorder of the small intestine, triggered by gluten ingestion in
genetically predisposed individuals. This study aims to investigate the role of CD3 and CD8 immunohistochemical stains in the
detection of increased intraepithelial lymphocytes in patients diagnosed with mild enteropathy celiac disease. A cross-sectional
study was conducted at Basrah/Al-Sader Teaching Hospital from April 2018 to July 2019. Patients with mild enteropathy celiac
disease were selected, and intraepithelial lymphocytosis in duodenal biopsies was histologically evaluated before and after the
application of CD3 and CD8 immunostains. A total of 57 patients participated in the study, with a median age of 30 years.
Of these, 37 (64.9%) were female, and 20 (35.1%) were male, with a male-to-female ratio of 1:1.8. Routine hematoxylin and
eosin staining revealed that 31 cases (54.4%) were classified as Marsh type 0, 19 cases (33.3%) as Marsh type 1, and 7 cases
(12.3%) as Marsh type 2. However, the application of CD3 and CD8 immunohistochemical stains led to a reclassification in 27
out of 57 cases (47.4%). Specifically, 17 of the 31 cases (54.8%) initially classified as Marsh type 0 were reclassified as Marsh
type 1, while 6 of the 19 cases (31.6%) initially classified as Marsh type 1 were reclassified as Marsh type 0, and 4 of the 7 cases
(57.1%) initially classified as Marsh type 2 were reclassified as Marsh type 0. Immunohistochemical staining with CD3 and CD8
plays a crucial role in the evaluation of intestinal biopsies for celiac disease.
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Introduction

Celiac disease is defined as a chronic inflammatory disorder of
the small intestine, precipitated by ingestion of gluten in genetically
predisposed individuals (Losowsky et al., 2008; Elli et al., 2015). It is
the major cause of malabsorption and because of its wide range of
clinical presentation and multi-systemic involvement it might be
considered as a syndrome (Parzanese et al., 2017).

It has unique features compared to other autoimmune diseases,
including complete recovery of mucosal damage after gluten-free diet
(GFD). On the other hand, undiagnosed subjects might have severe
complications that may be a life threatening condition (Mubarak
etal,, 2015). Both genetic and environmental factors play role in its
pathogenesis (Hudacko et al., 2013).

Genetic components have a fundamental role in celiac disease as
it is highly associated with human leukocyte antigen (HLA) of major
histocompatibility complex (MHC) (Gutiérrez et al., 2017).

Over 90% of celiac patients express the HLA-DQ2 molecule, the
rest 10% express HLA-DQS. Although HLA DQ2 and HLA DQS8
molecules are frequent among the general population (30%), only 1—
3% of them develop celiac disease. This disproportion together with
less than 100% involvement of monozygotic twins suggest that there
are additional genetic and environmental factors involved in the de-
veloping of the disease (Scanlon et al., 2011). Several environmental
factors are involved in celiac disease pathogenesis, however the most
important one is dietary gluten (Lionetti et al., 2015). Gluten is broken
down into smaller peptides and amino acids by the action of proteo-
lytic enzymes derived from stomach, pancreas and intestinal brush
border, yielding a large peptide (mer-33) that cannot be completely
digested. Mer-33 fragments will bind vigorously to HLA-DQ2 and
HLA-DQS8 heterodimers that are expressed on the surface of antigen
presenting cells like macrophages and lymphocytes causing amplifi-
cation of gluten specific T-cell responses (Bozena et al., 2017; Sollid
etal., 2012).

Celiac disease can occur at any age from childhood to old age.
Itis more common in women with male to female ratio 1:2 to 1:3
(Kumar et al., 2017; Caio et al., 2019). Clinical presentation of celiac

disease is variable, most patients present with weight loss, chronic
diarrhea, abdominal pain and vomiting, while others presented with
extra intestinal features like iron deficiency anemia (IDA) which did
not respond to iron therapy (about 40%), macrocytic anemia (due to
folate or By, deficiency), osteopenia and osteoporosis (due to calcium
and vitamin D; deficiency), neurological abnormalities like headache,
paresthesia, anxiety and depression have been reported in some cases
(Troncone et al., 2011). Endoscopic duodenal biopsy has a crucial
role in the diagnosis of celiac disease, multiple endoscopic biopsies
are required, it is recommended that two biopsies from the first part
and four biopsies from the second part of the duodenum must be
taken (Barker et al., 2008; Marietta et al., 2013). Histological features
which should be evaluated in the duodenal biopsies from patients
suspected to have celiac disease include increased IELs, crypt hyper-
plasia and villous atrophy (Mocan et al., 2016).

