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ABSTRACT

Purpose: The purpose of this study was to determine the pattern of human leukocyte antigen
(HLA)-DQ genotype in children diagnosed with celiac disease (CD) (biopsy proven), and to
compare this with a control group; and secondarily, to correlate HLA genotypes with clinical
profiles of CD.

Methods: This cross-sectional comparative observational study included 26 controls and

52 patients diagnosed with CD who presented at Sir Padampat Mother and Child Health
Institute, Jaipur, from May, 2017 to October, 2018. HLA DQ genotype was assessed for each
patients and correlated with clinical profiles.

Results: HLA DQ2/DQ8 genotypes were significantly more common in CD (present in
100.0% cases) than in controls (23.1%) in Northern India (Rajasthan). When HLA DQ2.5 and
DQ8 were present together, individuals had significantly more atypical presentations and
severe findings on duodenal biopsy. Similarly, patients with the HLA DQ 2.5 genotype were
also predisposed to more severe endoscopic findings, while HLA DQ2.2 predisposed them to
less severe biopsy findings. HLA DQ8 was significantly associated with later age at diagnosis
(>5 years) and shorter stature. The highest HLA DQ relative risk (RR) for CD development
was associated with HLA DQ2.5 and DQ2.2 in combination, followed by HLA DQ2.5 and
DQ8 in combination, while HLA DQx.5 and HLA DQ2.2 together had the lowest risk.
Conclusion: HLA DQ2/DQ8 genotypes are strongly associated with pediatric CD patients in
northern India. These genotypes and their combinations may be associated with different
clinical presentations of CD, and may help predict severity of CD.

Keywords: Human leukocyte antigen-DQ; Genotype; Celiac disease; Children

INTRODUCTION

Celiac disease (CD) is defined as an immune-mediated systemic disorder that is elicited by
gluten and related prolamins in genetically susceptible individuals and characterized by
varying combinations of gluten-dependent clinical manifestations, CD-specific antibodies,
human leukocyte antigen (HLA)-DQ2 or HLA-DQ8 haplotypes, and enteropathy [1].
Worldwide, the disease affects approximately 1% of the general population, though the
prevalence varies between countries [2].
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HLA proteins are encoded by highly polymorphic HLA-DQ genes located at the HLA class

I loci on the short arm of chromosome 6 (6p21.3) [3]. DQ2- or DQ8-restricted CD4 T cells’
response to gluten is seen in CD. Studies from the Western world suggest that 30-35% of the
general population express CD-associated HLA genotypes [4-6]. The prevalence of HLA-DQ2
in north Indian populations is around 16-31% while that of DQ8 is around 0-5% [7]. Over
90% of CD patients express the HLA-DQ2.5 heterodimer (DQA1*05 and DQB1*02). Most of
the remaining cases are HLA DQ8 (DQA1*0301 and DQB1*0302)-positive [8]. The majority
of DQ2.5/DQ8-negative celiac patients (about 5%) present DQ2.x molecules. Very rarely, CD
patients can carry different DQ molecules, viz., DQX.5 and DQX.x [9,10].

A recent guideline by European Society for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) 2012 proposed that it may be possible to avoid intestinal biopsies in
children with characteristic symptoms of CD, transglutaminase (TGA IgA) levels >10xupper
limit of normal (ULN, confirmed by positive endomysial antibodies [EMA] in a different
blood sample), and who are HLA-DQ2/DQ8-positive [11]. In asymptomatic children at
increased risk for CD, HLA-DQ2 and HLA-DQ8 testing is valuable because CD is unlikely

if both haplotypes are negative. HLA testing is also useful for patients with an uncertain
diagnosis of CD, such as those with negative CD-specific antibodies and mild infiltrative
changes in proximal small intestinal biopsy specimens [1]. However, the ESPGHAN 2020
guidelines recommend that HLA DQ2 and DQ8 typing is not required in TGA-IgA-positive
patients if they qualify for CD diagnosis with biopsy or have high serum TGA-IgA (210xULN)
and EMA-IgA positivity. HLA DQ2/DQ8 typing is useful in patients as risk of false negatives
in serology [12].

The high negative predictive value (NPV) of HLA typing tests, however, indicates that the
absence of HLA-DQ2/DQ8 may exclude the possibility of future development of CD with
almost 100.0% certainty [6,13].

There are very few studies on HLA-DQ genotyping in India [11,14]; we could not find any
study from India correlating HLA haplotypes with clinical profile of CD.

