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The publication of papers on the topic of gluten related disorders has substantially increased over the last few years. This has
motivated healthcare professionals to pay attention not only to celiac disease and wheat allergy but also to a condition termed
nonceliac gluten sensitivity (NCGS). Until now this condition has been diagnosed clinically on the basis of exclusion criteria and
clinical response to gluten withdrawal. In addition, recent research in this field has shown that other food components distinct
from gluten are implicated in NCGS cases, thereby changing our general understanding of NCGS diagnosis in either individuals
on gluten containing diets or those already following a gluten-free diet with no proper diagnostic work-up of celiac disease. With
this in mind, the assessment of NCGS will require extensive knowledge of celiac disease manifestations and the laboratory tests
commonly performed during diagnosis of celiac disease.

1. Introduction
Celiac disease (CD) and nonceliac gluten sensitivity (NCGS)
are thought to be two different clinical conditions triggered
by the ingestion of wheat/gluten in susceptible individuals.
The former condition is strongly associated with ingestion
of oral gluten from wheat and other gluten sources such
as rye and barley. NCGS has also been associated with the
intake of gluten, but other components also found in wheat
could be the triggers of the symptoms seen in NCGS cases
[1–3]. Notably and different from CD, the biomarkers for
the diagnostic work-up of NCGS remain unknown and the
oral gluten related symptoms, such as gastrointestinal or
neurological symptoms, are the hallmarks of this condition
[4–6].
CD is a well-established T-cell-mediated autoimmune
enteropathy with a strong genetic component and variable
clinical manifestations (ranging from asymptomatic to global
malabsorption) [7]. Human leukocyte antigen (HLA) haplotypes DR3-DQ2.5, DR5-DQ7/DR7-DQ2.2, and DR4-DQ8
are the main genetic risk factors associated with CD and

the absence of their respective alleles practically excluded the
condition. In contrast, NCGS is thought to be a condition
where gluten related adverse reactions occur despite an
absence of CD and other intestinal inflammatory disorders.
Furthermore, NCGS is not recognized as a strict enteropathy
and it is unclear whether gluten-associated symptoms can be
transient in some patients.
The current treatment recommendation for CD patients
is strict gluten-free diet with clinical follow-up due to the
health complications such as nutritional deficiencies, malignancy, and autoimmune diseases that are more prevalent in
untreated CD [8–12]. In comparison, NCGS is not thought to
cause nutritional deficiencies or higher rates of malignancies
[12]. In addition, evidence is mounting that NCGS patients
do not require a life-long gluten-free diet and monitoring but
they are better suited to other exclusion diets [1, 2].
Due to the lack of both biomarkers and an approved
diagnostic approach to assess for NCGS, there have been
proposed algorithms to differentiate between CD and NCGS
[13, 14]. Currently, it is reasonable to assess NCGS based on
the exclusion of other gluten related disorders and clinical
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response to restrictive diets. However, due to the wide spectrum of CD and those cases already following gluten-free diet
without proper diagnostic work-up, this assessment would
require not only extensive knowledge of CD manifestations
in infants and adults, but also adequate interpretation of the
CD-associated laboratory tests.
The aim of this review is to give an updated overview
of the spectrum of CD in light of recently published definitions of gluten related disorders and to describe the
clinical/laboratory characteristics of NCGS and the potential
coexistence of NCGS with other gastrointestinal disorders.
We also aimed to discuss the clinical utility of current tools for
the diagnostic work-up of CD in order to rule in/out NCGS.