Intraepithelial lymphocytoses (IELs) are regarded as a normal
component of intestinal mucosa, however, the number of IELs is gre-
atly variable, Hayat et al. (2002), and Veress et al (2004), regarded the
count of IELs between 25 and 29 cells per 100 enterocytes as a bor-
derline. Increase in IELs more than 30 cells/100 enterocytes is consi-
dered the most important histological feature for the disease since it
represents the earliest mucosal abnormalities related to the disease.
Recent randomized studies showed that patients with mild enteropa-
thy celiac disease can get benefit from a GFD with subsequent reduc-
tion in the complications of the disease like nutritional deficiency and
small bowel malignancies (Brown et al., 2006; Pellegrino et al., 2011).
IELs is usually evaluated on hematoxylin and eosin stained sections,
however, nuclear overlapping and variability of nuclear shape make it
difficult to differentiate lymphocytes from enterocytes and other in-
flammatory cells (Dickson et al., 2006).

Matherials and methods

The study was approved by the Human Ethics Committee of De-
partment of Histopathology in Al-Sader Teaching Hospital, Basrah,
Iraq. Everyone who took part in the study was told about it and asked
to sign a consent form. Each patient was also guaranteed that his
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information would be kept private. A cross-sectional study was con-
ducted from April 2018 to July 2019, collecting all duodenal biopsies
submitted to the histopathology department at Al-Sader Teaching
Hospital in Basrah. Among these, 57 cases of mild enteropathy celiac
disease were selected based on specific criteria, including patient age
(1860 years), clinical features, serological tests (anti-tTG), endosco-
pic findings, and histopathological examination. Only cases classified
as Marsh type 0, 1, or 2 were included. Duodenal biopsies were as-
sessed by an expert pathologist, with hematoxylin and eosin staining
used to evaluate intraepithelial lymphocytes, counting only supranuc-
lear and perinuclear lymphocytes above the basement membrane
along the entire villous length. Immunohistochemical evaluation of
IELs was performed using CD3 and CD8 immunostains. Biopsy
samples were fixed in 10% neutral buffered formalin, processed routi-
nely, and embedded in paraffin. Three sections of 4-micrometer thick-
ness were obtained from each paraffin block, with one stained using
hematoxylin and eosin and the other two stained with CD3 and CD8
immunostains for further analysis.

Statistical analysis is often used to analyze quantitative data, and
provides methods for data description, simple inference for continu-
ous and categorical data. The procedure involves the collection of
data leading to test of the relationship between two statistical data sets.
In this study, all data are presented as frequency and percentage.
We used SPSS (version 26) and the dependent t-test (two-tailed) and
independent t-test (two-tailed) for variables that had a normally distri-
buted distribution. For variables that did not have a normally distribu-
ted distribution, we used the Mann-Whitney U test, the Wilcoxon test,
and the Chi-square test. P <0.05 was seen as statistically significant.

Results

Immunohistochemical examination results for both CD3 and
CD8 across different stages of Marsh classification showed statistical-
ly significant differences between groups (P < 0.001). Looking at the
overall results, 42.1% of all samples were CD3 positive, 52.6% were
CDS8 positive, and 5.3% of cases were classified as Marsh 2. These
results reflect the differential distribution of immune cell types across
different Marsh stages, suggesting their potential role in the develop-
ment of histological changes associated with the disease state.