MATERIALS AND METHODS

This hospital-based cross-sectional comparative observational study was conducted in the
Department of Pediatric Medicine, SPMCHI, SMS Medical College, Jaipur, and in the Advance
Haematology and HLA Laboratory, SMS Medical College, Jaipur from May 2017 to October
2018. The study design was approved by the Institutional Ethics Committee of Sawai Man
Singh Medical College (Approval No. 57773/18.12.2017), Jaipur.

The minimum sample size was determined by considering the 95% confidence intervals
and 80% powers reported in previous studies [1]. Hence, for the present study, we planned
to include 25 individuals in the study group and 25 in the control group; however, the final
sample comprised 52 cases and 26 controls.

Children aged 1-18 years with CD-positive histopathology as per the modified ESPGHAN
criteria (Marsh stages II and III); attending pediatric out patient department, a
gastroenterology clinic, or admitted as in patient department in Sir Padampat Mother and
Child Health Institute were prospectively enrolled after obtaining informed written consent
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from their parents. Their history and physical examination results, including anthropometric
data and histopathology of intestinal biopsies were analyzed. Healthy children (gender
matched) with age-appropriate weight and height were selected randomly from general
population, and those with no family history of CD and serology negative for CD were
enrolled as controls, after obtaining informed written consent from their parents.

Both cases and controls were HLA-DQ genotyped. For the HLA-DQ study, 5-6 mL of
peripheral blood from each patient was collected in EDTA vials, which underwent manual
DNA extraction. The DNA was then quantified with the NanoDrop at a wavelength of 260/280
(<21n 260; >2 in 280), and then kept on allele quoted trays. Subsequently, the samples
underwent the polymerase chain reaction and electrophoresis, and a gel documentation
system reported the alleles present using specialized software. Bag Health Care kit with four
sets of alleles was used. Eleven alleles in total were reported by the Bag Health Care kit. The
four sets of alleles used are as follows:

« DRB1*03-DQA1*05:01-DQB1*02:01

« DRB1*07-DQA1*02:01-DQB1*02:02

« DRB1*11-DQA1*05:05-DQB1*03:01

« DRB1*04-DQA1*03:01-DQB1*03:02

All data was compiled into a master chart using Microsoft Excel 2007 (Microsoft, Redmond,
WA, USA); qualitative data was expressed as percentage and proportions, and quantitative
data was expressed as mean and standard deviation. All scale variables were compared using
a two-sample independent #test. Fisher’s exact test, a two-sample Z-test for proportions,
and Pearson’s Chi square test were used for qualitative data, and a two-sample independent
t-test was used for quantitative data. The level of significance was kept 5% for all statistical
analyses. A p-value less than 0.05 was considered statistically significant. All data were
analyzed using PASW Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

This study included 52 CD-positive individuals, of which 32 were males (male:female

ratio: 1.6:1). The mean age was 7.86 years. Pallor was most common finding at physical
examination upon presentation (63.5%), followed by abdominal distension (61.5%), short
stature (50.0%), diarrhea (44.2%), chronic abdomen pain (42.3%), failure to thrive (38.5%),
constipation (21.2%), recurrent vomiting (9.6%), and delayed puberty (3.8%) (Table 1).

Table 1. Clinical presentation in Celiac disease in children

Clinical presentation Male (n=32) Female (n=20) Total (n=52)
Abdominal distension 21 (65.6) 11 (55.0) 32 (61.5)
Diarrhoea 11 (34.4) 12 (60.0) 23 (44.2)
Failure to thrive 15 (46.9) 5(25.0) 20 (38.5)
Pallor 21 (65.6) 12 (60.0) 33 (63.5)
Short stature 17 (53.1) 9 (45.0) 26 (50.0)
Chronic abdominal pain 15 (46.9) 7 (35.0) 29 (42.3)
Constipation 6 (18.8) 5(25.0) 1 (21.1)
Recurrent vomiting 4 (12.5) 1(5.0) 5(9.6)
Delayed puberty 1(3.7) 1(5.0) 2(3.8)

Values are presented as number (%).
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Table 2. HLA distribution among cases (n=52) and controls (n=26)

