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Background and Aims. Neurotensin (NT) is a gut hormone secreted by specific endocrine cells scattered throughout the epithelial
layer of the small intestine, which has been identified as an important mediator in several gastrointestinal functions and disease
conditions. Its potential involvement in celiac disease (CD) has been investigated, but there are conflicting findings. The aim of
this study was to evaluate serum NT levels in children with CD at diagnosis, compared to a control group, and to investigate
whether NT correlated in CD patients with symptoms, antibody response, and intestinal mucosal damage. Materials and
Methods. Children (1-16 years old) undergoing gastrointestinal endoscopy for CD or for other clinical reasons were included in
this study. Patients with CD diagnosed according to the 2012 European Society for Paediatric Gastroenterology, Hepatology and
Nutrition (ESPGHAN) guidelines without biopsy were also recruited. Fasting serum samples were analyzed for NT levels using
ELISA. Logistic regression, Wilcoxon rank sum, and Spearman’s rank tests were used for statistical analysis. Results. Thirty
children (18 females, 2.2-15.9 years old) were enrolled. Of 25 patients who underwent endoscopy, 9 were CD patients, 13 were
controls, and 3 were excluded due to nonspecific inflammation at duodenal biopsy. CD was diagnosed in 5 patients without
biopsy. NT median was higher in CD patients compared to controls (13.25 (IQR 9.4-17.5) pg/ml vs. 7.8 (IQR 7.6-10) pg/ml;
p=0.02). No statistically significant association between NT and clinical, serological, or histological data of CD was observed
in this CD cohort. Conclusions. To our knowledge, this is the first study that evaluates NT in CD children from Italy. Results show
that NT is higher in the serum of CD children at diagnosis compared to controls. However, larger-scale studies are required to
validate these findings. Whether serum NT levels can be an adjunctive marker for pediatric CD remains currently elusive.

1. Introduction In the gut, it is secreted by endocrine N cells scattered

predominantly in the epithelial layer of the jejuno-ileum

Neurotensin (NT) is a 13-amino acid peptide first isolated in
1973 from the bovine hypothalamus and digestive tract [1].
Its physiological functions are those of neurotransmitter in
the central nervous system and hormone in the periphery.

Centrally, it affects sensory and motor functions, temper-
ature regulation, neuroendocrine control of the pituitary, and
control of blood flow and pressure [2].

and released after a meal, particularly those containing high
lipid levels [3]. It has a range of paracrine and endocrine
functions regulating gastrointestinal secretion and motility
under physiological conditions [2, 4].

Thus, NT has been shown to play an important role in
the conduction of multiple physiologic processes in both
the brain and the periphery. Disruption of these normal


https://orcid.org/0000-0002-5288-6371
https://orcid.org/0000-0003-2383-5177
https://orcid.org/0000-0003-3869-1815
https://orcid.org/0000-0002-7443-4480
https://orcid.org/0000-0002-1210-2843
https://orcid.org/0000-0002-1473-2240
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/1670479

mechanisms may contribute to the development of various
diseases [5].

Previous studies have demonstrated that alterations of
NT levels were associated with several neuropathological
conditions [6] and have supported the role of NT in endo-
crine, autocrine, and paracrine growth stimulation of several
types of cancer [5].

NT might also participate in various pathophysiological
gastrointestinal processes, including the modulation of intes-
tinal responses to stressful and inflammatory stimuli that
share several common features such as mast cell and immune
cell activation. By interacting with specific receptors, NT
exerts direct and indirect effects on nerves, epithelial cells,
and cells of the immune and inflammatory systems [4],
an aspect that has captured scientific attention in the last
three decades.

It would be fascinating to explore aspects that are still lit-
tle known regarding the involvement of this peptide in gas-
trointestinal diseases, and experimental research towards
this direction should be supported.

Among gastrointestinal diseases, celiac disease (CD) is in
the foreground for its notable social burden [7] and its fea-
tures of systemic condition affecting several organs [8]. CD
presents a multifactorial etiopathogenesis, and despite many
advances in terms of understanding the disease’s mecha-
nisms in recent years, many aspects remain to be defined.

CD is a systemic, immune-mediated disorder triggered
by gluten and related prolamines in genetically susceptible
individuals. It encompasses the presence of a variable combi-
nation of clinical manifestations, CD-specific antibodies,
human leukocyte antigen- (HLA-) DQ2 or HLA-DQ8 haplo-
types, and immune-mediated enteropathy [9].

Onset can occur at any age, and although the inflamma-
tory process specifically targets the intestinal mucosa,
patients may present with gastrointestinal signs or symp-
toms, extraintestinal signs or symptoms, or both [10]. Never-
theless, some patients display only minor clinical features or
even no symptoms at diagnosis [11].

Antibodies against tissue transglutaminase (anti-tTG), an
endogenous protein, are highly sensitive and used as specific
markers for CD. However, in some pediatric cases and all
adult cases, an intestinal biopsy is required to confirm the
diagnosis [12].

The histological examination allows to identify different
degrees of intestinal inflammation and villous atrophy, which
correlates with levels of anti-tTG. In support of this, several
studies confirmed that high concentration of anti-tTG in
serum predicts villous atrophy better than low or borderline
values [9, 13].

A potential involvement of NT in CD has been investi-
gated, but there are conflicting findings.

In 1978, Bloom et al. showed that patients with untreated
CD had an increase in postprandial NT levels compared to
healthy controls and CD subjects on a gluten-free diet [14].
In that year, the same group of authors assessed the profile
of intestinal hormones in CD patients, showing in these sub-
jects an increase in fasting NT levels [15]. However, these
data were not confirmed in a pediatric study a few years later
[16]. In 2000, Bardella et al. identified increased fasting NT
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levels in CD patients paralleled by a reduced postprandial
rebound compared to controls [17].

Recently, the goal of a pediatric study on CD patients has
been to assess whether NT could be a spy for more important
forms of intestinal inflammation [18]. In particular, Montén
et al. have dosed the proneurotensin precursor fragment
1-117, referred to as proneurotensin (pro-NT), shown to be
completely stable in human plasma and to be produced in
equimolar amounts with respect to NT [19]. The correlation
between pro-NT and severity of CD clinical picture was
assessed with regard to antibody titers and histological dam-
age. They found that plasma pro-NT levels were elevated in
children with CD and in those with severe intestinal mucosal
damage, hypothesizing that pro-NT could play a role in small
intestinal inflammation.

Following the path of this latest research, the aim of
our study was to evaluate serum NT levels in children
with CD at diagnosis compared to a control group. A fur-
ther aim was to investigate whether NT correlated in CD
patients with symptoms, antibody response, and intestinal
mucosal damage.

2. Materials and Methods

The study was conducted between November 2017 and May
2018 at the Pediatric Gastroenterology and Liver Unit of
Policlinico Umberto I, Sapienza, University of Rome, Italy.
The local ethical committee approved the study. All partici-
pants were informed about the aim of the study, and a paren-
tal written consent was obtained for each child.

2.1. Patient Selection. Children (1-16 years old) who under-
went gastrointestinal endoscopy for CD or for other clinical
indications (i.e., unexplained anemia, poor growth, dyspha-
gia, heartburn, and epigastric pain) were included in the
study. CD patients diagnosed according to the 2012 ESP-
GHAN guidelines [9] without biopsy were also recruited.
Exclusion criteria were gluten-free diet, neoplasia, immu-
nosuppressive therapy, neurological/neuropsychiatric pathol-
ogy, history of allergy/mastocytosis, and history of intestinal
infection/inflammation (i.e., recent infectious gastroenteritis,
recent fever episode, inflammatory bowel diseases, eosino-
philic esophagitis, and eosinophilic gastroenteropathy).

2.2. Blood Sampling, Gastrointestinal Endoscopy, and
Diagnostic Classification. All patients enrolled were fasting
prior to blood sampling for at least six hours for toddlers
(<2 years) and at least nine hours for children older than 2.
If endoscopy was performed, the blood sampling was taken
at the same time as the procedure. All serum samples were
analyzed for NT and screened for CD (anti-tTG IgA and total
serum IgA). HLA typing and endomysial antibodies (EMA)
were performed when required for diagnosis according to
the 2012 ESPGHAN guidelines.

The same pathologist scored all biopsies according to
Marsh-Oberhuber (MO) criteria, in a blinded way with
regard to the results of CD screening and clinical data.

Children who resulted positive for anti-tT'G and showing
grading 2 or 3 according to MO classification were defined as
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having CD. Anti-tTG-negative children with negative duode-
nal biopsy (i.e., without any kind of histopathological alter-
ations and with less than 25 intraepithelial lymphocytes/100
enterocytes) were included as disease controls. Subjects with
histopathologic signs of nonspecific inflammation or features
attributable to other diseases in duodenal biopsies were
excluded from the study.

Children positive for anti-tTG levels > 10 times the upper
limit of normal (ULN), EMA IgA, and HLA DQ2 and/or
DQ8 with suggestive symptoms were defined as having CD
without biopsy, according to the 2012 ESPGHAN guidelines.

2.3. CD Screening. Fasting serum samples were analyzed for
anti-tTG levels using ELISA (Eurospital, Trieste, Italy).
Values > 16 UA/ml were considered positive results.

The dosage of serum total IgA, if not already available,
was performed in each patient to rule out an IgA deficiency.
The amount of serum IgA was measured by nephelometry.

When required for diagnosis, EMA were performed
through indirect immunofluorescence (Eurospital, Trieste,
Italy), whereas for HLA typing, a molecular biology system
(Eu-Gen System, Eurospital, Trieste, Italy) was used.

2.4. Neurotensin Analysis. For quantitative determination of
serum NT levels, the commercial Human Neurotensin
ELISA was used (catalog number ABIN365746 on antibod-
ies-online.com). Blood samples were collected using a serum
separator tube and were centrifuged according to the manu-
facturer’s instructions. Serum was removed, aliquoted, and
stored at -80°C to avoid loss of bioactivity. After thawing
the samples, serum NT levels were determined. The detection
range of the kit was 15.6-1000 pg/ml. Samples were analyzed
at the Department of Experimental Medicine, Sapienza,
University of Rome.

2.5. Clinical Evaluation of Patients. For each child, body
weight, height, and body mass index were recorded, and a
detailed history was collected in order to define the presence
of intestinal and/or extraintestinal symptoms/signs of CD.

2.6. Statistical Analysis. Logistic regression, Wilcoxon rank
sum, and Spearman’s rank tests were used for statistical anal-
ysis (R software). A p value < 0.05 was considered significant
for all the tests performed. NT levels were log-transformed
due to their skewed distribution.

3. Results

3.1. Patient Diagnosis. Thirty children (18 F; 2.2-15.9 years
old) were enrolled in this study. CD was diagnosed in 14
patients (10 F; mean age 6.6 years), 13 were recruited as con-
trols (8 F; mean age 12.1 years), and 3 patients were excluded
due to nonspecific inflammation at duodenal biopsy. CD was
diagnosed in 5 of 14 patients without biopsy, according to the
2012 ESPGHAN guidelines (Table 1).

Histology of all CD patients showed villous atrophy (MO
grading: 3) (Table 1). None were found to have potential CD.
Duodenum biopsies of all controls were negative, and only
mild superficial chronic gastritis or mild reflux esophagitis
was found at histology in this group (Table 2). These latter

findings were observed also in some CD patients (2/9)
(Table 1).

Among patients with CD, 7 had intestinal and extraintes-
tinal symptoms of CD, 2 had no symptoms suggestive of CD,
and in the remaining 5 patients, symptoms were purely intes-
tinal or extraintestinal. As regards anti-tTG values, 7 of them
had titers > 10 times the ULN: among these, 2 had no symp-
toms suggestive of CD, so the no-biopsy option was not
applied for diagnosis.

3.2. Neurotensin Results. NT median was higher in CD
patients compared to controls (13.25 (IQR 9.4-17.5) pg/ml
vs. 7.8 (IQR 7.6-10) pg/ml; p = 0.02) (Figure 1). Nevertheless,
no statistically significant correlation of NT with clinical pre-
sentation of CD, anti-tTG titers, and mucosal damage graded
according to MO criteria was observed in this cohort.
Moreover, no correlation was observed between NT and
age within each of the two groups and among all the overall
cohort of twenty-seven patients considered for NT analysis.

4. Discussion

In our study, we found that children with untreated CD had
increased fasting serum NT levels compared to controls.

In line with our results, increased fasting NT levels
were detected in two previous studies in adult CD patients:
Besterman et al. have found in CD patients an increase in
fasting NT levels [15], and the Italian group of Bardella
et al. have reported similar evidence [17]. These data, how-
ever, were not confirmed in a pediatric study from 1987 [16].

Recently, Montén et al. have found elevated peripheral
pro-NT levels to reflect more severe forms of active CD in
children [18]. In this study, pro-NT levels were measured
in plasma by a chemiluminometric sandwich immunoassay
to detect a pro-NT precursor fragment, based on an assay
described by Ernst et al. [19]. Fasting pro-NT levels were
found higher in children with CD compared to the disease
controls. An association was observed between the anti-tTG
and pro-NT levels in plasma. Furthermore, plasma pro-NT
levels in children with MO 3b and MO 3c histology were
higher than those in children with MO 0 [18].

Released pro-NT ideally represents NT as they have been
shown to circulate in equimolar amounts [19].

In our cohort, no statistically significant correlation of
NT with serological or histological data of CD was observed.
In particular, we have not found any statistically significant
correlation of NT with anti-tTG levels or MO score, although
it is likely that the small sample size influenced these results.
None of the enrolled patients had a MO score < 3, so we
could not unveil any correlation between NT and different
degrees of intestinal mucosal damage.

In our study, we also looked for a potential relationship
between NT and clinical presentation of CD.

The high rate of dyspepsia-like symptoms frequently
reported in CD patients may be related to upper gastrointesti-
nal tract motor abnormalities [20-23]. The pathophysiology
of these motor abnormalities may involve gastrointestinal
hormones, the secretion of which may be altered in CD
patients as a consequence of intestinal mucosal damage
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FIGURE 1: Fasting serum levels of neurotensin in CD patients
and controls. The horizontal line indicates the medians (log-
transformed scale) in a box and whisker plot (p=0.02).

[15, 16, 24]. Regarding a potential role of NT, Bardella
et al. [17] have found not only that untreated CD patients
had significantly higher fasting plasma NT levels than con-
trols but also that the baseline NT levels in both groups
correlated significantly with the gastric emptying time,
thus suggesting that NT may physiologically inhibit upper
gastrointestinal motility.

Nevertheless, no association between NT levels and intes-
tinal and/or extraintestinal symptoms was observed in our
cohort, although a relationship with specifically dyspepsia-
like symptoms was not investigated. It should be highlighted
that NT is one of several hormones that modulate gastric
emptying and intestinal motility.

With regard to CD symptoms, the frequent coexistence
of irritable bowel syndrome (IBS) and CD [25] is also food
for thought.