The results of the immunohistochemical examination of anti-tTG
across the different stages of the Marsh classification showed no
statistically significant differences between groups (P = 0.936).
In Marsh stage 0, 64.5% of samples were negative for anti-tTG, while
35.5% were positive. In Marsh stage 1, 63.2% of samples were nega-
tive, while 36.8% were positive. For Marsh stage 2, 57.1% of samples
were negative and 42.9% were positive. When looking at the overall
results, 63.2% of samples were negative, while 36.8% of samples
were positive for anti-tTG. These results suggest that there is no clear
relationship between anti-tTG expression and the different Marsh sta-
ges, which may reflect that this marker is not directly related to the
development of histological changes in this disease.

The results of the immunological distribution of CD3 and CD8 in
relation to AntitTG across different Marsh stages showed highly sig-
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nificant differences (P < 0.001). In Marsh stage 0, the vast majority of
samples were negative for Anti-tTG (91.7%), while only 8.3% were
positive. In Marsh stage 1, the proportion of negative samples decrea-
sed to 46.7%, while the proportion of positive samples increased to
53.3%. In Marsh stage 2, all samples were 100% positive for Anti-
tTG. When looking at the overall distribution, samples negative for
Anti-tTG accounted for 63.2% of the total samples, while 36.8% of
samples were positive. These results reflect the strong relationship
between CD3 and CDS expression and Anti-tTG level, especially in
the advanced stages of Marsh changes, indicating the role of cellular
immunity in the development of the disease.

Table 1
Immunostaining for CD3 and CDS across different Marsh stages

Immunostaining

(CD3 & CDS) Marsh 0 Marsh 1 Marsh 2 Total
No. (% within o o o o
immunostain) No. (%) No. (%) No. (%) No. (%)
Negative 14(452%) 17(548%)  0(0.0%)  31(100%)
Positive 6(31.6%) 13(684%)  0(0.0%) 19 (100%)
Strong positive 4(57.1%) 0(0.0%) 3(42.9%)  7(100%)

Total 24 (42.1%)  30(52.6%)  3(53%)  57(100%)
Notes: statistical test: chi-square test (y?), P-value < 0.001 (significant).
Table 2
Anti-tTG Immunostaining across different Marsh stages
AntitTG Marsh Marsh Marsh Total

Result 0<br>(n=31) 1<br>(n=19) 2<br>(n=7) <br>(n=57)
Negative 20(64.5%)  12(632%)  4(57.1%) 36 (63.2%)
Positive 11(355%)  7(36.8%) 3 (42.9%) 21 (36.8%)

Total 31 (100%) 19 (100%) 7 (100%) 57 (100%)

Notes: P-value = 0.936 (by chi-square test).

Table 3
Distribution of Immunostaining for CD3 and CD8
in relation to anti-tTG across different Marsh stages

AntitTG Marsh Marsh Marsh Total
Result 0<br>(n=24) 1<br>(n=30) 2<br>(n=3) <br>(n=57)
Negative 22(91.7%) 14 (46.7%) 0(0.0%) 36 (63.2%)
Positive 2 (8.3%) 16(533%)  3(100.0%)  21(36.8%)
Total 24 (100%) 30 (100%) 3 (100%) 57 (100%)

Notes: P-value < 0.001 (chi-square test).

Discussion

Celiac disease is a chronic, immune-mediated inflammatory dis-
order of the small intestine triggered by a combination of genetic and
environmental factors. The hallmark histological features for diagnos-
ing celiac disease include villous atrophy, crypt hyperplasia, and in-
creased intraepithelial lymphocytes (IELs). Fry et al. (1972), highligh-
ted the diagnostic significance of increased IELs in patients with celi-
ac disease over three decades ago.

b

Fig. 1. Duodenal biopsy — Marsh type 0: @ — stained with hematoxylin and eosin sections show no evidence of increased
intraepithelial lymphocytes (IELs); b — the same figure demonstrates strong immunoreactivity for CDS8 in IELs at high-power view
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Fig. 2. Duodenal biopsy — Marsh type 1: @ — stained with hematoxylin and eosin sections show increased intraepithelial lymphocytes (IELs)
>30 cells/100 enterocytes; b — CD3- and CD8-stained sections demonstrate immunoreactive IELs; ¢ — CD3-stained sections
of Marsh type 1 reveal negative immunoreactivity of I[ELs

a -

Fig. 3. Duodenal biopsy — Marsh type 2: a — stained with hematoxylin and eosin section shows preserved villous architecture
with crypt hyperplasia; b, c — CD3- and CD8-stained sections reveal positive immunoreactivity of [ELs

