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Abstract

Background: Celiac disease (CD) is an autoimmune enteropathy in which HLA-DQ haplotypes define susceptibility.
Our aim was to evaluate if belonging to a certain HLA-DQ class risk could be associated to the clinical, serological
and histological presentation of CD.

Methods: We performed a retrospective observational monocentric study including all 300 patients diagnosed with
CD, who underwent HLA typing. Clinical, serological and histological data was collected from clinical records and
their association with HLA-DQ class risk was verified through statistical tests.

Results: In our sample mean age at onset was 6.7 +4.2 years, with a prevalence of females (n = 183; 61%), typical
symptoms (n=242; 80.6%) and anti-tTG IgA = 100 U/mL (n = 194; 64.7%). Family history was present only in 19%
(n=57) of patients, and it was not significantly associated with any of the clinical and demographical data analyzed
or the belonging to a certain HLA-DQ class risk. We found in the male population more frequently a coexistence of
CD and atopic syndrome (males: n=47; 40.2%; females: n = 50; 27.3%; p = 0.020).

Early age of onset, instead, was associated with typical symptoms (m =64 +4; p=0.045) and elevated liver
enzymes (m=5+3.8; p <0.001), while later age of onset was associated with presence of other autoimmune
diseases (m =824, p=0.01).

We observed statistically significant influences of HLA class risk on antibodies and liver enzymes levels: G1, G4 and
G2 classes showed more frequently anti-tTG IgA 2 100 U/mL (n =44; 80%, n = 16; 69.6%, n = 48; 67.6% respectively;
p-value =0.037), and in patients from G2 class we found enhanced liver enzymes (n = 28; 39.4%; p-value = 0.005).
HLA class risk was still significantly associated with anti-tTG = 100 (p = 0.044) and with hypertransaminasemia (p =
0.010) after a multiple logistic regression adjusted for the effect of gender, age at onset and family history.

Conclusions: We failed to prove an association between HLA-DQ genotypes and the clinical features in our CD
pediatric patients. Although, our results suggest an effect of the DQB1-02 allele not only on the level of antibodies
to tTG, but possibly also on liver involvement.
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Background

Coeliac disease is an immune-mediated systemic dis-
order triggered by the consumption of gluten, a storage
protein complex contained in some cereals (e.g. wheat,
barley, rye) [1]. The ingestion of gluten, in genetically
susceptible individuals, causes a chronic inflammatory
process in the small intestine resulting in malabsorption.

According to recent epidemiological studies, the
prevalence in the Western countries has been estimated
to be around 1%. More than 600.000 celiac patients live
in Italy and around 500 new diagnoses are made every
year, although it seems that for every diagnosed celiac
patient another 5 patients are undiagnosed.

Nowadays, CD is more common between the ages of
19 and 40, with a male-female ratio of 1:2 [2].

A fundamental role in the pathogenic pathway is
played by genetic susceptibility, determined by major
histocompatibility complex class II molecules, especially
HLA-DQ2 and HLA-DQS8 antigens. Approximately, 85%
of celiac patients possesses at least one copy of HLA-
DQ2, 5-10% one copy of HLA-DQ8 and less than 5%
just a half of the heterodimer DQ2, more often
DQB1%02 [3, 4].

An important dose effect has been recognized for the
glycoprotein DQ2 that, when possessed in double dose,
enhances the chances of developing CD, because HLA’s
ability of interact with gliadin specific peptides and
stimulate lymphocytes is doubled [5].

The a and [ chains of DQ2 molecules are encoded
by the HLA-DQA1*0501-DQB1*0201 and the
DQA1*0301-DQB1*0302 alleles, that confer the essen-
tial genetic susceptibility to develop the disease. DQ2
and DQ8 heterodimers are able to bind gliadin pep-
tides, creating an HLA-antigen complex that can be
recognized by CD4+ T lymphocytes in the intestinal
mucosa, with the release of pro-inflammatory cyto-
kines responsible for the chronic inflammation and
histological damage [6].

Celiac disease is characterized by extremely heteroge-
neous symptoms, e.g. it can appear in a typical presenta-
tion with gastrointestinal complaints or in a non-
classical form with iron deficiency anemia, hypertransa-
minasemia, short stature, asthenia. Frequently, CD can
be associated with other autoimmune disease such as
type I diabetes mellitus, autoimmune thyroid disease. or
liver disease [7-10].