Some indirect data suggest the potential involvement of
NT in the pathophysiology of IBS. Many factors related to
the exacerbation of symptoms in IBS, such as psychiatric dis-
orders, certain foods, and intestinal infections, influence the
central or peripheral secretion of NT [26]. Moreover, mech-
anisms involved in this syndrome, like gut dysmotility,
altered brain-gut axis, stress-related enteric responses,
visceral hypersensitivity, microbial flora overgrowth, low-
grade intestinal inflammation, and mast cell hyperreactivity,
could be partially explained by dysfunction in NT pathway
[26]. Furthermore, NT influences the molecular circuits of
other peptides with a proven role in IBS [26].
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It could be speculated that the frequent IBS-like syn-
drome observed in CD patients could be partially explained
by a raised NT level, but further research to sustain this
assumption is needed. However, this aspect was not investi-
gated in our work, requiring obviously a larger-scale study.

It is notable that in our cohort, age was a confounder for
CD, with increased frequency of this condition among young
children: mean age of our CD patients was 6.6 years, whereas
that of controls was 12.1 years. However, no correlation was
observed between NT and age among patients enrolled, dif-
ferently from the study of Montén et al. [18]. These authors
have found an impact of age on pro-NT levels among con-
trols with a tendency to lower levels among older children.
Nevertheless, in their cohort, no correlation was noticed
between age and pro-NT among children with CD, so the
impact of age on pro-NT levels seemed irrelevant compared
with the impact of age on CD diagnosis.

A limitation of our study is the small number of patients
enrolled: this makes the chances of finding statistically signif-
icant associations very low. Moreover, the relatively large
number of patients who have received biopsy-sparing CD
diagnosis limits further the ability to correlate NT with the
severity of histological damage.

Another limitation of our work could be that the disease
controls were children investigated for various reasons.
Access to reference levels for fasting NT levels in both young
and older healthy children would be required, but it is not
feasible from an ethical point of view.

The strength of this research was the enrollment of con-
trol subjects with clear absence of intestinal inflammation
as shown by small bowel biopsy. Patients with history of
intestinal infection/inflammation, with histopathologic signs
of nonspecific inflammation, or features attributable to
other diseases in duodenal biopsies were rigorously
excluded from our study. The only histological abnormal-
ities considered acceptable were mild superficial chronic
gastritis or mild reflux esophagitis, outcomes that were
also found in some CD patients (2/9). Moreover, in order
to avoid any confounding factors, all subjects enrolled in
this study were previously selected according to medical
history to exclude any allergic, inflammatory, neoplastic,
or neurologic conditions, in light of the possible involve-
ment of NT in these diseases [27, 28].

Nevertheless, it is of note that for controls, no bulbar
biopsy was obtained, differently from CD patients. Albeit this
could theoretically be a bias, it is improbable that patients
without serology and duodenal histology for CD host an
inflammatory lesion in the duodenal bulb. However, a suffi-
cient number of duodenal biopsies were taken altogether
for controls (at least three in the second and third portions
of the duodenum as per hospital endoscopy protocol). Thus,
we are quite confident that, even though a small bias might be
introduced to this regard, it is very unlikely that it under-
mines results and conclusions. Furthermore, there was no
clinical indication for bulbar biopsy in control patients at
the time of the procedure.

For discussion purposes, it is important to consider that
NT and its receptors can be localized in both the central ner-
vous system and along the length of the gastrointestinal tract.



Gastroenterology Research and Practice

As NT can directly activate immune, inflammatory, epithe-
lial, and neuronal cells, the mechanisms by which this pep-
tide triggers many diverse intestinal responses may be
difficult to dissect. It is conceivable that conflicting findings
regarding its involvement in intestinal conditions such as
CD are to be partly attributed to this complex network [4].
The mechanisms governing the altered NT levels in CD
patients are still unclear, although it has been suggested that
this finding may be related to a compensatory increase in NT
secretion from specific endocrine cells of the unaffected ileal
mucosa [17]. Chronic small intestine mucosal inflammation
leading to endocrine cell dysfunction and motor abnormali-
ties in CD patients may also be implicated [21]. Thus, in
order to clarify whether the increase in NT levels may repre-
sent an additional diagnostic marker for CD, further research
is needed, especially with regard to underlying mechanisms
that are poorly defined.

In addition, normal levels of NT have been reported by
Besterman et al. [15] in CD patients on a gluten-free diet,
and this data could suggest a potential role of NT also as a
disease follow-up marker. Anyway, this evaluation was
beyond the aim of our study, and for this purpose, a different
study design would be appropriate.

An additional aspect to mention is that in recent years,
pro-NT, the stable NT precursor fragment in human blood,
has gained attention and its role has been investigated in dif-
ferent conditions [29]. A clinical study showed that plasma
pro-NT is released in equimolar amounts similar to NT in
circulation under physiological conditions [19] and it was
found possibly converted into an active NT. However, there
is no further evidence to support this point. In light of this
consideration, although Montén et al. in a recent pediatric
study [18] have suggested a potential role of pro-NT in CD,
we aimed to evaluate a potential involvement of NT, echoing
previous studies [14-17]. It is unquestionable that it would be
interesting to evaluate both NT and pro-NT at the same time,
albeit it was not feasible in our study.

5. Conclusions

To our knowledge, this is the first Italian study that evaluates
NT in pediatric CD patients. These results have shown that
NT is higher in the serum of CD children at diagnosis com-
pared to controls. However, larger-scale studies are required
to validate these findings and to allow further speculations on
this issue. So far, whether serum NT levels can be an adjunc-
tive marker for pediatric CD remains currently elusive.
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Objectives. The current European Society for Paediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) guidelines
introduced the option to diagnose coeliac disease (CD) in children and adolescents without upper endoscopy if the defined
criteria are met. The aim of our study was to evaluate how frequently paediatric gastroenterologists in Central Europe used the
“no-biopsy” approach and how often the duodenal biopsy could have been omitted. Methods. Medical records of patients aged
<19 years diagnosed with CD in 2016 from five European countries were analysed, focusing on levels of transglutaminase
antibodies (TGA) at the time of diagnosis and on whether the diagnosis was confirmed using duodenal biopsy or “no-biopsy”
approach. Clinical presentation and delays until final diagnosis were analysed according to diagnostic approach. Results. Data
from 653 children (63.9% female, median age: 7 years, range: 7 months-18.5 years) from Croatia, Hungary, Germany, Italy, and
Slovenia were analysed. One fifth (n = 134) of included children were asymptomatic at diagnosis. Of 519 symptomatic children,
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107 (20.6%) were diagnosed by the “no-biopsy” approach. Out of the remaining 412 children who underwent duodenal biopsies,
214 (51.9%) had TGA > 10 times upper level of normal (ULN) and would have been eligible for the “no-biopsy” approach. Signs
and symptoms of malabsorption were more frequent in children diagnosed without duodenal biopsies. There were no
differences in diagnostic delays with respect to the diagnostic approach. Conclusion. In this cohort, about 60% of symptomatic
CD patients could have been diagnosed without duodenal biopsies. The aim of the “no-biopsy” approach was to make the
diagnostic procedure less challenging without compromising its reliability. However, this option was applied only in 20%, in
spite of fewer burdens to the family and reduced costs. The reasons for this discrepancy are unknown. Physicians should be
made more aware about the reliability of CD diagnosis without biopsies when the ESPGHAN guidelines for CD diagnosis are

followed.

1. Introduction

Coeliac disease (CD) is a lifelong systemic autoimmune
disorder, elicited by gluten and related prolamins in genet-
ically susceptible individuals. Traditionally defined as
gluten-related enteropathy, it is one of the most common
chronic illnesses with very diverse clinical presentation,
involving intestinal and extraintestinal manifestations [1].
Histological findings of villous atrophy and crypt hyperplasia
with increased levels of intraepithelial T lymphocytes
from duodenal biopsies, classified according to the Marsh-
Oberhuber, have been regarded as the gold standard for
diagnosing CD [2-4].

The first diagnostic criteria for CD were the Interlaken
criteria, formalised in 1969 by the experts in the newly born
European Society for Paediatric Gastroenterology, today
known as ESPGHAN (European Society for Paediatric Gas-
troenterology, Hepatology, and Nutrition). Three duodenal
biopsies (initial on gluten, after treatment with a gluten-free
diet, and after gluten challenge) were required for the confir-
mation of the diagnosis, and these criteria served worldwide
as the accepted diagnostic standard for over 20 years [5]. In
the revised ESPGHAN criteria, published in 1990, the need
for gluten challenge for children over the age of 2 years was
removed and serological tests were added to the diagnostic
procedure [6, 7]. One duodenal biopsy was required for the
confirmation of the diagnosis and with clinical and serologi-
cal improvement after introduction of gluten-free diet; no
further biopsies were needed [6].

In the current ESPGHAN guidelines, published in 2012,
the initial diagnostic step is the determination of CD-
specific IgA autoantibodies against type-2 (tissue) transgluta-
minase (TGA) together with total IgA in serum [1]. In case of
low or undetectable total IgA, an IgG-based test should be
used. Positive autoantibodies imply a high probability of
mucosal atrophy, and to confirm the diagnosis, an upper
endoscopy with multiple duodenal biopsies should be per-
formed [1]. However, these guidelines are the first allowing
paediatric gastroenterologists to diagnose the disease without
intestinal biopsy if all of the following criteria are fulfilled: the
child shows symptoms and signs suggestive of CD, has high
levels of TGA antibodies above 10 times upper level of
normal (ULN), a positive confirmatory EMA test in a 2nd
blood sample, specific HLA DQ2 or DQ8 genes, and consent
of the patient and caregiver for this “no-biopsy” diagnostic
approach [1]. A vyear later, the so-called “no-biopsy”
approach, proposed by ESPGHAN, was adopted by the
British Society for Paediatric Gastroenterology, Hepatology

and Nutrition (BSPGHAN) [8]. The only difference
between the two guidelines is that the joint BSPGHAN
and Coeliac UK guidelines allow the substitution of 2nd
EMA test with 2nd strongly positive TGA test, where
EMA test is not locally available. However, the serum of
the patient should be saved for later EMA testing [8]. On
the other hand, the guidelines by the North American Society
for Paediatric Gastroenterology, Hepatology, and Nutrition
(NASPGHAN) recommend the intestinal biopsy for the
confirmation of the diagnosis of CD in all cases, regardless
of the value of TGA [9, 10].

Although the so-called “no-biopsy” approach could have
been used for the past 6 years, to our knowledge, there is
not much data on how often the diagnosis was confirmed
without duodenal biopsy.

The aim of our study was to evaluate how frequently the
“no-biopsy” approach was used to diagnose children with
CD in Central Europe (CE) and how often the duodenal
biopsy could have been omitted.

2. Materials and Methods

The study, conducted in the scope of the Focus IN CD project
(CE 111) and co-financed by the Interreg CE Programme,
was carried out between the end of March and the middle
of August 2017. Twelve partners from five CE countries
(Croatia, Germany, Hungary, Italy, and Slovenia) participate
in the project. Paediatric gastroenterologists from the partic-
ipating regions were asked by the regional project partners
to complete a web-based survey, providing anonymized
medical records of children and adolescents below 19 years
of age who were diagnosed with CD in 2016. In Croatia,
Hungary, and Slovenia, the majority of CD patients diag-
nosed by paediatric gastroenterologists during this year were
included. The questionnaire (https://www.interreg-central
.eu/Content.Node/surveys.html) was translated into the
languages of all project partners and focused on clinical pre-
sentation, diagnostic methods used, and management of CD.
We analysed medical records of all included CD patients,
focusing on levels of TGA at the time of diagnosis and on
whether the diagnosis was confirmed using duodenal biopsy
showing Marsh 2-3 lesion or “no-biopsy” approach. We also
compared diagnostic approach with clinical presentation of
the disease (with or without signs and symptoms of malab-
sorption) and the diagnostic delays, calculated as the dura-
tion from the first symptoms to the confirmation of the
diagnosis. Statistical analysis was performed using IBM SPSS
Statistics 22.0 for Windows. One-way ANOVA, chi-square
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N =653

Children, born in 1998 or later,
diagnosed with CD in 2016

Asymptomatic children

N =134

N =519

Symptomatic children

Diagnosis based on

“no-biopsy” approach
N =107

N =412

Diagnosis based on duodenal biopsy

TGA >10X ULN

N =214 N =139

TGA <10X ULN

Level of TGA unclear
N =59

FiGuRre 1: Diagnostic approach in children with CD in CE. *15 patients had IgA deficiency.

test, and Kruskal-Wallis H test with post hoc test were used
for the analysis.

The study was approved by the National Medical Ethics
Committee of the Republic of Slovenia (0120-383).

3. Results

Data from 653 children and adolescents from Croatia (n = 66
), Germany (n =69), Hungary (n = 382), Italy (n=_82), and
Slovenia (n=54) were available for the analysis. Median
age of the children at the time of diagnosis was 7 years (range:
7 months-18.5 years), 63.9% were female. One fifth (n = 134)
of included children were asymptomatic at the confirmation
of the diagnosis (65.7% had TGA =10 x ULN). Analysis of
the diagnostic procedure (Figure 1) showed that 20.6%
(n=107) of symptomatic children were diagnosed using
“no-biopsy” approach. Out of 412 children who underwent
duodenal biopsy, 51.9% (n=214) had TGA>10x ULN
and could be considered as eligible for the “no-biopsy”
approach (Table 1). Final diagnosis in this case should have
been confirmed by positive genetic tests and positive EMA
in the 2nd blood sample. However, since duodenal biopsy
was chosen as confirmatory test, confirmatory serology and
genetic tests were often not performed.

Of 519 symptomatic children, endoscopy with biopsies to
confirm CD was performed in 412 (79.4%). Proportion of
patients diagnosed using biopsy approach was highest in
Croatia (93.1%) and was significantly higher compared
to Slovenia (62.8%) (p <0.05). No statistically significant
differences between other countries were found.

Clinical presentation of patients diagnosed with or
without biopsy was analysed separately (Table 2).

We also compared diagnostic delays between children
diagnosed without biopsy and those who underwent duode-
nal biopsy. In order to be able to calculate diagnostic delays,
we excluded symptomatic patients with unclear data about
the time of the first symptoms or first visit to the paediatric
gastroenterologist (n=126). Data from 393 children were
available for the analysis.

There were no differences between children diagnosed
without duodenal biopsy and those diagnosed with biopsy
who would have been eligible for the “no-biopsy” approach.
Interval from the first visit at the paediatric gastroenterolo-
gist to the confirmation of the diagnosis was longer in the
“no-biopsy” group compared to the group of children who
underwent biopsy and were not eligible for the “no-biopsy”
approach (p < 0.05), without differences in total delay (from
symptoms to final diagnosis) (Table 3).

