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Typing of HLA susceptibility alleles as complementary tool in diagnosis of controversial cases of pediatric celiac disease
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Objectives: Diagnosis of celiac disease (CeD), an immune-mediated disorder, is based on clinical presentation, a panel of serological markers, and the histopathological findings in duodenal biopsies. Commonly, pediatric CeD patients fulfill these criteria for diagnosis. However, lack of correlation between serology tests and histology, or no accessible biopsies because of clinical conditions or during the COVID pandemic, are conditions that led to inconclusive diagnoses. Since the majority of CeD patients carry HLA-DQ2 and/or DQ8 alleles, HLA testing is used as a complementary tool in diagnosis though is costly and not broadly available for gastroenterology centers.

Methods: We performed a retrospective study to assess the performance of HLA testing when applied to selected groups of patients who could not be definitely diagnosed following the common algorithm. Eighty patients underwent testing for CeD-related HLA-DQ2 and DQ8 alleles.

Results: HLA typing contributed to diagnosis in 34 patients with positive serology but normal mucosa or those who presented negative serology or slightly positive serology (less than 3 times ULN) and duodenal histopathological changes. In patients with normal histology and negative or slightly positive serology, or those who did not undergo intestinal biopsy (39 in total), HLA typing contributed to CeD diagnosis in 23 cases, only 16 patients were admitted for a clinical follow-up program.

Conclusion: HLA-DQ typing supported the diagnosis in 57 of 80 children (71.2%) with previously inconclusive results, providing a beneficial approach for diagnosing celiac disease (CeD) in selected cases.
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1 Introduction

Celiac disease (CeD) is one of the most prevalent immune-mediated chronic gut disorders, that develops in genetically susceptible individuals, triggered by the intake of a group of proteins from wheat, barley, and rye, commonly named as gluten. Diagnosis of CeD is based on the clinical presentation, presence of a panel of specific antibodies in peripheral blood, histological demonstration of mucosal damage in duodenal biopsies, and clinical improvement when patient adheres to a gluten-free diet (GFD). CeD may appear at any age with typical gastrointestinal symptoms, but also with minimal and variable intestinal and extraintestinal manifestations, or even with an asymptomatic presentation. CeD is also associated with type I diabetes, autoimmune thyroid disease or other conditions such as Down syndrome and IgA deficiency (1).

Genes encoding for alpha and beta chain of HLA class II molecules are the most strongly genetic factor associated to CeD. Four HLA class II alleles account for the highest relative risk for an HLA-disease association. These are commonly described as HLA-DQ2.5 (encoded by either a cis haplotype: HLA-DQA1*0501/HLA-DQB1*0201 or a trans haplotype configuration HLA-DQA1*0501/HLA-DQB1*0301 and HLA-DQA1*0201/HLA-DQB1*0202), HLA-DQ2.2 (encoded by HLA-DQA1*0201 and HLA-DQB1*0202), the HLA-DQ8 heterodimer (encoded by the HLA-DQA1*0301 and HLA-DQB1*0302), and rarely the DQ7.5 type (encoded by the HLA-DQA1*05 and HLA-DQB1*0301). Though almost all CeD patients carry one or a combination of these alleles, these are also frequent in non-CeD individuals. Very few CeD cases not carrying any of the HLA susceptibility alleles have been reported (2). Consequently, the absence of these alleles makes very unlikely the disease (high negative predictive value), while their presence is not confirmatory (low positive predictive value) (3, 4).

The prevalence of CeD is estimated at around 1% worldwide, however, this disorder is deeply underdiagnosed. Poor disease awareness, failures in the health system, particularly in developing regions, increasing findings of asymptomatic presentations, and drawbacks during the diagnostic protocol, result in a high rate of undiagnosed patients (5).

Reference centers have followed different algorithms for the diagnosis of CeD, according to their own experiences or performance of each step in the procedure (clinic, laboratory, and pathology evaluations). In the year 2012 the European Society for Pediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) proposed that the diagnosis of CeD may definitely be established in patients with compatible symptoms having anti-transglutaminase 2 (TG2) IgA levels 10 times above the cut-off value, followed by positive IgA EmA in a second blood sample, and carrying HLA-DQ2 and/or DQ8, avoiding the requirement of the intestinal biopsy (6). More recently, this consensus was reviewed and the current ESPGHAN recommendation considers that positive serology (anti-TG2 IgA levels 10 times above the cut-off value) plus EmA positivity determines the diagnosis even in asymptomatic patients. As HLA typing does not provide a cost-effective outcome, it was not recommended (7).