2. Clinical Manifestations of CD and Subtypes
CD manifestations in both children and adults may be
difficult to recognize because of the variation in signs and
symptoms associated with the condition. Most of the patients
attending primary care and gastroenterology clinics present
predominantly with gastrointestinal symptoms such as diarrhea, bloating, abdominal pain, and constipation [15, 16].
Common symptoms in children under 5 years old include
diarrhea, distension, and abdominal pain [17]. However,
the frequency of classical CD has dropped substantially,
and more commonly cases are identified as nonclassical
CD (Table 1) [18, 19]. Common extraintestinal symptoms
include failure to thrive, weight loss, anemia, and short
stature [16, 17]. In adults, a recent study carried out in an
Iranian population showed that dyspepsia, diarrhea, anemia,
and short stature were the most common complaints [20].
Other potential extraintestinal symptoms include weakness,
lethargy, and headache. Thus, the coexistence of gastrointestinal and extraintestinal symptoms reinforces the clinical
suspicion of CD.
The updated definition of CD provided by the current
European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN) guidelines implies three criteria that ideally should be fulfilled to diagnose the condition:
CD-specific antibodies, genetic background, and enteropathy
[21]. Furthermore, the presence/absence of CD-associated
symptoms is useful for classification of the condition into
different subtypes. It is critical to test these criteria in order to
rule out CD before assessment for other wheat/gluten related
disorders.
Several terms have been used interchangeably in the
literature to define CD subtypes. This makes it difficult to
correctly identify the terms that should be used to describe
particular CD cases. To overcome this, a panel of CD
experts proposed new definitions for CD subtypes and other
wheat/gluten related disorders (the Oslo definitions for CD
and related terms) [22]. The authors discourage the use of
the terms asymptomatic, typical, atypical, overt, and silent
CD and encourage the use of the terms classical, nonclassical,
subclinical, and potential CD. Each term is defined in part on
the basis of signs and symptoms of malabsorption.
Current ESPGHAN guidelines for CD diagnosis encourage the use of the terms silent, latent, and potential CD as
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well as the use of gastrointestinal and extraintestinal signs
and symptoms [21]. According to these guidelines and the
Oslo definitions for CD [22], the terms silent, asymptomatic,
and subclinical CD could be used to denote those patients
carrying the HLA haplotypes DR3-DQ2.5, DR5-DQ7/DR7DQ2.2, and/or DR4-DQ8 with positive CD-specific antibodies and biopsy findings compatible with CD, but without signs
or symptoms associated with the condition. These patients are
often detected through CD screening programs or testing of
high risk subjects such as those with type 1 diabetes mellitus,
IgA nephropathy, and Williams syndrome [21].
Potential CD denotes patients carrying the CD-associated
HLA haplotypes with positive CD-specific serology, but without histological abnormalities in small bowel biopsies [21, 22].
Table 1 shows a classification of CD subtypes compatible with
current ESPGHAN guidelines and those proposed by the
Oslo definitions for CD [21, 22]. The terms used cover the
spectrum of CD manifestations and weight is given to the
type of symptoms. According to the Oslo definitions for CD,
at least five definitions of latent CD have been described in the
literature, and as such this confusion has made it a subtype
particularly difficult to diagnose [22]. Thus, use of the term
latent CD is discouraged. As stated by Ferguson et al. [39],
the term latent CD should only be applied to patients with
normal jejunal biopsy while taking a normal diet, but at some
other time they have had a flat jejunal biopsy which recovers
on a gluten-free diet. Thus, “only rarely and usually by chance,
for example, previous biopsy in a research investigation, does
a patient fulfill criteria for latent coeliac disease” [39].

3. Clinical/Laboratory Characteristics and
Coexistence of NCGS
According to Troncone and Jabri [40], the term gluten
sensitivity (GS) is employed to describe conditions triggered
by gluten without precise definitions and for which there is
no knowledge of the underlying mechanisms. The Oslo definitions for CD encourage the use of the term gluten related
disorders to define conditions associated with oral gluten
[22]. Moreover, define NCGS as a condition in which oral
gluten leads to morphological or symptomatic manifestations
despite the absence of CD and other intestinal inflammatory
disorders. NCGS has additionally been defined by Sapone
et al. [13, 41] as those cases of gluten adverse reaction in
which wheat allergy, CD, inflammatory bowel disease (IBD),
type I diabetes, and Helicobacter pylori infection have been
ruled out. Thus, current NCGS definitions and diagnoses are
based on exclusion criteria. However, to obtain a confirmed
diagnosis of NCGS, a double blind gluten-placebo-controlled
test would be required.
These definitions of NCGS are restricted to gluten;
however other food components could trigger some of the
symptoms associated with NCGS. For instance, the allergenic wheat component 𝛼-amylase inhibitor 0.19 [3, 42]
and FODMAPs (fermentable oligosaccharides, disaccharides, monosaccharides, and polyols) could contribute to this
condition [1, 2]. If these observations were taken into account,
it would be difficult to assess the gluten-specific symptoms
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Table 1: Classification of CD subtypes.