Diagnosis can be suspected when enhanced levels of
disease-associated antibodies, including tissue transglu-
taminase antibodies (tTG), endomysium antibodies
(EMA) and deamidated gliadin antibodies (DMG) are
detected, but has to be confirmed through a duodenal
biopsy showing lymphocyte invasion in the epithelium,
hyperplasia of the crypts and various grades of villous at-
rophy. The severity of the histological lesions can
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categorize the intestinal damage in three stages, accord-
ing to Marsh-Oberhuber classification [11].

These serological and histological manifestations have
been used until recently to diagnose CD, however the
2012 European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) guidelines indi-
cated that a biopsy can be omitted in symptomatic chil-
dren with: tTG IgA levels 2100 U/mL (> 10 times the
upper limit), positive EMA, and HLA risk haplotypes
[12].

A stratification in five genetic risk classes (G1-G5), ac-
cording to the presence of a particular HLA haplotype,
has been suggested to value the real risk of developing
CD among susceptible individuals [13].

It is unclear why patients show such a heterogeneity
amount of signs and symptoms, and the aim of this ob-
servational retrospective study was to assess whether be-
longing to a specific genetic risk class may be associated
with different clinical manifestations at the onset of CD.

Materials and methods

Study population

A total of 428 pediatric patients, aged less than 18 years,
were diagnosed with CD according to the corresponding
valid European Society for Paediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) criteria [14] be-
tween 2010 and 2019 at the Pediatric Gastroenterology
Department of University of Campania “Luigi Vanvitelli”.
All 300 consecutive patients, who underwent HLA typ-
ing, were included in the study. All were children with
Italian ancestry. Clinical data were obtained from med-
ical files retrospectively by independent investigators,
blinded to the HLA class risk of the patients. The study
was reviewed and approved by the local medical ethics
board (13,568/2020).

Clinical characteristics

We considered the following variables: 1) sex; 2) age at
onset, considering the time of first appearance of symp-
toms that could be explained by celiac disease; 3) family
history of CD; 4) clinical presentation at diagnosis, clas-
sified as typical, meaning onset of gastrointestinal symp-
toms (chronic diarrhea, constipation, abdominal pain,
lack of appetite, vomiting, abdominal distension associ-
ated with meteorism), weight loss or deficiency in weight
gain, short stature or deficiency in height gain and non-
typical, meaning iron deficiency anaemia, elevated liver
enzymes (ALT >36 mU/mL; AST >29 mU/mL), head-
ache, asthenia, joint pain and muscular pain, oral thrush,
dermatitis herpetiformis or absence of symptoms; 4)
serological results: IgA or IgG (in IgA deficient patients)
anti-tTG and/or EMA, highlighting the study population
with > 10 times the upper limit of normality in case of
anti-tTG positivity; 5) histological lesions, according to
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the Marsh-Oberhuber classification [15]; 6) co-existence
of autoimmune disease or atopic conditions.

Genetics

Genotyping for celiac disease-associated HLA alleles was
performed with the XeliGen XL (Eurospital SpA-Trieste)
following the recommendations of the manufacturer [13,
16].

Haplotypes were categorized in five genetic risk clas-
ses: G1- (homozygous DR3-DQ2 genotype, with two
copies of DQA1*05 and DQB1*02 genes; the heterozy-
gous DR3/DR7 genotype, with one copy of DQA1*05
and two copies of DQB1*02); G2- (a single molecule of
HLA-DQ2.2 and one copy of DQA1*05); G3- (the het-
erozygous DR3/DR5 genotype, characterized by two
doses of DQA1*05 and one dose of DQB1*02); G4-
(homozygous HLA-DQ8/DR4 or homozygous DQ2/
DR?7); G5 characterized by other molecules of HLA-DQ.

Statistical analysis

Data were presented as frequency (percentage) for cat-
egorical variables and as mean + standard deviation for
quantitative variables.