CeD diagnosis can be reached in most of the cases following these guidelines, however, complex situations are sometimes observed in clinical practice. Asymptomatic presentation, lack of correlation between serology and histological findings, unavailable biopsies, and starting the gluten-free diet (GFD) before performing complete investigations may lead to difficulties in reaching a final diagnosis. Additional studies, such as the evaluation of intraepithelial lymphocytes subsets by flow cytometry (8), biomarkers as intestinal FABP in serum (9, 10), intestinal deposits of anti-TG2 IgA (11), may help to solve these cases, but these tools are still not broadly available.

Algorithms followed by different specialized gastroenterology units may include HLA-DQ typing but this technique is costly and is not easily available for most of the centers (3). Therefore, we aimed to assess the impact of performing HLA-DQ typing when applied to selected groups of patients who could not be diagnosed following the routine protocol as a consequence of normal histology or negative serology, or lack of histopathological assessment due to the lack of endoscopy procedures because of clinical conditions, parental denial, or COVID pandemia.



2 Materials and methods

A total of 360 pediatric patients between 1 and 16 years old were diagnosed as CeD in the period between January 2015 and July 2023, at the gastroenterology Unit of Sor María Ludovica Children’s Hospital in La Plata (Argentina). This Hospital is a reference center for the diagnosis of CeD and the patients were referred from different Public Health Units of the Province of Buenos Aires. Patients followed a protocol for Celiac Disease diagnosis in the Gastroenterology Unit.

The diagnosis of CeD was based on the clinical presentation, serology, and histological analysis of intestinal biopsies. Patients with suspected CeD and/or positive serology underwent upper endoscopy, except in those for whom the procedure was not medically indicated. HLA-DQ typing was performed in all patients. After diagnosis, patients were evaluated by a nutritionist to start the GFD. Patients were followed up to monitor dietary compliance to the diet and for clinical examination.

This retrospective study included 80 pediatric patients with suspected CeD whose clinical evaluation, serology, and histopathological findings did not support a definite diagnosis of CeD or those in whom upper endoscopy procedure could not be performed.

Cases diagnosed as CeD on the basis of concordant clinical presentation, positive serology and histopathological findings in the duodenal biopsies, as well as type 1 diabetes mellitus patients, were excluded from this study.


2.1 Clinical presentation

Gastrointestinal symptoms included chronic diarrhea, abdominal pain, bloating, and weight loss. Extraintestinal symptoms were anemia, decreased bone mineralization, increased levels of liver enzymes, dermatitis herpetiformis, short stature, and delayed puberty.



2.2 Serology

Serum samples were kept frozen at −20°C until analysis in the Immunology Section of the Hospital de Niños Sor María Ludovica. IgA anti-TG2 antibodies were determined by an ELISA test (Quanta Lite R H-tTG ELISA, Inova Diagnostic). IgG anti-DGP were performed by an ELISA test [QUANTA Lite® Gliadin IgG II (DGP), Inova Diagnostics]. Total serum IgA concentration was determined by nephelometric technique (IMMAGE® 800, Beckman Coulter).

Samples presenting IgA anti- TG2 antibodies <20 UA/mL were considered normal. Positive samples were defined as presenting IgA anti-TG2 antibody levels higher than the upper level of normal (ULN). Serology values for IgA anti-TG2 antibodies of 200 UA/mL and 60 UA/mL correspond to 10× ULN and 3× ULN, respectively. All positive samples for anti-TG2 antibodies were evaluated in a second separated blood sample for IgA anti-endomysial antibodies (EMA) (Inova Diagnostics).



2.3 Intestinal biopsy

The small intestine biopsy was performed by upper gastrointestinal videoendoscopy under general anesthesia. A Fujinon 530 video esophagoduodenoscope (Video-Gastroscope Fujinon EG-530D) was used. During the procedure, the second portion of the duodenum was reached, 4 samples of the second duodenal portion (D2) and 2 biopsies of the duodenal bulb were taken. The samples were placed in formalin for histological evaluation following Marsh–Oberhuber classification (12).