CD subtype

Classical

Nonclassical

Subclinical
Potential

Pathology classification

Serology+ /HLA++

Symptoms
Gastrointestinal
symptoms and signs
(diarrhea, abdominal
distension, constipation,
and abdominal pain)
Extraintestinal
symptoms and signs
(anemia, neuropathy,
osteoporosis, and short
stature)
Asymptomatic
Presence or absence of
symptoms

Marsh

Marsh-Oberhuber

Corazza

+/+

Type 2/3*

Type 2/3a, b or c*

Grade A/B1 or B2*

+/+

Type 2/3

Type 2/3a, b or c

Grade A/B1 or B2

+/+

Type 2/3

Type 2/3a, b or c

Grade A/B1 or B2

+/+

Type 0/1

**

Type 0/1

**

Normal/Grade A**

+

positive CD-specific serology (mainly IgA-EMA, IgA-tTG, and/or IgG-DGP).
Presence of genes/haplotype associated with CD (see Table 2).
*
Intraepithelial lymphocytosis (≥25/100 enterocytes) with crypt hyperplasia (Marsh-Oberhuber type 2) and partial/total villous atrophy.
**
Normal architecture/intraepithelial lymphocytosis.
References [21–27].
++

Table 2: HLA genetics and risk associated with CD.
HLA-DQA1 alleles
*

05:01, * 05:01
05:01, * 03
*
05:01, * 02:01
*
05:01, x
*
05:01, x
*
05:05, * 02:01
*
03, * 03
*
03, * 02:01
*
03, x
*
03, x
*
02:01, * 02:01
*
02:01, x
x, x
*
02:01, x
x, x
*
05:01
*
03:01, x
*
05, x
*
03, x
*

HLA-DQ heterodimers

Predisposition
for CD+

DQ2.5 (homozygous)
DQ2.5/DQ8/DQ2.3/DQ8.5
DQ2.5/DQ2.2 (encoded in cis and trans)
DQ2.5 (encoded in cis and trans)
DQ2.5 (heterozygous)
DQ2.5 (encoded in trans)/DQ2.2
DQ8 (homozygous)
DQ8/DQ2.2/DQ2.3
DQ8/DQ2.3
DQ8 (heterozygous)
DQ2.2 (homozygous)
DQ2.2 (encoded in cis and trans)
Half DQ2.5
DQ2.2 (heterozygous)
Half DQ2.5
Half DQ2.5
DQ2.3/x
DQ8.5/x
DQ9/x

Very high
Very high
Very high
Very high
High
High
High
High
High
Intermediate
Intermediate
Intermediate
Intermediate
Low
Low
Low
ND++, #
ND
ND

HLA-DQB1 alleles
*

02:01, * 02:01
02:01, * 03:02
*
02:01, * 02:02
*
02:01, * 02
*
02:01, x
*
03:01, * 02:02
*
03:02, * 03:02
*
03:02, * 02:02
*
03:02, * 02
*
03:02, x
*
02:02, * 02:02
*
02:02, * 02
*
02:01, * 02:01
*
02:02, x
*
02:01
x, x
*
02:01, x
*
03:02, x
*
03:03, x
*

+

Predisposition for CD is based on the prevalence of genes/haplotypes and the immune recognition of CD-associated gluten T-cell epitopes [28–38].
ND; nondetermined.
#
It is possible that some HLA-DQ2.5 “restricted” gluten T-cell epitopes can be loaded and presented by the heterodimer DQ2.3 [31].
x denotes a non-CD related genotype.
++

associated with NCGS separately from symptoms due to
other dietary components in daily clinical practice. This also
highlights that NCGS, if it does exist, is a complex disorder.
In general, we agree with views of Gibson and colleagues that
future studies on NCGS should rule out CD by HLA typing