HLA™ distribution

HLA genotype Cases (n=52) Controls (n=26) Total (n=78)
HLA-DRB1*03-DQAI1"05:01-DQB1*02:01 (DQ2.5) 29 (55.8) 3(1.5) 32 (41.0)
HLA-DRB107-DQAT*02:01-DQB1"02:02 (DQ2.2) 2(3.8) 3(1.5) 5 (6.4)
HLA-DRB1*11-DQA1"05:05-DQB1703:01 (DQx.5) 0 (0.0) 0 (0.0) 0 (0.0)
HLA-DRBT*04-DQA1*03:01-DQB1*03:02 (DQ8) 4(7.7) 0 (0.0) 4(5.)
HLA-DRB103-DQA1"05:01-DQB1°02:01+HLA-DRB1*07-DQAT*02:01-DQB1702:02 (DQ2.5+DQ2.2) 8 (15.4) 0 (0.0) 8 (10.3)
HLA-DRB103-DQA1"05:01-DQB1702:01+HLA-DRB1*11-DQAT*05:05-DQB1°03:01 (DQ2.5+DQX.5) 2(3.8) 0 (0.0) 2 (2.6)
HLA-DRB1*03-DQA1"05:01-DQB1702:01+HLA-DRB1*04-DQAT03:01-DQB1*03:02 (DQ2.5+DQ8) 7 (13.5) 0 (0.0) 7(9.0)
Total 52 (100.0) 6 (23.1) 58 (74.4)
Pearson chi-square Value df p-value
60.366 6 0.000

Values are presented as number (%).
HLA: human leukocyte antigen.

https://pghn.org

Regarding clinical presentation of CD, 40 patients (76.9%) presented with typical disease and
the remaining 12 (23.1%) presented with atypical symptoms. Thus, typical CD presentations
outnumbered atypical presentations. Abdominal distension was the most common typical
symptom, while pallor was the most common atypical manifestation, followed by short stature.

One hundred percent of cases were positive for the HLA-DQ2/DQ8 genotype, in contrast to
only 23.1% of controls; this difference was statistically significant (y=0.000). Among CD-
positive cases, HLA-DQ2.5 (55.8%) was most common, followed by HLA-DQ2.5 and DQ2.2
in combination (15.4%), HLA-DQ2.5 and DQ8 in combination (13.5%), HLA-DQS8 (7.7%),
HLA-DQ2.2 (3.8%), HLA-DQ2.5 and DQx.5 in combination (3.8%). HLA-DQx.5 alone was
not present in any of the participants. The controls carried only HLA-DQ2.5 (11.5%) and
HLA-DQ2.2 (11.5%), with equal proportions (Table 2). HLA-DQ2 alone or in combination
was carried by 92.3% of CD-positive cases, while HLA-DQ8 was carried by 7.7% of cases.
HLA-DQS8 alone or in combination was present in 21.1% of cases.

The highest HLA-DQ relative risk (RR) for CD development was found in patients with
HLA-DQ2.5 and DQ2.2 in combination (RR=8.660), followed by HLA-DQ2.5 and DQ8 in
combination (RR=7.642), HLA-DQ2.5 (RR=4.833), HLA-DQ8 (RR=4.585), and HLA-DQ2.5
and DQx.5 in combination (RR=2.547). The minimum RR was associated with HLA-DQx.5
(RR=0.509) and HLA DQ2.2 (RR=0.333) (Table 3). The HLA-DQ genotype testing sensitivity
was 100.0% and the specificity was 76.9%. Moreover, the positive predictive value of the test
was 89.7%, while the NPV was 100.0%.

HLA-DQ2.5 and DQ8 genotype pattern in combination was significantly associated with
atypical presentation (p=0.041). The HLA-DQS8 genotype was significantly associated with
late age (>5 years) at diagnosis (p=0.034) and short stature (<—2standard deviation [SD])
(»=0.031). HLA-DQ2.5 and DQ8 in combination was significantly associated with normal

Table 3. HLA genotypes and HLA relative risk

Risk category HLA genotypes Relative risk
High HLA-DQ2.5 and DQ2.2 8.660
HLA-DQ2.5 and DQ8 7.642
Intermediate HLA-DQ2.5 4.833
HLA-DQ8 4.585
HLA-DQ2.5 and DQXx.5 9.547
Low HLA-DQx.5 0.509
HLA-DQ2.2 0.333

