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Abstract. The aim was to determine the prevalence of celiac disease (CD) in a pediatric population
with juvenile idiopathic arthritis (JIA) and autoimmune hepatitis (AIH) compared to controls and to
evaluate the clinical forms and human leukocyte antigen (HLA) alelles. Between September 2009-
November 2019, 74 pediatric patients with JIA (1), 62 AIH (2) and 60 controls were assessed for CD.
All children with one or more positive CD antibodies were submitted to gastrointestinal endoscopy
with intestinal biopsy. All patients underwent HLA molecular assessment for DQ2/DQ8 alleles. Celiac
prevalence after screening was 6.7% in the first group, 6.4% in the second group and 0% among
controls. The results didn’t reveal significant differences regarding the CD prevalence among patients
with JIA and AIH (p = 0.94). The majority of cases associated the silent form of disease (77.7).
DQ2/DQ8 haplotypes were found in all CD cases. Of 69 children with JIA and no CD, three (4.3%)
had DQ2 haplotype. Of 58 patients with AIH and no CD, 37 children (63.8%) presented DQ2/DQ8.
According to the high prevalence obtained in this study, JIA and AIH are good parameters for
stratification of asymptomatic cases in order to perform CD serologic screening. The absence of DQ2
or DQ8 haplotypes will make CD diagnosis unlikely and no further tests will be required.
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1. Introduction

Gluten enteropathy, synonymous with celiac disease (CD), is an autoimmune condition that
underlies a malabsorption syndrome in about 1% of the population [1]. Due to the increase in gluten
consumption and the widespread diagnosis of asymptomatic forms of celiac disease with increasing
accuracy of diagnostic tests, CD incidence has increased in the last decade [2]. Still, the iceberg model
described by many authors demonstrates the percentage of undiagnosed forms of CD in the general
population [3].

Current research has shown that the classical CD definition is restricted to 30% of all subjects with
genetic susceptibility and characteristic intestinal histological lesions, omitting most cases with gluten
enteropathy that associate minimal villous alterations [4]. Most forms of CD are outside the context of
the classical definition, being pauci-symptomatic, atypical or silent.

Currently, CD is depicted as an autoimmune enteropathy induced by gluten exposure in subjects
with genetic susceptibility translated by the association of the human leukocyte antigen (HLA)
DQ2/DQ8.
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This condition can present digestive or extra-digestive manifestations but can associate an
asymptomatic form in patients with susceptible genetic backgrounds that have certain autoimmune
conditions or genetic diseases [5].

Currently, the strategy of serological testing for CD of all subjects with risk factors is considered
cost-effective, thus increasing the rate of diagnosis of atypical, asymptomatic or silent forms of the
disease.

Recent research has published different percentages of the association of autoimmune
comorbidities among CD subjects. As the period of gluten exposure increases, so does the prevalence
of these conditions among patients with gluten enteropathy [6]. Among CD patients the prevalence of
insulin-dependent type | diabetes (IDDM) is 2.3%-11% [7], the prevalence of autoimmune thyroid
disorders (AITD) is 13% [8], the prevalence of juvenile idiopathic arthritis (JIA) is 1.5%-7.5% [9], the
prevalence of autoimmune hepatitis (AIH) is 12.5% [10], the prevalence of Sjogren's syndrome is 2%-
15% [11], the prevalence of IgA selective deficiency is 2%-4.8% [12] and the prevalence of dermatitis
Duhring-Brocq is 20%-25% [13].

The objective of this research was to establish the prevalence of gluten enteropathy among children
from the west part of the country diagnosed with JIA and AIH compared to a control group. The
second aim was to assess the stratification of clinical forms of the disease correlated with HLA allele
polymorphism.

2. Materials and methods

In this prospective observational study, the authors performed a general screening by serologic
testing for gluten enteropathy to all consecutive pediatric patients admitted to Pediatric
Gastroenterology and Pediatric Rheumatology Departments of our hospital with JIA and AIH from
September 2009 to November 2019 and in all subjects from the control group. All legal tutors of
children participating to the study have signed a written informed consent.

74 consecutive children diagnosed with JIA according to the International League of Rheumatism
criteria [14], were screened for CD. This was the first lot of study.

Diagnosis of JIA was based on the history and physical examination findings (arthritis, synovitis)
along with imagistic (radiography, magnetic resonance or computed tomography) and laboratory
investigations (inflammatory markers, rheumatoid factor, antinuclear antibodies, anti—cyclic
citrullinated peptide antibody). Children with the following types of JIA were referred to celiac
screening: systemic-onset JIA, oligoarticular JIA, polyarticular JIA, psoriatic arthritis, enthesitis-
related arthritis, or undifferentiated arthritis.