2.4 HLA-DQ typing

Genomic DNA extraction from white blood cells was performed using the QIAamp® DNA Blood Kit (QIAGEN® Inc., Valencia, CA). High resolution HLA genotyping was performed by multiplex polymerase chain reaction (PCR) with biotinylated primers, followed by reverse hybridation of the PCR products with arrays of sequence-specific DQA1 and DQB1 oligonucleotide probes. This is followed by a stringent wash step to remove any mismatched amplified material. Then, streptavidin conjugated with alkaline phosphatase is added and bound to any biotinylated hybrid previously formed; using INNO-LIPA HLA-DQ kits, according to the manufacter’s instructions (Fujirebio, Gent, Belgium). Results were analyzed by using the sixth version of the LiRAS interpretation software for LiPA HLA. The nomenclature was based on “Nomenclature for Factors of the HLA System, 2010” (13).



2.5 Patient groups

The patients with suspected symptoms included in the study population were divided into 4 groups as follows:

Group 1: Patients with positive serology and small intestine with normal histology.

Group 2: Patients with negative serology and small intestine with normal histology.

Group 3: Patients with negative serology and small intestine with histopathological changes (Marsh 2 or 3).

Group 4: Patients with who did not undergo intestinal biopsy due to medical contraindication.

When a definite diagnosis could not be reached, patients with symptoms suggestive of celiac disease were included in a follow-up program. In these cases, clinical evaluation was performed every 6 months while serological testing on a normal gluten-containing diet was performed every 12 months.

In the period from 2015 to 2023, patients in Group 1, 2 and 3 underwent endoscopy and histological assessment of intestinal biopsy based on the guidelines from Celiac Disease Expert Committee approved by the National Health Ministry in Argentina (14).



2.6 Statistical analysis

Statistical analysis was performed with Graph-Pad Prism software (San Diego, United States). A chi-square test was applied to assess statistical significance.




3 Results

In this study, a total of 80 pediatric patients out of 360 with gastrointestinal symptoms did not reach a final diagnosis after the first work-up due to lack of histological evaluation or discrepancy between the serological and histopathological findings. To assess whether HLA-DQ typing can contribute to the diagnosis of CeD, these cases were distributed into the four groups described in section 2.5.


3.1 Group 1

Group 1 included 27 patients with compatible gastrointestinal symptoms and positive serology but a normal villous architecture at the small intestinal biopsy. According to current knowledge, these are cases of “Potential” CeD, a condition that may evolve into fully-expressed CeD or revert to normal over time (5). Fourteen of them (52%) presented both anti-TG2 antibodies at high titer (>10 times ULN) and EMA positivity. All these cases presented compatible HLA and were definitely considered as affected by CeD. Upon discussion with the family, patients started a GFD and all of them showed a positive clinical response (Figure 1). Thirteen other patients had anti-TG2 antibody low levels ranging from 1 to 3 ULN. Among these, six patients were excluded from having CeD as they tested negative for EMA and lacked HLA susceptibility alleles (22%). The remaining seven patients (26%), who had HLA predisposing genes but were EMA negative, were enrolled in a follow-up program and left on a normal diet.

[image: Figure 1]

FIGURE 1
 Flowchart for Group 1. Patients with positive serology and small intestine with normal histology. CeD, celiac disease; anti-TG2, anti-transglutaminase 2 antibody levels; ULN, upper limit of normal; EMA, anti-endomysial antibody; HLA, patients carrying the HLA CeD-compatible alleles.




3.2 Group 2

Group 2 comprised 18 patients who had suggestive symptoms, negative serology, and normal histology. CeD was ruled out in seven patients because they lacked HLA predisposing genes. The remaining 11 patients, with persistence of symptoms and compatible HLA genes, were maintained on a normal diet and entered a follow-up program (Figure 2A).
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FIGURE 2
 Flowchart for Groups 2 and 3. (A) Patients with negative serology and small intestine with normal histology. (B) Patients with negative serology and small intestine with histopathological changes. CED, celiac disease; anti-TG2 (−), negative anti-transglutaminase 2 antibody levels; HLA+, patients carrying the HLA CED- compatible alleles.




3.3 Group 3

Group 3 included 14 patients with compatible symptoms, negative serology and histopathological changes in the small intestine (Marsh 2, 3 score). HLA predisposing alleles were absent in 7 cases, ruling out CeD. The remaining 7 patients carried HLA susceptibility alleles. Among them, four patients were under 3 years old, exhibited low levels of IgA, and had a Marsh 3 score. A GFD was introduced, leading to a positive clinical response (Figure 2B).

