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Abstract

BACKGROUND

Wheat and other gluten-containing grains are widely consumed, providing
approximately 50% of the caloric intake in both industrialised and developing
countries. The widespread diffusion of gluten-containing diets has rapidly led to a
sharp increase in celiac disease prevalence. This condition was thought to be very
rare outside Europe and relatively ignored by health professionals and the global
media. However, in recent years, the discovery of important diagnostic and
pathogenic milestones has led to the emergence of celiac disease (CD) from
obscurity to global prominence. These modifications have prompted experts
worldwide to identify effective strategies for the diagnosis and follow-up of CD.
Different scientific societies, mainly from Europe and America, have proposed
guidelines based on CD's most recent evidence.

AIM
To identify the most recent scientific guidelines on CD, aiming to find and
critically analyse the main differences.

METHODS

We performed a database search on PubMed selecting papers published between
January 2010 and January 2021 in the English language. PubMed was lastly
accessed on 1 March 2021.

RESULTS

We distinguished guidelines from 7 different scientific societies whose reputation
is worldwide recognized and representative of the clinical practice in different
geographical regions. Differences were noted in the possibility of a no-biopsy
diagnosis, HLA testing, follow-up protocols, and procedures.

CONCLUSION
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We found a relatively high concordance between the guidelines for CD. Important
modifications have occurred in the last years, especially about the possibility of a
no-biopsy diagnosis in children. Other modifications are expected in the next
future and will probably involve the extension of the non-invasive diagnosis to
the adult population and the follow-up modalities.

Key Words: Celiac disease; Gluten; Gluten-free diet; Gluten sensitivity; Clinical guide-
lines; Non-invasive diagnosis; Histopathological findings; Serological markers; Genetics

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Once considered a rare condition, celiac disease (CD) is becoming a
significant health issue globally. An increasing number of studies have investigated
this condition. International scientific societies have proposed guidelines for the
management of CD to translate this evidence into clinical practice. In this review, we
critically analyse both the converging and diverging points in the current clinical
guidelines of CD, focusing on the diagnostic aspects and follow-up procedures.

Citation: Raiteri A, Granito A, Giamperoli A, Catenaro T, Negrini G, Tovoli F. Current
guidelines for the management of celiac disease: A systematic review with comparative
analysis. World J Gastroenterol 2022; 28(1): 154-175

URL: https://www.wjgnet.com/1007-9327/full/v28/i1/154.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i1.154

INTRODUCTION

Celiac disease (CD) is an immune-mediated reaction to gluten characterised by an
inflammatory injury to the small bowel in genetically predisposed subjects as a result
of an inappropriate T cell-mediated immune response[1].The epidemiology of CD is
well known, with an estimated worldwide prevalence of 0.6%-1% of the general
population[2]. However, CD remains largely underdiagnosed in developing countries
and has a higher impact on children[3,4]. Simultaneously, the misdiagnosis of CD is
becoming an emergent problem worldwide[5].

An evidence-based approach is needed to optimise diagnostic accuracy to avoid life-
threatening complications (including small bowel carcinoma and lymphoma)[6]
resulting from unrecognised CD on the one hand, and unnecessary cost burden and
impact on the quality of life due to incorrect prescription of a life-long gluten-free diet
(GFD) on the other hand.

Simultaneously, follow-up of patients with CD who are on a GFD is of critical
importance to assess the responsiveness to the GFD, detect complicated CD, find
associated autoimmune diseases, and identify metabolic alterations induced by the
GFD[7].

Thus, an increasing number of scientific societies have proposed guidelines for
diagnosing and managing CD. In our systematic review, we identified the most recent
and significant national and international guidelines and compared their recommend-
ations. We also underlined the most apparent differences among these guidelines to
identify ‘hot topics” on CD and possible future developments.

MATERIALS AND METHODS

The primary aim of this review was to identify the most recent national and interna-
tional guidelines for CD by means of a systematic review and to compare their main
recommendations.

We performed a database search on PubMed and selected papers published
between January 2010 and January 2021 in the English language. PubMed was last
accessed on 1 March 2021. The following keywords and terms were used: (1) Coeliac
Diseaseor Celiac Disease; (2) Guideline; and (3) Management. The following string was
used: (("coeliac disease"[All Fields] OR "celiac disease"[MeSH Terms] OR ("celiac"[All
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Fields] AND "disease"[All Fields]) OR "celiac disease"[All Fields] OR ("coeliac
disease"[All Fields] OR "celiac disease"[MeSH Terms] OR ("celiac"[All Fields] AND
"disease"[All Fields]) OR "celiac disease"[All Fields])) AND ("guideline"[Publication
Type] OR "guidelines as topic"[MeSH Terms] OR "guideline"[All Fields] OR ("ma-
nage"[All Fields] OR "managed"[All Fields] OR "managements"[All Fields] OR
"managements"[All Fields] OR "manager"[All Fields] OR "manager s"[All Fields] OR
"managers"[All Fields] OR "manages"[All Fields] OR "managing"[All Fields] OR
"management"[All Fields] OR "organization and administration"[MeSH Terms] OR
("organization"[All Fields] AND "administration"[All Fields]) OR "organization and
administration"[All Fields] OR "management"[All Fields] OR "disease manage-
ment"[MeSH Terms] OR ("disease"[All Fields] AND "management"[All Fields]) OR
"disease management"[All Fields]))).

A total of 415 papers were identified with no duplicates, and, as a first step, no
papers were excluded for other reasons (PRISMA flow diagram reported in Figure 1).
However, twenty-one records were unavailable, leaving 396 papers for further
evaluation. As a second step, we excluded papers that were not pertinent to any of the
following criteria: (1) Clinical guidelines related to diagnosis and management of CD;
and (2) Clinical guidelines published by governmental agencies and scientific associ-
ations. We included only the last version of the guidelines, excluding the previous
updated versions.