4. Discussion

The ESPGHAN guidelines for the diagnosis of CD for the last
6 years allow the possibility of using “no-biopsy” approach in
children and adolescents if certain criteria are fulfilled. This
diagnostic approach had been shown to be safe with a posi-
tive predictive value for enteropathy of >99% in a large pro-
spective international study including 707 paediatric patients
[11]. Our data provided by paediatric gastroenterologist for
patients diagnosed with CD in 2016 shows that only about
20% of children in Central Europe were diagnosed without
duodenal biopsy, although about 60% would have been eligi-
ble based on the level of TGA being higher than 10 times
ULN. The highest proportion of children diagnosed with
the “no-biopsy” approach was reported from Slovenia, where
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TaBLE 1: Data on serological testing in symptomatic patients diagnosed with CD who underwent duodenal biopsies in Central Europe.

Croatia Germany Hungary Italy Slovenia Central Europe
(N =58) (N =53) (N =302) (N =61) (N =45) (N =519)
No-biopsy” approach, 4 (6.9%) 12 (22.6%) 64 (21.2%) 10 (16.4%) 17 (37.8%) 107 (20.6%)

n (% of all patients)

Duodenal biopsy,
n (% of all patients)

TGA > 10 times ULN
Yes (% within a group)

5411 (93.1%) 41 (77.4%) 238 (78.8%) 51 (83.6%) 2811 (62.2%) 412 (79.4%)

11 (39.3%)
15 (53.6%)
2 (7.1%)

214 (51.9%)
139 (33.7%)
59 (14.3%)

21 (51.2%)
8 (19.5%)
12 (29.3%)

139 (58.4%)
72 (30.3%)
27 (11.3%)

27 (52.9%)
21 (41.2%)
3 (5.9%)

16 (29.6%)
23 (42.6%)
15 (27.8%)

No (% within a group)
Unclear (% within a group)

M < 0.05.

TaBLE 2: Clinical presentation (with or without symptoms and signs of malabsorption) and diagnostic approach of children with CD. In the
group of patients who underwent duodenal biopsy, signs and symptoms of malabsorption were slightly more common in those who would
have been eligible for the “no-biopsy” approach (67.8% vs 59.6%; NS). There were no significant differences in clinical presentation between
children, diagnosed using “no-biopsy” approach and those who underwent duodenal biopsy but would have been eligible (by the TGA
level > 10 x ULN) for the “no-biopsy” approach (72.0% vs 67.8%; NS). However, signs and symptoms of malabsorption were significantly
more common in patients who were diagnosed using “no-biopsy” approach in comparison to those that were not eligible for the

“no-biopsy” approach (72.0% vs 59.6%; p < 0.05).

“No-biopsy” approach

Duodenal biopsy
Eligible* for “no-biopsy” Not eligible for “no-biopsy”

77% (72.0%)
30 (28.0%)
107

Malabsorptive (% within group)
Non-malabsorptive (% within group)
Number of patients

145 (67.8%) 118" (59.6%)
69 (32.2%) 80 (40.4%)
214 198

*Eligible by TGA level > 10 x ULN. *p < 0.05 “no-biopsy” vs not eligible for the “no-biopsy” group.

TaBLE 3: Diagnostic delays in children with CD with the respect to the diagnostic procedure.

“No-biopsy”

approach (N =78)

Duodenal biopsy
Eligible** for “no-biopsy” Not eligible for “no-biopsy’
approach (N =163) approach (N =152)

>

Time from 1st symptom until 1st visit to PaedGI,
median (Q1; Q3)

Time from 1st visit to PaedGI until diagnosis,
median (Q1; Q3)

Time from symptoms to diagnosis (diagnostic
delay), median (Q1; Q3)

4.5m (2 m; 9.5 m)
I1m* (0m;2m)

6m (3 m; 12 m)

5m (2 m; 11 m) 5m (2 m; 12 m)

1 m (0 m;2m) 1m* (0 m;3m)

6m (3 m; 12 m) 7 m (4 m; 17 m)

*PaedGL: paediatric gastroenterologist; m: month. **Eligible by TGA level > 10 x ULN. *p < 0.05 not eligible for “no-biopsy” vs “no-biopsy”.

CD is diagnosed in only few centres and where several
awareness-rising campaigns have been carried out during
the last few years. However, further half of the CD children
diagnosed with duodenal biopsy would also have been
eligible for the “no-biopsy” approach since their TGA levels
were very high (>10x ULN). In the majority of these patients,
genetic tests and confirmatory EMA were not performed,
since duodenal biopsy was chosen as a confirmatory test.
No information on how many of them had perhaps been
additionally tested for EMA in a second sample was available,
since this was not specifically asked for in patients who
underwent duodenal biopsy. Altogether, at least 60% of
children diagnosed in Central Europe could have been
considered to be diagnosed without duodenal biopsy. In a
substantial number of patients (14%), we were not able to

define the eligibility for the “no-biopsy” approach because
of the incomplete data on either TGA levels or the cut-oft
values of the used tests. This might be one of the reasons
for uneven proportion of very high levels of TGA among
countries, especially in Croatia, were the percentage of TGA
> 10 times ULN was the lowest.

The majority of all patients presented with at least one
sign or symptom of malabsorption, with a significantly
higher proportion in patients, who were diagnosed using
“no-biopsy” approach compared to those who were not
eligible (TGAlevels < 10 times ULN) for the “no-biopsy”
approach.

Our data show that duodenal biopsy is still performed in
majority of children with CD, regardless of the possibility of
the “no-biopsy” approach. The reasons for this might be a
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higher trust in biopsy results compared to serology, possibly
because the physicians want to avoid misdiagnosis of this
lifelong disease where compliance with the diet is extremely
important. Another possible reason for choosing biopsy
pathway in children can be the existing belief that genetic
tests and serological tests are expensive compared to duode-
nal biopsy where biopsy is made with existing equipment and
existing personnel. Also, there could be a perception that
using the “no-biopsy” approach would be more time con-
suming, since after an endoscopy, the child can be put on a
diet immediately without a fear of influencing further tests
that need to be done if a “no-biopsy” approach is chosen. It
is also important to note that in many centres, endoscopy is
readily available, and serological tests are performed outside
the institution. This creates an impression that endoscopy
is more accessible and is associated with lower risk of long
diagnostic delays and false diagnosis. However, based on
our study, no difference in diagnostic delays was found with
the respect to different diagnostic procedure used.

Our results are similar to the study of Bishop et al. [12],
where more than half of the included patients fulfilled
ESPGHAN criteria for the “no-biopsy” approach but the
guidelines were not adopted since different laboratory test-
ing platforms that were used have not been sufficiently
validated to completely trust the serological results [12].
Also, NASPGHAN guidelines for diagnosing CD do not
include the possibility of “no-biopsy” approach since there
is no standardisation of serological tests in the USA [10].
On the other hand, European studies clearly confirmed
the reliability of serological tests in the “no-biopsy” approach
[11, 13]. In the study of Werkstetter et al. [11], the current
ESPGHAN guidelines regarding the “no-biopsy” approach
were prospectively evaluated and it was confirmed that chil-
dren could be safely diagnosed without biopsy, based on the
reliable serological kits [11]. Moreover, recent prospective
validation studies show that for the “no-biopsy” approach,
HLA analysis is probably not necessary [11, 13].

Another possible reason for choosing duodenal biopsy in
CD diagnosis is the potential risk of missing other diseases,
which would have been detected if upper endoscopy was
performed [14]; however, this has not been demonstrated
in studies on children and adolescents with suspected
CD [11, 15].

One of the concerns related to the “no-biopsy” approach
might also be lack of implementation of existing ESPGHAN
guidelines for this approach in general practice [14]. The
awareness about CD and about existing guidelines is low
among healthcare professionals [16-19] and this can rise a
suspicion that proposed diagnostic standards brought by
the guidelines are not fully met, leading to uncertain diagno-
sis, with either over- or underdiagnosis of CD [14].

When choosing to perform a duodenal biopsy, several
pitfalls in the interpretation of duodenal biopsies regardless
of them being a gold standard in diagnosing CD must be con-
sidered. Histological analysis has been reported to lack diag-
nostic accuracy owing to the high interobserver variability,
differences between routine and more specialised pathology
laboratories, low rates of correct orientation of biopsy sam-
ples, and low number of samples taken. These factors can

lead to inadequate interpretation of mucosal changes [14,
20]. Adequate sampling by the endoscopist aware of the
potential for patchy nature of the enteropathy includes at
least four biopsies from the duodenum distal to the papilla
of Vateri and at least one from the duodenal bulb during a
gluten-containing diet [1, 4, 14, 20].

The major advantage of a “no-biopsy” approach in chil-
dren and adolescents is the avoidance of upper endoscopy,
which, in many centres, requires general anaesthesia or deep
sedation, leading to higher costs in comparison to serological
diagnosis [14]. Risk of multiple duodenal biopsies and risks
of general anaesthesia or deep sedation and endoscopy itself
must also be considered. Patients and parents/caregivers
must be informed if they are eligible for the “no-biopsy”
approach. They should be aware of the potential benefits
and disadvantages of two different diagnostic pathways
before they decide to undergo duodenal biopsy.

One of the limitations of our study is the retrospective
nature of assessment of existing healthcare records and the
uneven number of included patients between participating
countries, with more patients in Hungary than in other coun-
tries. One possible limitation is also the use of different sero-
logical tests to determine the levels of TGA among countries,
which might partly explain the different proportion of TGA
>10times ULN among countries [11]. Since we have not
anticipated that “no-biopsy” approach is used so rarely, we
had not included any question on the possible reasons for
performing the biopsy in cases where it might not be needed.
Therefore, our results can serve as a basis for further studies
of this issue.

5. Conclusion

It has been shown that high levels of TGA accurately predict
advanced histological changes of the type Marsh 2-3 in the
duodenum, and no concern in misdiagnosing CD is justified.
In our study, 60% of patients were eligible for the “no-biopsy”
approach. Nevertheless, it is important that the diagnosis is
confirmed in specialised gastroenterology services with stan-
dardised serological tests and not in the general practice.

The aim of the “no-biopsy” approach proposed by cur-
rent ESPGHAN guidelines is to make the diagnostic proce-
dure less challenging without compromising its reliability.
It is therefore important to raise the awareness about CD
and possible diagnostic approaches among physicians in
order to increase compliance to the guidelines with respect
to the “no-biopsy” approach.
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Potential celiac disease (PCD) is defined by the presence of positive serum antibodies, HLA-DQ2/DQ8 haplotypes, and a normal
small intestinal mucosa (Marsh grade 0-1). This condition occurs in one-fifth of celiac disease (CD) patients and usually represents
a clinical challenge. We reviewed genetic, histologic, and clinical features of this specific condition by performing a systematic
search on MEDLINE, Embase, and Scholar database. Accordingly, we identified different genetic features in patients with PCD
compared to the classical forms. Frequently, signs of inflammation (deposits of immunoglobulin A (IgA) and/or increased
number of intraepithelial lymphocytes) can be clearly identify in the mucosa of PCD patients after an accurate histological
assessment. Finally, the main challenge is represented by the treatment: the gluten-free diet should be considered only in the
presence of gluten-dependent symptoms in both children and adults. What is known: (i) potential celiac disease (PCD) occurs in
one-fifth of all celiac diseases (CD), and (ii) despite the absence of classical lesions, clear signs of inflammation are often
detectable. What is new: (i) patients with PCD show different genetic features, and (ii) the presence of gluten-dependent

symptoms is the main determinant to initiate the gluten-free diet, after a complete diagnostic work-up.

1. Potential Celiac Disease

Celiac disease (CD) is a systemic disorder caused by gluten
and characterized by the presence of a variable combination
of gluten-dependent clinical manifestations, CD-specific
antibodies, HLA-DQ2 or HLA-DQ8 haplotypes, and enter-
opathy [1]. Potential CD (PCD) is the condition related to
people with a normal (Marsh grade 0) or minimally abnor-
mal (Marsh grade 1) intestinal mucosa who are at increased
risk of developing CD, as indicated by both positive serum
endomysial (EmA) and tissue transglutaminase antibodies
(tTGA2) and a positive histocompatibility leukocyte antigen
(HLA-DQ2 or HLA-DQ8) genotype [2]. Symptoms and
signs of the disease are not always clinically manifest, and
even when present, they can range from mild to severe.

The term “potential CD” was first introduced by Ferguson
in 1993 [3], and it has long been used interchangeably with

“latent CD”; however, the latter has recently been discontin-
ued, as suggested by the Oslo definition [2]. The diagnosis of
PCD has significantly increased in the last years as a result of
increased CD screening in the general population [4-6]. The
number of patients with PCD is now sizeable, and this con-
dition represents about one-fifth of total CD patients [7].
Compared with active classical CD, PCD is characterized
by features including lower prevalence of DQ2 and higher
prevalence of DQ8 [8]. Patients with PCD more frequently
show low-to-moderate HLA-related risk; these cases bear half
of the DQ2 heterodimer, either DQB1*02 or DQA1*05 only.
Furthermore, six polymorphisms have been differently distrib-
uted in potential CD; these factors could be implicated with CD
pathogenesis maybe with a “gene-dosage” effect as reported for
HLA [9]. Establishing a certain diagnosis of PCD is of the
utmost importance. False positive values of antibodies can be
determined by analytical or random errors in the assay. Con-
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versely, negative histological findings can be generated by a
small number of biopsies due to “patchy” involvement of the
bulb and duodenal mucosa [10-13], inappropriate biopsy ori-
entation, the lack of the pathologists’ expertise [14, 15], and
an inadequate gluten intake before the endoscopy [16].

2. Histology Features and
Prognostic Biomarkers

In PCD, despite the absence of severe mucosal damages, clear
signs of inflammation are often present. There is a remark-
able research activity to improve the diagnosis and identify
initial mucosal changes in PCD: the four most important
prognostic factors for villous atrophy are described in
Figure 1. A short history of the most important findings con-
cerning PCD is reported in Table 1, and results from these
studies are here described more in detail.