The patients were divided in 5 groups according to the
genetic risk classes. Subsequently, the differences among
the 5 groups in terms of presence of diarrhea or consti-
pation, absence of symptoms, anti-tTG IgA levels < or >
100 U/mL, elevated liver enzymes, co-existence of other
auto-immune or atopic diseases were tested using the x>
test or the Fisher’s exact test, as appropriate, for categor-
ical variables and ANOVA or Kruskal Wallis Test, as ap-
propriate, for quantitative variables.

Multiple logistic regressions were carried out to verify
whether HLA class risk was significantly associated with
the considered variables after adjusting for the effect of
gender, Age at onset, and Family history.

All statistical analysis were performed also considering
the sub-sample of 144 patients, who underwent duo-
denal biopsy.

Statistical analysis was performed using the R software
for statistical computing. A p-value <0.05 was consid-
ered as statistical significance.

Results

Age at onset ranged from 7 months to 17 years in our
300 CD patients, with a mean of 6.7 + 4.2 years. Of the
total study population, 117 (39%) were males and 183 fe-
males (61%). All patients showed positive anti-tTG/EMA
serology. Among the patients, the vast majority showed
elevated anti-tTG IgA levels (64.7%) and symptoms
(80.6%), therefore they were diagnosed according to the
ESPGHAN 2012 criteria without biopsies. Only 144 pa-
tients underwent duodenal biopsy and severe villous le-
sion (Marsh 3b or 3c) was observed in 61.8% of the
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patients (Table 1). In this group we evaluated the associ-
ation between HLA risk classes with family history, age
at onset, presence of typical symptoms or absence of
symptoms, autoimmune diseases, atopic syndrome, anti-
body and liver enzymes levels, but we did not find any
statistically significant association. In this sample of 144
patients we also tested for any relation between sex,
family history and age at onset with all the variables con-
sidered in the study, but we did not find any significant
association.

We explored the influence of sex and age on all the
variables (Table 2). Although females outnumbered
males, we didn’t find significant association with the var-
iables explored. On the contrary we found in the male
population more frequently a coexistence of CD and
atopic syndrome (males: #n =47; 40.2%; females: n = 50;
27.3%), statistically significant (p = 0.020).

Early age of onset, instead, was associated with typical
symptoms (m=64+4 vs 7.6+3.8; p=0.045) and ele-
vated liver enzymes (m=5+3.8 vs 7.1 +4.2; p<0.001),

Table 1 Clinical characteristics of enrolled patients

Total

n=300
Male 117 (39%)
Age at onset 6.7 4.2
Family history 57 (19%)
Lack of symptoms 38 (12.7%)
Typical Gl symptoms® 242 (80.7%)
- Constipation 50 (16.7%)
- Diarrhea 111 (37%)
- Abdominal pain 71 (23.7%)
- Lack of appetite 72 (24%)
- Vomiting 44 (14.7%)
- Abdominal distension/meteorism 25 (8.3%)
- Weight loss 145 (48.3%)
- Short stature 62 (20.6%)
Non typical GI symptoms® 58 (19.3%)
- Iron deficiency anemia 138 (46%)
- Headache 15 (5%)
- Asthenia/joint or muscular pain 56 (18.7%)
- oral trush 28 (9.3%)
Anti-tTG 2 100 194 (64.7%)
Al disorders” 33 (11%)
Atopy 97 (32.3%)
Hypertransaminasemia 74 (24.7%)
Marsh 3b/3c* 89 (61.8%)

Gl Gastrointestinal
Al Autoimmune
“Only 144 patients underwent duodenal biopsy
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Table 2 Association between sex and clinical and serological

variables
Total Male Female p-value
n=300 n=117 n=183
Family history 57 (19%) 22 (188%) 35(19.1%) 0899
Anti-tTG = 100 194 (64.7%) 71 (60.7%) 123 (67.2%) 0.249
Al disorders® 33 (11%) 14 (12%) 24 (13.1%) 0501
Atopy 97 (323%) 47 (40.2%) 50 (27.3%)  0.020
Hypertransaminasemia 74 (24.7%) 23 (19.7%) 51 (27.9%) 0.108
Marsh 3b/3c” 89 (61.8%) 34 (56.7%) 55 (65.5%) 0.283

2Al Autoimmune
POnly 144 patients underwent duodenal biopsy: 60 male and 84 female

while later age of onset was associated with the presence
of other autoimmune diseases (m=82*4 vs 6.4 +4.1;
p =0.01) (Table 3).

