
 

 

 

 

------------------------------------------------------------------------------------------------------------------------------------------------------ 

Quality in Sport. eISSN 2450-3118. 

 

Journal Home Page 

https://apcz.umk.pl/QS/index 
 

------------------------------------------------------------------------------------------------------------------------------------------------------- 

 

 

 

 

 

SZAMOCKA, Karolina and STRZEWICZEK, Aleksandra. Modern Diagnostic Approaches in Celiac Disease: 

Molecular Mechanisms, Biomarkers and Emerging Technologies. Quality in Sport. 2026;53:70119. eISSN 2450-3118. 

https://doi.org/10.12775/QS.2026.53.70119 
 

 

 

 

 
The journal has been awarded 20 points in the parametric evaluation by the Ministry of Higher Education and Science of Poland. This is according to the Annex to the announcement of the Minister of Higher 

Education and Science dated 05.01.2024, No. 32553. The journal has a Unique Identifier: 201398. Scientific disciplines assigned: Economics and Finance (Field of Social Sciences); Management and Quality Sciences 

(Field of Social Sciences). 

Punkty Ministerialne z 2019 - aktualny rok 20 punktów. Załącznik do komunikatu Ministra Szkolnictwa Wyższego i Nauki z dnia 05.01.2024 Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398. 

Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk społecznych); Nauki o zarządzaniu i jakości (Dziedzina nauk społecznych). © The Authors 2026. 

This article is published with open access under the License Open Journal Systems of Nicolaus Copernicus University in Torun, Poland. Open Access: This article is distributed under the terms of the Creative 

Commons Attribution Noncommercial License, which permits any noncommercial use, distribution, and reproduction in any medium, provided the original author(s) and source are credited. This is an open access 

article licensed under the terms of the Creative Commons Attribution Non-commercial Share Alike License (http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits unrestricted, non-commercial use, 

distribution, and reproduction in any medium, provided the work is properly cited. 

The authors declare that there is no conflict of interest regarding the publication of this paper. 

Received: 22.03.2026. Revised: 30.03.2026. Accepted: 30.03.2026. Published: 03.04.2026. 
 

 

 

 

 

----------------------------------------------------------------------------------------------------------------- 

1 

Modern Diagnostic Approaches in Celiac Disease: Molecular Mechanisms, 

Biomarkers and Emerging Technologies 

 

Aleksandra Strzewiczek1, Karolina Szamocka1* 

1 University Clinical Hospital in Poznań, 49 Przybyszewskiego Street, 60-355 Poznań, 

Poland 

Corresponding author: Karolina Szamocka — szamockakarola@gmail.com 

Aleksandra 

Strzewiczek 

ORCID: 0009-

0003-2291-

1032 

ola.strzewiczek@gmail.com  

Karolina 

Szamocka 

ORCID: 0009-

0000-1291-

8626 

szamockakarola@gmail.com  

https://apcz.umk.pl/QS/index
https://doi.org/10.12775/QS.2026.53.70119
mailto:szamockakarola@gmail.com
https://orcid.org/0009-0003-2291-1032
https://orcid.org/0009-0003-2291-1032
https://orcid.org/0009-0003-2291-1032
mailto:ola.strzewiczek@gmail.com
https://orcid.org/0009-0000-1291-8626
https://orcid.org/0009-0000-1291-8626
https://orcid.org/0009-0000-1291-8626
mailto:szamockakarola@gmail.com


2 

 

ABSTRACT 

Introduction: Celiac disease is a chronic autoimmune disorder triggered by gluten in 

genetically predisposed individuals. Incomplete digestion of gluten leads to immunogenic 

peptides that activate intestinal immune responses, causing inflammation and damage to the 

small intestinal mucosa. Early and accurate diagnosis is crucial to prevent complications 

such as malabsorption, anemia, osteoporosis, and neurological disorders. 

Aim of the Study: This review aims to summarize current and emerging diagnostic 

methods for celiac disease, with a focus on biochemical mechanisms, molecular 

biomarkers, and advanced laboratory techniques, including proteomics, microRNA 

profiling, and nanotechnology-based biosensors. 

Materials and Methods: A literature review was conducted using PubMed to identify 

studies on celiac disease diagnostics, molecular mechanisms, and biomarkers. Peer-

reviewed clinical studies, systematic reviews, and experimental research were analyzed to 

provide a comprehensive overview of current knowledge and innovative diagnostic 

approaches. 