Paparo et al, in 2005, showed immunohistochemical
features of immune activation in the epithelium, lamina
propria, and crypts in PCD: 70.8% of PCD patients presented
an increased number of lamina propria CD25+ and/or
enhanced expression of ICAM-1 and crypt HLA-DR [17].
It has been hypothesized that circulating antitissue transglu-
taminase 2 (tTGA2) may be the result of a “spillover” from
the intestinal mucosal layer [18, 19]. Therefore, identifying
anti-tTGA2 deposits in the mucosal layer can be a key factor
in the histological assessment of CD: such deposits have been
reported below the epithelial layer and around blood vessels
in both pediatric and adult patients with overt CD [20, 21].
These features could also have a predictive role for villous
atrophy, since they have been described in early-stage CD
[22]. In 2006, Salmi et al. demonstrated that the detection
of anti-tTGA2 deposits in the mucosa seems to be rather spe-
cific for CD and might be helpful in predicting the evolution
to more severe histological damage [23]. The same data have
been discussed in a recent review and, in the same way, have
been considered as “markers of existing early disease” [24].

tTGA2 deposits were observed by Tosco et al. [25] fol-
lowing a patchy distribution with areas of clear positivity
and areas with absent signal, as already described in mucosal
damage of active CD [10, 13]; however, these deposits can
also be found only in bulb duodenal biopsies [26]. In 2017,
an Italian study demonstrated that in at-risk infants for
CD, detection of mucosal deposits of anti-tTG2 IgA resulted
in 88.3% positive predictive value [22]. The prevalence of y§
T-cell has also been suggested as a histological biomarker of
CD. In fact, an increase in intraepithelial lymphocytes at
the villus tip and a high yd+ intraepithelial cell count can
be considered good predictors of CD in patient with PCD,
as described by two different studies from Finland [27, 28].
Some authors suggest that high density of yd T-cell
receptor-bearing intraepithelial lymphocytes (IELs) can be a
prerequisite for developing CD in patients with no morpho-
logical abnormality, yet carrying the susceptibility genes;
however, despite an increased density of p& T-cell in poten-
tial CD, these findings cannot be considered pathognomonic
for celiac disease [29, 30]. It has been hypothesized that in
PCD, the intestinal mucosa is maintained architecturally
normal by an increased enterocyte proliferation, which will
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FIGUrg 1: The four most important prognostic factors for villous
atrophy in PCD.

end up in a reduced enterocyte maturity and will thus lead
to reduced absorptive capacity of the small bowel [31]. In
the same year, another study demonstrated how T-cells seem
to be activated and differentiating toward a Th1 pattern, as
suggested by high levels of interleukin-2 (IL-2), interferon-y
(IFEN-y), and TGF- transcription factor. The same study
showed an increased density of CD4+CD25+Foxp3+ T regu-
latory cells, which exert suppressive effect not impaired by
IL-15 in potential CD [32]. A recent paper from Borrelli
et al. in PCD patients showed reduced expression and increased
upregulation in the presence of specific stimuli of interleukin-21
(IL-21), an important cytokine regulating innate and adaptive
immune response, differently from active CD. In this study,
PCD density of IL-21-producing cells in the lamina propria
was found to correlate with serum titer of tTGA2, suggesting
a lack of ability of IL-21 to enhance and maintain chronic
inflammation in early phases of disease in active or potential
CD [33]. In active CD, the overexpression of IL-21 is likely to
play a crucial role in the activation of cytotoxic T-cells leading
to epithelial cell death and mucosal destruction [34]. Aside from
immunological controversies, an overlapping metabolomic sig-
nature was found for PCD and active disease, suggesting that
common functional-biochemical stigmata might call for the
same dietary treatment [35].

3. To Treat or Not to Treat?

The therapeutic management of PCD patients represents the
main challenge. The only accepted treatment for CD is
gluten-free diet (GFD), but the treatment for potential celiac
disease still remains unclear. Likewise, there is no clear con-
sensus in the PCD follow-up [36]. The natural history of
PCD, both in adults [7] and children [25], is not sufficient
to recommend GFD in any patient. Recently, Auricchio
et al. [37] developed a model to predict the evolution to vil-
lous atrophy in PCD. They suggested GFD when symptoms
of CD can be clearly detected, even without a mucosal dam-
age. This approach aims at reducing symptoms and antibody
titers (tTGA2 and EMA), as well as healing minimal alter-
ations in intestinal mucosa [1]. Conversely, the use of GFD
in asymptomatic patients is still debated. In 2009 and 2010,
two studies from Finland showed that both adults [38] and
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TaBLE 1: A short history of the most important findings concerning PCD.

Study Year Conclusions
A healthy person who initially has a normal biopsy, but who also has an increased density of
Holm et al. [29] 1992 p8 T-cells, may later develop mucosal atrophy compatible with CD.
o . . . . .
Titanen et al. [30] 1999 39 of 79 (49%) children w1t1} norm.al ]e].unal mucosa had an increased density of
intraepithelial y§ T-cells.
Jarvinen et al. [28] 2003 An increase especially in y8 T-cells strengthens the probability of CD.

TG2-related IgA deposits in the morphologically normal jejunum were predictive of

Korponay-Szabo et al. [20] 2004 forthcoming overt coeliac disease with villous atrophy.

The villous tip intraepithelial lymphocyte count was statistically significantly higher in patients

Jarvinen et al. [27] 2004 with early-stage coeliac disease than in nonceliac controls (sensitivity, 0.84; specificity, 0.88).
Paparo et al. [17] 2005  Increased number of lamina CD25+ and/or enhanced expression of ICAM 1 and crypt HLA DR.
1 1 1 1 1tivi 1 1 0, 0,
Salmi et al. [23] 2006 Intestinal coeliac autoant.lbodY.deposu had a sensitivity anc.i spegﬁaty of 93% and 93%,
respectively, in detecting subsequent coeliac disease.
Koskinen et al. [21] 2010 Mucosal transglutaminase 2-specific autoantibody (.1epos.1ts proved to be accurate
gluten-dependent markers of celiac disease.
Tosco et al. [25] 2011 In most positive cases a patchy .dl'strlbutlon of the deposits was observed with areas of clear
positivity and areas with absent signal.
Bernini et al. [35] 2011 Potentla.l CD largely shares the metabolomic signature of overt CD. Resglts prove that
metabolic alterations may precede the development of small intestinal villous atrophy.
Biagi et al. [31] 2013 In PCD, the intestinal mucosa is mamtamf:d arcl}ltectgrally normal thanks to an
increased enterocytic proliferation.
Borrelli et al. [32] 2013 PoFentlal CD patients shc?w alow grgde of 1nﬂamma§10n that could likely be due to
active regulatory mechanism preventing the progression toward a mucosal damage.
Borrelli et al. [33] 2016 In potential CD, IL-21 is less expressed than that in active CD.
Borrelli et al. [22] 2018 In CD, the intestinal deposits of anti-tTG2 are a constant presence and appear

very early in the natural history of the disease.

TABLE 2: Results of available evidence in support or against GFD in PCD asymptomatic patients.

Study About GFD  Study population Conclusions Limitations

33% of incidence of villous atrophy after 3 years in with ~ Unknown number of

106 children PCD patients lost at follow-up

Tosco et al. [25]  Against GFD

CD markers disappear in most young children with
potential CD despite a regular diet

24 asymptomatic

Lionetti et al. [44] Against GFD children

Small sample size

In the absence of symptoms or villous atrophy, treatment

with a GFD does not appear to be necessary in most cases N/A

Silvester et al. [45] Against GFD  Review paper

Irritable bowel

Association between CD and irritable bowel syndrome . .
syndrome is overlapping

47 children may be a significant confounding factor

Mandile et al. [41] Against GFD

with CD
. . . 23 asymptomatic Risk of progression to overt CD while on a gluten- Age of the study group
Lionetti et al. [43] Against GFD children containing diet is very low in the long-term. and study design
Supports Patients with endomysial antibodies benefit from a GFD ~ Marsh II included in
Kurppa et al. [38] GFD 23 adults regardless of the degree of enteropathy. study population
Kurppa et al. [39] SqugoDrts 17 children Children benefit f;?g::s:ilh;ttrrs:ttlﬁznt despite normal Small sample size

children [39] with PCD obtained a clinical response to GFD
regardless of the presence of small-bowel lesions. According
to these studies, the authors suggested to start the dietary
treatment as early as possible since treatment would result
in reduced risks of delayed puberty and gynecological issues,
while avoiding effects on bone mineralization, dental enamel
development, and growth. Conversely, in a recent review,

Itzlinger et al. considered GFD as inappropriate treatment
in asymptomatic patients with PCD [40].

Diverging results emerged from Mandile’s work, in
which only 54% of PCD symptomatic patients have a pos-
itive clinical response during the first 12 months of GFD.
However, the authors speculated about irritable bowel syn-
drome as a significant confounding factor in these patients



Against GFD

Tosco et al. 2011
Lionetti et al. 2012
Silvester et al. 2016

Mandile et al. 2018
Lionetti et al. 2019
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Support GFD

Kurppa et al. 2009
Kurppa et al. 2010

FIGURE 2: Results of available evidence in support or against GFD in PCD asymptomatic patients.
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FIGURE 3: Diagnostic algorithm for PCD.

[41]. In 2014, Auricchio et al. demonstrated that a consid-
erable proportion of PCD patients usually had a fluctuation
or decrease of antibody levels, while in those with persis-
tently positive anti-T'G2 under a free diet, the mucosal
damage was not detectable in 66% of cases until 9 years
of follow-up [42]. In 2019, Lionetti et al. reached similar
conclusions: in PCD children on free diet, the risk of pro-
gression to overt CD is trivial [43].

Previously, Tosco et al. demonstrated that approximately
33% of asymptomatic children with PCD would develop vil-
lous atrophy after 3 years without prescribing a GFD [25].
The authors suggested that most children with potential
celiac disease remain healthy and for these reason only symp-
tomatic children would start GFD.

In 2012, a decision tree for asymptomatic children with
tTGA values lower than 11-fold the upper limit normal was

proposed [44]. Symptomless children with a family history
of CD and positive CD markers could initially remain on
normal free diet, particularly in the case of modest tTGA titer
increase. Biopsies should be recommended after a persistent
antibody positivity for at least 3-6 months. In 2016, another
group indicated that asymptomatic patients can be moni-
tored for the development of new symptoms and/or substan-
tial increase in serum tTGA2 antibodies [45]. These studies
are summarized in Table 2 and Figure 2.

In conclusion, the presence of symptoms in both adults
and children should be considered as the main determinant
to prescribe a GFD in potential celiac disease. It is important
to remember that all symptoms have to be considered
important for the beginning of a GFD. There is no difference
in the decision tree, in fact, if patient has gastrointestinal
(diarrhea, constipation, abdominal pain) or extraintestinal
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manifestation (anemia, osteoporosis, migraine), as suggested
by Popp and Maki in a recent review too [24]. As the timing
of flattening is totally unpredictable, asymptomatic patients
with PCD should undergo a comprehensive follow-up in
order to detect early symptoms and promptly start a GFD.
A conclusive algorithm is proposed in Figure 3 with the
aim to provide valuable information in the management of
this challenging condition.

Further research is necessary in order to establish the
optimal frequency of testing the antibodies and clinical
evaluation for PCD patients (both adults and children)
continuing after initial evaluations on gluten-containing
diet. Dietary habits and gluten intake during clinical evalu-
ation should be routinely checked during clinical evaluation,
as following a diagnosis of PCD, the patient or his family
could decrease the amount of gluten, resulting in false nega-
tive serology and fluctuating antibodies.
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Introduction. Celiac disease (CD) is an autoimmune disease triggered by gluten in genetically predisposed individuals. Despite the
increasing prevalence of CD, many patients remain undiagnosed. Standard serology tests are expensive and invasive, so several
point-of-care tests (POC) for CD have been developed. We aimed to determine the prevalence of CD in first-grade pupils in
Primorje-Gorski Kotar County, Croatia, using a POC test. Methods. A Biocard celiac test that detects IgA antibodies to tissue
transglutaminase in whole blood was used to screen for celiac disease in healthy first-grade children born in 2011 and 2012 who
consumed gluten without restrictions. Results. 1478 children were tested, and none of them were tested positive with a rapid test.
In 10 children (0,6%), IgA deficiency has been suspected; only 4 of them agreed to be tested further for total IgA, anti-tTG, and
anti-DGP antibodies. IgA deficiency was confirmed in 3 patients, and in all 4 children, CD has been excluded. Conclusion. Our
results have not confirmed the usefulness of the POC test in screening the general population of first-grade schoolchildren.
Further research is needed to establish the true epidemiology of CD in Primorje-Gorski Kotar County and to confirm the value
of the rapid test in comparison with standard antibody CD testing.

1. Introduction

Celiac disease (CD) is an autoimmune disease involving
innate and adaptive immune responses triggered by the glu-
ten ingestion in genetically predisposed individuals. In per-
sons with HLA-DQ2 and/or DQ8 haplotypes, activated
immune reaction results in small intestinal mucosal damage
with villous atrophy, crypt hyperplasia, and an increased
number of intraepithelial lymphocytes [1, 2]. Patients with
CD may present with gastrointestinal symptoms; however,
a substantial number of patients present with atypical extra-
intestinal symptoms of variable severity [2-4].

CD is a common disorder with the overall prevalence of
1%, with differences among countries (Germany 0.3%, Italy
0.7%, Finland 2.4%, and USA 1%) [1, 2, 5]. The prevalence
substantially increased in the last 50 years [6]. However, the
majority of patients are not identified; the data shows that

almost 90% of patients, both children and adults, remain
undiagnosed, possibly because of the high proportion of
asymptomatic or oligosymptomatic patients [2, 3, 7]. After
the last quarter of the 20th century, the dramatic shift from
typical gastrointestinal manifestations to atypical and asymp-
tomatic presentations has been noticed [2, 8].

There are few data about the incidence and prevalence of
CD in Croatia. Only limited data from 10-year research from
limited region exist; the cumulative incidence is 1.9:1000
life-births and prevalence 1:461 [9, 10].

Patients with CD have a modestly increased risk of malig-
nancy and mortality [11]. Untreated illness is associated with
numerous long-term complications, for example, delayed
puberty, other autoimmune disorders (thyroid disease and
diabetes mellitus), cerebellar ataxia, epilepsy, neuropsychiat-
ric disorders, infertility, osteoporosis, small-for-date births,
and malignancies (enteropathy-associated T cell lymphoma,
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small intestinal adenocarcinoma) [3, 4, 8, 12]. There is a
strong evidence that undiagnosed CD is associated with
nearly 4-fold increase risk of death compared to people with-
out it [6].

Strict adherence to gluten-free diet (GFD) reduces the
rate of morbidity and mortality [8], emphasizing the impor-
tance of early detection of patients who benefit from GFD [4].

Specific subgroups of individuals have an increased risk
for CD, among these are first-degree relatives of CD patients
and people with other autoimmune diseases (type 1 diabetes
mellitus, autoimmune thyroiditis, and autoimmune hepati-
tis) and specific genetic disorders (Down syndrome, Turner
syndrome, Williams syndrome, and IgA deficiency) [2]. Cur-
rent ESPGHAN guidelines recommend active search for CD
among these subgroups [13].

Despite the low rate of diagnosis, there are still no general
recommendations for screening in the general population
[1]. Based on the research of Greco et al., the burden of
unrecognized CD patients will grow substantially in the
Mediterranean region with an estimated number of 5 million
cases in 2020; the estimated medical costs caused by delayed
CD diagnosis are about €4 billion during a 10-year period.
This emphasizes the need for simplified diagnostic protocols
that will be available not only in specialized centers but also
in rural areas [14]. Highly sensitive and specific point-of-
care tests (POCT) might be a solution to shorten diagnostic
delays. Besides, the data clearly shows that the mass screen-
ing could be the best strategy for secondary CD prevention
[8]. There are few studies that examined the role of CD
screening in Europe based on the increased prevalence of
the disease [15-17].