According to the selection criteria, out of the 396 results of PubMed research
assessed for eligibility, seven guidelines were finally included in this analysis. These
guidelines strictly focus on the diagnosis and management of CD. These papers are
presented in order of publication (newest to oldest): (1) European Society Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN) 2020[8]; (2) European
Society for the Study of Coeliac Disease (ECD) 2019[9]; (3) World Gastroenterology
Organization (WGO) 2017[10]; (4) Central Research Institute of Gastroenterology,
Russia, 2016[11]; (5) National Institute for Health and Care Excellence (NICE), 2015
[12]; (6) British Society of Gastroenterology (BSG), 2014[13]; and (7) America College of
Gastroenterology (ACG), 2013[14].

The recommendations provided by each selected guideline were systematically
explored and classified into five categories: patients to be tested for CD, diagnostic
tests (serology, duodenal biopsy, genetic test, no-biopsy diagnosis), potential/
silent/seronegative CD, refractory/complicated CD, and follow-up. These categories
represent the most discussed topics of CD.

The results are reported in different paragraphs, containing both a brief intro-
duction to the specific topic (with references derived from the supporting evidence
used by the guidelines and other relevant papers according to a narrative approach)
and a comparative analysis of the guidelines” recommendations (collected using a
strictly systematic approach).

RESULTS

Clinical presentation and risk factors: who should be tested for CD?

CD is a diagnostic challenge as it may develop at any age (even in older adults) and
with a polymorphic clinical presentation[15]. The clinical spectrum of CD includes
both symptomatic and silent forms revealed only by serological screening[16,17]. CD-
related symptoms can be both intestinal and extraintestinal, reflecting the systemic
nature of the disease. These manifestations are classified as ‘classical” and ‘non-
classical” according to the historical presentation of first described cases. Table 1
reports the main manifestations of CD according to their categorization[1,17-26].

Some guidelines draw specific attention to some extraintestinal symptoms
(Figure 2). In particular, the ESsCD 2019 guidelines focus on oral-dental and neuropsy-
chiatric manifestations[9]. CD testing is advised in cases of dental enamel defects and
recurrent oral aphthae. Special attention to neurological manifestations has also been
drawn by the Russian Central Research Institute of Gastroenterology[11]. These
guidelines also focus on reproductive disorders, such as delayed sexual development,
amenorrhea, infertility, and miscarriage[11].

Despite these premises, all the guidelines agree on testing for CD in children,
adolescents, and adults showing classical and non-classical symptoms of CD[7-13].
There is also a consensus on considering iron-deficiency anaemia and hypertransam-
inasemia as the most common laboratory abnormalities[8-14].
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Table 1 Most frequent clinical manifestions of celiac disease

Extraintestinal

Classical

Non classical

Iron deficiency anaemia

Failure to thrive Muscle waisting

Weight loss Oedema

Chronic abdominal pain Short stature
Abdominal distension Delayed puberty
Constipation Amenorrhea

Irritability, unhappiness
Chronic fatigue

Epilepsy

Peripheral neuropathy
Joint/muscle pain

Elevated aminotransferases
Aphtous stomatitis
Recurrent miscarriages

Reduced bone mineral density

Jaishideng®

The high-risk group of patients did not change over time. These groups include
first-degree relatives of patients with CD, patients with autoimmune conditions (such
as type 1 diabetes mellitus and thyroid diseases) or genetic disorders such as IgA
deficiency, Down syndrome, Turner syndrome, and Williams-Beuren syndrome[8-14].

Diagnosis.
There is no ‘gold standard’ for the diagnosis of CD. Clinical features, serology, or
histology alone cannot provide a definitive diagnosis. Instead, the final diagnosis of
CD relies on a combination of these elements. All the guidelines agree on a sequential
approach to diagnosis, consisting of serology as a first-line test in high-risk patients,
followed by duodenal biopsy in cases of positive serology or persistent suspicion of
malabsorption (Figure 3). A positive serology paired with evidence of duodenal
villous atrophy indicate a definite CD diagnosis, whereas cases with discordant
findings should undergo HLA testing. All the guidelines also agree that patients with
dis-cordance between serology, histology, and HLA DQ2/DQ8 positivity should be
evaluated on a patient-by-patient basis in expert centres. The so-called ‘four-out-of-
five rule” has long been advocated as a standard of care[27]. According to this rule,
four of the following criteria are sufficient to establish CD diagnosis: (1) Typical signs
and symptoms (diarrhoea and malabsorption), (2) Antibody positivity, (3) HLA-DQ2
or HLA-DQS8 positivity, (4) Intestinal damage (i.e., villous atrophy and minor lesions);
and (5) Clinical response to GFD. This rule also helps physicians to identify various
subtypes of CD, that is, non-classic CD (absence of point 1), seronegative CD (absence
of point 2), potential CD (absence of point 4), and non-responsive CD (absence of point
5). However, the ‘four-out-of-five rule’ is yet to be recognised by any guideline.

We will report the guidelines’ detailed suggestions for obtaining key diagnostic
elements from serology, histology, and genetic testing in the following paragraphs.

Serology

All diagnostic serological testing should be performed in patients on a gluten-
containing diet[28]. Serum immunoglobulin A(IgA) anti-tissue transglutaminase
antibody (anti-tTG-IgA) is widely accepted as the most sensitive test for CD diagnosis,
although it suffers from low specificity, especially at low titres[29-33]. In contrast, IgA
anti-endomysial antibodies (EMA-IgA) are nearly 100% specific for CD but are less
sensitive, more expensive, and more operator-dependent than anti-tTG-IgA. There-
fore, these characteristics make EMA-IgA an ideal second-line test[34]. The diagnostic
performance of both anti-tTG-IgA and EMA-IgA is limited in patients with concurrent
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Figure 1 PRISMA flow diagram.
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IgA deficiency. Antibodies to deamidated gliadin peptides (DGP) of the IgG class are
advantageous in this setting and for younger children[35,36]. Even with the most
recent advancements in CD serology, up to 2% of patients with CD have no circulating
markers of gluten sensitivity, defining a condition of seronegative CD[37].