Conclusion: Modern diagnostics combine serological, genetic, and histopathological 

methods, with key biomarkers such as anti-tissue transglutaminase and deamidated gliadin 

peptide antibodies linked to disease mechanisms. Emerging technologies including 

proteomics, microRNA analysis, metabolomics, and nanotechnology-based biosensors 

offer promising tools for early, sensitive, and non-invasive detection, improving disease 

monitoring and patient care. 

Keywords: celiac disease; tissue transglutaminase; deamidated gliadin peptides; HLA-

DQ2; biomarkers 

1. INTRODUCTION 

Celiac disease is a chronic autoimmune disorder characterized by inflammation of the small 

intestinal mucosa induced by dietary gluten proteins present in wheat, barley, and rye [10]. 

Gluten consists primarily of gliadin and glutenin fractions that are rich in proline and 

glutamine residues, which renders them resistant to digestion by gastrointestinal proteases 

such as pepsin, trypsin, and chymotrypsin [17]. 

Incomplete digestion leads to the formation of immunogenic peptides that interact with the 

intestinal immune system and initiate inflammatory responses in genetically predisposed 

individuals [18]. Among these peptides, the 33-mer gliadin fragment derived from α-gliadin 

is considered the most immunogenic because it contains multiple overlapping T-cell 

epitopes capable of activating CD4+ lymphocytes [17]. 

The prevalence of celiac disease is estimated at approximately 1% of the global population, 

although a significant proportion of cases remain undiagnosed due to atypical clinical 

manifestations or a silent disease course [7]. Untreated celiac disease may lead to numerous 

complications, including malabsorption, anemia, osteoporosis, infertility, neurological 

disorders, and an increased risk of intestinal lymphoma [20]. 

The pathogenesis of the disease involves complex interactions between environmental 

factors, genetic susceptibility, and immune mechanisms [19]. Genetic predisposition is 

strongly associated with the presence of HLA-DQ2 and HLA-DQ8 molecules encoded 

within the major histocompatibility complex on chromosome 6 [22]. 

Advances in immunology and molecular diagnostics have led to the development of modern 

diagnostic strategies based on serological biomarkers, genetic testing, and histopathological 

analysis [6]. More recently, emerging technologies such as proteomics, metabolomics, and 
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nanotechnology-based biosensors have been investigated as potential tools for non-invasive 

diagnosis and disease monitoring [31]. 

2. AIM OF THE STUDY 

The aim of this study is to review current and emerging diagnostic methods used in the 

detection of celiac disease, with particular emphasis on biochemical mechanisms, molecular 

biomarkers, and advanced laboratory diagnostic techniques. The study also aims to discuss 

novel diagnostic strategies including proteomic analysis, microRNA profiling, and 

nanotechnology-based biosensors. 

3. MATERIALS AND METHODS 

This review was conducted using scientific literature available in the PubMed database. 

Publications related to celiac disease diagnostics, molecular mechanisms, and laboratory 

biomarkers were analyzed. Search terms included: 

"celiac disease diagnosis"  |  "tissue transglutaminase 

antibodies"  |  "deamidated gliadin peptides"  |  "HLA-DQ2 

genetics celiac disease"  |  "proteomics celiac 

disease"  |  "biosensors celiac diagnostics" 

Peer-reviewed clinical studies, systematic reviews, and experimental molecular research 

articles were included in the analysis [3]. A total of 40 publications were selected and used 

to prepare this review. 

4. STATE OF KNOWLEDGE 

4.1. Immunopathogenesis of Celiac Disease as the Biochemical Basis of Diagnostics 

The pathogenesis of celiac disease is closely related to the biochemical interactions between 

gluten peptides, intestinal enzymes, and immune cells [16]. A crucial role in disease 

development is played by tissue transglutaminase type 2 (tTG2), a calcium-dependent 

enzyme belonging to the transglutaminase family [37]. This enzyme catalyzes post-

translational modifications of proteins through transamidation and deamidation reactions 

[16]. 