Conventional laboratory methods (anti-transglutaminase
2 (tTG) IgA and anti-endomysial (EMA) autoantibodies) are
expensive, not easily available, and difficult to use for mass
screening [3, 4]. Therefore, rapid methods of antibody
detection using blood from finger pricks that can be
performed at the point of care have already showed their
efficacy [3, 4, 18, 19].

The aim of our study was to determine the frequency of
CD among first-grade schoolchildren in Primorje-Gorski
Kotar County, Croatia, using a rapid point-of-care test.

2. Materials and Methods

2.1. Subjects. We screened first-grade schoolchildren from ele-
mentary schools in Primorje-Gorski Kotar County, Croatia.
All children attending the first grade born in 2011 and
2012 were eligible for the study. Children already diagnosed
with CD on GFD and children without CD, but who do not
consume gluten for other reasons (e.g., allergic to gluten or
wheat and parents’ decision for not eating gluten), were
excluded from the study, as well as children who have
already been tested for CD during the last year. The goal of
the study and principles of testing were presented to parents
in every school, and written informed consent was obtained.
Only children with signed informed consent were included
in the study.

The team consisting of three pediatricians and two
trained nurses visited all schools. The screening period lasted
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for 6 months, from September 2018 to February 2019. The
study was a part of the Focus IN CD project (CE-111) cofi-
nanced by the EU Interreg Central Europe Program and was
approved by the Ethics Committee of the University Hospital
Center Rijeka and Croatian Ministry of Science, Croatia.

2.2. Screening Procedure. The Biocard Celiac Test, Ani Bio-
tech, Vantaa, Finland, was used for screening. This test is
based on endogenous tissue transglutaminase (tTG) found
in the erythrocytes of patients. According to the manufac-
turer’s instructions, 10 ul of whole blood is drawn and
instilled into the 0,5 ml buffer, which causes hemolysis. As a
consequence, tTG is released from erythrocytes. Three drops
of the hemolyzed blood are added to the application field on
the test. Persons with CD have circulating IgA anti-tTG spe-
cific antibodies that bind to released tTG. These complexes
can bind to the solid surface coated with tTG-capturing pro-
teins and anti-IgA antibodies labelled with a colloidal gold
particle. As a result, in the case of CD, a visible test line is
formed. A control line serves as a proof that the blood sample
and the reagents moved over the test line. The results can be
interpreted after 5 minutes, but no longer than 10 minutes;
positive results can be seen already after 1-2 minutes. The test
is negative if there is only line in the control area and positive
if there are visible lines in both test and control areas, and in
case of IgA deficiency, there are no lines in any of the areas.
The sensitivity and specificity of the test were shown to be
different in different age groups; in younger than 16 years,
the sensitivity was 99% and specificity was 97%, while in
older than 16 years, the sensitivity was 93% and specificity
was 97% [19, 20].

Children with eventual positive results or the ones with
suspected IgA deficiency were referred to Clinical Hospital
Center Rijeka for total IgA measurements, IgA anti-tTG
measurements (IDS, automated chemiluminescence immu-
noassay, CLIA) with a cutoff value of 7 U/ml, and IgG anti-
DGP measurements (IDS, automated chemiluminescence
immunoassay, CLIA) with a cutoff value of 7 U/ml.

3. Results

Primorje-Gorski Kotar County is located in the western part
of Croatia, and Rijeka is the capital city. According to the
census in 2011, it has 296195 inhabitants. There are 60 ele-
mentary schools in the county with a total of 2391 children
in the first grade in the school year 2018/2019.

There was a total number of 1893 children whose parents
attended parent meetings and agreed with the participation
of their children in the study. According to inclusion criteria,
children with known CD (n =2) and children who already
had CD testing within one year (1 = 35) were excluded from
the screening. Parents of 258 children refused to participate,
and 120 children were absent from school on the day of the
screening because of other reasons (e.g., illness).

We screened 1478 children (61.82% of all eligible chil-
dren). There were 964 (65.22%) girls and 514 (34.78%) boys.
There was no invalid test reported. We did not find any
patients with a positive rapid test, and 10 children were
suspected to have IgA deficiency. They were referred to the
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FIGURE 1: Results of the screening.

Department of Pediatrics in Clinical Hospital Center Rijeka
for total IgA, anti-tTG, and anti-DGP antibody measure-
ments. Out of 10 children, only 4 of them came for the test-
ing. IgA deficiency was confirmed in 3 patients who all had
low IgG anti-DGP antibodies, and in one child, the total
IgA level was normal and CD-specific antibodies were low
(Figure 1). The data with IgA and CD-specific antibody levels
is listed in Table 1.

4. Discussion

CD is one of the most frequent genetically based diseases of
humankind [21], and majority of patients are misdiagnosed
or not diagnosed at all [3, 7, 21]. There is ongoing discussion
whether to screen for CD and whom to screen [22]. The
World Health Organization (WHO) provides criteria for
mass screening [7, 23, 24]: the disease must be common;
screening tests must be simple, fast, and accurate and accept-
able in different cultures; early clinical detection should be
difficult; treatment must be available; and undiagnosed dis-
ease can lead to severe complications. CD clearly fits major-

TaBLE 1: Levels of total IgA, IgA anti-tTG, and IgG anti-DGP in
children with suspected IgA deficiency after the rapid test.

IgA anti-tTG  IgG anti-DGP

Initials  Gender  Total IgA (U/ml) (U/ml)
K F 1.6 2 1.1
AB M <0.4 <0.8 <0.8
T M 03 11 1.6
MK M 0.2 0.9 2.7

ity of the criteria. There are some open questions that need
further investigations, including the degree of the risk for
severe complications in asymptomatic individuals [20],
cost-benefit ratio of the screening, benefit and compliance
of GFD in asymptomatic individuals, and the appropriate
age when to perform the screening [7, 8, 24, 25]. Generally,
screening must be performed early enough to prevent late
complications of the disease, but since a proportion of patients
develop the disease later in life, early screening could miss
them [7, 8, 26].



Nowadays, there are still no recommendation for mass
screening [8, 21, 24, 25, 27]. According to ESPGHAN
guidelines, screening should be undertaken for high-risk
groups [13].

Our study on 1478 first-grade children tried to establish
the prevalence of CD among 7-year-old children, the age by
which a significant proportion of CD should have devel-
oped, and the potential use of rapid CD testing in general
population screening. If the screening method is simple,
the cost-benefit balance could be favorable even though
benefits are only moderate [3].

Rapid POCT is cheap and easy to perform in comparison
to standard CD testing [3, 4]. Studies made with the Biocard
celiac disease test kit showed sensitivity, specificity, and
positive and negative predictive values comparable with a
standard CD test (anti-tTG and EMA), all higher than 93%
[3, 19]; it was successfully used in screening first-degree
relatives of CD patients, but the study was conducted on a
small number of subjects [4], and in determining prevalence
of CD among school-aged children in Turkey [18]. Although
Comba et al. [18] had a representative sample, the lack of
their study was the possibility of missing IgA-deficient
patients with CD.

We were not able to detect children with CD. There are
several possible explanations. First, prevalence among coun-
tries differs significantly; it ranges from 0.3% in Germany to
0.7% in Italy 0.7%, 1% in USA, and 2.4% in Finland [1, 2,
5]. According to our best knowledge, there are no data on
CD epidemiology in Croatia, so our data could reflect lower
prevalence of CD in Croatia compared with other countries.
Second, we found 10 children with possible IgA deficiency
and higher risk for CD development. Only four children
came to our hospital to control IgA, anti-tTG, and anti-
DGP levels. They were all negative for CD-specific antibod-
ies, but there is a possibility that among the other 6 children
whose parents refused to come for the specific CD antibody
testing there are ones with CD. Third, although we followed
the producer’s instructions completely, there is still possibil-
ity of unintentional mistake. The test is qualitative in its
nature, so a slightly visible test line could be missed.

5. Conclusion

To conclude, based on our study results, the POC test was not
shown to be a useful tool in mass screening. Further research
is needed to establish the incidence and prevalence of CD in
Croatia, with more data to confirm the value of rapid tests
in comparison with standard antibody CD testing.
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Celiac disease is one of the most common food-related chronic disorders in children. Unfortunately, this multifaceted disease is
challenging to recognize and remains markedly underdiagnosed. Screening of either known at-risk groups or even the whole
population could increase the suboptimal diagnostic yield substantially. Many recent guidelines recommend screening of at least
selected risk groups, but more wide-scale screening remains controversial. The increasing prevalence of celiac disease and the
development of autoantibody assays have also led to a gradual shift in the diagnostics towards less invasive serology-based
criteria in a subgroup of symptomatic children. The main open questions concern whether these criteria are applicable to all
countries and clinical settings, as well as to adult patients. On the other hand, widening screening and the mistaken practice of
initiating a gluten-free diet before the appropriate exclusion of celiac disease increase the number of borderline seropositive
cases, which may also challenge the classical histopathological diagnostics. Sophisticated diagnostic methods and a deeper

understanding of the natural history of early developing celiac disease may prove useful in these circumstances.

1. Introduction

With a prevalence of up to 1-3%, celiac disease is one of the
most common chronic gastrointestinal diseases [1-3]. It is
evident that the diagnostics of such a frequent condition
should be effective and practical. Unfortunately, the hetero-
geneous clinical presentation makes the disease difficult to
recognize, and currently the great majority of affected indi-
viduals remain undiagnosed, leaving them vulnerable to
long-term complications [3, 4]. The most effective means of
improving the diagnostic yield would be to screen known
at-risk groups or even the whole population. The develop-
ment of advanced serological tests has made screening rather
straightforward, but the overall benefits of this approach
remain a matter of debate [5]. Particularly controversial
issues are the treatment of asymptomatic screen-detected

individuals, the optimal age for rescreening, the optimal
rescreening frequency, and the utilization of genetic testing
to further delineate the susceptible cohort.

Traditionally, the diagnosis of celiac disease has been
based on the demonstration of mucosal injury in duodenal
biopsy. This invasive approach has been considered neces-
sary to ensure the diagnosis before starting a demanding
gluten-free diet. However, the high specificity of modern
serological tests and the desire to reduce the need for invasive
investigations led to the release of new criteria by the
European Society for Paediatric Gastroenterology, Hepatol-
ogy, and Nutrition (ESPGHAN) in 2012, which allow for
the first time a noninvasive approach to diagnosis in a sub-
group of children [6]. Although a huge leap forward, these
guidelines paradoxically created new challenges, as they are
currently not accepted in all countries and were not drawn
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TaBLE 1: True prevalence of celiac disease based on screening studies and the proportion of clinically unrecognized patients.

Reference and year Country Diagnostic criteria Prevalence (%) Unrecognized (%)

Children
Maiki et al., 2003 [122] Finland Biopsy 1.1 75.9
Tommasini et al., 2004 [123] Ttaly Biopsy 1.1 94.5
Myléus et al., 2009 [2] Sweden Biopsy 2.9 69.3
Mustalahti et al., 2010 [124] UK Seropositivity” or biopsy 0.9 94.4
Laass et al., 2015 [125] Germany Seropositivity® 0.8 91.7

Adults
West et al., 2003 [126] UK Seropositivity® 1.2 95.7
Lohi et al., 2007 [1] Finland Seropositivity® 2.0 74.9
Mustalahti et al., 2010 [124] Germany Seropositivity” or biopsy 0.3 93.3
Mustalahti et al., 2010 [124] Ttaly Seropositivity” or biopsy 0.7 97.1
Rubio-Tapia et al., 2012 [127] USA Seropositivity® 0.7 90.1
Fukunaga et al., 2018 [128] Japan Biopsy 0.1 100

“Positive tissue transglutaminase and/or endomysial antibodies.

up for adults [7, 8]. Furthermore, even if the novel approach
was adopted more widely, biopsy would still be needed in
individuals with low positive serology, which are often diag-
nostically the most problematic cases. In fact, the number of
such individuals is likely increasing due to more active
screening.

In this review, we provide an overview of the current
concepts of the diagnostics of celiac disease in children and
adults. The main topics discussed are the possibilities for
improving the suboptimal diagnostic yield and efforts to pro-
vide more unified diagnostic guidelines in the light of the
most recent scientific evidence. Furthermore, we discuss the
future directions in diagnostics, particularly concerning early
developing celiac disease with minor or no histopathological
changes and otherwise challenging cases.

2. Diagnostic Approach: From Case Finding
towards Screening

The phenotype of celiac disease extends from varying gastro-
intestinal and extraintestinal complaints to an apparent lack
of symptoms [9]. This variation makes recognition of the
disease challenging, and currently the majority of affected
children and adults remain undiagnosed (Table 1). The main
approaches to detect untreated celiac disease are active case
finding based on clinical symptoms and signs and targeted
screening of at-risk groups, such as the relatives of celiac dis-
ease patients and subjects with certain other autoimmune
diseases. However, there are major differences in the diagnos-
tic approach between and even within countries, and this is
also reflected in the inconsistencies between the true
population-based prevalence of celiac disease and the num-
ber of actually diagnosed patients (Table 1).

2.1. Case Finding. Case finding is, in theory, an effective
approach to find at least those patients with a characteristic
clinical presentation. However, only those who seek medical
help because of their symptoms or other clinical signs can be
found, which requires activity from the patients themselves.

Furthermore, medical practitioners should be alert to the
possibility of celiac disease behind the various complaints
they encounter in daily practice. Unfortunately, this seems
to be very challenging in the case of celiac disease. It has been
observed that up to 85% of patients eventually found by
screening have suffered from unrecognized symptoms for
some time—even for several years—before the diagnosis
[10-14]. The situation is further complicated by the low pre-
dictive value of even “typical” gastrointestinal symptoms for
celiac disease [15, 16].

2.2. Screening: Current Approaches and Open Questions.
There is a clear need for more effective diagnostic approaches
rather than relying on ineffective case finding. The develop-
ment of practical serological tests in recent decades has
enabled easier noninvasive screening, but the matter of who
should be screened is all but clear [5, 17]. Celiac disease ful-
fills most of the World Health Organization’s general criteria
for screening, but further studies are needed, particularly
regarding the cost-effectiveness of screening and the natural
history of clinically unrecognized patients [17]. The main
issue is whether the benefits of an early diagnosis overcome
the costs, laboriousness, and social burden of a gluten-free
diet [5].