Mubarak et al. (2015) emphasized the important role of immuno-
histochemistry for CD3 in evaluating IELs in patients with celiac dis-
ease. In this study, the median age of patients was 30 years, ranging
from 18 to 54 years. This finding is consistent with a study conducted
in Malaysia in 2014 (Iftikhar et al., 2016), which showed that celiac
disease is more common in the 21-30 age group. However, it con-
trasts with a study conducted in Canada in 2008 (Freeman, 2008),
which reported that the burden of the disease is higher in individuals
aged over 60. The sex distribution of celiac disease varies globally,
with some geographic regions showing equal distribution between
males and females (Ciclitira, 2001).

Our study revealed a clear female predominance, with a male-to-
female ratio of 1:1.8. This finding aligns with a study in the United
Kingdom in 2015 (Zingone et al., 2015) but contrasts with a study in
China (Jiang et al., 2009), which reported a higher prevalence in ma-
les. In this study, most patients (56.2%) presented with unexplained
iron deficiency anemia, which is consistent with a study conducted in
Basra in 2017 (Hashim et al., 2017), where 43.4% of patients had
unexplained iron deficiency anemia. Histologically, both CD3 and
CD8 immunostains yielded similar results. They led to different as-
sessments of Marsh classification in 27 out of 57 cases (47.4%),
which was statistically significant (P-value < 0.001). Therefore, CD3
and CD8 immunohistochemistry stains are considered to have an ad-
ditional role in the histological diagnosis of celiac disease. This fin-
ding is consistent with a study conducted in the Netherlands in 2015,
which found that CD3 immunostaining resulted in a different assess-
ment in 12.6% of patients. Similarly, Mino et al. (2003) and Hudacko
et al. (2013) noted that CD3 immunostaining detected more IELs than

routine hematoxylin and eosin (H&E) staining. Tissue transglutami-
nase (tTG) is an intracellular enzyme found in various tissues, and se-
rum tTG levels are often elevated in patients with celiac disease
(D'Argenio et al.,, 1989). In the current study, 21 out of 57 cases
(36.8%)) tested positive for anti-tTG antibodies, while 36 out of 57 ca-
ses (63.2%) tested negative. Statistically, there was no significant cor-
relation (P-value = 0.963) between serology and Marsh classification
on routine H&E staining.

However, after applying CD3 and CD8 immunostains, there was
a highly significant correlation (P-value < 0.001) between serology
and Marsh classification. In Marsh type 0, anti-tTG antibodies were
positive in 2 out of 24 cases (8.3%) and negative in 22 out of 24 cases
(91.7%). Positive serology despite normal duodenal mucosa may in-
dicate that the mucosal abnormalities are patchy or that mucosal lesi-
ons have not yet developed (Hammer et al., 2013).

This is consistent with Freeman’s (2004) study, which showed
that 20% of patients with positive anti-tTG antibodies had normal
duodenal mucosa. Ludvigsson et al. (2009) suggested that not all pati-
ents with positive serology will develop celiac disease, and that positi-
ve results might be transient (Collin et al., 1993; Ludvigsson et al.,
2009). In contrast, other studies suggest that individuals with normal
mucosa and positive serological tests often progress to Marsh type 1—
3, and follow-up is necessary for such patients (Iltanen et al., 1999).

On the other hand, anti-tTG antibodies were negative in 14 out of
30 cases (46.7%) with Marsh type 1 lesions, while positive in 16 out
of 30 cases (53.3%). This finding is supported by Lewis and Scott
(2010), who reported that 5-16% of cases diagnosed with celiac dis-
ease had negative anti-tTG serology. Mucosal abnormalities asso-
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ciated with negative serology could be explained by IgA deficiency or
seronegative celiac disease (Abrams et al., 2004). All three cases with
Marsh type 2 lesions had positive serological tests.