In the search for other causes (i.e., upper digestive bleeding and esophageal atresia), Marsh 3 scores were occasionally observed in the duodenum of two patients. After excluding other conditions such as inflammatory bowel disease, dietary allergies, HIV, and primary immunodeficiency, these two patients were placed on a GFD, resulting in a favorable clinical outcome. Endoscopy and duodenal biopsy 6 months after starting the GFD showed mucosal recovery, and patients were diagnosed with seronegative CeD. The remaining patient presented with severe malnutrition, negative serology, and a Marsh 3 score in the duodenal biopsies. After a positive response to the GFD, and the assessment of duodenal biopsy 6 months later, a diagnosis of CeD was confirmed. The frequency of seronegative CeD was 3/360 CeD patients.



3.4 Group 4

Group 4 included 21 symptomatic patients who, due to pre-existing clinical conditions such as heart disease, epilepsy, or severe malnutrition, could not undergo endoscopy. In addition, this group included children who suffered from gastrointestinal symptoms during the COVID-19 pandemic. According to the recommendations of the different Scientific Societies, endoscopy procedures were not performed during this period.

Seven patients presented a negative serology, 4 of them presented a not compatible HLA and CeD was ruled out. The remaining 3 presented compatible HLA and symptoms, therefore were admitted to the follow up program. Eleven cases presented anti-TG2 levels higher than 10 UNL. All of them were EMA positive, carried compatible HLA and were diagnosed as CeD. In these cases, HLA typing was requested following the local guidelines (13).

Finally, there were 3 patients with anti-TG2 levels between 1 and 10 UNL and compatible HLA. Two of them were EMA positive and were diagnosed as CeD. Then a good response to the GFD was observed. The remaining case presented anti-TG2 levels below 3 UNL, EMA negative and was admitted in a clinical and serological follow-up program (Figure 3).
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FIGURE 3
 Flowchart for Group 4. Patients with who did not undergo intestinal biopsy due to medical contraindication. CeD, celiac disease; anti-TG2, anti-transglutaminase 2 antibody levels; ULN, upper limit of normal; EMA, anti-endomysial antibody; HLA+, patients carrying the HLA CeD-compatible alleles.





4 Discussion

Cases showing a discrepancy between the results of serological markers and duodenal histology or those who do not undergo an endoscopy procedure to take duodenal biopsies are common causes for inconclusive CeD diagnosis. HLA typing is a costly technique and is not easily available in many gastroenterology centers. However, this is a valuable tool to exclude the disease when patients do not carry the CeD-compatible alleles and could be beneficial when applied in selected groups of patients.

As the Caucasian central European is the main ethnic contribution to the population studied, DQ2.5 was the most frequent allele found (23 out of 32 diagnosed patients, 16 of them homozygous) (Table 1).



TABLE 1 HLA alleles distribution.
[image: Table1]

Studies from European populations have shown the dominance of the DQ2 allele in celiac patients (15). However, other ethnic groups may exhibit different patterns. For instance, research on Indian populations (16) and Native Amerindians in Argentina (17), Chile (18), and Mexico (19) has identified DQ8 as the most frequent allele contributing to CeD. Additionally, the prevalence of the DQ7 allele varies among celiac patients across different communities (20).