HLA: human leukocyte antigen.
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weight for age/underweight (p=0.003), where normal weight is defined as +2SD to —2SD,
underweight as —2SD to —3SD, and severe underweight as <-3SD. HLA DQ2.5 and DQ2.2
in combination had a higher proportion of patients with moderate anemia than mild/no
anemia (23.1% vs. 12.82%), but the difference was not statistically significant (p=0.396).
(Hemoglobin levels as per WHO standards: 6-59 months: mild (10-10.9), moderate
(79.9), severe (<7); 5-11 years: mild (11-11.4), moderate (8-10.9), severe (<8); 12-14 years:
mild (11-11.9), moderate (8-10.9), severe (<8); >15 years female (non-pregnant): mild
(11-11.9), moderate (8-109.9), severe (<8); >15 years male: mild (11-12.9), moderate (8-10.9),
severe (<8)). The HLA-DQ2.5 genotype was more frequently carried by cases with typical
presentation than those with atypical presentation (62.5% vs. 33.3%), but this difference
was not statistically significant (p=0.062). HLA-DQ2.5 alone and HLA-DQ2.5 and DQ8 in
combination were significantly associated with Marsh stage IIIB/C (p=0.049 and 0.004,
respectively) i.e., more severe duodenal findings, while HLA-DQ2.2 was significantly
(p=0.034) associated with less severe Marsh stage II/IIIA.

DISCUSSION

In our study, the HLA-DQ2/DQ8 genotype was carried by 52 celiac disease (CD)-positive cases
(100.0%) while it was present only in 26 controls (23.1%) (p=0.000). These findings are similar
to those of several previous studies [11,15,16]. Ramakrishna et al. [17] estimated the prevalence
of CD-associated HLA-DQ2/DQ8 in three populations in India: Northern (38.1%), North-
Eastern (31.4%) and Southern India (36.4%). Across various studies, HLA-DQ2/DQ8 serotypes
have been reported in 13-30% of different populations in India [14]. The allele prevalence of
HLA-DQB1*02 in northern India ranged from 16-31%, while that of HLA-DQB1*0302 ranged
from 0-5% which is in accordance with our results [7]. The significant differences in the
frequency of HLA-DQ2 and HLA-DQ8 alleles in Indian (Rajasthan) patients compared with the
controls demonstrates the importance of these alleles in CD development, and supports the
possibility of using HLA-DQ typing in confirming CD diagnosis. We found that the HLA-DQ
genotype patterns of CD-positive individuals and controls are similar between the European
population and that of the northern India [6,9,10,18].

In our study, HLA-DQ2.5, HLA-DQ2.2, and HLA-DQ8 alone or in combination were found in
88.5%, 19.2%, and 21.1% of patients, respectively, while HLA-DQ2.5 and DQ2.2 and HLA-
DQ2.5 and DQ8 in combination were present in 15.4% and 13.5% patients, respectively,
similar to the findings of Rostami-Nejad et al. [19] and Murad et al. [16]

Khosravi et al. [20] observed that DQ2 and DQ8 were positive in 80% and 49% of CD
patients, and 36% and 13% of control group participants, respectively. Likewise, we found
that DQ2 and DQ8 were carried by 92.3% and 21.1% patients. However, the positivity

rates for DQ2 and DQ8 in control group (23.1% and 0.0%, respectively) in our study were
comparatively lower than those reported by Khosravi et al. [20]. Murad et al. [16] also found
results similar to our study. Moreover, HLA-DQ2.5, HLA-DQ8, HLA-DQ2.5 and DQ2.2 in
combination and HLA-DQ2.5 and DQ8 in combination showed a very strong significant
association with CT-positive patients compared with controls in our study (p=0.000; 0.037;
0.002, and 0.004, respectively).

Murad et al. [16] found that the highest HLA-DQB RR for CD development was seen in
patients carrying the DQ2.5/DQ8 genotype (1/10), while, patients carrying the DQ2.5/

https://pghn.org https://doi.org/10.5223/pghn.2023.26.1.50 54


https://pghn.org

Human Leukocyte Antigen-DQ Genotyping in Pediatric Celiac Disease

Pediatric Gastroenterology, h n
Hepatology & Nutrition

https://pghn.org

DQ2.5 or DQ2.5/DQ2.2 genotypes had relative risks of about 1/12.5 and 1/20, respectively
However, in our study the highest HLA-DQ RR for CD development was found in patients
carrying HLA-DQ2.5 and DQ2.2 in combination (RR=8.660), followed by HLA-DQ2.5 and
DQ8 (RR=7.642), while the minimum RR was associated with HLA-DQx.5 (RR=0.509) and
HLA-DQ2.2 (RR=0.333). Romanos et al. [21] reported a higher risk of CD in individuals
homozygous for the HLA-DQ2.5 or HLA-DQ2.5/DQ2.2 genotypes, compared with those
homozygous for HLA-DQ2.2 or heterozygous for HLA-DQ2.5 or DQ2.2.