Then we observed the influence of genotypes on the
clinical and demographical variables of CD (Table 4). A
family history of CD was observed in 57 patients (19%)
and it was not significantly associated with any of the
clinical and demographical data analyzed. Moreover, we
didn’t find significant changes between family history
across the risk classes (p =0.265). Also, the association
between sex and genotypes was not statistically signifi-
cant (p = 0.366).

Only 38 patients were asymptomatic, 8 of which from
G1 class, 7 from G2, 17 from G3, 1 from G4 and 5 from
G5. The other 262 (87.3%) patients had heterogeneous
gastrointestinal and extraintestinal symptoms. Although,
in all classes diarrhea occurred more than constipation,
comparing G1 and G5 class, we found a relevant signifi-
cance (p=0.046) between the frequency of diarrhea in
the G1 and G5 (n =26; 47% vs n = 14; 27% respectively)
We also found a difference in constipation, that oc-
curred more frequently in G5 class (n=11; 22%) and
rarely in G1 (1 =6; 11%), although this latest association
was not statistically significant (p = 0.135). In 97 patients
(32.3%) clinical history described an atopic syndrome

Table 3 Association between age at onset and clinical and
serological variables

Presence Absence p-value
Lack of symptoms 75+39 6.5+ 42 0.162
Typical Gl symptoms® 64+42 76+ 38 0.045
Al disorders® 82+ 42 64 + 4.1 0.010
Atopy 71 +£43 64 + 4.1 0.205
Hypertransaminasemia 5+38 70 £41 0.000
Anti-tTG 2 100 6.7 £43 6.5 £ 40 0.756
Marsh 3b/3c" 6.6 + 40 7 +41 0.751

(All the results in this table refer to mean age at onsettstandard deviation)
Gl Gastrointestinal

PAI Autoimmune

“Only 144 patients underwent duodenal biopsy
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and G5 showed the highest frequency (n=19; 37,3%),
while G2 the lowest frequency (n=19; 27%) with a p-
value = 0.779, not statistically significant. Only in 33 pa-
tients CD was present simultaneously with type I DM
and/or thyroid disease, and the largest population
belonged to G5 class (n=9; 17.6%), while the smallest
population belonged to G4 class (n=1; 4%), although
this association was not statistically significant (p =
0.664). We observed a disparity in the severity of the vil-
lous lesion among the classes: G1 class patients’ biopsy
showed a severe lesion (Marsh 3b-3c) in 75% (n = 18) of
cases, G2 class in 74% (n=17), G3 and G4 classes only
in 50% (n =28 vs n =4 respectively) and G5 class in 67%
(n=22), but this relationship was not statistically signifi-
cant (p = 0.125). Instead, in 194 patients (64.7%) levels of
tTG IgA were>100U/mL and the highest frequency
(n=44; 80%; n=16; 69.6%; n=48; 67.6%) belonged to
G1, G4 and G2 group respectively, and the association
between antibody levels and HLA class risk was statisti-
cally significant (p =0.037). Finally, there was a statisti-
cally significant difference among the risk classes’ levels
in terms of enhanced liver enzymes. Indeed, an isolated
hypertransaminasemia was detected in 74 patients
(24.7%) and interestingly G2 showed the highest fre-
quency (n=28; 39.4%, p = 0.005). Results from multiple
logistic regression showed that, after adjusting for the ef-
fect of gender, age at onset and family history, HLA class
risk was still significantly associated with anti-tTG = 100
(p = 0.044) and with hypertransaminasemia (p = 0.010).