and/or histological and immunological criteria (including
intraepithelial lymphocytosis) and that credence should be
given to other wheat-related food constituents besides gluten
as a trigger for gastrointestinal symptoms [43]. Furthermore,
wheat allergy should be ruled out on the basis of objective
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diagnostic criteria [12, 13]. In fact, except for those cases
where the cause of a severe food allergy reaction can be
clearly identified, food allergy diagnosis should be confirmed
by food challenge test, ideally double-blinded and placebocontrolled [44].
NCGS and CD cannot be distinguished clinically due to
symptoms, either intestinal or extraintestinal, which largely
overlap between the two conditions. Furthermore, in both
conditions symptomatic relief is reached after gluten withdrawal, the latter of which is also seen in IgE mediated
wheat allergy. Certainly, some classical symptoms of wheat
allergy reaction could differ from those seen in NCGS and
CD, that is, cough and wheezing, urticaria or erythema, and
trouble breathing, but gastrointestinal symptoms are also
common [42]. Thus, the laboratory characteristics of those
patients suspected of NCGS are of particular relevance in
clinical practice. NCGS patients present negative CD-specific
serology, may or may not carry HLA genes compatible
with CD, and do not present the gluten induced intestinal
damage characteristic of CD [5, 12–14, 22, 40, 45] (Table 1).
Furthermore, wheat allergy tests have to be negative over
time given the fact that delayed allergic reactions may occur
when undertaking oral wheat challenge tests [42]. Unfortunately, there are no international consensus statements on
diagnosing delayed wheat/food-related symptoms, and those
that appear between 2 hours and up to five days following the
oral challenge are commonly considered as delayed [42, 46].
It has been proposed that intestinal inflammatory conditions such as Crohn’s disease and ulcerative colitis should
also be ruled out before diagnosing NCGS [22, 41]. However,
Vojdani and Perlmutter [47] reported a case of NCGS with
overlapping Crohn’s disease. The case is well documented
with regard to symptoms, laboratory examinations, and
clinical interventions. CD was ruled out by negative CDspecific serology and histology while the patient was on
a gluten containing diet. However, wheat allergy was not
ruled out and the potential effect of other nongluten wheat
components was not controlled. We believe that until specific
biomarkers for the diagnostic work-up of NCGS become
available and a well documented definition of NCGS is given,
the coexistence of inflammatory bowel disease (IBD) and
NCGS can be a subject for debate. Indeed, there are several
reports supporting that CD and IBD can coexist [48–53],
and it has been shown that the prevalence of IBD in CD
patients could be up to tenfold higher than in the general
population [49]. Both are chronic inflammatory diseases of
the intestinal tract with similarities in their pathomechanisms
and an overlap in their symptoms [54–56]. However, the
pertinence of CD screening of IBD patients is still under
debate and should be investigated [48, 50, 55, 57].
Similar to potential NCGS cases, irritable bowel syndrome (IBS) is clinically diagnosed and can be treated by
food restriction [58, 59]. The clinical symptoms of IBS
overlap with those associated with CD [60], and CD is
4-fold more common in IBS patients than in the healthy
population and for this reason CD screening is recommended
[61, 62]. Biesiekierski et al. showed for the first time in an
Australian double-blinded randomized placebo-controlled
trial that nonceliac IBS and therefore apparent NCGS patients
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benefited from a gluten-free diet [63]. However, further
double-blinded crossover studies including a well-controlled
low FODMAP diet showed no gluten-specific induced gastrointestinal symptoms in a comparable population [1]. In
line with this, further similar studies by the same group corroborated these results and showed an association between
gluten and mild depression assessed by the Spielberger State
Trait Personality Inventory in non-CD IBS patients [2]. These
findings support that gluten could trigger extraintestinal
symptoms in some patients independent of the presence
of enteropathy [64], but they do not necessarily support
the coexistence of the so-called disorder NCGS with IBS.
Consequently, further research is required to establish if
coexistence of these two conditions truly exists or if NCGS
is a subcondition of IBS.