In the intestinal mucosa, tTG2 modifies gliadin peptides by converting glutamine residues 

into glutamic acid residues in a process known as deamidation [17]. This modification 

increases the negative charge of gliadin peptides and significantly enhances their affinity 

for HLA-DQ2 and HLA-DQ8 molecules present on antigen-presenting cells [23]. 

The resulting peptide-HLA complexes are recognized by CD4+ T lymphocytes in the 

lamina propria of the small intestine, which leads to T-cell activation and production of pro-

inflammatory cytokines such as interferon-γ and tumor necrosis factor-α [19]. These 

cytokines promote intestinal inflammation and damage of the epithelial barrier, ultimately 

leading to villous atrophy and crypt hyperplasia [18]. 

Another important biochemical factor involved in celiac disease pathogenesis is increased 

intestinal permeability regulated by the protein zonulin [21]. Gluten exposure stimulates 

zonulin release, which disrupts tight junctions between epithelial cells and facilitates 

translocation of immunogenic gliadin peptides across the intestinal barrier [21]. 

The formation of tTG-gliadin complexes also plays a key role in autoantibody production 

[37]. B lymphocytes internalize these complexes and present gliadin peptides to T helper 
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cells, which provide signals required for B-cell activation and antibody production [16]. 

This mechanism leads to the generation of characteristic autoantibodies used as diagnostic 

biomarkers. 

4.2. Serological Diagnostics of Celiac Disease 

Serological testing represents the first-line diagnostic approach for suspected celiac disease 

due to its high sensitivity and specificity [26]. 

4.3. Anti-Tissue Transglutaminase Antibodies 

Anti-tTG antibodies are currently considered the most sensitive serological marker of celiac 

disease [11]. These antibodies are directed against tissue transglutaminase, which acts as 

the primary autoantigen in the disease [37]. 

Detection of anti-tTG IgA antibodies is typically performed using enzyme-linked 

immunosorbent assay (ELISA) techniques that utilize recombinant human tTG antigen [13]. 

ELISA assays provide high analytical sensitivity and allow quantitative measurement of 

antibody concentrations. 

High levels of anti-tTG antibodies correlate strongly with intestinal mucosal damage and 

the severity of villous atrophy [11]. Studies have demonstrated that antibody titers 

exceeding ten times the upper limit of normal may allow diagnosis without biopsy in 

selected pediatric patients according to international guidelines [4]. 

4.4. Anti-Endomysial Antibodies 

Anti-endomysial antibodies (EMA) represent another highly specific serological marker of 

celiac disease [11]. These antibodies target endomysial connective tissue surrounding 

smooth muscle fibers, although their primary antigen was later identified as tissue 

transglutaminase [37]. 

Detection of EMA antibodies is performed using indirect immunofluorescence microscopy 

with primate esophagus or human umbilical cord substrates [11]. Although this method has 

very high specificity approaching 100%, it requires experienced laboratory personnel and 

is more labor-intensive compared with ELISA assays [26]. 

4.5. Antibodies Against Deamidated Gliadin Peptides 

Antibodies against deamidated gliadin peptides (DGP) represent an important advancement 

in serological diagnostics [15]. Unlike older assays detecting antibodies against native 

gliadin, DGP tests target gliadin peptides modified by tissue transglutaminase through 

deamidation [17]. 

These modified peptides contain negatively charged glutamic acid residues that form 

stronger interactions with HLA-DQ2 molecules and induce stronger immune responses 

[23]. IgG DGP tests are particularly useful in patients with selective IgA deficiency, which 

occurs more frequently among individuals with celiac disease than in the general population 

[5]. 

4.6. Genetic Diagnostics 

Genetic testing plays an important role in the diagnostic process by identifying individuals 

genetically predisposed to celiac disease [22]. Approximately 90–95% of patients with 

celiac disease carry HLA-DQ2 haplotypes encoded by the DQA1*05 and DQB1*02 alleles 

[38]. Most remaining patients carry the HLA-DQ8 heterodimer encoded by DQA1*03 and 

DQB1*03:02 alleles [22]. 
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These molecules form peptide-binding grooves that preferentially bind negatively charged 

peptides produced during gliadin deamidation [23]. The stability of these complexes 

determines the efficiency of antigen presentation and activation of gluten-specific T 

lymphocytes [19]. Although these genetic variants are common in the general population, 

their absence virtually excludes celiac disease because more than 99% of patients carry 

either HLA-DQ2 or HLA-DQ8 haplotypes [7]. 