Conclusion

Immunohistochemical staining of CD3 and CDS plays a signifi-
cant role in evaluating intestinal biopsies for the diagnosis of celiac
disease, providing deeper insights compared to routine H&E staining.
The application of CD3 and CD8 immunostains allows for the detec-
tion of additional cases with Marsh type 1 lesions that may have been
misdiagnosed as Marsh type 0 in standard hematoxylin and eosin
examinations. Additionally, cases over-diagnosed as Marsh type 1
and type 2 lesions were accurately reclassified as Marsh type 0 after
immunostaining. Furthermore, the correlation between the serological
test for anti-tTG antibodies and Marsh classification showed signifi-
cant improvement with the application of immunohistochemistry, in-
dicating that the combination of these methods enhances the diagnos-
tic accuracy and classification of celiac disease.

References

Abrams, J. A., Diamond, B., Rotterdam, H., & Green, P. H. R. (2004). Sero-
negative celiac disease: Increased prevalence with lesser degrees of villous
atrophy. Digestive Diseases and Sciences, 49(4), 546-550.

Barker, J. M., & Liu, E. (2008). Celiac disease: Pathophysiology, clinical ma-
nifestations, and associated autoimmune conditions. Advances in Pediat-
rics, 55(1), 349-365.

Brown, L., Mino-Kenudson, M., Deshpande, V., & Lauwers, G. Y. (2006). Int-
raepithelial lymphocytosis in architecturally preserved proximal small in-
testinal mucosa: An increasing diagnostic problem with a wide differential
diagnosis. Archives of Pathology and Laboratory Medicine, 130(7), 1020—
1025.

Caio, G., Volta, U., Sapone, A., Leffler, D. A., De Giorgio, R., Catassi, C., &
Fasano, A. (2019). Celiac disease: A comprehensive current review. BMC
Medicine, 17(1), 142.

Ciclitira, P. J. (2001). AGA technical review on celiac sprue. Gastroenterology,
120(6), 1526-1540.

Collin, P., Helin, H., Méki, M., Héllstrom, O., & Karvonen, A.-L. (1993). Fol-
low-up of patients positive in reticulin and gliadin antibody tests with nor-
mal small-bowel biopsy findings. Scandinavian Journal of Gastroenterolo-
gy, 28(7), 595-598.

Cukrowska, B., Sowinska, A., Bierta, J. B., Czarowska, E., Rybak, A., &
Grzybowska-Chlebowczyk, U. (2017). Intestinal epithelium, intraepitheli-
al lymphocytes and the gut microbiota — Key players in the pathogenesis
of celiac disease. World Journal of Gastroenterology, 23(42), 7505-7518.

D’Argenio, G., Sorrentini, 1., Ciacci, C., Spagnuolo, S., Ventriglia, R., de Chia-
ra, A., & Mazzacca, G. (1989). Human serum transglutaminase and coeli-
ac disease: Correlation between serum and mucosal activity in an experi-
mental model of rat small bowel enteropathy. Gut, 30(7), 950-954.

Dickson, B. C., Streutker, C. J., & Chetty, R. (2006). Coeliac disease: An up-
date for pathologists. Journal of Clinical Pathology, 59(10), 1008-1016.

Elli, L., Branchi, F., Tomba, C., Villalta, D., Norsa, L., Ferretti, F., Roncoroni,
L., & Bardella, M. T. (2015). Diagnosis of gluten related disorders: Celiac
disease, wheat allergy and non-celiac gluten sensitivity. World Journal of
Gastroenterology, 21(23), 7110-7119.

Freeman, H. J. (2004). Strongly positive tissue transglutaminase antibody assays
without celiac disease. Canadian Journal of Gastroenterology, 18(1), 25-28.

Freeman, H. J. (2008). Adult celiac disease in the elderly. World Journal of
Gastroenterology, 14(45), 6911-6914.