When analyzing the relationship between HLA genotype pattern and clinical presentation of
CD, we found a significant association of HLA DQ2.5 and DQ8 in combination with atypical
presentation; HLA-DQ2.5 and DQ8 in combination were also associated with normal/
underweight patients, while severe underweight and HLA-DQ8 were associated with later age
at diagnosis of CD (>5 years) and short stature. Congia et al. [22] suggested that a combination
of the DQA1*0501 and DQB 1*0201 genes may predispose a person to earlier onset and more
severe manifestations of CD. Zubillaga et al. [23] concluded that DQ2 homozygosity was
significantly associated with female sex, earlier age at diagnosis, and shorter delay between
onset of symptoms and diagnosis. Due to the lack of quantitative analysis of alleles in our study,
the association of HLA-DQ with age and sex could not be established.

In a study by Murad et al. [16], the frequencies of CD patients with Marsh I and Marsh II-
carrying DQ2 alleles were 9.5% and 23.8% respectively, while it reached 4.8% in CD patients
carrying DQ8. On the other hand, Marsh III score was more than five-fold higher in CD
patients carrying DQ2 (52.4%) compared to CD patients carrying DQ8 (9.5%), indicating

a high positive association of the DQ2 allele with Marsh III in CD patients. However, in

our study, 98.1% cases had Marsh III stage on duodenal biopsy. Also, HLA-DQ2.5 and
HLA-DQ2.5 and DQ8 in combination were significantly (p=0.049; and 0.004, respectively)
associated with Marsh stage IIIB/C (i.e., more severe duodenal mucosal atrophy), while
HLA-DQ2.2 was significantly associated (p=0.034) with lower severity Marsh stages (II/
IITA). Rostami-Nejad et al. [19] reported that patients with Marsh I or II histology carry low
HLA-risk alleles, such as HLA-DQ8, although no statistically significant correlations were
detected. Despite an intensive literature search, we could not find any published studies
correlating HLA-DQ genotypes with clinical features of CD. Few researchers have correlated
HLA-DQ genotype with age of onset and gender in CD patients [22,23].

The primary limitation of this study was the low number of patients and controls in the
study population. Moreover, histology was not assessed in the controls for ethical reasons.
In addition, we could only perform qualitative assessment of HLA-DQ genotype patterns,
and could not compare the effects of gene dosage quantitatively. As the size of the control
group in our study was relatively small, our results relating to HLA-DQ2/DQ8 typing in the
healthy population cannot be extrapolated to the whole population of a given geographical
area. Further studies in this area are required in future to determine the exact proportion of
individuals in the healthy general population carrying these genotypes.

The data presented in this study will facilitate the first steps towards defining the genetic
patterns HLA in the Indian population with CD, and provide information that can be used

in family screening, which will aid risk profiling of children, so that those requiring close
follow-up and monitoring can be identified. This test can be used for screening of family
members of CD patients, as well as individuals and members of families with other immune-
related disorders, such as diabetes mellitus and autoimmune thyroiditis, as they have high

https://doi.org/10.5223/pghn.2023.26.1.50 55


https://pghn.org

Human Leukocyte Antigen-DQ Genotyping in Pediatric Celiac Disease

Pediatric Gastroenterology, h n
Hepatology & Nutrition

https://pghn.org

risk of developing CD [21]. As HLA-DQ2/8 are present in all cases of CD but only 23.1% of
controls, HLA-DQ2/8 typing may be help rectify the diagnosis when a gluten-free diet is
started before performing small-bowel biopsies in cases of suspected CD. Moreover, negative
HLA test result may have positive psychological impact since the individual feel reassured
that they have a very low CD risk. In addition, for some patients with positive serology but

findings of Marsh stage O or I, HLA typing may be useful for the diagnosis of CD, as histology

may produce a false negative in rare cases.

REFERENCES

1. Husby S, Koletzko S, Korponay-Szab6 IR, Mearin ML, Phillips A, Shamir R, et al.; ESPGHAN Working
Group on Coeliac Disease DiagnosisESPGHAN Gastroenterology CommitteeEuropean Society for
Pediatric Gastroenterology, Hepatology, and Nutrition. European society for pediatric gastroenterology,
hepatology, and nutrition guidelines for the diagnosis of coeliac disease. ] Pediatr Gastroenterol Nutr
2012;54:136-60. Erratum in: J Pediatr Gastroenterol Nutr 2012;54:572.