4.7. Histopathological Diagnostics 

Histological examination of duodenal biopsy specimens remains an important diagnostic 

method in many clinical cases [25]. Typical histological features of celiac disease include: 

villous atrophy 

crypt hyperplasia 

increased intraepithelial lymphocyte infiltration 

These morphological changes are commonly classified using the Marsh-Oberhuber 

classification system, which describes progressive stages of mucosal damage [25]. 

Advances in digital pathology and artificial intelligence have enabled automated image 

analysis systems capable of quantifying morphological parameters such as villous height-

to-crypt depth ratios and lymphocyte density [24]. 

4.8. Proteomic Diagnostics 

Proteomics is an emerging field that studies the complete set of proteins expressed in 

biological systems [31]. In celiac disease research, proteomic techniques are used to identify 

protein biomarkers associated with intestinal inflammation and immune activation. 

Mass spectrometry-based techniques such as liquid chromatography coupled with tandem 

mass spectrometry (LC-MS/MS) enable highly sensitive detection of protein expression 

changes in biological samples [32]. Proteomic studies have identified altered expression of 

proteins involved in immune responses, oxidative stress, and epithelial barrier function in 

patients with active celiac disease [31]. These proteins include heat shock proteins, 

complement system components, and enzymes involved in inflammatory signaling 

pathways [32]. 

4.9. MicroRNA Biomarkers 

MicroRNAs are short non-coding RNA molecules that regulate gene expression at the post-

transcriptional level [39]. They bind to messenger RNA molecules and inhibit translation 

or promote mRNA degradation. 

Recent studies have demonstrated altered expression of several microRNAs in intestinal 

tissue and blood samples from patients with celiac disease [39]. These microRNAs are 

involved in the regulation of immune responses, epithelial barrier integrity, and 

inflammatory signaling pathways. Specific microRNA profiles may therefore serve as 

potential biomarkers for early detection and monitoring of disease activity. 

4.10. Metabolomic Biomarkers 

Metabolomics involves the analysis of small molecules produced during cellular 

metabolism [39]. Changes in metabolic profiles may reflect alterations in intestinal 

microbiota composition and immune activity in celiac disease. 
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Metabolomic studies have identified differences in amino acid metabolism, lipid 

metabolism, and short-chain fatty acid production between patients with celiac disease and 

healthy individuals [39]. These metabolic signatures may provide additional diagnostic 

information and help monitor adherence to gluten-free diets. 

4.11. Biosensors and Nanotechnology-Based Diagnostic Tests 

Nanotechnology has enabled the development of highly sensitive biosensors capable of 

detecting disease-specific biomarkers at extremely low concentrations [36]. Biosensors 

typically consist of a biological recognition element — such as an antibody or nucleic acid 

probe — coupled with a physicochemical detector [36]. In celiac disease diagnostics, 

biosensors may be designed to detect anti-tTG antibodies or gluten peptides. 

Nanomaterials such as gold nanoparticles, graphene, and quantum dots are increasingly 

used to enhance signal detection and improve assay sensitivity [36]. Electrochemical 

biosensors incorporating gold nanoparticles have demonstrated the ability to detect anti-

tTG antibodies with sensitivity comparable or superior to conventional ELISA assays [36]. 

These technologies may eventually enable rapid point-of-care diagnostic tests for celiac 

disease. 

Table 1. Major diagnostic biomarkers of celiac disease, including their biological targets, 

detection methods, and clinical significance. 

Biomarker 
Biological 

Target 
Diagnostic Method 

Clinical 

Significance 

Anti-tissue 

transglutaminase 

antibodies (anti-

tTG IgA) 

Tissue 

transglutaminase 

enzyme 

ELISA Primary 

screening 

test; high 

sensitivity 

and 

specificity for 

celiac disease 

Anti-endomysial 

antibodies 

(EMA) 

Endomysial 

connective 

tissue (tTG 

antigen) 

Indirect 

immunofluorescence 

Very high 

specificity; 

commonly 

used as a 

confirmatory 

test 

Deamidated 

gliadin peptide 

antibodies (DGP 

IgA/IgG) 

Deamidated 

gliadin peptides 

ELISA Useful in 

early disease 

and in 

patients with 

IgA 

deficiency 
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Biomarker 
Biological 

Target 
Diagnostic Method 

Clinical 

Significance 

HLA-DQ2 / 

HLA-DQ8 

MHC class II 

molecules 

Genetic testing 

(PCR) 

Presence 

indicates 

genetic 

susceptibility; 

absence 

almost 

excludes 

disease 

Zonulin Tight junction 

regulatory 

protein 

ELISA / 

experimental assays 

Marker of 

increased 

intestinal 

permeability 

Source: authors' own compilation based on published data [3,5,7,10,11,15,21,37]. 