62 consecutive children with AIH underwent serological screening for CD. This was the second lot
of study. AIH was diagnosed in all children following the grading system of the International
Autoimmune Hepatitis Group Score [15] and specific pathological findings in liver biopsy. AIH was
diagnosed by increased IgG serum level, positive specific auto-antibodies and interface hepatitis
morphologic features.

AIH has two main types. Type 1 is frequently diagnosed in adult patients, being characterized by
positive anti-smooth muscle and anti-nuclear antibodies. Type 2 presents antibodies against liver
cytosol type 1 antigen and anti liver—kidney microsome type 1 antibodies [16]. The second lot included
17 patients with type 1 and 45 cases with type 2 AIH.

There were 60 children in full health condition enrolled in the control lot. There weren’t any
autoimmune, rheumatologic or gastrointestinal conditions in the medical history of controls.

The authors performed serologic screening for CD to all patients with JIA/AIH and to all subjects
from the control lot assessing IgA and IgG antibodies against deamidated gliadin (DGP), tissue-
transglutaminase (TTG) and anti-endomysium (EMA).

All patients with one or more positive serologic result enrolled in the first and the second lot were
submitted to upper digestive endoscopy and intestinal biopsy. Two biopsies were taken from the
duodenal bulb and four biopsies from the second portion of the duodenum in each child. The
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histological classification of the biopsies was done according to the Marsh criteria modified by
Oberhuber [17].

The classification of villous lesions was done as follows: Marsh 0 - normal intestinal histological
appearance, Marsh 1- presence of lymphocytic infiltrate in chorion, Marsh 2- hyperplasia of glandular
crypts with lymphocytic infiltrate, Marsh 3 - villous atrophy (partial Marsh 3A, subtotal Marsh 3B or
total Marsh 3C) [17].

All children including the controls underwent HLA typing for DQ2 and DQ8 alleles assessment.
The QlAamp DNA Blood Mini kit (Qiagen N.V.) was used to extract deoxyribonucleic acid (DNA),
given an optimal concentration of 50 ng / ul DNA to initiate an efficient polymerase chain reaction
(PCR) amplification.

The following kits were used for genomic testing: All Set Gold HLA DQB1 02/04, All Set Gold
HLA DQAL and All Set Gold HLA DQBL1 03, Dynal-Invitrogen (Life Technologies Ltd, Scotland,
UK). The extracted genomic DNA was assessed using specific primers (PCR-SSP) in order to
investigate the presence of DQ2 and DQ8 haplotypes. The quantification of the results was based on
the Worksheet-Gel Documentation Form attached to the test kit which includes all the allele
combinations that can be obtained.

60 children (81%) diagnosed with JIA received disease-modifying anti-rheumatic drugs. The most
frequently administered drug was methotrexate (C20H22NgOs) (Figure 1). 14 children (19%) required
biologic therapy based on tumor necrosis factor inhibitors — etanercept.

Methotrexate (C20H22NgOs) suppress the host immunity_by inhibition of dihydrofolate reductase
enzyme and by down regulation of B and T lymphocytes activity.
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Tumor necrosis factor-alpha (TNFa), a proinflammatory cytokine synthetized by lymphocytes, is
an important immune mediator. It initiates and maintains the inflammation. Etanercept inhibits TNFa,
down-regulating the inflammatory function. The etanercept molecule has a complex structure
containing 6 Nglycans, 14 Oglycans and 29 disulfide bridges. Its chemical formula is
C2224H3475N6210698S36.

All the children diagnosed with AIH initially received steroids (prednisone). After tapering the
prednisone dose, azathioprine was added in order to maintain the immune suppression and to avoid
steroids side effects in children. Prednisone is a glucocorticoid drug administered in order to suppress
the host immunity and to decrease the inflammatory response in the majority of autoimmune
conditions. Its chemical formula is C21H260s (Figure 2).

Figure 2. Prednisone
chemical formula
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Azathioprine is another immunosuppressive drug. Azathioprine is an inactive prodrug that will be
activated by conversion in 6-mercaptopurine. Its action is based on purine synthesis inhibition.
Azathioprine chemical formula is CoH7N7O2S (Figure 3).
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In this study, the authors used R 3.2.3 statistical software (Free Software Foundation’s GNU
project) for data analyze.

3.Results and discussions

Between September 2009 and November 2019, 74 children with JIA - constituting the first study
group, 62 children with AIH - constituting the second group and 60 healthy control subjects were
analyzed serologically for the detection of gluten enteropathy.

Following the serological screening, five CD patients were detected in the first lot of study. Four of
these patients with gluten enteropathy showed altered intestinal morphology, and one child had normal
villous architecture, being framed in the form of latent disease. The latter patient had genetically
susceptible background (heterozygous DQ2 HLA) and positive serological tests for celiac disease (IgA
/1gG TTG / DGP and EMA).