Currently, the guidelines are concordant and suggest anti-tTG-IgA as the initial
serological test, complemented by a determination of total IgA levels to rule out
concurrent IgA deficiency (Figure 4)[8-14]. This initial approach was suggested for
both children and adults. TheACG2013 guidelines suggest a combination of different
IgA and IgG antibodies in children younger than two years of age (for instance, anti-
tTG IgA and DGP-IgG)[14]. This approach is still accepted only by the WGO2017
guidelines[10]. The remaining guidelines advise against this strategy, as a combination
of antibodies implies a higher sensitivity at the expense of a reduced specificity, often
leading to the necessity of histological confirmation. This scenario represents an
obstacle in the pursuit of a no-biopsy approach in children, for whom the anti-tTG-IgA
+ total IgA strategy fits better[8]. Alternatively, DGP-IgG (together with anti-tTG-IgG)
maintained the unanimous recommendation as the test of choice in patients with IgA
deficiency[8-14].

Further, EMA-IgA is considered a confirmatory test, particularly when TG2 has a
low titre, i.e., < 2x the upper normal limit (UNL)[9,10,12]. A positive result is also
required for a no-biopsy CD diagnosis in children with anti-tTG IgA > 10x[8].
However, the use of paired anti-tTG and EMA-IgA as the first diagnostic test is not
supported by any guideline.

Currently, all of the guidelines strongly discourage urine, stool, and saliva tests in
clinical practice due to their low-performances[8-14] and the consequent risk of
initiating a GFD without a firm diagnosis, impacting the final diagnosis[13].

Biopsy
For a long time considered the ‘gold standard” for diagnosing CD (ambiguously
suggesting that other tests were of lesser importance), duodenal biopsies remain the
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Recommendations

Change over time

In children, classical symptoms of malabsorption are
more specific. Some non-classical symptoms are more
specific than others (including iron deficiency
anaemia, diarrhoea IBS-like, chronic constipation, and
enamel defects)

No major changes over time

such as Down syndrome, Turner syndrome, Williams-
Beuren syndrome and IgA deficiency

In adults, sensitivity and specificity of classical and (Y 4 (X 4 (14 (Y4 (Y4 No major changes over time
non-classical symptoms are moderate. Testing for CD .‘.’ Q’.’ -~ ".0 .’ >

among individuals with only subtle and non-classical g - S d L J

symptoms is advised

Consider testing for CD in high-risk groups such as CD No major changes over time
first-degree relatives, patients with autoimmune P

conditions such as type 1 Diabetes Mellitus, thyroid .”0 .0’: .0’: .0’:

disease, liver disease, patients with genetic conditions A /‘ 4 A

European Society Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) 2020 (8).

%’ European Society for the Study of Coeliac Disease (ECD) 2019 (9).

World Gastroenterology Organization (WGO) 2017 (10).

)
y.' Central Research Institute of Gastroenterology, Russia, 2016 (11).
-

y'.: National Institute for Health and Care Excellence (NICE), 2015 (12).
e

y:.: British Society of Gastroenterology (BSG), 2014 (13).

(14
%’ America College of Gastroenterology (ACG), 2013 (14).

Figure 2 Recommendations about case finding.
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mainstay of CD diagnosis, and all guidelines unanimously recognise this role. The
presence of positive histology, however, was not considered CD-specific. Thus,
clinical, and serological correlations are mandatory (Figure 5) [8-14].

Duodenal biopsies should be obtained from all patients with suspected CD. In high-
risk symptomatic patients, duodenal biopsies should be performed irrespective of
serology results for CD[9,13,14]. Some authors also suggested that duodenal biopsies
should be considered in any individual undergoing endoscopy because of the
relatively high prevalence of CD in the general population and its polymorphic
presentation[13].

Histology samples should be collected from multiple sites, given the possible patchy
distribution of CD lesions. Current evidence suggests collecting four biopsies from the
second duodenal portion and two biopsies from the bulb[38]. Biopsy sample
orientation using cellulose acetate Millipore filters is of paramount importance to
avoid artefacts, potentially leading to a false diagnosis of villous atrophy[39].

The histological findings are currently categorised according to the classification
proposed by Marsh and subsequently modified by Oberhuber[40]. Pathology findings
are reported as Marsh-Oberhuber 0 (normal histology), 1, 2, or 3 (subdivided into 3a,
3b, and 3c).

An increase in intraepithelial lymphocytes (IELs) without villous atrophy defines
Marsh 1 Lesion. In most cases, Marsh 1 Lesions (also called minimal lesions) are attrib-
utable to other causes, including lymphocytic colitis, bacterial and parasitic intestinal
infections (especially Helicobacter pylori and Giardia lamblia), small intestinal bacterial
overgrowth, Crohn’s disease, common variable immunodeficiency, and non-steroidal
anti-inflammatory drugs[41]. While a Marsh 1 Lesion is not considered sufficient to
diagnose CD, the BSG 2014 guidelines state that minimal lesions combined with
positive serology could represent a probable CD. A trial with a GFD could be
considered to support the diagnosis of CD[13]. When the increase in IELs is paired
with hyperplasia of the duodenal crypts, the lesion is classified as Marsh 2.
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High suspect = Classical or Non-Classical
but frequent presentation or Non-

Low suspect = Non-Classical and
infrequent presentation

Classical presentation but high-risk group

Clinical diagnosis: Serology and
histology unavailable

Serological tests available
in my country?