PUBMED | CROSSREF

2. Lionetti E, Catassi C. New clues in celiac disease epidemiology, pathogenesis, clinical manifestations,
and treatment. Int Rev Immunol 2011;30:219-31.
PUBMED | CROSSREF

3. Dieterich W, Ehnis T, Bauer M, Donner P, Volta U, Riecken EO, et al. Identification of tissue
transglutaminase as the autoantigen of celiac disease. Nat Med 1997;3:797-801.
PUBMED | CROSSREF

4. Schuppan D, Junker Y, Barisani D. Celiac disease: from pathogenesis to novel therapies. Gastroenterology
2009;137:1912-33.
PUBMED | CROSSREF

S. Caillat-Zucman S. Molecular mechanisms of HLA association with autoimmune diseases. Tissue Antigens
2009;73:1-8.
PUBMED | CROSSREF

6. Lindfors K, Koskinen O, Kaukinen K. An update on the diagnostics of celiac disease. Int Rev Immunol
2011;30:185-96.
PUBMED | CROSSREF

7. Kuchay RA, Thapa BR, Mahmood A, Anwar M, Mahmood S. Lactase genetic polymorphisms and coeliac
disease in children: a cohort study. Ann Hum Biol 2015;42:101-4.
PUBMED | CROSSREF

8. Stankovi¢ B, Radlovi¢ N, Lekovi¢ Z, Risti¢ D, Radlovi¢ V, Nikéevi¢ G, et al. HLA genotyping in pediatric
celiac disease patients. Bosn ] Basic Med Sci 2014;14:171-6.
PUBMED | CROSSREF

9. Megiorni F, Mora B, Bonamico M, Barbato M, Montuori M, Viola F, et al. HLA-DQ and susceptibility
to celiac disease: evidence for gender differences and parent-of-origin effects. Am J Gastroenterol
2008;103:997-1003.

PUBMED | CROSSREF

10. 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.
PUBMED | CROSSREF

11. Amarapurkar DN, Somani VS, Shah AS, Kankonkar SR. HLA - DQ genotyping in celiac disease in western
India. Trop Gastroenterol 2015;36:174-8.
PUBMED | CROSSREF

12. Husby S, Koletzko S, Korponay-Szabé 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.
PUBMED | CROSSREF

13.  Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA; American College of Gastroenterology. ACG
clinical guidelines: diagnosis and management of celiac disease. Am J Gastroenterol 2013;108:656-76; quiz 677.
PUBMED | CROSSREF

https://doi.org/10.5223/pghn.2023.26.1.50 56


https://pghn.org
http://www.ncbi.nlm.nih.gov/pubmed/22197856
https://doi.org/10.1097/MPG.0b013e31821a23d0
http://www.ncbi.nlm.nih.gov/pubmed/21787227
https://doi.org/10.3109/08830185.2011.602443
http://www.ncbi.nlm.nih.gov/pubmed/9212111
https://doi.org/10.1038/nm0797-797
http://www.ncbi.nlm.nih.gov/pubmed/19766641
https://doi.org/10.1053/j.gastro.2009.09.008
http://www.ncbi.nlm.nih.gov/pubmed/19017300
https://doi.org/10.1111/j.1399-0039.2008.01167.x
http://www.ncbi.nlm.nih.gov/pubmed/21787224
https://doi.org/10.3109/08830185.2011.595854
http://www.ncbi.nlm.nih.gov/pubmed/25495501
https://doi.org/10.3109/03014460.2014.944216
http://www.ncbi.nlm.nih.gov/pubmed/25172978
https://doi.org/10.17305/bjbms.2014.3.28
http://www.ncbi.nlm.nih.gov/pubmed/18177450
https://doi.org/10.1111/j.1572-0241.2007.01716.x
http://www.ncbi.nlm.nih.gov/pubmed/12651074
https://doi.org/10.1016/S0198-8859(03)00027-2
http://www.ncbi.nlm.nih.gov/pubmed/27522736
https://doi.org/10.7869/tg.279
http://www.ncbi.nlm.nih.gov/pubmed/31568151
https://doi.org/10.1097/MPG.0000000000002497
http://www.ncbi.nlm.nih.gov/pubmed/23609613
https://doi.org/10.1038/ajg.2013.79

Human Leukocyte Antigen-DQ Genotyping in Pediatric Celiac Disease

Pediatric Gastroenterology, h n
Hepatology & Nutrition

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Srivastava A, Yachha SK, Mathias A, Parveen F, Poddar U, Agrawal S. Prevalence, human leukocyte
antigen typing and strategy for screening among Asian first-degree relatives of children with celiac
disease. ] Gastroenterol Hepatol 2010;25:319-24.