5. CONCLUSION 

Modern diagnostics of celiac disease rely on a combination of serological, genetic, and 

histopathological methods. Advances in molecular biology and immunology have enabled 

the identification of highly specific biomarkers such as anti-tTG antibodies and deamidated 

gliadin peptide antibodies. 

Understanding the biochemical mechanisms underlying celiac disease — particularly the 

role of tissue transglutaminase and gluten peptide modification — has been crucial for the 

development of modern diagnostic tests. 

Emerging technologies including proteomic analysis, microRNA profiling, and 

nanotechnology-based biosensors represent promising tools for improving early detection 

and monitoring of the disease. 

Further research into molecular biomarkers may enable the development of non-invasive 

diagnostic methods that will enhance clinical management of patients with celiac disease. 

DISCLOSURES 

Authors' Contributions 

Conceptualization: K.S. 

Methodology: A.S. 

Software: A.S. 

Formal Analysis: K.S. 



8 

Investigation: K.S. 

Resources: A.S., K.S. 

Writing — 

Original Draft: 

A.S. 

Writing — Review 

& Editing: 

K.S. 

Visualization: K.S. 

Supervision: A.S. 

Project 

Administration: 

K.S. 

All authors have read and agreed to the published version of the manuscript. 

Funding Statement: The study did not receive special funding. 

Institutional Review Board Statement: Not applicable. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: Not applicable. 

Conflicts of Interest: The authors declare no conflicts of interest. 

Declaration of the Use of Generative AI and AI-Assisted Technologies: In preparing 

this work, the authors used ChatGPT (chatgpt.com) as a tool for translation support. After 

using this tool, the authors reviewed and edited the content as needed and accept full 

responsibility for the substantive content of the publication. 

REFERENCES 

1. Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PHR, Hadjivassiliou M, 

Kaukinen K, Kelly CP, Leonard JN, Lundin KEA, Murray JA, Sanders DS, Walker MM, 

Zingone F, Ciacci C, The Oslo definitions for coeliac disease and related terms, Gut, 

2013;62(1):43–52, DOI:10.1136/gutjnl-2011-301346, PMID:22345659, PMCID: 

PMC3440559 

2. Sebastian-delaCruz M, et al., A novel non-invasive method based on salivary  

inflammatory biomarkers for the screening of celiac disease, Cell Mol Gastroenterol Hepatol, 

2021;12(4):1511-1513.e2, PMID:34062280, PMCID:PMC8531944, 

DOI:10.1016/j.jcmgh.2021.05.016 

3. Pavelescu LA, Sabau ID, Sanda-Dira G, Iacata AA, Curici A, Serological, Genetic, and 

Biochemical Insights into Celiac Disease Diagnosis and Vitamin D Deficiency in Romanian 

Children: A Comprehensive Cohort Study, Int J Mol Sci., 2025 Jun 28;26(13):6251, 

PMID:40650029, PMCID:PMC12250024, DOI: 10.3390/ijms26136251 

4. Werkstetter KJ, Korponay-Szabó IR, Popp A, Villanacci V, Salemme M, Heilig G, 

Lillevang ST, Mearin ML, Ribes-Koninckx C, Thomas A, Troncone R, Filipiak B, Mäki M, 

https://pmc.ncbi.nlm.nih.gov/articles/PMC8531944/
https://doi.org/10.1016/j.jcmgh.2021.05.016
https://pmc.ncbi.nlm.nih.gov/articles/PMC12250024/
https://doi.org/10.3390/ijms26136251


9 

Gyimesi J, Najafi M, Dolinšek J, Dydensborg Sander S, Auricchio R, Papadopoulou A, Vécsei 