Fry, L., Seah, P. P., McMinn, R. M., & Hoffbrand, A. V. (1972). Lymphocytic
infiltration of epithelium in diagnosis of gluten-sensitive enteropathy. Bri-
tish Medical Journal, 3(5823), 371-374.

Gutiérrez, S., Pérez-Andrés, J., Martinez-Blanco, H., Ferrero, M. A., Vaquero,
L., Vivas, S., Casqueiro, J., & Rodriguez-Aparicio, L. B. (2017). The hu-

man digestive tract has proteases capable of gluten hydrolysis. Molecular
Metabolism, 6(7), 693—702.

Hammer, S. T., & Greenson, J. K. (2013). The clinical significance of duodenal
lymphocytosis with normal villus architecture. Archives of Pathology and
Laboratory Medicine, 137(9), 1216-1219.

Hashim, Z. A., Strak, S. K., Jazi, W. M., & Al-Namil, S. A. (2017). Endoscopic
biopsies, celiac disease, serological test. Basrah Journal of Surgery, 23(2),
34-39.

Hayat, M., Caims, A., Dixon, M. F., & O’Mahony, S. (2002). Quantitation of
intraepithelial lymphocytes in human duodenum: What is normal? Journal
of Clinical Pathology, 55(5), 393-394.

Hudacko, R., Kathy Zhou, X., & Yantiss, R. K. (2013). Immunohistochemical
stains for CD3 and CD8 do not improve detection of gluten-sensitive ente-
ropathy in duodenal biopsies. Modern Pathology, 26(9), 1241-1245.

lacucci, M., & Ghosh, S. (2013). Routine duodenal biopsies to diagnose celiac
disease. Canadian Journal of Gastroenterology, 27(7), 385-385.

Iftikhar, R., Jamal, S., Zafar, A., & Saadia, A. (2016). Histopathological and im-
munohistochemical analysis of small intestinal biopsies in adults suspected
of celiac disease. Journal of the College of Physicians and Surgeons — Pa-
kistan, 26(10), 827-830.

Iltanen, S., Holm, K., Partanen, J., Laippala, P., & Mauki, M. (1999). Increased
density of jejunal y5+T cells in patients having normal mucosa — marker of
operative autoimmune mechanisms? Autoimmunity, 29(3), 179—187.

Jiang, L., Zhang, B., & Liu, Y. (2009). Is adult celiac disease really uncommon
in Chinese? Journal of Zhejiang University Science B, 10(3), 168-171.

Kumar, J., Kumar, M., Pandey, R., & Chauhan, N. S. (2017). Physiopathology
and management of gluten-induced celiac disease. Journal of Food Scien-
ce, 82(2), 270-277.

Lewis, N. R., & Scott, B. B. (2009). Meta-analysis: Deamidated gliadin pep-
tide antibody and tissue transglutaminase antibody compared as screen-
ing tests for coeliac disease. Alimentary Pharmacology and Therapeu-
tics, 31(1), 73-81.

Lionetti, E., & Catassi, C. (2015). The role of environmental factors in the de-
velopment of celiac disease: What is new? Diseases, 3(4), 282-293.

Losowsky, M. S. (2008). A history of coeliac disease. Digestive Diseases,
26(2), 112-120.

Ludvigsson, J. F., Brandt, L., & Montgomery, S. M. (2009). Symptoms and
signs in individuals with serology positive for celiac disease but normal
mucosa. BMC Gastroenterology, 9(1), 57.

Mino, M., & Lauwers, G. Y. (2003). Role of lymphocytic immunophenotyping in
the diagnosis of gluten-sensitive enteropathy with preserved villous archi-
tecture. The American Journal of Surgical Pathology, 27(9), 1237-1242.

Mocan, O., & Dumitrascu, D. L. (2016). The broad spectrum of celiac disease
and gluten sensitive enteropathy. Clujul Medical, 89(3), 335-342.

Mubarak, A. (2015). Immunohistochemical CD3 staining detects additional pati-
ents with celiac disease. World Journal of Gastroenterology, 21(24), 7553.