The prevalence of gluten enteropathy in the first study group including the case with the latent
form of the disease was 6.7%.

The first study group presented the following stratification of CD forms: a case with typical form
of the disease associating chronic diarrhea, failure to thrive, positive serologic tests and total villous
atrophy (Marsh 3C), 3 cases with silent forms of disease - asymptomatic, but with positive serology
and characteristic intestinal lesions and a latent form of disease.

The flow chart of CD children recruitment from the first lot of study is shown in Figure 4.
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Of the 62 patients with AIH, four were diagnosed with gluten enteropathy based on the serological
and histological characteristic criteria presented above. The prevalence of gluten enteropathy in the
second study group was 6.4%. All cases associated the silent form of disease.

The flow chart of CD children recruitment from the second lot is presented in Figure 5.

(T 2ndlot-62 children with AIH )

p S/

(" Positive celiac serology 4 patients (6.4%)\

IgA /1gG tTG/DGP — 4 positive results
IgA EMA - 4 positive results

Small bowel biopsy
Marsh 3a = 1 patient
Marsh 3c =3 patients

. 4

[ 4 cases with silent CD }

Figure 5. Flow chart of AIH/CD patients recruitment

The authors didn’t find any positive serological result for gluten enteropathy among controls,
therefore CD prevalence in the control lot was 0%.

We compared CD prevalence in the first lot of study with JIA (6.7%) with the rate of gluten
enteropathy in the second lot of study with AIH (6.4%). We didn’t find a statistical significant
difference p = 0.94, CI:[-0.08 to 0.086].

The combined analysis of all children diagnosed with CD and comorbidities showed that the
majority of cases presented the silent form of disease. Of nine patients diagnosed with CD (6 females
and 3 males, mean age 5.2+1.2 years, range 1-18 years), 7 patients (77.7%) had silent form of CD.

The authors assessed DQ2/DQ8-HLA by molecular typing to all subjects enrolled in this study. All
five patients diagnosed with gluten enteropathy from the first study lot had heterozygous DQ?2 alleles.
From the remaining 69 patients without gluten enteropathy, only three (4.3%) had heterozygous DQ2
HLA and the others (95.6%) associated different HLA haplotypes, non DQ2/DQ8.

The distribution of HLA-DQ alleles in the first lot of study is shown in Figure 6.

[ 74 children with JIA J

JIA+CD

i 5 patients with
All5 HLA DQ2 heterozygous

JIA without CD
|

1 1
3 HLA DQ2 heterozygous 66 nonDQ2/DQ8
(4.3%) (95.6%)

69 patients with ]

-

Figure 6. Distribution of HLA DQ alleles in patients from the first lot with JIA
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Of the four children diagnosed with CD after screening from the second group, one case associated
DQ8 alleles, two patients had heterozygous DQ2 haplotypes and one child had homozygous DQ2

haplotype.
The distribution of HLA-DQ alleles in the second lot of study is shown in Figure 7.
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Figure 7. Distribution of HLA DQ alleles in patients from the second lot with AIH

In the control group,12 subjects (20%) had predisposing genetic background for CD (heterozygous
DQ2) and the remaining presented different non - DQ2/DQ8 haplotypes.
The alleles distribution in each lot of study is depicted in Figure 8.
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Figure 8. Alleles distribution in each lot of study

The majority of children with negative serologic results for gluten enteropathy presented non -
DQ2/DQ8 alleles.

Of 74 children with JIA that underwent serological screening, CD was diagnosed in five subjects
(6.7%), a similar percent compared to other publications. CD prevalence varied between 2.5% and
6.5% among JIA children according to several older studies [18-21]. The most frequent JIA forms that
have been diagnosed as a comorbidity with gluten enteropathy were oligo-articular and polyarticular
[18,22] and only few celiac children had systemic-onset JIA [18,23].

Increased prevalence of CD among patients with JIA compared to general population has been
published [18-22, 24].
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These comorbidities can disrupt normal growth and development, and subsequently fertility.
Consequently, early diagnosis is essential to prevent complications, especially in pediatric patients.
The association of these two autoimmune diseases CD and JIA can be explained by a particular genetic
predisposition [25].

It is interesting to note that CD may remain asymptomatic for several years but is associated with a
high risk of the second autoimmune condition [18].

Alpigiani reported cases of gluten enteropathy diagnosed in patients with JIA 3.5 and 4.6 years
after the onset of joint disease [20].