A, Szitanyi P, Donat E, Nenna R, Alliet P, Penagini F, Garnier-Lengliné H, Castillejo G, 

Kurppa K, Shamir R, Hauer AC, Smets F, Corujeira S, van Winckel M, Buderus S, Chong S, 

Husby S, Koletzko S, Accuracy in Diagnosis of Celiac Disease Without Biopsies in Clinical 

Practice, Gastroenterology, 2017;153(4):924–935, DOI: 10.1053/j.gastro.2017.06.002, 

PMID:28624578 

5. Wand N, Truedsson L, Elvin K, Andersson BA, et al., Serological assessment for celiac 

disease in IgA deficient adults, PLoS One, 2014 Apr 7;9(4):e93180, PMID: 24709954,  

PMCID:PMC3977834,  DOI:10.1371/journal.pone.0093180 

6. Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA, ACG Clinical 

Guidelines: Diagnosis and Management of Celiac Disease, American Journal of 

Gastroenterology, 2013;108(5):656–676, DOI:10.1038/ajg.2013.79, PMID: 23609613, 

PMCID:PMC3706994 

7. Lebwohl B, Sanders DS, Green PHR, Coeliac disease, Lancet, 2018;391(10115):70–81, 

DOI:10.1016/S0140-6736(17)31796-8, PMID:28735957, PMCID:PMC6182669 

8. Bakhtiari S, et al., Emerging biomarkers in celiac disease, Adv Clin Chem., 

2025:129:123-189, PMID:41033728,  DOI:10.1016/bs.acc.2025.06.010 

9. Kurppa K, et al., Novel diagnostic techniques for celiac disease, Expert Review of 

Gastroenterol Hepatol, 2016 Jul;10(7):795-805, PMID:26838683, DOI: 

10.1586/17474124.2016.1148599 

10. Caio G, Volta U, Sapone A, Leffler DA, De Giorgio R, Catassi C, Fasano A, Celiac 

disease: a comprehensive current review, BMC Medicine, 2019;17:142, DOI: 10.1186/s12916-

019-1380-z, PMID: 31331324, PMCID: PMC6630995 

11. Rostom A, Dube C, Cranney A, et al., The diagnostic accuracy of serologic tests for 

celiac disease: a systematic review, Gastroenterology, 2005;128(4 Suppl 1):S38–S46, DOI: 

10.1053/j.gastro.2005.02.028, PMID: 15825125 

12. Husby S, Koletzko S, Korponay-Szabó IR, et al., European Society Paediatric 

Gastroenterology, Hepatology and Nutrition Guidelines for diagnosing coeliac disease, Journal 

of Pediatric Gastroenterology and Nutrition, 2012;54(1):136–160, DOI: 

10.1097/MPG.0b013e31821a23d0, PMID: 22197856 

13. Hill PG, Holmes GK, Coeliac disease: a biopsy is not always necessary for diagnosis, 

Aliment Pharmacol Ther., 2008 Apr 1;27(7):572-7, PMID:18194500, DOI: 10.1111/j.1365-

2036.2008.03609.x 

14. Sugai E, Vázquez H, Nachman F, et al., Accuracy of testing for antibodies to synthetic 

gliadin-related peptides in celiac disease, Clin Gastroenterol Hepatol., 2006 Sep;4(9):1112-7, 

PMID:16860613,  DOI: 10.1016/j.cgh.2006.05.004 

15. Volta U, Granito A, Fiorini E, et al., Usefulness of antibodies to deamidated gliadin 

peptides in celiac disease diagnosis and follow-up, Dig Dis Sci., 2008 Jun;53(6):1582-8, 

PMID:17985240,  DOI:10.1007/s10620-007-0058-0 

16. Schuppan D, Junker Y, Barisani D, Celiac disease: from pathogenesis to novel therapies, 

Gastroenterology, 2009;137(6):1912–1933, DOI: 10.1053/j.gastro.2009.09.008, 

PMID:19747998 

17. Sollid LM, Jabri B, Triggers and drivers of autoimmunity: lessons from coeliac disease, 

Nature Reviews Immunology, 2013;13(4):294–302, DOI:10.1038/nri3407, PMID:23524461 

https://pmc.ncbi.nlm.nih.gov/articles/PMC3977834/
https://doi.org/10.1371/journal.pone.0093180
https://doi.org/10.1016/bs.acc.2025.06.010
https://doi.org/10.1586/17474124.2016.1148599
https://doi.org/10.1111/j.1365-2036.2008.03609.x
https://doi.org/10.1111/j.1365-2036.2008.03609.x
https://doi.org/10.1016/j.cgh.2006.05.004
https://doi.org/10.1007/s10620-007-0058-0