4. Laboratory Tests for CD Diagnosis
4.1. Anti-Gliadin Antibodies (AGAs). Although AGAs are
generally present in the blood of CD patients [65, 66], they
have also been reported in apparently healthy individuals,
autoimmune or gastrointestinal diseases, schizophrenia, and
“NCGS” [5, 6, 50, 66–69]. Therefore, AGAs alone do not
discriminate between CD individuals and controls.
Although it has been reported that IgA-AGAs perform
better than IgA anti-tissue transglutaminase 2 antibodies
(IgA-tTG) and IgA anti-endomysium antibodies (IgA-EMA)
in children younger than 18 months of age [70], a recent
study showed only 5 out of 33 patients under 2 years of age
with positive IgA-AGAs levels were confirmed histologically
to have CD [71]. To avoid false negative results, some authors
recommend endoscopy with small bowel biopsies to perform
CD diagnosis in IgA-AGA positive individuals [72]. In fact, it
is advisable to take intestinal biopsies in young children with
severe symptoms of CD, even if serology is negative [21].
4.2. Anti-Endomysium Antibodies (EMA). The first evidence
that IgA-EMA could be used in CD diagnosis was given
almost 30 years ago [73, 74]. Since then, several studies have
evaluated the sensitivity and specificity of this immunofluorescence test using monkey esophagus or human umbilical
cord as the tissue substrate. Generally, the cutoff values for a
positive test equates to a serum dilution equal to or greater
than 1 : 5 [75, 76] or 1 : 10 [77, 78].
The diagnostic accuracy of serological testing for CD
has been previously reviewed [79, 80]. IgA-EMA sensitivity
ranges were 90% to 98% in adult CD, with the highest
value reached using monkey esophagus as the tissue substrate
and for children, the sensitivity ranges were 93% to 97%,
independent of tissue substrate [79, 80]. Notably, specificities
were close to 100% in all cases, but specificities <95% in
children younger than 2 years old have been reported when
using monkey esophagus [81]. Overall, these studies show
that false negative IgA-EMA results can occur and this has
been attributed to a reduction of gluten intake or the use of
immunosuppressant.
Although immunofluorescence tests are labor intensive
and subject to interobserver variability, current ESPGHAN
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guidelines consider IgA-EMA antibodies as the standard
reference for CD-specific antibody detection [21]. In fact,
semiquantitative tests (rapid tests) should be corroborated
by EMA or tTG ELISAs and those diagnostic tests for use
in children should be validated with sera from at least 50
children with active CD and 100 control children of different
ages against the reference of IgA-EMA positivity detected in
an expert laboratory [21]. This task can be challenging in
countries where CD is not commonly diagnosed. In such
cases, the implementation of good laboratory practices can
effectively help to reduce the rate of false negative/positive
results.

for the presence of Marsh 3b or c villous atrophy. Though
IgA-tTG performs better than IgG-tTG in children and adults
[91], the IgG-tTG test remains relevant in IgA-deficient cases
[21], which are relatively common in CD [92]. Although
exceptions do remain [93], CD diagnosis can be performed
without the need of intestinal biopsy in symptomatic children
and adolescents with a tTG serology result >10x normal range
[21]. This should be confirmed by EMA staining and HLA
typing in a second blood sample to reinforce the diagnosis
of CD [21]. It is important to note that different tTG ELISA
kits used between different diagnostic laboratories can have
varying results and/or interpretation of the results even
analyzing the same sample [21].

4.3. Anti-Tissue Transglutaminase 2 Antibodies. In 1997
Dieterich et al. [82] found that tissue transglutaminase (tTG)
is the main endomysial antigen (EMA). Based on this, a
variety of ELISA tests to detect tTG-specific antibodies have
been developed, the target antigens used include guinea pig
or human tTG (recombinant or purified human tTG), and,
notably, the choice of antigen can affect the performance of
the tTG ELISA test. Moreover, there is evidence suggesting
that IgA-tTG ELISAs perform better than their counterpart
IgG-tTG in clinical setting [77, 83]. The mechanisms underlying the preferential production of IgA-tTG remain elusive,
although it has been proposed that a group of tTG/gliadinspecific B cells are committed to be IgA-positive in wellestablished CD patients [84]. The production of IgA/IgG-tTG
by B cells in the absence of tTG-specific T-cell “help” has
been explained by Sollid et al. [85] as employing a haptencarrier model. This model assumes the formation of tTGgliadin immunocomplexes and subsequent recognition of
these complexes by tTG-specific B cells. Further presentation
of T-cell epitopes to gliadin-specific T-cells triggers the
production of IgA/IgG-tTG.
The reported sensitivities and specificities of IgA-tTG
ELISAs employing guinea pig tTG as antigen were between
90% and 93% and 92.4% and 95%, respectively. Similarly,
ELISAs employing human tTG have shown sensitivities
and specificities between 94% and 98% and 95% and 99%,
respectively [79, 80, 86]. Thus, IgA-tTG ELISAs using human
tTG as antigen can be classified as the assays of choice for
which a positive result should lead to endoscopy and small
bowel biopsies to confirm CD [21, 87]. However, due to
possible false positive results, it may be more convenient
to retest by IgA-EMA serology in samples with values <3x
normal range, especially in subclinical CD cases (Figure 1),
rather than continuation onto invasive tests.
Children with subclinical CD but with positive IgAtTG require special attention, as positivity (commonly <10x
normal range) can be lost over time despite continuing
gluten exposure [88]. This transient IgA-tTG has also been
reported in children with type 1 diabetes mellitus [89]. Thus,
in the absence of severe symptoms, serological follow-up
is recommended before performing endoscopy with small
bowel biopsies to confirm CD [88].
Hill and Holmes [90] and Dahlbom et al. [91] showed that
in patients with signs and symptoms suggestive of CD and
IgA-tTG levels >10x the normal range had a high likelihood