No possible diagnosis: Review
alternative diagnosis

Endoscopy is possible and
a trained pathologist is
available in my country?

Incomplete diagnosis: Positive
serology but histology unavailable Complete diagnosis: Positive
serology; Positive histology

Figure 3 Worldwide adapted decision-making process for diagnosing celiac disease. Highly suspicious celiac disease (CD) comprises “classical
presentation” (i.e., classical symptoms in children include failure to thrive, weight loss, growth failure, vomiting, chronic diarrhea, bloating, Iron-deficiency anemia,
muscle wasting, oedema due to hypoproteinemia, irritability and unhappiness; in adults, classical symptoms include chronic diarrhea, weight loss, iron-deficiency
anemia, malaise and fatigue, oedema due to hypoproteinemia, and osteoporosis), frequent “non-classical presentation” (i.e., iron deficiency and
hypertransaminasemia) and “non-classical presentation” but high risk group (i.e., CD first-degree relatives, autoimmune conditions such as type 1 Diabetes Mellitus,
and thyroid disease, genetic conditions such as IgA deficiency, Down syndrome, Turner syndrome and Williams-Beuren syndrome).
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Conversely, increased IELs in combination with villous atrophy define the typical CD
lesion (Marsh 3), subclassified as mild (3a), moderate (3b), or subtotal (3c)[40]. Some
authors proposed a simplified histopathological grading, reducing the possible grades
from five to three, thus reducing the possible inter-operator variability in the
histological interpretation[42].This simplified classification is yet to be adopted by the
international guidelines, which currently recommend the Marsh-Oberhuber classi-
fication[8-14].

At present, there is no alternative to duodenal biopsy for examining mucosal
damage[8-14]. For instance, in children, video-capsule endoscopy (VCE) gives no
indications[8], although in adults, VCE could support the diagnosis in cases of
discordance between serology and biopsy[13] or if the patient is unwilling or unable to
undergo traditional endoscopy[14]. VCE could also play a role in detecting CD
complications (i.e.,, lymphoma, adenocarcinoma, ulcerative jejunitis)[9] and in helping
to differentiate extended diseases (e.g., CD vs proximal Crohn’s disease)[11]. Anti-actin
IgA antibodies have been shown to be predictive of severe villous atrophy in CD
patients at the time of diagnosis[43]. Theoretically, they may also provide indirect
information about villous recovery following the introduction of the GFD; however,
data are still lacking in this setting. The available information about faecal and salivary
microbiome, at present, is not sufficient to allow a reliable conclusion for the diagnosis
of CD[44,45]. Intestinal fatty-acid binding protein (I-FABP) are higher in dietary non-
adherence and unintentional gluten intake and could be used as a sensible blood
marker of mucosal damage[46,47].This exam was first mentioned in the ESsCD
guidelines[9].

A repeated small intestinal biopsy, including biopsies from the jejunum, could be
considered in adults with discordance between histopathology and anti-tTG-IgA
results[13]. In children, re-cutting biopsies and/or a second opinion from an expe-
rienced pathologist is preferred over endoscopic repetition[8].

In adults, a gluten challenge should be proposed for patients with uncertain CD
diagnosis, who have been started on a GFD[9-14]. In children, gluten challenge is
discouraged before the age of 5 years and during puberty, and in general, it should be
reserved for unusual cases[8].
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European Society Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) 2020 (8).

European Society for the Study of Coeliac Disease (ECD) 2019 (9).

World Gastroenterology Organization (WGO) 2017 (10).

Central Research Institute of Gastroenterology, Russia, 2016 (11).
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British Society of Gastroenterology (BSG), 2014 (13).

America College of Gastroenterology (ACG), 2013 (14).

Figure 4 Recommendations about serology. IgA: Immunoglobulin A; IgG: Immunoglobulin G; DGP: Deamidated gliadin peptides; EMA: Anti-endomysium

antibodies.
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Gluten challenge protocols are not homogeneous. A diet containing at least 10 g of
gluten per day for 6-8 wk seems to be the most effective way to achieve disease
relapse; however, the evidence is weak[28]. In shorter protocols, a diet containing at
least 3 g of gluten per day for at least 2 wk seems to be sufficient for most patients[10,
13,14]. Certainly, a shorter and lighter approach would fit better for highly symp-
tomatic patients. A strategy for optimising the result would be to undergo a serology
test after two weeks and, if negative, to extend the challenge to 8 wk[13].

After reintroducing gluten, physical symptoms should not be used for diagnosis in
the absence of other supportive evidence[8,9,11-14]. A diagnosis based only on the
disappearance of symptoms on GFD and relapse during gluten re-introduction can be
relevant in geographic areas where serology tests are not available, as the only way to
confirm the diagnosis and treat the disease[10].

Human Leukocyte Antigen testing

The strong genetic component of CD is testified by its high familial recurrence and
high disease concordance among monozygotic twins (75%-80%)[48]. The presence of
human leukocyte antigen (HLA) -DQ2/DQ8 is a pathogenic requisite for the
development of the typical immune alterations found in CD. Simultaneously, HLA
DQ2/DQ8 can be found in up to 30%-40% of the general population, so its specificity
is remarkably poor[49]. In contrast, the absence of HLA DQ2/DQ8 virtually excludes
CD diagnosis[48,49].Restricting this observation to the sole HLA DQ2 alleles, a recent
systematic review of the literature confirmed that only 5.06% of patients with CD were
completely lacking the HLA-DQB1*02 allelic variant[50].