Murray, J., & Scanlon, S. A. (2011). Update on celiac disease and etiology,
differential diagnosis, drug targets, and management advances. Clinical
and Experimental Gastroenterology, 2011(4), 297-311.

Parzanese, 1., Qehajaj, D., Patrinicola, F., Aralica, M., Chiriva-Internati, M., Stifter,
S., Elli, L., & Grizzi, F. (2017). Celiac disease: From pathophysiology to
treatment. World Journal of Gastrointestinal Pathophysiology, 8(2), 27.

Pellegrino, S., Villanacci, V., Sansotta, N., Scarfi, R., Bassotti, G., Vieni, G.,
Princiotta, A., Sferlazzas, C., Magazzu, G., & Tuccari, G. (2011). Redefi-
ning the intraepithelial lymphocytes threshold to diagnose gluten sensitivi-
ty in patients with architecturally normal duodenal histology. Alimentary
Pharmacology and Therapeutics, 33(6), 697-706.

Sollid, L. M., Qiao, S.-W., Anderson, R. P., Gianfrani, C., & Koning, F. (2012).
Nomenclature and listing of celiac disease relevant gluten T-cell epitopes
restricted by HLA-DQ molecules. Immunogenetics, 64(6), 455-460.

Troncone, R., & Jabri, B. (2011). Coeliac disease and gluten sensitivity. Journal
of Internal Medicine, 269(6), 582-590.

Veress, B., Franzén, L., Bodin, L., & Borch, K. (2004). Duodenal intraepitheli-
al lymphocyte-count revisited. Scandinavian Journal of Gastroenterology,
39(2), 138-144.

Zingone, F., West, J., Crooks, C. J., Fleming, K. M., Card, T. R., Ciacci, C., &
Tata, L. J. (2015). Socioeconomic variation in the incidence of childhood co-
eliac disease in the UK. Archives of Disease in Childhood, 100(5), 466—473.