PUBMED | CROSSREF

Megiorni F, Pizzuti A. HLA-DQA1 and HLA-DQBI in Celiac disease predisposition: practical implications
of the HLA molecular typing. ] Biomed Sci 2012;19:88.

PUBMED | CROSSREF

Murad H, Jazairi B, Khansaa I, Olabi D, Khouri L. HLA-DQ2 and -DQ8 genotype frequency in Syrian celiac
disease children: HLA-DQ relative risks evaluation. BMC Gastroenterol 2018;18:70.

PUBMED | CROSSREF

Ramakrishna BS, Makharia GK, Chetri K, Dutta S, Mathur P, Ahuja V, et al. Prevalence of adult celiac
disease in india: regional variations and associations. Am J Gastroenterol 2016;111:115-23.

PUBMED | CROSSREF

Kaur G, Sarkar N, Bhatnagar S, Kumar S, Rapthap CC, Bhan MK, et al. Pediatric celiac disease in India is
associated with multiple DR3-DQ2 haplotypes. Hum Immunol 2002;63:677-82.

PUBMED | CROSSREF

Rostami-Nejad M, Romanos J, Rostami K, Ganji A, Ehsani-Ardakani MJ, Bakhshipour AR, et al. Allele and
haplotype frequencies for HLA-DQ in Iranian celiac disease patients. World ] Gastroenterol 2014;20:6302-8.
PUBMED | CROSSREF

Khosravi A, Mansouri M, Rostami-Nejad M, Shahbazkhani B, Ekhlasi G, Kalantari E. The likelihood ratio
and frequency of DQ2/DQ8 haplotypes in Iranian patients with celiac disease. Gastroenterol Hepatol Bed
Bench 2016;9:18-24.

PUBMED

Romanos J, Wijmenga C. Predicting susceptibility to celiac disease by genetic risk profiling. Ann
Gastroenterol Hepatol 2010;1:11-8.

Congia M, Cucca F, Frau F, Lampis R, Melis L, Clemente MG, et al. A gene dosage effect of the
DQA1*0501/DQB1*0201 allelic combination influences the clinical heterogeneity of celiac disease. Hum
Immunol 1994;40:138-42.

PUBMED | CROSSREF

Zubillaga P, Vidales MC, Zubillaga I, Ormaechea V, Garcia-Urkia N, Vitoria JC. HLA-DQA1 and HLA-DQB1
genetic markers and clinical presentation in celiac disease. ] Pediatr Gastroenterol Nutr 2002;34:548-54.
PUBMED | CROSSREF

https://pghn.org https://doi.org/10.5223/pghn.2023.26.1.50 57


https://pghn.org
http://www.ncbi.nlm.nih.gov/pubmed/19929927
https://doi.org/10.1111/j.1440-1746.2009.06044.x
http://www.ncbi.nlm.nih.gov/pubmed/23050549
https://doi.org/10.1186/1423-0127-19-88
http://www.ncbi.nlm.nih.gov/pubmed/29793442
https://doi.org/10.1186/s12876-018-0802-2
http://www.ncbi.nlm.nih.gov/pubmed/26729543
https://doi.org/10.1038/ajg.2015.398
http://www.ncbi.nlm.nih.gov/pubmed/12121676
https://doi.org/10.1016/S0198-8859(02)00413-5
http://www.ncbi.nlm.nih.gov/pubmed/24876751
https://doi.org/10.3748/wjg.v20.i20.6302
http://www.ncbi.nlm.nih.gov/pubmed/26744610
http://www.ncbi.nlm.nih.gov/pubmed/7928444
https://doi.org/10.1016/0198-8859(94)90059-0
http://www.ncbi.nlm.nih.gov/pubmed/12050583
https://doi.org/10.1097/00005176-200205000-00014

	Human Leukocyte Antigen-DQ Genotyping in Pediatric Celiac Disease
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	REFERENCES