Consequently, all the guidelines advise against using HLA testing as a first-line tool
for the diagnosis of CD (Figure 6)[8-14]. They are also concordant in allocating this
resource for: (1) Patients with uncertain diagnosis of CD, already on a GFD; (2)
Patients with a flat intestinal mucosa but negative serology; and (3) In patients already
on a GFD, serology and histology can be inconclusive. In this context, before
embarking on a so-called “gluten-challenge’, it is advisable to verify the presence of
HLA-DQ2/DQ8[8-14].
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Figure 5 Recommendations about serology.

European Society for the Study of Coeliac Disease (ECD) 2019 (9).

Central Research Institute of Gastroenterology, Russia, 2016 (11).

National Institute for Health and Care Excellence (NICE), 2015 (12).

European Society Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) 2020 (8).

HLA tests would be useless for patients with positive serology before a gluten-
challenge because virtually 100% of those patients would be positive. Therefore, HLA
typing is no longer a criterion for the ‘no-biopsy” approach of diagnosis in children
with a TGA-IgA >10x UNL[8]. In patients with positive histology (i.e., villous atrophy,
though occasionally detected on esophagogastroduodenoscopy), and negative or
questionable serology, HLA testing can exclude the diagnosis of CD[9]. In contrast, a
positive result cannot confirm the diagnosis, which should be carefully evaluated on a
patient-by-patient basis in expert centres.

The use of HLA typing in high-risk populations is controversial. HLA-DQ2/DQ8
can be found in more than 50% of first-degree relatives of patients with CD and in
patients with other autoimmune or genetic disorders related to CD[14,49]. Most
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Figure 6 Recommendations about Human Leukocyte Antigen testing.
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guidelines suggest excluding HLA-DQ2/DQ8 in CD first-degree relatives and high-
risk patients, even if asymptomatic, to avoid periodic monitoring[9,10,13,14]. This
strategy can be questioned in terms of resources and costs[10,11,14]. Some authors hav
esuggested screening high-risk patients only if they complain of gastrointestinal or
extraintestinal symptoms or have laboratory abnormalities[11]. In addition, a two-step
genetic screening procedure starting with HLA-DQ B chains has been proposed[51].
Thus, the choice of screening for symptomatic or asymptomatic first-degree relatives
or high-risk patients, with or without a preliminary determination of HLA-type,
remains debated, needing to take local resources and cost-benefit rates into account.

No-biopsy diagnosis

While most guidelines allow a no-biopsy diagnosis in children under strict conditions,
endoscopy with duodenal biopsies is still mandatory to achieve a final diagnosis of CD
in adults[9-14]. As the only exception, the WGO guidelines allow a diagnosis based on
serology and clinical response to the GFD (Figure 7) in developing countries where
endoscopy may not possible or trained pathologists may not be available[10].

The ESPGHAN2012 guidelines endorsed the possibility of a no-biopsy approach in
children for the first time. This possibility was limited to certain conditions, which
included the presence of classic symptoms, with tTG-IgA > 10x UNL, EMA-IgA
positivity, and presence of permissive HLA[8].

This approach was subsequently adopted by a plurality of international guidelines
[9-12]. although, the ACG2013 and BSG 2014 guidelines did not include this approach
[13,14].

The 2020 update of the ESPGHAN guidelines removed classic symptoms, EMA-IgA
positivity, and HLA DQ-2 or DQ-8 as crucial criteria for a diagnosis not based on
biopsy[7]. However, EMA-IgA positivity is not discouraged[8,10]. The increasing
confidence in diagnosing CD without biopsy in children has increased so rapidly that
many recent studies consider tTGA > 10x as a new possible cut-off to further reduce
the need for biopsies[52].
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Figure 7 Recommendations about the possibility of a no-biopsy diagnosis. TGA: Anti-transglutaminase antibodies; IgA: Immunoglobulin A; EMA: Anti-
endomysium antibodies; HLA: Human leukocytes antigen; CD: Celiac disease.
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CD diagnosis without a positive duodenal biopsy has always been discouraged in
adults[9-14]. This choice was not dictated by the reduced reliability of the serological
tests in adults. In fact, large population studies concluded that tTG-IgA>10x could
accurately predict villous atrophy[53]. Rather, other considerations currently prevent
the extension of paediatric criteria into the adult population. First, CD at onset can be
associated with complications. In the case of primary or secondary resistance, or slow
response to the GFD, the absence of baseline histology may make the diagnosis of
complications difficult[9]. Index histology may also predict the risk of future complic-
ations, such as lymphomal[54]. Moreover, endoscopy may help diagnose other
treatable disorders associated with CD, such as eosinophilic esophagitis, autoimmune
gastritis, and lymphocytic gastritis[9].

Both complicated CD and possible differential diagnoses of CD are virtually absent
in children. However, they represent a serious concern in adults, thus justifying
different diagnostic algorithms according to the age of presentation of the first
symptoms.

Potential, silent and seronegative CD

Potential CD is characterised by a positive serology for CD in the absence of mucosal
damage at biopsy[1]. As stated above, Marsh 1 Lesions (i.e., an increased IELs count)
are not suggestive of an active CD but may increase the risk of developing villous
atrophy[41].

It is widely accepted that symptomatic potential CD may benefit from a GFD, and a
direct challenge would be run[8-14]. In adult patients with both positive TGA-IgA and
EMA-IgA CD is likely, and a GFD may be initiated irrespective of symptoms[9]. A
serological response after a period of approximately 12 mo confirms the diagnosis of
CD[9]. In EMA-IgA negativity, HLA-typing may exclude the diagnosis before em-
barking on follow-up[9]. If a follow-up is started, potential CD patients should be
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retested after consuming a gluten-containing diet for 3-6 mo to confirm persistent
seropositivity before referral for a new endoscopy (Figure 8)[9,10].

Silent CD is characterised by the presence of both positive serology and histology
for CD in the absence of classical or non-classical symptoms[1]. It is widely re-
commended to start a GFD in patients with silent CD because it is considered an active
form of the disease[8-14].