Altogether, this study shows that HLA typing may contribute as a useful complementary tool in the diagnosis of CeD (Figure 4A). Group 1 included patients with so-called potential CeD (5), a situation that may be difficult to ascertain in clinical practice due to the discrepancy between the results of CeD serology and intestinal histology. HLA determination was a useful confirmatory test in 52% of these cases, but at the same time helped to exclude CeD in further 22%, therefore leaving only 26% of patients in need of follow-up to reach a final diagnosis. In Group 2, cases presented the typical condition in which absence of HLA susceptibility alleles ruled out the pathology, while the low level of antibodies or negative serology determined that patient entry in a follow-up program. In Group 3, all cases received a conclusive diagnosis either because they were CeD or disease was excluded. Noteworthy in this group, two patients younger than 3 years old presented with severe malnutrition, abdominal distention, and chronic diarrhea. Serology was negative, likely secondary to their poor nutritional state. Histopathological assessment revealed severe villous atrophy. These patients followed a GFD with good response. In these cases, HLA evaluation supported the diagnosis. HLA typing was found helpful to select a group of seronegative or presenting low anti-TG2 antibody levels individuals at risk (17), or to exclude the disease when HLA was not compatible. Group 4 included patients evaluated during the COVID pandemia. As a referral center in the Buenos Aires Province, 400 endoscopies are performed in average, with 40–50 diagnosis of CeD per year. However, during the pandemia, endoscopy procedures were solely performed in extreme emergency cases. As a result, HLA evaluation was useful in supporting the CeD diagnosis in these cases. Considering the results across all study groups, it is evident that HLA typing contributed in making a diagnostic decision in a significant number of cases (p = 0.0016) (Figure 4B). As mentioned before, the highest contributions were observed in Groups 1, 3, and 4, where HLA typing contributed to the diagnose in 74, 100, and 76% of cases, respectively. In Group 2, HLA typing contributed to the diagnosis in only 39% of cases.
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FIGURE 4
 (A) Performance of HLA typing to CeD diagnosis per group. (B) Impact of HLA typing on diagnosis in study groups. The comparison of diagnosed cases before (pre-test) and after (post-test) HLA typing revealed a significant overall difference (p = 0.0016). Statistical analysis for each group is as follows: ● Group 1 (p = 0.019), ■ Group 2 (p = 0.481), ▲ Group 3 (p = 0.0001), ▼ Group 4 (p = 0.027). A chi-square test was applied to assess statistical significance.


As indicated, patients with persistent and isolated low level of anti-TG2 antibodies were included in a clinical and serological follow up protocol. Some of these patients will be eventually diagnosed as CeD, while others may normalize the serology. In a prospective study, Auricchio et al. (21) reported that 32% of 280 potential CeD patients enrolled in the study have presented negative serology in successive blood samples and none of them developed villous atrophy over 60 months of follow up. This exemplifies the complex scenario for CeD diagnosis for some of the cases. Although not tested in our study due to the limited number of cases, DQ typing may also be beneficial for individuals already on a gluten-free diet (GFD) (22). This aspect is highly relevant and warrants further evaluation in referral centers that could enroll large number of patients.

HLA typing has typically been used as an exclusion criterion in the absence of susceptibility HLA. However, various diagnostic algorithms have highlighted the importance of positive results as well. The study by Lionetti et al. (23) demonstrated the value of HLA typing as a mass screening tool in the pediatric population.



5 Conclusion

In summary, though HLA-DQ typing is not required for CeD diagnosis in all cases, it is a valuable complementary tool in evaluating cases with suspected CeD, emphasizing its crucial role in ruling out the disease when negative and providing diagnostic support in challenging clinical situations. Since it is expensive and not broadly available, here we show that its use in selected groups of patients such as in the context of serology-histology discrepancy, lack of upper endoscopy and histological assessment, contribute to the diagnosis of celiac disease.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation. In adherence to ethical guidelines, all patient data were anonymized to protect confidentiality.



Ethics statement

The studies involving humans were approved by Instituto de Desarrollo e Investigaciones Pediátricas-IDIP, La Plata. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.



Author contributions

CR: Writing – original draft, Writing – review & editing. LG: Writing – original draft, Writing – review & editing. LM: Writing – original draft, Writing – review & editing. LO: Writing – original draft. MB: Writing – original draft. CC: Writing – review & editing. FC: Writing – original draft, Writing – review & editing, Conceptualization, Supervision.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Lindfors, K, Ciacci, C, Kurppa, K, KEA, L, Makharia, GK, Mearin, ML , et al. Coeliac disease. Nat Rev Dis Primers. (2019) 5:3. doi: 10.1038/s41572-018-0054-z

 2. Karell, K, Louka, AS, Moodie, SJ, Ascher, H, Clot, F, Greco, L , et al. HLA types in celiac disease patients not carrying the DQA1 *05-DQB1 *02 (DQ2) heterodimer: results from the European Genetics Cluster on Celiac Disease. Hum Immunol. (2003) 64:469–77. doi: 10.1016/S0198-8859(03)00027-2 

 3. Pallav, K, Kabbani, T, Tariq, S, Vanga, R, Kelly, CP, and Leffler, DA. Clinical utility of celiac disease-associated HLA testing. Dig Dis Sci. (2014) 59:2199–206. doi: 10.1007/s10620-014-3143-1 