4.4. Anti-Deamidated Gliadin Peptide (DGP) Antibodies.
Some of the earliest evidence that deamidated gliadin peptides contain CD-relevant B cell epitopes was provided by
Aleanzi et al. [94] and Schwertz et al. [95]. Currently, there
are a large number of commercial anti-deamidated gliadin
peptide ELISA tests available. This includes tests that detect
IgA/IgG-DGPs individually or in combination with tTG.
In general, DGP ELISAs have shown acceptable sensitivity
and specificity compared to tTG ELISAs and EMA in both
children and adults [83, 96–99].
In contrast to tTG ELISAs DGP assays seem to perform
at similar levels independent of the isotype detected. In fact,
there is a substantial difference between the generation of
antibody isotypes against DGP and tTG [84]. The use of
IgG-DGP ELISAs is advantageous in IgA-deficient individuals, which is a higher proportion in CD than the general
population [92]. Supporting this, a diagnostic meta-analysis
study has shown that IgA-tTG ELISA has greater diagnostic
accuracy than IgA-DGPs (sensitivities of 93% versus 87% and
specificities of 96% versus 94%, resp.) [80].
Numerous groups have evaluated the diagnostic accuracy
of IgG-DGPs ELISAs. The results differ depending on the age
of the population studied and the clinical setting. In general,
sensitivities and specificities range between 65% and 95% and
81% and 100%, respectively [81, 83, 96, 97, 99]. Villalta et al.
[100] reported that using IgG-DGPs ELISA detected up to
80% of the CD cases with selective IgA deficiency with a
specificity of 98%. The same study reported sensitivities of
75% to 95% and specificities of 88% to 100% using different
IgG-tTG ELISA kits.
We and others agree with the concept that the addition
of an IgG ELISA assay could improve the accuracy for CD
diagnosis [99]. Supporting this, it has been reported that in
children <2 years old IgG-DGP ELISAs perform better than
EMA tests and tTG ELISA. In this study sensitivities and
specificities were 100% using 2 different IgG-DGP ELISA kits
[81]. However, since it has been reported that some anti-DGP
antibody positive children that are <2 years old became DGP
antibody negative over time without maintaining a glutenfree diet, serological follow-up is recommended in this group
of patients [101]. In general, due to the fact that performance
of all CD-specific serology tests depends on the prevalence
of the condition, the age of the subjects evaluated, and the
amount of gluten ingested, these factors should be considered
when interpreting CD-specific serology results.
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Asymptomatic individual with positive
CD-specific serology
Explain implications of positive test result(s) and obtain consent for further testing

IgA-tTG > 3x normal range

IgA-tTG < 3x normal range

IgA-EMA negative

IgA-EMA positive

HLA typing

Consider transient
/false positive CDspecific serology. F/u
on normal diet with
further serology
testing

HLA positive

HLA negative

GE with small bowel biopsies
No CD
No risk for CD
Marsh-Oberhuber
0/1

Potential CD. Consider false negative
serology/biopsy

F/u on normal diet.
Consider GE with small bowel
biopsies in 1-2 years

Marsh-Oberhuber
2/3

CD+

GFD and F/u

Check for nutritional deficiencies
and refer to dietician.

Figure 1: Proposed algorithm for CD diagnosis in asymptomatic individuals with positive CD-specific serology. GE: gastrointestinal endoscopy, GFD: gluten-free diet, and F/u: follow-up.

4.5. Pathology Results (Biopsy Results). Histological findings
of CD are traditionally categorized according to three classifications: Marsh, Marsh/Oberhuber, and Corazza [23–27]. A
detailed comparison of these histological classifications was
provided by a panel of CD experts [22], recommending the
Marsh/Oberhuber classification for reporting CD pathology
results [21]. Previously, a count of ≥40 intraepithelial lymphocytes/100 enterocytes was considered to denote infiltrative
changes, but this threshold was reduced to ≥25 intraepithelial
lymphocytes/100 enterocytes due to its correlation with
positive CD-specific serology and the possibility that higher
thresholds could miss 50% of the cases [102].
According to current ESPGHAN guidelines, Marsh type
2 (normal architecture and infiltrative changes with crypt
hyperplasia) or more severe intestinal lesions are considered CD-like enteropathy [21]. As other conditions share
histopathological features of CD, such as allergies to proteins
other than gluten, giardiasis, and collagenous sprue [103],
consideration must be made to the clinical setting when
interpreting pathology results. Furthermore, it should be
considered that approximately 10% of patients presenting
CD-like symptoms, positive CD-specific serology, and only