Seronegative CD is characterised by the presence of active enteropathy and negative
serology for CD, with no other causes, and with clinical and histological responses to a
GFD[1,37]. In these cases, other causes of enteropathy should be excluded before
embarking on the direct challenge of a GFD[37,55]. HLA-typing can also rule out the
diagnosis of CD in seronegative enteropathies[9,14,37]. Finally, the direct challenge of
a GFD is advised only in patients with seronegative enteropathy, positive HLA typing
with no other causes. A documented histological response after 1-3 years of GFD is
needed to confirm the diagnosis[9,14,37]. No major changes occurred over time in the
management of seronegative CD[9,14].

Refractory and complicated CD

CD can be complicated by a persistent active form of the disease, independent of
gluten intake, known as refractory CD (RCD)[1]. Other rare complications of CD can
be neoplastic. Primarily, enteropathy-associated T-cell lymphoma (EATL) is a rare T-
cell lymphoma associated with untreated CD. EATL has an abysmal prognosis and can
occur primarily at diagnosis or as an evolution of RCD type 2[56]. Duodenal adenocar-
cinoma is possible, albeit less frequent in the CD population[57].

Refractory CD (RCD) is characterised by the persistence or recurrence of symptoms
and signs of malabsorption, with documented villous atrophy, despite a strict GFD for
more than 12 mo and in the absence of other causes[9-14]. No major changes occurred
in this definition over time (Figure 9).

RCD can be primary (refractory at the time of the first diagnosis), or secondary
(occurring after a period of response to the GFD)[1]. The first step in evaluating
suspected RCD is to re-evaluate the initial diagnosis of CD by reviewing biopsies and
serology tests obtained at the time of diagnosis[58]. The most common cause of GFD
failure is inadvertent gluten ingestion[59].Therefore, evaluation by an expert dietitian
should always be included[9,10,13,14]. Other associated or concomitant pathological
conditions should be excluded before RCD diagnosis. These include lactose and
fructose intolerance, small intestinal bacterial overgrowth, microscopic colitis,
pancreatic insufficiency, and inflammatory bowel diseases[59,60]. All guidelines
recommend this strategy[9,10,13,14].

RCD is further classified into type 1 (RCD-1) and type 2 (RCD-2)[1]. T-cell flow
cytometry is the most reliable method for classifying RCDs. Aberrant T cells lose the
normal surface markers CD3 and CD8 with preserved expression of intracytoplasmic
CD3. In RCD-1, the percentage of aberrant T cells is below 20%, whereas in RCD-2,
they represent more than 20% of the total IELs[58]. RCD-2 can be considered a pre-
lymphoma or low-grade lymphomal54]. T-cell receptor (TCR) g chain clonality
analysis lacks sensitivity and specificity, and is of limited value in separating RCD-1
from RCD-2[54]. TCR analysis has been formerly indicated as a criterion for differen-
tiating RCD-1 from RCD-2[11,13,14]. The latest ESsCD guidelines exclude TCR
analysis in the RCD classification[9].

RCD-1 has an extremely high 5-year survival rate (> 90%)[54,59,60]. In RCD-1, the
first-line therapy should be ‘open-capsule” budesonide (OCB), 3 mg, 3 times a day[61].
Budesonide (open capsule or not) has been progressively accepted as the first-line
therapy for RCD-1[9,11,13,14]. In the ACG 2013 guidelines, systemic steroids are
considered the first-line therapy for RCD-1[14]. Second-line treatment for RCD-1
includes immunosuppressive drugs such as steroids (prednisone 0.5-1 mg/kg/day)
and azathioprine (2-2.5 mg/kg/day)[60]. Most guidelines agree with this strategy[9,11,
12]. Systemic steroids can also be considered as first-line treatment while waiting for a
specialist’s advice[12]. Infliximab may be the preferred biological therapy for second-
line treatment of RCD-1[62]. Evidence is still weak, and only one guideline includes
infliximab as an RCD-1 treatment[9].Withdrawing of immunosuppressive therapy
after 2-3 years of complete response may be considered[9,54].

RCD-2 is rarer than RCD-1, has a much higher mortality rate, and treatment is less
well defined. Systemic steroids or open-capsule budesonide should be the first choice
for milder presentations. In severe cases, cytoreductive therapies such as cladribine
and fludarabine or autologous hematopoietic stem cell transplantation should be
chosen[59,60]. Guidelines are mostly aligned with this strategy[9,13,14]. Some gui-
delines also report azathioprine, 6-mercaptopurine, methotrexate, cyclosporine, and
anti-TNF antibodies as possible therapies, but the data are weaker[11,13,14]. Not every
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Figure 8 Recommendations about potential, silent, and seronegative celiac disease. GFD: Gluten-free diet; HLA: Human leukocytes antigen.
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guideline has raised the topic of RCD-2 treatment[10-14].

Transformation to enteropathy-associated T-cell lymphoma (EATL) is likely in
RCD-2[59]. VCE, positron-emission tomography (PET), and magnetic resonance (MR)
enterography can be useful in cases of suspected progression to EATL to assess the
extent of the disease[63]. All guidelines advise the use of these tools in RCD-2 staging
[9-14]. Severe RCD-2 and EATL may require surgery, chemotherapy, or bone marrow
transplantation[64]. The former therapeutic strategies are mostly based on case
reports, and only one guideline extensively discusses them[9].

Follow-up

Since CD is the only autoimmune disease with a known environmental trigger (i.e.,
gluten), a periodical assessment of compliance to a GFD is essential[65]. Poor GFD
compliance is not infrequent, and mucosal damage can persist despite negative
serology and the absence of symptoms[66]. Follow-up is also essential for evaluating
possible complications[54]. Osteoporosis and metabolic complications of GFD should
also be evaluated during follow-up[67-69]. Suggested follow-up schedules are based
on the frequency of complications, risk of GFD non-compliance, and reported quality
of life[70].