Regulatory Mechanisms in Biosystems, 2025, 16(2), e25078


http://doi.org/10.1023/b:ddas.0000026296.02308.00
http://doi.org/10.1023/b:ddas.0000026296.02308.00
http://doi.org/10.1023/b:ddas.0000026296.02308.00
http://doi.org/10.1016/j.yapd.2008.07.001
http://doi.org/10.1016/j.yapd.2008.07.001
http://doi.org/10.1016/j.yapd.2008.07.001
http://doi.org/10.5858/2006-130-1020-iliapp
http://doi.org/10.5858/2006-130-1020-iliapp
http://doi.org/10.5858/2006-130-1020-iliapp
http://doi.org/10.5858/2006-130-1020-iliapp
http://doi.org/10.5858/2006-130-1020-iliapp
http://doi.org/10.1186/s12916-019-1380-z
http://doi.org/10.1186/s12916-019-1380-z
http://doi.org/10.1186/s12916-019-1380-z
http://doi.org/10.1053/gast.2001.24056
http://doi.org/10.1053/gast.2001.24056
http://doi.org/10.3109/00365529309096094
http://doi.org/10.3109/00365529309096094
http://doi.org/10.3109/00365529309096094
http://doi.org/10.3109/00365529309096094
http://doi.org/10.3748/wjg.v23.i42.7505
http://doi.org/10.3748/wjg.v23.i42.7505
http://doi.org/10.3748/wjg.v23.i42.7505
http://doi.org/10.3748/wjg.v23.i42.7505
http://doi.org/10.1136/gut.30.7.950
http://doi.org/10.1136/gut.30.7.950
http://doi.org/10.1136/gut.30.7.950
http://doi.org/10.1136/gut.30.7.950
http://doi.org/10.1136/jcp.2005.035345
http://doi.org/10.1136/jcp.2005.035345
http://doi.org/10.3748/wjg.v21.i23.7110
http://doi.org/10.3748/wjg.v21.i23.7110
http://doi.org/10.3748/wjg.v21.i23.7110
http://doi.org/10.3748/wjg.v21.i23.7110
http://doi.org/10.1155/2004/912053
http://doi.org/10.1155/2004/912053
http://doi.org/10.3748/wjg.14.6911
http://doi.org/10.3748/wjg.14.6911
http://doi.org/10.1136/bmj.3.5823.371
http://doi.org/10.1136/bmj.3.5823.371
http://doi.org/10.1136/bmj.3.5823.371
http://doi.org/10.1016/j.molmet.2017.05.008
http://doi.org/10.1016/j.molmet.2017.05.008
http://doi.org/10.1016/j.molmet.2017.05.008
http://doi.org/10.1016/j.molmet.2017.05.008
http://doi.org/10.5858/arpa.2013-0261-RA
http://doi.org/10.5858/arpa.2013-0261-RA
http://doi.org/10.5858/arpa.2013-0261-RA
http://doi.org/10.33762/bsurg.2017.141318
http://doi.org/10.33762/bsurg.2017.141318
http://doi.org/10.33762/bsurg.2017.141318
http://doi.org/10.1136/jcp.55.5.393
http://doi.org/10.1136/jcp.55.5.393
http://doi.org/10.1136/jcp.55.5.393
http://doi.org/10.1038/modpathol.2013.57
http://doi.org/10.1038/modpathol.2013.57
http://doi.org/10.1038/modpathol.2013.57
http://doi.org/10.1155/2013/835045
http://doi.org/10.1155/2013/835045
http://doi.org/10.3109/08916939908998533
http://doi.org/10.3109/08916939908998533
http://doi.org/10.3109/08916939908998533
http://doi.org/10.1631/jzus.b0820164
http://doi.org/10.1631/jzus.b0820164
http://doi.org/10.1111/1750-3841.13612
http://doi.org/10.1111/1750-3841.13612
http://doi.org/10.1111/1750-3841.13612
http://doi.org/10.1111/j.1365-2036.2009.04110.x
http://doi.org/10.1111/j.1365-2036.2009.04110.x
http://doi.org/10.1111/j.1365-2036.2009.04110.x
http://doi.org/10.1111/j.1365-2036.2009.04110.x
http://doi.org/10.3390/diseases3040282
http://doi.org/10.3390/diseases3040282
http://doi.org/10.1159/000116768
http://doi.org/10.1159/000116768
http://doi.org/10.1186/1471-230x-9-57
http://doi.org/10.1186/1471-230x-9-57
http://doi.org/10.1186/1471-230x-9-57
http://doi.org/10.1097/00000478-200309000-00007
http://doi.org/10.1097/00000478-200309000-00007
http://doi.org/10.1097/00000478-200309000-00007
http://doi.org/10.15386/cjmed-698
http://doi.org/10.15386/cjmed-698
http://doi.org/10.3748/wjg.v21.i24.7553
http://doi.org/10.3748/wjg.v21.i24.7553
http://doi.org/10.2147/ceg.s8315
http://doi.org/10.2147/ceg.s8315
http://doi.org/10.2147/ceg.s8315
http://doi.org/10.4291/wjgp.v8.i2.27
http://doi.org/10.4291/wjgp.v8.i2.27
http://doi.org/10.4291/wjgp.v8.i2.27
http://doi.org/10.1111/j.1365-2036.2011.04578.x
http://doi.org/10.1111/j.1365-2036.2011.04578.x
http://doi.org/10.1111/j.1365-2036.2011.04578.x
http://doi.org/10.1111/j.1365-2036.2011.04578.x
http://doi.org/10.1111/j.1365-2036.2011.04578.x
http://doi.org/10.1007/s00251-012-0599-z
http://doi.org/10.1007/s00251-012-0599-z
http://doi.org/10.1007/s00251-012-0599-z
http://doi.org/10.1111/j.1365-2796.2011.02385.x
http://doi.org/10.1111/j.1365-2796.2011.02385.x
http://doi.org/10.1080/00365520310007675
http://doi.org/10.1080/00365520310007675
http://doi.org/10.1080/00365520310007675
http://doi.org/10.1136/archdischild-2014-307105
http://doi.org/10.1136/archdischild-2014-307105
http://doi.org/10.1136/archdischild-2014-307105


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