infiltrative changes (potential CD) can benefit from a glutenfree diet [104].
Pathology reports should always include the following
parameters: (1) description of sample orientation, (2) description of the villous (mild, moderate, or total atrophy) and
crypt architecture, (3) villous/crypt ratio, and (4) number
of intraepithelial lymphocytes [21]. It is recommended to
include the Marsh/Oberhuber grade and suggest differential
diagnosis or rebiopsy if necessary [103]. To be representative,
biopsies must be taken when patients are on a gluten containing diet, and due to patchiness of the CD lesion [105, 106],
at least four biopsies should be taken from the second/third
portion of the duodenum, and at least one biopsy should be
taken from the duodenal bulb for CD diagnosis [21, 87, 107–
110].
4.6. HLA Typing. Genetic associations with CD include
more than 39 non-HLA risk genes, but HLA genes provide
the strongest genetic risk for CD [111]. The majority of
CD patients express the HLA-DQ2.5 heterodimer encoded
by HLA-DQB1* 02 and DQA1* 05 alleles. This is expressed
either in cis on the DR3-DQ2.5 haplotype (DQB1* 02:01,
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DQA1* 05:01, and DRB1* 03:01) or in trans (heterozygous
for haplotypes DR5-DQ7 and DR7-DQ2.2), where the
HLA-DQ2.5 heterodimer is encoded by DQB1* 02:02 and
DQA1* 05:05. Low to intermediate risk for CD has been
associated with both DR7-DQ2.2 (DQB1* 02:02, DQA1* 02:01,
and DRB1* 07) and heterozygous DR4-DQ8 (DQB1* 03:02,
DQA1* 03, and DRB1* 04). One of the first reports on the
association between these haplotypes and CD was provided
by Sollid et al. [112, 113]. Since then, several studies have
supported this data and highlighted the involvement of other
HLA haplotypes in CD susceptibility (Table 2).
Some studies have shown that more than 99% of CD
patients carry genes that encode the HLA-DQ2.5, HLADQ2.2, and/or HLA-DQ8 heterodimers [28–30, 112]. In rare
cases the disease predisposing HLA heterodimers are a result
of a different combination of HLA alleles encoding dimers
other than DQ2.5, DQ2.2, and DQ8. This includes expression
of the DQA1* 05:01 and DQB1* 03:02 alleles that encode the
HLA-DQ8.5 heterodimer in trans, present in approximately
1.6% of CD individuals [28]. In addition, the HLA-DQ2.3
heterodimer is encoded in trans by the DQA1* 03:01 and
DQB1* 02:01 and the HLA-DQ9 heterodimer is encoded
by the DQA1* 03 and DQB1* 03:03 alleles. Notably, it has
been shown that these HLA-DQ heterodimers on antigen
presenting cells can load and present gluten peptides to Tcells found in CD patients [31–33]; however data on the
frequency of these haplotypes in CD are limited.
Due to its high negative predictive value, the main utility
of HLA typing is to rule out CD. This is of particular relevance
when assessing CD or other gluten related disorders in
patients already following gluten-free diet (Figure 2). Current
ESPGHAN guidelines suggest that HLA typing should be
done by DNA testing for the four alleles encoding the DQ2.5
and DQ8 heterodimers (DQA1* 05, DQB1* 02, DQA1* 03, and
DQB1* 03:02) [21]. Furthermore, we suggest to additionally
test for the DQA1* 02:01 allele as the DR7-DQ2.2 haplotype
can be found in around 4% of DQA1* 05, DQB1* 02, DQA1* 03,
and DQB1* 03:02 negative CD individuals [28].
Some laboratories that perform CD-associated HLA-DQ
genetic testing only report the presence of the DQB1* 02 and
DQB1* 03:02 alleles. This is reasonable as DQB1* 02 is the
major allele associated with CD and DQB1* 03:02 is always
found with DQA1* 03 [34]. Although this strategy reduces
costs of the HLA typing, it has been reported that a small
proportion of CD patients were carrying just the DQA1*05
genetic risk allele [28, 30], and as previously mentioned,
some patients carry just the DR7-DQ2.2 haplotype. Therefore, ideally the full DR3-DQ2.5, DR7-DQ2.2, and DR4DQ8 genotype should be performed and reported including
whether the patients are homozygous/heterozygous. In addition, the inclusion of the relative genetic risk for CD would
aid interpretation of the results (Table 2).