Discussion

In literature it has been widely described that genetic
susceptibility and environmental factors can influence
celiac disease clinical manifestations. It is also known
that genetic susceptibility, essential to the onset of dis-
ease, is given by HLA-DQ haplotypes but how genetic
background modules celiac disease is still not clear [17—
21]. Indeed, it is still unknown the relationship between
HLA genetics and CD phenotype, and some authors re-
late HLA genetics only with some clinical data but not
others [20-25]. Whereas, we have previously reported
also the influence of non-HLA genes on CD phenotype
[26]. We present in this retrospective observational
study the experience of the Pediatric Gastroenterology
Department of University of Campania “Luigi Vanvitelli”
with the aim of evaluating the possible influence of
HLA-DQ genotypes on the clinical, analytical and histo-
logical manifestations at the onset of CD, estimating dif-
ferences among the five HLA-DQ risk classes. As
commonly reported in pediatric series with CD [27-29]
we found a predominance in girls and early onset, which
was also associated to classical clinical presentation. In-
stead, older age of onset was significantly associated with
the coexistence of other autoimmune diseases.
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Table 4 Association between HLA class risk and clinical and serological variables (univariate analysis)
Total G1 G2 G3 G4 G5 p-value
n=300 n=>55 n=71 n=100 n=23 n=>51
Male 117 (39%) 25 (45.5%) 21 (29.6%) 41 (41%) 8 (34.8%) 22 (43.1%) 0.364
Age at onset 6.7+£42 6.7 £45 6.2+4.1 6.7+t4 85+53 63+38 0.235
Family history 57 (19%) 14 (25%) 12 (17%) 21 (21%) 1 (4.3%) 9 (18%) 0.265
Anti-tTG = 100 194 (64.7%) 44 (80%) 48 (67.6%) 56 (56%) 16 (69.6%) 30 (58.8%) 0.037
Al disorders® 33 (11%) 6 (10.9%) 5 (7%) 12 (12%) 1 (4.3%) 9 (17.6%) 0.664
Atopy 97 (32.3%) 19 (34.5%) 19 (26.8%) 32 (32%) 8 (34.8%) 19 (37.3%) 0.779
Hypertransaminasemia 74 (24.7%) 9 (16.4%) 28 (39.4%) 25 (25%) 6 (26.1%) 6 (11.8%) 0.005
Marsh 3b/3c® 89 (61.8%) 18 (75%) 17 (74%) 28 (50%) 4 (50%) 22 (67%) 0.125

@Al Autoimmune

POnly 144 patients underwent duodenal biopsy: 24 patients of G1 class, 23 of G2, 56 of G3, 8 of G4, 33 of G5

Moreover, we found an increased frequency of atopy
in male CD which showed an increased IgE sensitization.
Although it is well known that the two diseases don't
share common pathogenic pathways, a mechanism be-
hind this possible association might be an increased in-
testinal permeability in individuals with CD resulting in
increased flow of dietary antigens [30, 31], that could
lead to increased IgE sensitization. Other possible rea-
sons for this association could be dysregulation of im-
mune responses or common genetics.

The Dieterich paper [32] demonstrates that gliadin is
the preferred substrate of transglutaminase suggesting
that the interaction of gliadin and transglutaminase may
result in the creation of new antigenic complexes. These
neoepitopes were bound to antigen-presenting cells and
presented to T cells in the gut. While in celiac disease
activated T cells CD4+ start producing mainly TH1 cy-
tokines, as IFN-y, in the atopic syndrome TH2 cytokines
play the most important role. On the other hand, regula-
tory T (T-reg) cells, both “natural” forkhead box protein
3 T-reg cells and “induced” T-reg cells, the latter produ-
cing IL-10, have been implicated in the control of both
TH1 along with TH2 responses [31]. However, it has
been identified a T-reg cells’ dysfunction in patients suf-
fering from atopic syndrome [33].

Another reason behind the association between CD
and atopy (in particular asthma) may be malnutrition,
because in about 60 to 70% of celiac patients, laboratory
tests even years after diagnosis show low levels of 25-
(OH) vitamin D [34]. In fact, vitamin D plays an import-
ant role in immune system’s regulation: calcitriol can act
on T-reg cells directly, inhibiting proliferation and indu-
cing IL-2 production, or indirectly, leading T-reg cells to
promote its effect, but it can also regulate immune sys-
tem acting on dendritic cells directly or indirectly [35].
Therefore, low levels of vitamin D as described in CD,
could generate T-reg cells unable to control and sup-
press T-cells responses contributing to the onset of
atopy. Finally, some authors hypothesize a shared

immunological pathway due to IL-15, that is indeed in-
volved in both asthma and CD [36-39].