One argument against screening is the low risk for com-
plications in unrecognized celiac disease patients. However,
as already mentioned, many screening-detected subjects
actually suffer from unrecognized symptoms. Moreover, even
truly asymptomatic patients might be at risk for ill-health
and long-term complications if left untreated [14, 18-22].
Particularly in children, many complications—such as dental
enamel defects, poor height gain, and reduced bone
accrual—may remain permanent if not detected early enough
[23-25]. Furthermore, if the disease remains untreated until
adulthood, there is an increased risk, e.g., for infertility,
refractory celiac disease, and even small-bowel lymphoma
[26, 27]. Delayed diagnosis may also predispose to reduced
quality of life, the incremental use of medicines, and persis-
tent symptoms even on a gluten-free diet [28, 29].
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TaBLE 2: Recommendations on screening for celiac disease according to the most recent diagnostic guidelines.

Reference Organization Age group Screening recommendation
Downey et al., 2015 [66] NICE Children and adults T1D, autoimmune thyroidal disease, and family risk
Ludvigsson et al., 2014 [8] BSG Adults T1D, irritable bowel syndrome, Down syndrome, and family risk
Rubio-Tapia et al., 2013 [69] ACG Children and adults Symptomatic T1D and family risk

. T1D, autoimmune thyroidal and liver diseases, IgA deficiency,
Husby et al., 2012 [6] ESPGHAN Children family risk, and Down, Turner, and Williams syndromes
Hill et al,, 2005 [7] NASPGHAN Children T1D, autoimmune thyroidal and liver diseases, family risk,

and Down, Turner, and Williams syndromes

ACG: American College of Gastroenterology; BSG: British Society of Gastroenterology; ESPGHAN: European Society for Paediatric Gastroenterology,
Hepatology, and Nutrition; NASPGHAN: North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition; NICE: The National Institute

for Health and Care Excellence; T1D: type 1 diabetes.

A critical aspect regarding the rationale of screening is
the patient’s willingness to adhere to a life-long treatment.
There has been concern that asymptomatic patients in par-
ticular would have poor motivation to maintain the diet
with no apparent clinical benefits. Reported dietary adher-
ence in screen-detected patients has varied from 23% to
93% [12, 14, 30-36]. In more recent studies, the general
tendency has been better adherence, possibly reflecting the
increasing knowledge and better availability of gluten-free
products in grocery stores and restaurants [31, 37-41]. In
fact, nowadays even asymptomatic screen-detected patients
may show excellent dietary adherence [14, 42].

The most recent guidelines recommend screening for
celiac disease in selected at-risk individuals (Table 2),
although the actual implementation of the screening in clin-
ical practice varies [43]. However, even with targeted screen-
ing, a substantial percentage of affected individuals will
remain unrecognized [44]. The only option to find almost
all celiac disease patients would be to screen the entire
population or, alternatively, subjects with a genetic predis-
position. This approach would still leave the question of
the frequency of repeated screening after negative results,
as celiac disease may develop at any age [2, 45]. Further-
more, wide-scale screening would likely reveal a significant
number of seropositive subjects who do not fulfill the
current diagnostic criteria. At present, the prognosis and
benefits of the early diagnosis and treatment of such cases
are poorly known [46-51].

3. Changing Guidelines and Development of
Diagnostic Tools

3.1. Histology and Serological Tests. During the past 70 years,
the diagnostics of celiac disease has evolved from symptom-
based deduction to the use of sophisticated serological and
histological methods. The development of biopsy techniques,
followed by the description of duodenal injury, have been
critical milestones [52, 53]. Before the 1970s, histology was
the only diagnostic method in all age groups [54]. A less inva-
sive approach for case finding could be attained by using
serum antibodies, the first of which were antigliadin antibod-
ies with moderate sensitivity and specificity [55, 56]. More
specific autoantibodies to reticulin and—particularly from
the 1980s—endomysial antibodies (EmA) proved to be
valuable tools for initial screening [57-59]. The identification

of transglutaminase 2 as the autoantigen recognized by EmA
[60] enabled practical ELISA tests for the detection of trans-
glutaminase 2 antibodies (TG2ab) [61].

There have also been improvements in the histopatho-
logical assessment. The original biopsy capsule was gradually
replaced by endoscopic duodenal sampling. In 1992, Marsh
introduced the now widely used grouped classification for
histological injury [62], and a modified version of this
grading was later advocated by Oberhuber [63]. For these
classifications, the histological injury is divided for practical
purposes into three classes: infiltrative (Marsh 1), hyper-
plastic (Marsh 2), and atrophic (Marsh 3) lesions. In the
Oberhuber classification, stage 3 is further divided into
subclasses 3a, 3b, and 3c. The more quantitative assess-
ment of the mucosal damage using villous-height crypt
depth measurement was introduced in the early 1980s
and later further improved [64, 65]. At present, however,
this methodology is used mostly in research settings.

3.2. Evolving Guidelines towards a Less Invasive Diagnostic
Approach. With some modifications, the ESPGHAN 1990
criteria for celiac disease remained the basis of practically
all pediatric and adult diagnostic guidelines until 2012 [6-8,
66-70]. Demonstration of the characteristic histological
lesion, followed by the resolution of symptoms on a gluten-
free diet, allowed the establishment of the diagnosis, with
positive serology giving further support to the diagnosis
[67]. In the early 2000s, the testing of TG2ab came to the
forefront in initial case screenings in both children and
adults, although histological confirmation was still required
[7,71]. Groups at risk for celiac disease were also increasingly
recognized, and their low-threshold screening was
recommended.

In 2012, the new EPSGHAN diagnostic criteria were
launched [6]. The main driving forces for the revision were
the necessity for general anesthesia for invasive endoscopy
in children and the excellent positive predictive value of
modern serological tests, particularly high tTGab values
(Table 3) and positive EmA. For the first time, the revolution-
ary guidelines allowed diagnosis without biopsy in specific
circumstances; i.e., for symptomatic children with tTGab
values > 10 X the upper limit of normal (ULN), positive
EmA, and the presence of the at-risk human leucocyte anti-
gen (HLA) DQ2/DQ8 haplotype [6]. Recent prospective
studies have provided strong support for the accuracy of
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TaBLE 3: Studies assessing the positive predictive value (PPV) of high tissue transglutaminase antibody (tTGab) values in the diagnosis of

celiac disease.

Reference Cohort Country tTGab threshold Number of tested assays PPV (%)
Children
Paul et al., 2018 [76] 157 UK 10x ULN 1° 100
Werkstetter et al., 2017 [72] 707 Multicenter 10x ULN 8 99.6-100°
Wolf et al., 2017 [73] 898 Germany 10x ULN 1 98.8
Smarrazzo et al., 2017 [129] 1,974 Multicenter 10x ULN 8 96.1
Elitsur et al., 2017 [88] 240 USA 10x ULN 1® 87.7
Trovato et al., 2015 [75] 286 Italy 10x ULN 1 91.0-92.5
Gidrewicz et al., 2015 [130] 17,505 Canada 10x ULN 1 92.8
Adults
Efthymakis et al., 2017 [93] 234 Italy 10x ULN 2 97.6
Ganji et al., 2016 [131] 299 Iran 10x ULN 1 100
Tortora et al., 2014 [101] 310 Italy 8.9x ULN 1 100

*Adults and adolescents. "tTGab assay was not specified. “Lowest obtained specificity when testing different diagnostic scenarios and excluding inconclusive

patients. ULN: upper limit of normal; ND: no data.

these criteria [72, 73]. There is growing evidence that the
nonbiopsy diagnostic approach could be applied reliably also
for asymptomatic children [74-76] and without mandatory
genetic testing [72]. In adults, histological evaluation has
remained the cornerstone of the diagnosis, excluding the
recently published Finnish guidelines that allow a nonbiopsy
approach in some patients, regardless of their age [68].

4. Challenges with the Diagnostic Criteria and
Future Directions

4.1. Technical Challenges. A major challenge in the current
diagnostics is the lack of standardization in tTGab kits. This
is particularly problematic for the nonbiopsy criteria, as the
resulting incomparability between the assays may even pre-
dispose to misinterpretations [77, 78]. In order to err on
the side of safety, ESPGHAN recommends using only tTGab
tests with an appropriate calibration curve [6]. Furthermore,
the rather high ULN cutoff value and the requirement of
HLA and EmA testing were included partly to control the
assay variation. As mentioned, it might be possible to omit
HLA testing in the future [72], and the role of EmA could
also be questioned. Although EmA is highly specific, the
required immunofluorescence method is laborious and not
universally available. By applying well-validated tTGab
assays, it might be possible to abandon EmA and also lower
the diagnostic ULN threshold [72, 79].

Histopathology might not be as good a diagnostic refer-
ence standard as previously thought. The mucosal lesion
can be patchy, the quality of the biopsies is often inade-
quate, and duodenal injury is not fully specific to celiac dis-
ease [80, 81]. In order to improve the diagnostic yield, the
current recommendation is to take at least four biopsies
from the distal duodenum and one from the bulb [6, 66,
82, 83]. However, due to the lower specificity, the added
value of the duodenal bulb biopsy is controversial, and cau-
tion is needed when a diagnosis of celiac disease is based
solely on bulb samples [84]. In addition, even if representa-

tive biopsies are obtained, their correct handling and orien-
tation are often challenging and prone to mistakes [65].
Accordingly, several studies have shown poor intra- and
interobserver agreement between pathologists when apply-
ing a grouped histological classification [85-87].

4.2. Lack of Unified Guidelines. One of the main challenges
with the current diagnostic criteria is their age- and
country-related variation [6, 8, 69]. Despite the aforemen-
tioned problems, duodenal histopathology as the gold stan-
dard used to be the unifying feature of all the guidelines
[67]. This changed radically when the ESPGHAN criteria
introduced the possibility of omitting endoscopy for some
European children [6], while the biopsy remains mandatory,
e.g., in the USA [7]. These discrepancies might be explained
to some extent by the different health care systems [88]. In
addition, most of the studies on this issue have been made
in Europe and, for unclear reasons, studies from North
America have reported the inferior accuracy of tTGab tests
(Table 3). As it is unlikely that children differ significantly
between the continents, and since joint guidelines exist for
many other diseases [89, 90], unified criteria for celiac disease
would seem reasonable.

Another issue is the acceptance of serology-based diagno-
ses of celiac disease in adults by physicians. Only one of the
current guidelines makes a clear statement on this issue; it
does not support the taking of routine duodenal biopsies to
reconfirm the diagnosis in adults when the diagnosis has
been set strictly according to the ESPGHAN criteria [91].
This issue is particularly important in the transitional period
from childhood to adulthood, when some young patients
and/or their physicians may question the initial diagnosis
[92]. To avoid confusion and the unnecessary repetition of
diagnostic procedures, general acceptance—or preferably
unified adult and pediatric criteria—is important.

Recent studies have given evidence that the nonbiopsy
criteria would apply also to adults [79, 93, 94], but many
experts remain cautious [95, 96]. One fear is the misuse of
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the criteria by general practitioners [96-98]. However, there
is evidence that accurate diagnostics can be achieved by edu-
cation and close collaboration with primary care [94, 99].
Another feared consequence of omitting endoscopies is miss-
ing a coexisting disease or complication, such as refractory
celiac disease or malignancy [93, 96]. In practice, however,
this does not seem to be a major problem, although more evi-
dence is called for [79, 93, 100, 101]. In general, the new
guidelines do not aim to ban biopsies, but rather to offer
the option for diagnosis without endoscopy in definite cases
[6]. Endoscopy would still be preferable if red flag symptoms
such as bloody stools, dysphagia, or severe weight loss
appear, or if there is incomplete clinical recovery [6, 79, 101].

4.3. Challenging Diagnostic Scenarios. Despite the tendency
towards less invasive approaches, duodenal biopsy will likely
remain a part of celiac disease diagnostics for quite some
time. The main problem with serology is that the specificity
decreases with lower antibody values [72, 79]. Unfortunately,
such patients are usually also histologically the most prob-
lematic cases, as they may present only with mild or patchy
duodenal changes [46, 80]. In these circumstances, it is
important to confirm that all stages of duodenal sampling
and histological analysis have been done correctly [65, 102].
The more quantitative measurement of architectural
changes, e.g., by applying validated duodenal histomorpho-
metry, might also prove useful [65].

The widening use of screening can be expected to
increase the number of patients detected with early stage
celiac disease and morphologically normal villi [46, 49, 103].
There is evidence that seropositive individuals may suffer
from symptoms and signs already at this point and benefit
from a gluten-free diet [46, 49, 50, 104], indicating that
the whole definition of celiac disease might require reeval-
uation. Nevertheless, many such individuals are asymp-
tomatic and do not develop duodenal lesions even
during a long-term follow-up [49, 105-107]. It is essential
to learn more about the natural history of early developing
celiac disease in order to discern cases that would truly
benefit from early diagnosis [108].

Another challenge in the differential diagnosis of
patients with borderline or negative serology is brought
by the now common practice of initiating a gluten-free diet
before appropriate diagnostic investigations [109, 110]. It
still might be possible to establish the diagnosis using
sophisticated techniques, e.g., determination of small-
bowel mucosal yd+intraepithelial lymphocytes and celiac
disease-specific tTG-targeted IgA deposits [46, 111-114].
Genetic testing and recently introduced innovative
methods, such as HLA-DQ-gluten tetramer-based assays,
might further help to exclude or confirm the presence of
celiac disease [115].

4.4. Prevention of Celiac Disease? In the future, it might
even be possible to proceed a step further, as several ongo-
ing prospective birth cohort studies are steadily providing
a deeper understanding of the early development of celiac
disease [116-120]. Increasing information about the dis-
turbed balance of genetics and environmental factors in

celiac disease might offer possibilities for the early detec-
tion of high-risk children, and perhaps even provide
means for primary prevention [116-119, 121].

5. Conclusions

Owing to the high prevalence of celiac disease, even minor
changes in the diagnostic approach may have substantial
effects on health care and society. It is evident that the
only effective way to improve the currently unsatisfactory
diagnostic yield is more widespread screening. Such an
approach could be expected to prevent ill-health and
severe complications in the long run, but it must be
backed up with high-quality scientific evidence. Effective
implementation of intensified case finding and screening
also requires close collaboration with primary care and
general practitioners, who are responsible for the first-
line diagnostics.

Simultaneously with the increasing prevalence, the diag-
nostic criteria of celiac disease are currently undergoing rev-
olutionary changes. At present, the serology-based diagnosis
is limited to a minority of patients—i.e., mainly to symptom-
atic European children. This may cause problems, e.g., in the
acceptance of the diagnosis in different countries and after
the transition from pediatric to adult care. Since there is no
apparent biological reason for the age- and site-related differ-
ences in the criteria, it would be desirable for more unified
evidence-based global guidelines for celiac disease to be
formed.