Therefore, there is universal agreement on the necessity of long-term monitoring of
patients with CD to assess the compliance and responsiveness to the GFD and allow
early detection of complicated CD (Figure 10)[8-14]. Follow-up evaluations should be
scheduled every 3-6 mo during the first year and then every 1-2 years[9-14]. In
children, follow-up should continue until they reach their final height[9-11,14],
focusing on normal growth and development[9,10,14].

There is disagreement about who should oversee follow-up. While most guidelines
show no preference between primary care physicians, specialists, or dietitians[9-11,13,
14], the NICE 2015 guidelines suggest that dietitians with expertise in CD may be best
suited to carry out an annual follow-up[12]. However, on a general principle, all
guidelines agree that newly diagnosed patients should be referred to a dietitian[9-14].
Some guidelines suggest that nutritionist counselling should coincide with medical
visits during follow-up[10,13]. The inclusion of a dietitian assessment at diagnosis and
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Figure 9 Recommendations about refractory and complicated celiac disease. GFD: Gluten-free diet; TCR: T-cell receptor.
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during follow-up was supported by clinical data[71]. Indeed, nutritional counselling
could also help manage metabolic alterations, which frequently appear during the first
years of the GFD[67].

All guidelines also provide information about the essential information that should
be collected during follow-up evaluations. These evaluations should include a dietary
interview, serology (TTG-IgA if normal IgA), and laboratory tests[9-14]. Laboratory
tests should evaluate the presence of micronutrients malabsorption, including
complete blood count, iron status, folate, vitamin B12, calcium, phosphate, vitamin D,
and should monitor associated autoimmune conditions (thyroid-stimulating hormone
and serum glucose) and liver disorders (aspartate aminotransferase/alanine amino-
transferase)[9-11,13,14]. Normalisation of tTG-IgA levels do not predict full recovery of
villous atrophy. In contrast, persistently positive serology 12 mo after GFD initiation is
a strong indicator of gluten ingestion[72]. All guidelines were aligned with the
interpretation of tTG-IgA levels during follow-up[8-14].

The inability of serology alone to predict mucosal healing automatically leads to
consider the opportunity of repeating duodenal biopsies after the start of the GFD.
While the general agreement is that follow-up biopsies are not mandatory in
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Figure 10 Recommendations about follow-up of celiac disease. TGA: Anti-transglutaminase antibodies; GFD: Gluten-free diet.
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asymptomatic patients on a GFD and without an increased risk of complications[9-
14], the guidelines diverge regarding other points. Many guidelines consider it
reasonable to repeat biopsy after 2 years of GFD to assess mucosal healing[9,11,14].
Other guidelines suggest repeating biopsies only for persistent symptoms or se-
rological abnormalities after 12 mo of GFD[10,12,13]. A growing body of literature
suggests that the risk of a complicated CD is higher in patients >40 years of age at the
time of diagnosis or those with a classical presentation[54]. Some guidelines agree that
repeating biopsies should be of interest in these selected populations[13,14].

Some guidelines also provide suggestions for further examinations to be performed
during follow-up. According to the ECD and Russian guidelines, bone densitometry
should be offered to every patient at the time of diagnosis and should be repeated after
3 years if abnormal, or 5 years if normal[9,11]. Other guidelines suggest performing
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bone densitometry only in patients with a high risk of osteoporosis or those older than
55 years[12,13].

While there is a general agreement in recommending a pneumococcal vaccine[8-10,
12], the WGO2017 guidelines also recommend vaccinations against Haemophilus
influenzae typeB, and Meningococcus, while other guidelines state that these vaccines
have a less clear indication to be given to every patient with CD[9,11-13].

Mood disorders are another common problem in patients with dietary restrictions.
Anxiety, depression, and fatigue may be associated with CD before and after diagnosis
and can affect the quality of life[73]. In this context, most guidelines agree on advising
patients to join CD support groups and associations[9,10,12,13]. Some of them also
suggest that psychological support provided by a specialist may be offered[12,13].

Gluten-free diet

Gluten is a protein with high proline and glutamine content, primarily found in wheat.
Rye and barley belong to the same tribe as wheat and are known to contain gluten. In
contrast, oats are derived from a different tribe and do not contain pure gluten[1].

Uncontaminated oats are safe for almost all patients with CD, but a small
percentage of patients may be sensitive to some oat cultivars[74] and should be
monitored[9,10,12-14]. Some guidelines advise the initiation of a Gluten-free diet
(GFD), excluding oats, and recently introduced them[10,13,14]. The Russian guidelines
(2016)are against oat consumption in patients with CD because of the high risk of
contamination[11]. Even if not stated, oat consumption would be safe in many
countries, though it may be discouraged in developing countries where contamination
could be widespread (Figure 11).

WHO guidelines on ‘Standard for Foods for Special Dietary Use for Persons
Intolerant to Gluten’ state that foods labelled as ‘gluten free’” should contain < 20 parts
per million (ppm) of gluten[75].

Patients should be instructed to avoid contaminating their gluten-free food by using
separate cooking utensils and cooking surfaces[9,10]. At present, shared items can be
safely used if thoroughly cleaned with soap and water between use[9,76].

The duration of breastfeeding and the timing of gluten introduction to the infant
seem to have no impact on the risk of developing CD, even in those at high risk[77].
Therefore, there are no strict indications for gluten introduction in infant diets[9].
Formerly, it was advised to avoid either early or late gluten introduction in children at
risk of CD[13].