A lot of publication assessed the coexistence of CD with AIH. Our study indicated a high rate
(6.4%) of biopsy- confirmed gluten enteropathy among AlH children. Similar results were reported by
other investigators. A recent Iranian study [10] found that the rate of gluten enteropathy in a pediatric
population with AIH was higher compared to general population (4.7%). On the other hand, vice
versa, the same study showed a higher prevalence of AIH (12.5%) than previously reported in celiac
patients. An older study found in a large group of children with CD, a prevalence of only 1.1% for
AlH [26]. The explanation of these different results consists in the fact that the Iranian study included
seronegative patients with liver biopsy-confirmed autoimmune hepatitis. These patients were
considered as having cryptogenic autoimmune hepatitis and the evaluation of anti-soluble liver antigen
(SLA) was helpful [10]. Another recent meta-analyze published by Wong [27] found the co-
presentation of AIH with CD as being clinically important, with a prevalence up to 6%, similar to our
results.

The genetic predisposition for gluten enteropathy is defined by the presence of DQ2 and DQ8
HLA. HLA-DQ?2 heterodimer consists in DQA1*0501 and DQB*0201 alleles arranged in cis form by
DR3-DQ2 haplotype or DQA1*0505 and DQB *0202 alleles arranged in trans conformation by DR5-
DQ7/DR7-DQ2 haplotype. HLA-DQ8 heterodimer consists in DQA1*0301 and DQB1*0302 alleles
arranged in cis form by DR4-DQ8 haplotype [28].

An important step in the screening of asymptomatic subjects that associate risk factors for CD is
the haplotype analysis [29].

The analysis of the haplotype has a special value in CD diagnostic algorithm by excluding the
condition in subjects with positive serological tests but normal villous morphology [29]. HLA DQ2
and DQ8 have a negative predictive value of 100%, allowing CD exclusion in uncertain cases. Also,
many studies support the importance of analyzing DQ2 and DQ8 haplotypes in subjects with high
suspicion of CD associated with other autoimmune disorders. The common predisposing genetic
background underlies the possible autoimmune comorbidities in patients with gluten enteropathy [30].

In this research, the authors also analyzed the association of genetic predisposition for CD in non-
celiac patients. In the lot of JIA patients, the analyze was focused on DQ2 and DQS8 alleles and not on
HLA B27. There were only three patients (4.3%) with predisposing haplotype for CD (DQ2 HLA)
among the 69 children with JIA without CD. On the contrary, from a total of 58 patients with AIH
without CD, more than half (37 children-63.8%) presented the predisposing genetic background for
gluten enteropathy (DQ2 or DQ8 haplotype) in the absence of the disease, p <0.001, CI:[-0.727 to -
0.461].

The high percentage of cases with AIH and allelic conformation characteristic for gluten
enteropathy, which did not associate CD, is explained by a greater genetic similarity between AIH and
CD, compared to the relationship between gluten enteropathy and JIA. However, the authors of this
study did not find statistically significant differences between the number of cases with gluten
enteropathy diagnosed in the two study groups: 6.7% and 6.4% respectively, p = 0.94, CI: [- 0.08 to
0.086].

AlH and gluten enteropathy are based on a common predisposing genetic field (genes belonging to
HLA class two), which explains their association at the same subject. Increased intestinal permeability
and the spread of anti-tissue transglutaminase antibodies that can damage the liver in patients with
gluten enteropathy are also involved in this comorbidity [31].
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In patients diagnosed with JIA, the risk factors underlying the possible association of gluten
enteropathy are represented by certain genes of the HLA complex on chromosome 6, but also other
non-HLA regions [32, 33].

Our results regarding HLA distribution are in agreement with other published data, emphasizing
that the presence of HLA DQ2 or DQ8 alleles is mandatory, but not enough for the disease to become
symptomatic. In our study 20% of the controls associated predisposing genetic background for CD
without developing the disease.

Gluten enteropathy is a multigenic condition, but HLA DQ2 or DQ8 alleles are crucial for the
development of the disease. These haplotypes are mandatory, but insufficient to cause the disease
without another factors intervention. Thereby DQ2 and DQ8 haplotypes demonstrated a negative
predictive value of 100% for the diagnosis of gluten enteropathy [34].

It is essential to have reliable laboratory techniques for serological screening, because the pediatric
gastroenterologists still find the typical form of gluten enteropathy in association with chronic diarrhea
a common condition [35].

4.Conclusions

According to the high prevalence obtained in this study (6.7 % and 6.4% respectively), JIA and
AIH are good parameters for stratification of asymptomatic cases in order to perform CD serologic
screening. AIH and gluten enteropathy share more selected combinations of genes coding for class Il
HLA compared to JIA and gluten enteropathy. Considering the first line test HLA typing in
asymptomatic at risk children may be beneficial. The absence of DQ2 or DQ8 haplotypes will make
CD diagnosis unlikely and no further tests will be required.
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