10 

18. Kagnoff MF, Celiac disease: pathogenesis of a model autoimmune disease, Journal of 

Clinical Investigation, 2007;117(1):41–49, DOI:10.1172/JCI30253, PMID:17200704, 

PMCID:PMC1716216 

19. Jabri B, Sollid LM, T cells in celiac disease, Journal of Immunology, 

2017;198(8):3005–3014, DOI:10.4049/jimmunol.1601693, PMID:28330940 

20. Green PHR, Cellier C, Celiac disease, New England Journal of Medicine, 

2007;357:1731–1743, DOI:10.1056/NEJMra071600, PMID:17960014 

21. Fasano A, Not T, Wang W, Uzzau S, Berti I, Tommasini A, Goldblum SE, Zonulin, a 

newly discovered modulator of intestinal permeability, and its expression in coeliac disease, 

The Lancet, 2000;355(9214):1518–1519, DOI: 10.1016/S0140-6736(00)02169-3, 

PMID:10801176 

22. Kupfer SS, Jabri B, Pathophysiology of celiac disease, Gastrointestinal Endoscopy 

Clinics of North America, 2012;22(4):639–660, DOI:10.1016/j.giec.2012.07.003, 

PMID:23083984, PMCID:PMC3514590 

23. Lundin KEA, Sollid LM, Advances in coeliac disease, Current Opinion in 

Gastroenterology, 2014;30(2):154–162, DOI:10.1097/MOG.0000000000000041, 

PMID:24419209 

24. Goerres MS, Meijer JWR, Wahab PJ, Kerckhaert JAM, Groenen MJM, Van Krieken 

JHJM, Mulder CJJ, Azathioprine and prednisone combination therapy in refractory coeliac 

disease, Aliment Pharmacol Ther., 2003 Sep 1;18(5):487-94, PMID: 12950421, 

DOI:10.1046/j.1365-2036.2003.01687.x 

25. Taavela J, Koskinen O, Huhtala H, Lähdeaho ML, Popp A, Laurila K, Collin P, Mäki 

M, Kaukinen K, Kurppa K, Validation of morphometric analyses of small-intestinal biopsy 

readouts in celiac disease, PLoS One, 2013;8(10):e76163, DOI: 10.1371/journal.pone.0076163, 

PMID:24146811, PMCID:PMC3798938 

26. Popp A, Maki M, Gluten-Induced Extra-Intestinal Manifestations in Potential Celiac 

Disease—Celiac Trait, Nutrients., 2019 Feb 1;11(2):320, PMCID:PMC6412544  

PMID:30717318, doi:10.3390/nu11020320 

27. Rostami K, Aldulaimi D, Holmes G, Johnson MW, Robert M, Srivastava A, Fléjou JF, 

Sanders DS, Microscopic enteritis: Bucharest consensus, World J Gastroenterol., 2015 Mar 

7;21(9):2593-604, PMID:25759526, PMCID:PMC4351208, DOI: 10.3748/wjg.v21.i9.2593 

28. Silvester JA, Kurada S, Szwajcer A, Kelly CP, Leffler DA, Duerksen DR, Tests for 

Serum Transglutaminase and Endomysial Antibodies Do Not Detect Most Patients With Celiac 

Disease and Persistent Villous Atrophy on Gluten-free Diets: a Meta-analysis, 

Gastroenterology, 2017 Sep;153(3):689-701.e1, PMID: 28545781, PMCID: PMC5738024, 

DOI:10.1053/j.gastro.2017.05.015 

29. Catassi C, Gatti S, Fasano A, The new epidemiology of celiac disease, J Pediatr 

Gastroenterol Nutr., 2014 Jul:59 Suppl 1:S7-9, PMID:24979197, DOI: 