Dermatitis herpetiformis (DH) is a bullous cutaneous disease triggered by gluten
consumption like CD[1]. DH and CD often coexist and share the same treatment, GFD
[9,10,13,14]. Interestingly, the ESsCD guidelines suggest that psoriasis could also
benefit from GFD in the case of documented CD serology, even in the absence of
mucosal damage[9].

DISCUSSION

Our comparative analysis of the currently adopted CD guidelines underlined
differences in diagnostic aspects and the management of the follow-up. These
differences mirror some relevant clinical points in both developing and developed
countries.

First, the differences in the diagnostic process of CD are important. The possibility
of a no-biopsy diagnosis has relevant repercussions in developing countries. Most
guidelines are still cautious in this regard, with the WGO2017 guidelines being the
only ones contemplating this possibility in geographical areas with a paucity of
resources. As correctly underlined by these guidelines, some absolute recommend-
ations may not be valid for developing countries where the availability of serology or
endoscopy may be lacking[10]. CD seems to have a non-negligible prevalence in Asia
and sub-Saharan Africa[77,78]. Especially in Russia and Central Asia, the prevalence of
CD is very likely to be underestimated due to poor disease awareness among
physicians and/or patients, limited access to diagnostic resources, inappropriate use
or interpretation of the serological tests, absence of standardised diagnostic and
endoscopic protocols, and insufficient expertise in histopathological interpretation[3].
Specific guidelines are lacking in these geographical areas[79]. In addition, the
incidence of undiagnosed CD in children can be extremely high[80]. Knowing the high
mortality and disability related to untreated CD in childhood, it would be advisable to
develop specific protocols for specific geographical areas.
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Figure 11 Recommendations about the gluten-free diet for celiac disease.
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The no-biopsy approach has been discouraged for a long time, especially in adults
[13,14]. In contrast, most recent guidelines have incorporated the ESPGHAN 2012
recommendations for a no-biopsy approach in children[9,10]. The possibility of an
outright extension of these criteria into the adult population still meets key obstacles.
However, in an era during which the COVID-19 pandemic has caused a staggering
drop in new CD diagnoses even in industrialised countries[81], ESPGHAN released
the advice to lower the TGA-IgA threshold for diagnosing CD without biopsy[52].
Moreover, retrospective data on a possible no-biopsy approach in adults are increasing
[53]. Prospective data will probably lead to the integration of such an approach to
future guidelines over the next decade.

Second, the differences in follow-up recommendations reflect a relatively low
interest in this topic in the past. Arguably, the search for more reliable diagnostic tools
was the right priority in an era characterised by a severe under-diagnosis of CD
.Nowadays, significant diagnostic delays can still occur in a minority of Central
European children[82], with socioeconomically deprived children being more likely to
be underdiagnosed despite improved and easily available serological testing[4].

Nonetheless, the current physicians” awareness of CD has reached fairly high levels,
and the case-detection strategy has significantly contributed to the increased number
of diagnoses. Consequently, the correct management of follow-up is crucial. This topic
is of special interest in developed countries, in which metabolic problems possibly
caused by an unbalanced GFD are particularly prevalent. Uncontrolled weight gain,
metabolic syndrome, and non-alcoholic fatty liver disease are epidemic in these
countries and can also be facilitated by the GFD[67,69,83-85]. In addition, quick
detection of associated autoimmune conditions can prove highly beneficial, especially
in autoimmune liver diseases[86]. Finally, early detection of complicated CD requires
particular attention, as both neoplastic and non-neoplastic complications may arise
years after the diagnosis[6].
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CONCLUSION

We found a relatively high concordance between CD guidelines. Important modific-
ations have occurred in recent years, especially regarding the possibility of a no-biopsy
diagnosis in children. Other modifications are expected in the future and will probably
involve the extension of the non-invasive diagnosis to the adult population and the
follow-up modalities.

ARTICLE HIGHLIGHTS

Research background

Celiac disease (CD) has risen from obscurity to global prominence in a few decades.
These modifications have prompted experts from all over the world to identify
effective strategies for the diagnosis and follow-up of CD. Different scientific societies,
mainly from Europe and America regions, have proposed different guidelines.

Research motivation
CD guidelines are consistent when they deal key points in the diagnosis and follow-up
of this condition. However, they differ in a number of other points.

Research objectives

To identify all of the existing guidelines across the globe and perform a comparative
analysis to verify similarities and differences and, thus, discuss the most debated
topics and the possible innovations in the next future.

Research methods

We searched PubMed for a complex string containing the terms “celiac disease”,
“management”, and “guidelines”. The results were subsequently explored to identify
the most recent versions of existing guidelines of governmental agencies and scientific
societies. The recommendations provided by each selected guideline were systemat-
ically explored and classified under five categories: Patients to be tested for CD,
diagnostic tests (serology, duodenal biopsy, genetic test, no-biopsy diagnosis),
potential/silent/seronegative CD, refractory/complicated CD, follow-up.

Research results

We identified 7 different guidelines [European Society Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) 2020; European Society for the Study of
Coeliac Disease (ECD) 2019; World Gastroenterology Organization (WGO) 2017;
Central Research Institute of Gastroenterology, Russia, 2016; National Institute for
Health and Care Excellence (NICE), 2015; British Society of Gastroenterology (BSG),
2014; and America College of Gastroenterology (ACG), 2013]. These guidelines were
mostly concordant but differed under certain recommendation for no-biopsy diag-
nosis, refractory CD, and follow-up.

Research conclusions

We found a relatively high concordance between the guidelines for CD. Important
modifications have occurred in the last years, especially about the possibility of a no-
biopsy diagnosis in children.

Research perspectives

Modifications of the current guidelines are expected in the near future. These
modification will probably regard the possibility of a no-biopsy diagnosis (especially
in developing countries) and the modalities of follow-up.
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