 4. Iversen, R, and Sollid, LM. The immunobiology and pathogenesis of celiac disease. Annu Rev Pathol Mech Dis. (2023) 18:47–70. doi: 10.1146/annurev-pathmechdis-031521-032634 

 5. Catassi, C, Verdu, EF, Bai, JC, and Lionetti, E. Coeliac disease. Lancet. (2022) 399:2413–26. doi: 10.1016/S0140-6736(22)00794-2 

 6. Husby, S, Koletzko, S, Korponay-Szabó, IR, Mearin, ML, Phillips, A, Shamir, R , et al. European Society for Pediatric Gastroenterology, Hepatology, and Nutrition guidelines for the diagnosis of coeliac disease. J Pediatr Gastroenterol Nutr. (2012) 54:136–60. doi: 10.1097/MPG.0b013e31821a23d0 

 7. Husby, S, Koletzko, S, Korponay-Szabó, I, Kurppa, K, Mearin, ML, Ribes-Koninckx, C , et al. European Society Paediatric Gastroenterology, Hepatology and Nutrition guidelines for diagnosing coeliac disease 2020. J Pediatr Gastroenterol Nutr. (2020) 70:141–56. doi: 10.1097/MPG.0000000000002497 

 8. Núñez, C, Carrasco, A, Corzo, M, Pariente, R, Esteve, M, and Roy, G. Flow cytometric analysis of duodenal intraepithelial lymphocytes (celiac lymphogram): a diagnostic test for celiac disease. Methods Cell Biol. (2023) 179:143–55. doi: 10.1016/bs.mcb.2022.11.004 

 9. Adriaanse, MPM, Tack, GJ, Passos, VL, Damoiseaux, JGMC, Schreurs, MWJ, van Wijck, K , et al. Serum I-FABP as marker for enterocyte damage in coeliac disease and its relation to villous atrophy and circulating autoantibodies. Aliment Pharmacol Ther. (2013) 37:482–90. doi: 10.1111/apt.12194 

 10. Bottasso Arias, NM, García, M, Bondar, C, Guzman, L, Redondo, A, Chopita, N , et al. Expression pattern of fatty acid binding proteins in celiac disease enteropathy. Mediators Inflamm. (2015). doi: 10.1155/2015/738563

 11. Koskinen, O, Collin, P, Lindfors, K, Laurila, K, Mäki, M, and Kaukinen, K. Usefulness of small-bowel mucosal transglutaminase-2 specific autoantibody deposits in the diagnosis and follow-up of celiac disease. J Clin Gastroenterol. (2010) 44:483–8. doi: 10.1097/MCG.0b013e3181b64557 

 12. Oberhuber, G, Granditsch, G, and Vogelsang, H. The histopathology of coeliac disease: time for a standardized report scheme for pathologists. Eur J Gastroenterol Hepatol. (1999) 11:1185–94. doi: 10.1097/00042737-199910000-00019 

 13. Espino, L, and Núñez, C. The HLA complex and coeliac disease. Int Rev Cell Mol Biol. (2021) 358:47–83. doi: 10.1016/bs.ircmb.2020.09.009

 14. Ortiz, G, Toca, MDC, Mora, M, Orsi, M, Furnes, R, Litwin, N , et al. Enfermedad celíaca en pediatría: características clínicas y metodología diagnóstica [Pediatric coeliac disease: Clinical features and diagnostic process]. Arch Argent Pediatr. (2024) 28:e202410461. doi: 10.5546/aap.2024-10461

 15. Sánchez-Valverde, F, Martínez-Ojinaga, E, Donat, E, Bodas, A, Bandrés, E, Torres, R , et al. Geographical distribution of risk genotypes in pediatric patients with celiac disease in Spain. Hum Immunol. (2023) 84:290–5. doi: 10.1016/j.humimm.2023.01.010

 16. Verma, AK, Mechenro, J, Monachesi, C, Venugopal, G, Catassi, GN, Lionetti, E , et al. Distribution of celiac disease predisposing genes HLA-DQ2 and HLA-DQ8 in the native population of southern India. Indian J Gastroenterol. (2022) 41:240–6. doi: 10.1007/s12664-022-01251-6 

 17. López Vázquez, A. Influencia de las moléculas de histocompatibilidad no clásicas mica y micb en la heterogeneidad cl í nica de la enfermedad cel í aca In: Tesis Doctoral. Oviedo: University of Oviedo (2015)