Notwithstanding the increasing tendency towards non-
invasive diagnostics, biopsy will likely play an important
role also in the future, particularly in individuals with
low and/or borderline positive serology. In fact, the num-
ber of these cases will likely increase significantly concur-
rently with the widening screening and earlier testing.
Novel sophisticated diagnostic tools may offer better possi-
bilities for differential diagnosis in these often challenging
situations. Open questions and issues remain concerning
the natural history of these often asymptomatic individ-
uals, particularly whether they should be diagnosed and
treated with a gluten-free diet.
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Genetic predisposition to celiac disease (CD) is strongly associated with the presence of HLA alleles in the individual genotype
encoding HLA-DQ2 and/or HLA-DQ8 heterodimers. The main aim of this study was to analyze the HLA-A, -B, -DRBI,
and -DQ allele and five-locus haplotype frequencies in 60 Albanian pediatric CD patients and 124 non-CD children from
Kosovo. The most prevalent haplotype in patients was the ancestral AH 8.1 haplotype present in 22.5% of the cases
compared to 2.8% of the controls (P <0.0001). Additionally, two other haplotypes were also overrepresented in patients
(HLA-A*02~B*50~DRB1*07~DQA1*02:01~DQB1*02:02 and HLA-A*68~B*44~DRB1*07~DQA1*02:01~DQB1*02:02). Analysis
showed that 95.0% of CD patients and 43.3% of controls were carriers of HLA-DQ2 and/or HLA-DQ8 heterodimers. The most
frequent CD-predisposing HLA-DQ haplotypes in patients were HLA-DQ2.5 (46.7%) and HLA-DQ2.2 (11.6%), while the most
prevalent genotypes were HLA-DQ2.5/DQX (58.3%) and HLA-DQ2.5/DQ2.2 (20.0%). The frequency of the HLA-DQS8
heterodimer among CD patients (4.2%) compared to the control group (8.1%) was without statistical significance. The given
data demonstrate differences in the distribution of HLA haplotypes among Albanian CD patients from Kosovo in comparison to
other European and non-European populations, as well as provide additional population data to supplement the thus far
undisputed importance of the role of HLA-DQ2 and HLA-DQ8 heterodimers in the development of CD.

1. Introduction Susceptibility to CD and its activation and perpetuation

involve a combination of environmental and genetic factors

Celiac disease (CD) is an autoimmune systemic disorder
characterized by chronic inflammation of the small intestinal
mucosa triggered by gluten and related prolamine uptake
that occurs in genetically susceptible individuals [1]. Europe
is historically considered a geographical area with a high inci-
dence of CD, with a prevalence of 1%, which may be higher
in Northern European countries [2, 3]. Some studies from
Scandinavian countries and the United Kingdom population
tended to show a higher prevalence of CD of approximately
1.0-1.5% [4]. Although it was thought that some countries,
including the United States, were exempt from this disease,
it has recently been shown that it has a similar prevalence
as in Europe, 0.5-1.0% of the general population [5].

through some immunological mechanisms [6]. The involve-
ment of Human Leukocyte Antigens (HLA) in CD pathogen-
esis was first described in the 1970s [7]. Over the subsequent
years, the specific alleles that underlie the described associa-
tions became clear: CD is strongly associated with HLA-
DQ, which encodes HLA-DQ2 and HLA-DQS8 heterodimers.

At least 90% of the patients with CD are positive for the
HLA-DQ2 heterodimer in cis formation (HLA-DQ2cis)
encoded by HLA-DQA1*05:01 (a-chain) and DQB1*02:01
(B-chain) alleles on a HLA-DRB1*03 haplotype, although
the HLA-DQ2 heterodimer may also be encoded in trans
position (HLA-DQ2trans) with the HLA-DQA1%05:05 allele,
usually on HLA-DRB1*11, DRB1*12, DRB1*13:03, and
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DRB1*13:05 haplotypes, and the HLA-DQB1%*02:02 allele,
usually on a HLA-DRB1*07 haplotype [8, 9], but in some
populations on HLA-DRB1*04 haplotypes as well. The
majority of the remaining CD patients carry the HLA-DQ8
heterodimer formed by one a-chain and one p-chain
encoded with HLA-DQA1*03:01 and HLA-DQB1%03:02
alleles on the HLA-DRB1*04 haplotypes [10] and sporadi-
cally on HLA-DRB1*08 haplotypes.

Most of the studies exploring the linkage of HLA genes
with CD are focused on HLA class II genes encoding HLA-
DQ heterodimers, while very few studies investigate
extended HLA haplotypes [11]. In contrast to a relatively
conserved HLA-DR3 haplotype, the linkage between HLA
loci forming the HLA-DR7 and HLA-DRI11 haplotypes are
not so strong, and since they can form the HLA-DQ2.5trans
heterodimer, we wanted to explore if there is a difference in
HLA haplotype distribution among CD patients in compari-
son to healthy subjects.

The importance of genetic factors in the pathogenesis of
CD is well documented by many studies. It is clear that CD
rarely develops in the absence of HLA-DQ2 and/or HLA-
DQ8 heterodimers, and that the predisposing HLA-DQ2
and HLA-DQS8 subtypes are necessary, but not sufficient for
causing the disease [12]. Anderson et al. suggested that a
combination of HLA typing and confirmatory serology could
reduce the number of unnecessary endoscopies as well as the
number of false negatives and/or positive diagnoses [13]. In
2012, the role of HLA in the diagnosis of CD was firmly rec-
ognized, which resulted in important changes in diagnostic
criteria and the inclusion of HLA typing in CD diagnostic
guidelines [1].

As far as we know, no previous study has focused on the
frequency of CD-predisposing HLA genotypes in affected
and nonaffected individuals in Kosovar Albanian children.
Thus, the main aim of this research was to analyze the
HLA-A~B~DRB1~DQA1~DQB1 haplotype distribution
as well as the frequency of CD-predisposing HLA-DQ
genotypes in Albanian pediatric CD and non-CD subjects
from Kosovo.

2. Materials and Methods

2.1. Patients and Control Group. Sixty pediatric patients with
CD (40 females and 20 males) at the University Clinical
Centre of Kosovo (UCCK) and 124 unrelated age- and
gender-matched children (64 females and 60 males) without
a history of autoimmune diseases were included in this study.
The patients’ age at time of diagnosis ranged from 17 months
to 18 years, with a mean age of 5.5 years (SD + 3.31). The
control group age at the time of sample collection ranged
from 1 to 18 years with the mean age of 8.7 years (SD + 5.8).
The CD diagnosis was achieved according to the criteria
of the European Society of Pediatric Gastroenterology
and Nutrition [14] and the revised guidelines of the Euro-
pean Society of Pediatric Gastroenterology, Hepatology,
and Nutrition [1]. The study was approved by the Ethics
Committee of the UCCK (approved February 12th, 2013)
and by the Ethics Committee of the University Hospital
Centre (UHC) Zagreb (approved March 28th, 2013) and
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is in accordance with the Helsinki Declaration. Written
informed consent was obtained from parents or caregivers
of all children prior to their enrollment in the study.

2.2. HLA Typing. Three milliliters of EDTA blood samples
were collected from each child included in the study.
Blood samples were stored frozen at -30°C until all sam-
ples were collected. DNA isolation and HLA typing were
performed in the Tissue Typing Centre, Department of
Transfusion Medicine and Transplantation Biology, UHC
Zagreb. Genomic DNA was isolated from whole blood
with the MagNA Pure Compact Instrument using the cor-
responding commercially available MagNA Pure Compact
Nucleic Acid Isolation Kit I (Roche Diagnostics GmbH,
Mannheim, Germany). The final DNA concentration was
adjusted to 50 ng/ul. All CD patients and controls were
typed for HLA-A, -B, -DRBI1, -DQAL, and -DQBI applying
the standard polymerase chain reaction-sequence-specific
oligonucleotide probing (PCR-SSOP) method using the
commercially available Immucor LIFECODES HLA-SSO
typing kit (Immucor Transplant Diagnostics Inc., Stam-
ford, USA), based on the hybridization of a labeled
single-stranded PCR product to SSO probes [15]. After
hybridization, the samples were processed and quantified
on the Luminex 200 flow analyzer (Luminex Corporation,
Austin, USA) and the resulting data were analyzed with
Match It! DNA Software, version 1.2.4. The HLA-DQA1
and -DQBI alleles determined at medium resolution level
were assigned to the most common corresponding four-
digit HLA allele which was additionally confirmed when
necessary by the standard polymerase chain reaction—
sequence-specific primer (PCR-SSP) high-resolution proto-
col (CareDx, Olerup SSP AB, Sweden).

2.3. Statistical Analysis. The observed HLA-A, -B, -DRBI,
-DQAL, and -DQBL1 frequencies in both research groups
and five-locus haplotype estimates were calculated using the
PyPop (Python for Population genetics, version 0.7.0;
http://www.pypop.org) program [16].

Regarding the HLA-DQ profile of the subjects, they were
categorized according to the presence of susceptible haplo-
types (DQ2.5cis, DQ2.5trans, and DQ8), fractional suscepti-
ble haplotypes (DQ2.2, DQ2.3, and DQ7), or nonsusceptible
haplotypes (DQ4, DQ5, DQ6, and DQ9). Additionally,
based on the copy number of the CD-predisposing HLA-
DQ2 and/or HLA-DQS8 alleles in each individual, dual-
dosage susceptible genotypes (DQ2/DQ2, DQ2/DQ8, and
DQ8/DQ8), sole-dosage susceptible genotypes (DQ2/DQX
or DQ8/DQX), and nonsusceptible (DQ2 and/or DQ8
negative) genotypes were defined. Fisher’s exact test was
applied for comparisons between the HLA allelic groups,
haplotypes, and genotypes of CD patients and those of
the control group, and calculated differences were considered
statistically significant if the P value was less than 0.05.

3. Results

3.1. HLA Allele Frequencies. The observed HLA allele fre-
quencies of HLA-A, -B, -DRBI, -DQA1, and -DQBI1 loci
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with a statistically significant difference between the Alba-
nian pediatric CD patients and the control group from
Kosovo are shown in Table 1 and Table 2.

A total of 15 HLA-A alleles were found in the CD patient
group, among which the most frequent were HLA-A*01
(26.7%), -A*02 (21.7%), and -A*03 (10.0%). A statistically
significant  difference was observed for HLA-A*01
(P <0.0001), present with a higher frequency among CD
patients compared to the control group, while the HLA-A*
02 allele had a lower frequency among CD patients
(P=0.0312).

At the most polymorphic HLA-B loci with 21 different
alleles detected in the CD patient group, seven alleles showed
a frequency > 5.0%: HLA-B*07 (8.3%), -B*08 (29.2%), -B*
18 (6.7%), -B*38 (5.0%), -B*44 (8.3%), -B*50 (5.8%), and
-B*51 (10.8%). A significantly higher frequency of HLA-
B*08 (P <0.0001) and HLA-B*50 (P=0.0012) as well as
a significantly lower frequency of HLA-B*35 (P =0.0093)
was detected among CD patients in comparison to the
control group.

Out of the 12 different alleles observed at the HLA-DRB1
locus among CD patients, the three most frequent were
HLA-DRB1%03 (38.3%), -DRB1*07 (17.5%), and -DRB1*11
(13.3%). Additionally, HLA-DRB1*03 and -DRB1*07 are
alleles with a much higher frequency among CD patients
than in the control group (P <0.0001 and P =0.0023,
respectively), as opposed to HLA-DRB1*11, -DRB1*13,
and -DRB1*16 with a significantly lower frequency among
CD patients (P=0.0460, P=0.0102, and P =0.0289,
respectively).

At the HLA-DQ locus, 10 different HLA-DQA1 and 12
different HLA-DQBI alleles were observed in CD subjects.
The most frequent HLA-DQA1 alleles were HLA-DQAT1*
01:02 (13.3%), -DQA1702:01 (17.5%), -DQA1%05:01
(40.0%), and -DQA1*05:05 (13.3%), with a statistically sig-
nificant difference and higher frequency for HLA-DQA1*
02:01 (P=0.0023) and -DQA1%05:01 (P <0.0001) in com-
parison to the control group. On the other hand, the
frequency of the HLA-DQA1*01:02 (P=0.0049) and
-DQA1%05:05 (P=0.0115) alleles is lower among CD
patients. HLA-DQB1702:01 (40.0%), -DQB1*02:02 (18.3%),
and -DQB1%03:01 (14.2%) were the most frequent alleles of
the HLA-DQBI locus in the CD patient group, and a signif-
icantly higher frequency in the CD patient group in compar-
ison to controls was observed just for HLA-DQB1%02:01
(P <0.0001) and -DQB1*02:02 (P =0.0020). On the other
hand, the frequencies of HLA-DQB1*03:01 and -DQBI1*
05:02 alleles were significantly lower among CD patients
(P=0.0084 and P =0.0341, respectively) in comparison to
the control group.

3.2. HLA-A~B~DRBI1~DQA1~DQBI Haplotype Frequencies.
A total of 71 different five-locus haplotypes (HLA-
A~B~DRB1~DQA1~DQBI) were detected in the CD patient
group with a total of 55 haplotypes that occurred only once.
The most prevalent haplotype observed was HLA-A*01~B*
08~DRB1*03~DQA1*05:01~DQB1*02:01 (22.5%) followed
by HLA-A*02~B*50~DRB1"07~DQA1%02:01~DQB1702:02
and  HLA-A*02~B*51~DRB1*11~DQA1*05:05~DQB1*

TaBLE 1: The HLA-A, -B, and -DRBI allele frequencies observed in
the Albanian pediatric celiac disease patients from Kosovo (N = 60)
with statistically significant differences in comparison to healthy
individuals in the control group (N = 124).

Patients Control group
(N =60) (N =124)
n AF n AF p

HLA-A"
01 32 0.2667 26 0.1048 <0.0001
02 26 0.2167 81 0.3266 0.0312
HLA-B*
08 35 0.2917 14 0.0565 <0.0001
35 4 0.0333 31 0.1250 0.0093
50 7 0.0583 1 0.0040 0.0012
HLA-DRB1*
03 46 0.3833 18 0.0726 <0.0001
07 21 0.1750 17 0.0685 0.0023
11 16 0.1333 55 0.2218 0.0460
13 6 0.0500 36 0.1452 0.0102
16 7 0.0583 34 0.1371 0.0289

Legend (alphabetic order): AF = allele frequency; N = number of tested
individuals; n = number of allelic group occurrence.

TaBLE 2: The HLA-DQA1 and -DQBI1 allele frequencies observed in
the Albanian pediatric celiac disease patients from Kosovo (N = 60)
with statistically significant differences in comparison to healthy
individuals in the control group (N = 124).

Patients Control group
(N =60) (N =124)
n AF n AF P

HLA-DQA1*
01:02 16 0.1333 66 0.2661 0.0049
02:01 21 0.1750 17 0.0685 0.0023
05:01 48 0.4000 19 0.0766 <0.0001
05:05 16 0.1333 62 0.2500 0.0115
HLA-DQB1*
02:01 48 0.4000 18 0.0726 <0.0001
02:02 22 0.1833 19 0.0766 0.0020
03:01 17 0.1417 66 0.2661 0.0084
05:02 8 0.0667 36 0.1452 0.0341

Legend (alphabetic order): AF = allele frequency; N = number of tested
individuals; n = number of allele occurrence.