Regarding the association of HLA-DQ genotypes, we
found that patients belonging to G1, G4 and G2 class
had significantly higher tTG IgA levels, confirming a
gene-dose effect of the DQB1-02 allele on anti-
transglutaminase antibodies levels in CD as previously
described [40]. Indeed, HLA-molecules are fundamental
to determine CD4+ T-cells activation, resulting in the
further activation of other immune cells, including B-
cells [41-43]. Thus, an increased number of CD-
associated heterodimers expressed on cell surface might
be responsible for an increased antigen presentation, and
a consequent T- and B-cell stimulation, with a stronger
antibody response. We observed also an association be-
tween DQB1-02 alleles and symptoms, finding that a
typical clinical presentation with diarrhoea was increased
in carriers of HLA-DQ2.5 with double HLADQB1* 02
dose. A similar effect was underlined by Zubillaga et al.
[20] and Piccinni et al. [25], the last ones describing
higher frequency of atypical or silent/latent CD in pa-
tients with low genetic risk. Differently from other stud-
ies [22, 24], we did not find a significant association of
HLA risk classes with severity of mucosal lesion, and in
accordance with the results of our previous study we hy-
pothesized a role for non-HLA genes to explain this
histological data [26]. Moreover, only half of the patients
underwent duodenal biopsies which could underestimate
the gene dose effect in this context reducing the signifi-
cance of our data.

Interestingly we found an association between G2 and
hypertransaminasemia. To note in the G2 group we also
found higher tTG Ab titers and consequent villous atro-
phy. Accordingly, both in adults [44] and in children
[45] it has been reported increased ALT to be associated
with more high autoantibody levels and severe villous at-
rophy. Malabsorption may play a role to explain hyper-
transaminasemia, [46, 47] as well as the alteration of
intestinal permeability with a “leaky” intestine [48]. In
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fact, toxins coming from food could be able to reach
more easily the liver via the portal circulation, causing a
hepatic inflammatory state, as demonstrated on patients’
liver biopsies [49]. This hypothesis has been strength-
ened by Novacek et al. [50], that, using the urinary re-
covery methods of sugars, found an association between
serum transaminase level and permeability index.

Finally, it has been proposed also a direct effect of tTG
antibodies on liver transglutaminase [51, 52]. This ubi-
quitous enzyme has a protective effect on liver injury
[53] and this protective effect may be affected by the
presence of antibodies to tTG, [44] that have been de-
scribed in the duodenum, but also in the liver [54] and
nervous system [55]. To the best of our knowledge we
found for the first time an association between HLA-
DQ2 and hypertransaminasemia, which suggest that also
liver damage in CD could be related to HLA haplotype.
Given the diagnostic applicability of HLA Typing our re-
sults suggest its possible role also in risk stratification.
Early identification of high-risk patients would be of ut-
most importance. Indeed, it would be useful the design
of accurate and tailored CD follow up strategies accord-
ing to the haplotype of the patient. A closer follow-up
and a stricter gluten-free diet might help them to avoid
the development of life-threatening complications (e.g.,
liver damage, malignancies) [45, 56, 57].

Our main strengths are the well-defined and large co-
hort of celiac patients, who were diagnosed according to
harmonized nationwide guidelines in the same centre
and revised by the same physician. Therefore, no bias by
different clinical practice exists. Limitations of our study
are inherent to the retrospective study and the
utilization of self-reported family history and symptoms
of CD, although the majority of information was avail-
able in the medical record. Also, all our study subjects
were with Italian ancestry, which may limit the
generalizability to other study settings with a different
ethnic composition.

Finally, genetic analysis was also limited to the assess-
ment of the frequency of known celiac disease HLA risk
haplotypes, and thus no deeper insight into the role of
non-HLA genes and gene-to-gene interactions could be
attained.

Conclusions

In conclusion, we failed to prove an association between
HLA-DQ genotypes and the clinical features. Although,
our results suggest an effect of the DQB1-02 allele not
only on the level of antibodies to tTG, but possibly also
on liver involvement.

It may be that differences also exist between CD pa-
tients with HLA-DQ2.5 with single dose and those car-
rying HLA-DQS8 or lower risk HLA genotypes. The
frequency of patients with these genetics is very low, and
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a multicenter study would be necessary to address these
haplotypes’ role.
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