 18. Araya, M, Oyarzun, A, Lucero, Y, Espinosa, N, and Pérez-Bravo, F. DQ2, DQ7 and DQ8 distribution and clinical manifestations in celiac cases and their first-degree relatives. Nutrients. (2015) 7:4955–65. doi: 10.3390/nu7064955 

 19. Cerda-Contreras, E, Ramírez-Cervantes, KL, Granados, J, Mena, L, Núñez-Álvarez, C, and Uscanga, L. Is celiac disease better identified through HLA-DQ8 than through HLA-DQ2 in Mexican subjects? Rev Gastroenterol Mex. (2018) 83:410–3. doi: 10.1016/j.rgmxen.2018.06.003 

 20. Rouvroye, MD, Roos, A, Bergkamp, F, Haagen, IA, van der Pol, P, Neefjes-Borst, EA , et al. The frequency of HLA-DQ7 in patients at risk of coeliac disease: a haplotype to be reckoned with for screening? Hum Immunol. (2024) 85:111158. doi: 10.1016/j.humimm.2024.111158 

 21. Auricchio, R, Mandile, R, del Vecchio, MR, Scapaticci, S, Galatola, M, Maglio, M , et al. Progression of celiac disease in children with antibodies against tissue transglutaminase and normal duodenal architecture. Gastroenterology. (2019) 157:413–420.e3. doi: 10.1053/j.gastro.2019.04.004 

 22. Rubio-Tapia, A, Hill, ID, Semrad, C, Kelly, CP, and Lebwohl, B. American College of Gastroenterology guidelines update: diagnosis and management of celiac disease. Am J Gastroenterol. (2023) 118:59–76. doi: 10.14309/ajg.0000000000002075 

 23. Lionetti, E, Pjetraj, D, Gatti, S, Catassi, G, Bellantoni, A, Boffardi, M , et al. Prevalence and detection rate of celiac disease in Italy: results of a SIGENP multicenter screening in school-age children. Dig Liver Dis. (2023) 55:608–13. doi: 10.1016/j.dld.2022.12.023 


Copyright
 © 2025 Ruera, Guzman, Menendez, Orellano, Girard Bosch, Catassi and Chirdo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-12-1500632-t001.jpg
DQ25/DQ25

DQ25/x
DQ25/DQ8
DQ8/x
DQ22/x
DQ75

Negative

2





OPS/images/fnut-12-1500632-g003.jpg
Group 4
1

Anti-TG2 (-) Anti-TG2 < 3 ULN Anti-TG2 >10 ULN
n=7 n=3 n=11
I N

EMA () EMA() EMA (#) EMA (+)
n=7 n=1 n=2 r_|f11

HLA (-) HLA (+) HLAGO  HLA®) HLA (+)
n=4 n=3 n=1 n=2 n=11

|

NonCeD  Follow up Non CeD  Follow up CeD






OPS/images/fnut-12-1500632-g004.jpg
a b)
) =3 Contribute to diagnosis ) *k
—
= Does not contribute to diagnosis 30
100 g.
3
s 20
£ 5
: s
£ 5w 2
e s 10
H 3
R I
o 0

T *
G1 G3 pre-Test post-Test





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Typing of HLA susceptibility alleles as complementary tool in diagnosis of controversial cases of pediatric celiac disease



		1 Introduction



		2 Materials and methods



		2.1 Clinical presentation



		2.2 Serology



		2.3 Intestinal biopsy



		2.4 HLA-DQ typing



		2.5 Patient groups



		2.6 Statistical analysis









		3 Results



		3.1 Group 1



		3.2 Group 2



		3.3 Group 3



		3.4 Group 4









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fnut-12-1500632-g001.jpg
Group 1
7

Anti-TG2 < 3 ULN

Anti-TG2 >10 ULN

n=13

EMA (9

HLA (#)  HLA ()
n=7 n=6

Follow up  Non CeD

n=14

EMA (+)

HLA (+)
n=14

Potential CeD






OPS/images/fnut-12-1500632-g002.jpg
Anti-TG2 (-)

HLA (+)
n=11

Follow up

HLA Q)
n=7

|
Non CeD

b)

Group 3
4

Anti-TG2 ()
. .
HLA (+) HLA ()
n=7 n=7
| |
CeD Non CeD





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Typing of HLA susceptibility
alleles as complementary tool in
diagnosis of controversial cases

of pediatric celiac disease












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