03:01 with a frequency of 4.1%, each. When comparing the
CD patients’ haplotype frequency results to the frequencies
of 156 different five-locus haplotypes observed in the
control group (Table 3), a statistically significant difference
was calculated for the HLA-A*01~B*08~DRB1*03~DQA1*
05:01~DQB1%02:01 (P<0.0001) and HLA-A*02~B*
50~DRB1*07~DQA1702:01~DQB1*02:02 (P=0.0311)
haplotypes, both more frequent among CD patients. Also,
the HLA-A*68~B*44~DRB1*07~DQA1*02:01~DQB1*02:02
haplotype was observed with a high frequency (3.3%) among
the CD patient group, which resulted in a significant
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TaBLE 3: The HLA-A~B~DRB1~DQA1~DQB1 haplotypes with >2 number of haplotype copies in the Albanian pediatric celiac disease
patients from Kosovo (N = 60) and compared with the frequencies of those haplotypes in the control group (N = 124).

Haplotype HLA Patients (N = 60) Control group (N = 124)
A*~B*~DRB1*~DQA1*~DQB1* n HF n HF P
01~08~03~05:01~02:01 27.0 0.2250 7.0 0.0282 <0.0001
02~50~07~02:01~02:02 5.0 0.0416 1.0 0.0041 0.0311
02~51~11~05:05~03:01 5.0 0.0416 6.0 0.0242 0.3619
68~44~07~02:01~02:02 4.0 0.0334 0 0 0.0049
24~07~15~01:02~06:02 3.0 0.0250 3.0 0.0121 0.3699
23~18~11~05:05~03:01 3.0 0.0250 0 0 0.0755
68~40~03~05:01~02:01 2.0 0.0167 1.0 0.0041 0.2443
02~13~07~02:01~02:02 2.0 0.0167 1.0 0.0041 0.2443
02~08~03~05:01~02:01 2.0 0.0167 1.0 0.0041 0.2443
03~44~07~02:01~02:02 2.0 0.0167 1.0 0.0041 0.2443
24~08~03~05:01~02:01 2.0 0.0167 0 0 0.1303
32~08~03~05:01~02:01 2.0 0.0167 1.0 0.0041 0.2443
03~38~13~01:03~06:03 2.0 0.0167 3.0 0.0121 0.7237
29~27~11~05:01~02:01 2.0 0.0167 1.0 0.0041 0.2443
23~44~07~02:01~02:02 2.0 0.0167 6.0 0.0242 0.6444
03~07~03~05:01~02:01 2.0 0.0167 0 0 0.1303

Legend (alphabetic order): HF = haplotype frequency; N = number of tested individuals; # = number of observed haplotypes.

difference (P =0.0049) due to a 0% frequency of this haplo-
type in the control group.

3.3. Frequencies of CD-Predisposing HLA-DQ Haplotypes and
Genotypes. The presence of the HLA-DQ2 and/or HLA-DQ8
heterodimers was detected in 57/60 (95.0%) CD patients and
in 50/124 (40.3%) control subjects. The detailed CD-
predisposing HLA-DQ haplotype and genotype distribution
among CD patients and a comparison with the frequency
of those haplotypes/genotypes in the control group is pre-
sented in Table 4. The most frequent CD-predisposing
HLA-DQ haplotypes found in patients were HLA-DQ2.5
(cis and trans conformation) and HLA-DQ2.2 with a fre-
quency of 46.7% and 11.6%, respectively. Consequently,
the most prevalent genotype among CD patients was
HLA-DQ2.5/DQX with a frequency of 58.3%, followed by
the HLA-DQ2.5/DQ2.2 genotype with a frequency of
20.0%. When compared with the control group, both geno-
types show a statistically significantly higher frequency
among CD patients (P <0.0001 and P =0.0005, respec-
tively). Three patients were homozygous for HLA-DQ2.5
(having a genotype positive for two copies of the HLA-
DQ2.5 heterodimer), with no presence of this genotype in
controls. The frequency of the HLA-DQ8 haplotype among
CD patients is low (4.2%), and there is no significant differ-
ence compared to the control group (8.1%). Looking at the
HLA-DQ8-related genotypes, 3 (5.0%) CD patients and 1
(0.8%) individual from the control group carried HLA-
DQ8/DQ2.5, while 2 (3.3%) CD patients, but as many as
17 (13.7%) individuals from the control group, carried the
HLA-DQ8/DQX genotype (P =0.0459). Only one individ-
ual in the control group had the HLA-DQ8 genotype alone
(DQ8/DQ8). Three CD patients who are not carriers of any
of the susceptible variants (HLA-DQ2.5, HLA-DQ2.2, or

HLA-DQ8) had the HLA-DQ7/DQ7, HLA-DQ7/DQ5,
and HLA-DQ5/DQ6 genotypes.

4. Discussion

A strong association between the CD and HLA-DQ allelic
groups encoding for HLA-DQ2 and HLA-DQ8 heterodimers
is well-described, and these specific HLA heterodimers are
usually seen in more than 90.0% of the patients with CD
[17]. However, due to the huge polymorphism of the HLA
system and the different HLA risk levels of CD among popu-
lations [18], it is important to perform the analysis in each
specific population separately. This is the first analysis of
the HLA-A, -B, -DRBI, -DQA1, and -DQBI allele frequen-
cies and the HLA-DQ2 and HLA-DQ8 heterodimer frequen-
cies in 60 Albanian children from Kosovo diagnosed with
CD. The limitation of the study is the small sample size,
although the post hoc sample size calculation showed that
the number of 60 CD patients was enough for the obtained
results with a confidence interval of 85%.

The analysis of the HLA-A, -B, -DRB1, and -DQ frequen-
cies among CD patients and compared to the control group
revealed a pronounced increase of the HLA-A*01, -B*08,
-B*50, -DRB1703, -DRB1707, -DQA1702:01, -DQA1705:01,
-DQB1*02:01, and DQB1%02:02 alleles. On the other hand,
HLA-A*02, -B*35, -DRBI1*11, -DRB1*13, -DRBI1*l16,
-DQA17*01, DQB1*05, and -DQB1*03:01 were significantly
less present among CD patients than in controls. The higher
frequency of these HLA alleles among CD patients is also
reflected in the haplotype frequency. The top-ranked
haplotype observed with a high frequency of 22.5% was the
ancestral AH 8.1 haplotype (HLA-A*01~B*08~DRBI*
03~DQA1%05:01~DQB1%02:01), which was by contrast pres-
ent in 2.8% of controls. These results are in concordance with
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TaBLE 4: The frequency of celiac disease-predisposing HLA-DQ haplotypes and genotypes detected among Albanian pediatric celiac disease

patients from Kosovo (N = 60) and the control group (N = 124).

Patients (N = 60)

Control group (N = 124)

HLA-DQ haplotypes n (%)
Susceptible haplotypes
DQ2.5¢is 48 (40.01)
DQ2.5trans 8 (6.66)
DQ8 5 (4.17)
Fractional susceptible haplotypes
DQ2.2 14 (11.66)
DQ2.3 0
DQ7 17 (14.16)
Nonsusceptible haplotypes
DQ4 1 (0.83)
DQ5 15 (12.50)
DQ6 12 (10.00)
DQ9 0
HLA-DQ genotypes
DQ2 and/or DQ8 positive 57 (95.00)
Dual-dosage susceptible genotypes
DQ2.5/DQ2.2 12 (20.00)
DQ2.5/DQ2.5 3 (5.00)
DQ2.2/DQ2.2 0
DQ8/DQ2.5 3 (5.00)
DQ8/DQ2.2 0
DQ8/DQ8 0
Sole-dosage susceptible genotypes
DQ2.5/DQX 35 (58.33)
DQ2.2/DQX 2(3.33)
DQ8/DQX 2(3.33)
DQ2 and/or DQ8 negative 3 (5.00)

n (%) P
19 (7.66) <0.0001
3 (1.20) 0.0088
20 (8.06) 0.1712
14 (6.45) 0.0631
1(0.41) 0.8170
67 (27.01) 0.0068
6 (2.41) 0.3191
68 (27.41) 0.0017
48 (19.35) 0.0252
2 (0.80) 0.5650
50 (40.32) <0.0001
2 (1.61) 0.0005
0 0.0738
2 (1.61) 0.5616
1(0.81) 0.1091
0 n/a
1(0.81) 0.8144
19 (15.32) <0.0001
8 (6.45) 0.3902
17 (13.71) 0.0459
74 (59.68) <0.0001

Legend (alphabetic order): DQ2.5 = HLA-DQA1*05~DQB1*02 (HLA-DRB1*03); DQ8 = HLA-DQA1*03~DQB1*03:02 (HLA-DRB1*04); DQ2.2 = HLA-
DQA1*02~DQB1*02 (HLA-DRB1*07); DQ2.3 = HLA-DQA1*03~DQB1*02 (HLA-DRB1*04/*09/*11); DQ7 = HLA-DQB1*03:01 (HLA-DRB1*11/*12/X);
DQ4, DQ5, DQ6, and DQY were assigned if HLA-DQB1*04, HLA-DQB1*05, HLA-DQB1*06, and HLA-DQB1*03:03 alleles were present; DQX = presence
of any other HLA-DQBI allele than HLA-DQ2 and/or HLA-DQ8; N = number of tested individuals; # = number of HLA-DQ haplotype/genotype

occurrence; n/a = not applicable (due to n = 0).

results showing that DQ2 is an absolute requirement for
the development of CD, but the presence of the well-
known ancestral haplotype AH 8.1 and additional genetic
factors in the HLA class I region induce an increased risk
of CD [19-22].

What is also interesting are the two HLA alleles with a
surprisingly high frequency in the CD patient group: HLA-
B*50 and HLA-DRB1*07, with frequencies that were more
than four times higher and three times higher in comparison
to controls, respectively. Consequently, the second most
frequent five-locus haplotype observed in our CD patients
was HLA-A*02~B*50~DRB1*07~DQA1702:01~DQB1*02:02.
This haplotype has not been previously reported as a haplo-
type associated with CD, and it is mostly associated with a
probable Euro-Asiatic origin, having been reported in Mon-
golians (HF: 3.2%), in the Chaouya population from
Morocco (HF: 2.9%), Turks and Kurds (HF: 1.3%), Spaniards
(HF: 1.2%), and Italians (HF: 0.5%) [23-25]. The second

uncommon and unexpectedly frequent haplotype, ranked
fourth among our CD patients, was HLA-A*68~B*
44~DRB1*07~DQA1%02:01~DQB1*02:02. This haplotype
was not observed in the control group, and this five-locus
haplotype has not been reported in any European population
so far, but only in the Sri Lanka Colombo population with a
frequency of 7.0% [26].

These results raise new questions: what is the distribution
of this five-locus HLA haplotype in other neighboring popu-
lations as well as in other populations of European origin?
Furthermore, is the presence of this haplotype specific just
for Albanian CD patients from Kosovo, or is this haplotype
present among CD patients from other countries?.

The results of this research revealed that 95.0% of the
Albanian pediatric CD patients from Kosovo were HLA-
DQ2- and/or HLA-DQ8-positive compared to the 40.3% of
positive individuals in the control group. The given results
are similar to those reported from other studies, and at the



same time they confirm the variability of HLA-DQ2 and
HLA-DQ8 heterodimer frequencies among CD patients
from different populations. One large European collaborative
study comprising 1008 CD patients from Finland, France,
Italy, Norway, Sweden, and the UK showed that HLA-DQ2
and HLA-DQ8 heterodimer frequencies were higher in the
Northern European population (Finland—96.0%, Norway +
Sweden—96.6%, UK—95.7%) than in the Southern Euro-
pean population (France—93.4% and Italy—89.5%) [27].
Since Kosovo is situated in Southeastern Europe, our result
of 95.0% DQ2- and DQ8-positive patients is in concor-
dance with this observation. Furthermore, our results are
very similar to results from Greece where a single centre
study found that 95.8% of pediatric CD patients were
HLA-DQ2- and/or HLA-DQS8-positive in comparison to
32.5% of healthy individuals [28]. On the other hand, a
study from Croatia reports a much higher frequency
(98.0%) of patients with CD who were carriers of HLA-
DQ2 and HLA-DQ8 heterodimers [29].

Epidemiological HLA studies have shown that the
HLA-DQ gene dose has a strong quantitative effect on
the magnitude of gluten-specific T cell responses, and
these individuals have the highest risk of developing CD
[10]. In the present study, 18 (30.0%) patients had a dual
dosage of HLA-DQ-susceptible genotypes; 12 were HLA-
DQ2.5/2.2 heterozygous, 3 HLA-DQ2.5 homozygous, and
3 were HLA-DQ2/DQ8 heterozygous. The majority of
HLA-DQ2-positive patients were found to be homozygous
or heterozygous for the HLA-DRB1*03~DQA1*05:01~
DQB1%02:01 haplotype (HLA-DR3~DQ2), so the likelihood
of HLA-DQ2 positivity (91.6%) is in line with reports from
the European populations (90.0-95.0%) [18, 23]. Interest-
ingly, the incidence of the HLA-DQS8 heterodimer (4.2%)
alone, in double dose or in combination with other heterodi-
mers, was lower in our CD cases than in controls, but with no
statistically significant difference. Those result are in line with
the studies from different European populations reporting
the incidence of the HLA-DQ8 heterodimer among CD
patients from 2.8% to 7.9% [27, 29, 30], although there are
also studies reporting much higher HLA-DQ8 heterodimer
frequencies, even up to 25.0% [28, 31].

In our cohort, 5.0% (3/60) of CD patients were HLA-
DQ2- and/or HLA-DQ8-negative, which is comparable to
the data originating from different countries reporting the
percentage of HLA-DQ2/DQ8-negative CD patients between
0 and 10.0% [27, 29, 30, 32]. Two out of three HLA-
DQ2/DQ8-negative CD patients were positive for the
DQA1 part of the DQ2 heterodimer, carrying the HLA-
DRB1*11~DQA1%*05:05~DQB1*03:01 haplotype. The third
patient was negative for all CD-predisposing DQ alleles
(HLA haplotypes: HLA-DRB1*13~DQA1%01:03~DQB1*
06:03 and HLA-DRB1*15~DQA1%*01:02~DQB1%05:02),
with positive serology and partial villous atrophy who
responded to a gluten-free diet.

In conclusion, this study supports the idea that possibly,
in addition to the well-known association of CD with HLA
class II alleles, extended HLA haplotypes might be consid-
ered as a potential genetic risk factor. The given results also
provide population data of Albanian CD patients from
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Kosovo and support the importance of HLA-DQ2 and
HLA-DQ8 heterodimers in the development of CD.
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