10.1097/01.mpg.0000450393.23156.59 

30. Kurppa K, Paavola A, Collin P, Sievänen H, Laurila K, Huhtala H, Saavalainen P, Mäki 

M, Benefits of a gluten-free diet for asymptomatic patients with serologic markers of celiac 

disease, Gastroenterology, 2014;147(3):610–617, DOI: 10.1053/j.gastro.2014.05.003, 

PMID:24837306 

https://doi.org/10.1046/j.1365-2036.2003.01687.x
https://pubmed.ncbi.nlm.nih.gov/30717318/
https://doi.org/10.3390/nu11020320
https://pmc.ncbi.nlm.nih.gov/articles/PMC4351208/
https://doi.org/10.3748/wjg.v21.i9.2593
https://pmc.ncbi.nlm.nih.gov/articles/PMC5738024/
https://doi.org/10.1053/j.gastro.2017.05.015
https://doi.org/10.1097/01.mpg.0000450393.23156.59


11 

31. Leonard MM, Sapone A, Catassi C, Fasano A, Celiac disease and nonceliac gluten 

sensitivity: a review, JAMA, 2017;318(7):647–656, DOI:10.1001/jama.2017.9730, 

PMID:28810029 

32. Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, Roncoroni L, Bardella MT, 

Diagnosis of gluten related disorders: celiac disease, wheat allergy and non-celiac gluten 

sensitivity, World Journal of Gastroenterology, 2015;21(23):7110–7119, DOI: 

10.3748/wjg.v21.i23.7110, PMID:26109797, PMCID:PMC4476895 

33. Biesiekierski JR, What is gluten?, Journal of Gastroenterology and Hepatology, 

2017;32(Suppl 1):78–81, DOI:10.1111/jgh.13703, PMID:28244676 

34. Pinto-Sanchez MI, Verdu EF, Liu E, Bercik P, Green PHR, Murray JA, Guandalini S, 

Moayyedi P, Gluten Introduction to Infant Feeding and Risk of Celiac Disease: Systematic 

Review and Meta-Analysis, J Pediatr., 2016 Jan:168:132-143.e3, PMID:26500108, 

DOI:10.1016/j.jpeds.2015.09.032 

35. Lebwohl B, Ludvigsson JF, Green PHR, Celiac disease and non-celiac gluten 

sensitivity, BMJ, 2015;351:h4347, DOI:10.1136/bmj.h4347, PMID:26370015 

36. Tye-Din JA, Galipeau HJ, Agardh D, Celiac disease: a review of current concepts in 

pathogenesis, prevention, and novel therapies, Frontiers in Pediatrics, 2018;6:350, 

DOI:10.3389/fped.2018.00350, PMID:30547020, PMCID:PMC6282976 

37. Lindfors K, Ciacci C, Kurppa K, Lundin KEA, Makharia GK, Mearin ML, Murray JA, 

Verdu EF, Kaukinen K, Coeliac disease, Nature Reviews Disease Primers, 2019;5(1):3, 

DOI:10.1038/s41572-018-0054-z, PMID:30617324 

38. Rewers M, Epidemiology of celiac disease: what are the prevalence, incidence, and 

progression of celiac disease?, Gastroenterology, 2005;128(4 Suppl 1):S47–S51, DOI: 

10.1053/j.gastro.2005.02.030, PMID:15825126 

39. Daveson AJ, Jones DM, Gaze S, McSorley H, Clouston A, Pascoe A, Cooke S, Speare 

R, Macdonald GA, Anderson R, McCarthy JS, Loukas A, Croese J, Effect of Hookworm 

Infection on Wheat Challenge in Celiac Disease – A Randomised Double-Blinded Placebo 

Controlled Trial, PLoS One, 2011 Mar 8;6(3):e17366, PMCID:PMC3050888  

PMID:21408161, doi:10.1371/journal.pone.0017366 

40. Schyum AC, Rumessen JJ, Serological testing for celiac disease in adults, United 

European Gastroenterol J., 2013 Oct;1(5):319-25, PMID:24917978, PMCID: PMC4040770, 

DOI:10.1177/2050640613502788 

https://doi.org/10.1016/j.jpeds.2015.09.032
https://pubmed.ncbi.nlm.nih.gov/21408161/
https://doi.org/10.1371/journal.pone.0017366
https://pmc.ncbi.nlm.nih.gov/articles/PMC4040770/
https://doi.org/10.1177/2050640613502788