5. Patients Already Following Gluten-Free Diet
Although discouraged in children under the age of 5 years
and during their pubertal growth spurt [21], gluten challenge
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is recommended in individuals following a gluten-free diet
without proper diagnostic work-up of CD, in order to
confirm the condition (Figure 2). The biggest limitation to
gluten challenge protocols is that symptomatic relapse often
precedes serological and histological relapse. To overcome
this, some studies have evaluated the CD-specific serology
and histology response to gluten challenge employing different amounts of gluten and timeframe [76, 114–119]. These
studies have employed between 2.5 and 7.5 g of gluten daily
for at least 2 weeks but the histological changes are highly
variable, limiting the use of this approach. With regard to
serological response, it has been shown that less than 50%
of CD cases on remission seroconverted from negative to
positive when eating 1 to 5 g of gluten daily for more than 4
weeks [76].
Current ESPGHAN guidelines recommend a gluten
intake of at least 15 g of gluten daily to perform gluten challenge [21] and the American Gastroenterological Association
2006 technical review recommends this practice for at least
4 weeks [88]. Certainly, some clinicians commonly perform
gluten challenge for 6 weeks or longer. The patient will be
considered to have relapsed disease if CD-associated serology
becomes positive and a clinical and/or histological relapse is
observed [21] (Figure 2).
New diagnostic approaches that avoid prolonged gluten
challenges in patients already following gluten-free diet are
needed. Finding by Anderson et al. [120] describing the
ability to detect gluten-specific T-cells in peripheral blood
of treated HLA-DQ2.5 CD individuals six days after they
had started a 3-day gluten challenge has led to the potential of T-cell based diagnostics. Further characterization of
the immunodominant gluten T-cell epitopes recognized by
peripheral blood T-cells was valuable and allows the design
and testing of new diagnostic and therapeutic approaches
[121–125]. Moreover, Ontiveros et al. [126] have recently
designed and tested a peptide-based whole-blood ELISA
diagnostic test based on the 3-day gluten challenge. The test
could potentially discriminate between HLA-DQ2.5 CD and
HLA-DQ2.5 individuals on gluten-free diet that fit most of
the proposed NCGS definitions. Similarly, an ex vivo gliadin
challenge of small bowel biopsies has been proposed to
identify difficult to diagnose CD patients [127]. These tests
are in their infancy and they require validation with larger
cohorts including HLA-matched controls.

6. Conclusions
Although some CD research groups have stated their position
on the terms used to categorize CD subtypes, there is
still a gap to be filled and a need for consensus in this
field. Until the scientific community accepts the use of one
terminology, it will be important for authors to clearly state
their definition of terms employed to describe CD subtypes.
This also applies to the use of the acronym “NCGS,” which
seems to have been accepted by the scientific community,
based on published papers. Motivated by recent definitions of
CD and other gluten related disorders, we are aligned to the
adoption of the terms classical, nonclassical, subclinical, and
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Individual on GFD
Explain implications of positive test result(s) and obtain consent for testing

HLA typing

HLA negative

HLA positive
GE with small bowel biopsies

No CD
No risk for CD

≥6 weeks of GC

Consider testing for
other gluten related
disorders

IgA-tTG negative

IgA-tTG positive (symptomatic
or asymptomatic individual)
Asymptomatic

GE with small bowel biopsies
Marsh-Oberhuber 2/3
CD+

GFD and F/u

CD
unlikely

Marsh-Oberhuber 0/1

Potential CD. Consider false negative
biopsy or false positive serology

Symptomatic
(gastrointestinal/neurological)
Consider false negative
serology, F/u, GE with
small bowel biopsies,
and other gluten related
disorders

F/u on normal diet. If possible
consider GE with small
bowel biopsies in 1-2 years

Check for nutritional
deficiencies and refer to
dietician

Figure 2: Proposed algorithm for CD diagnosis in patients already following gluten-free diet. GE: gastrointestinal endoscopy, GC: gluten
challenge, GFD: gluten-free diet, and F/u: follow-up.

potential CD to define CD subtypes. Although intestinal and
extraintestinal symptoms commonly overlap, the presence of
gastrointestinal symptoms means a classical CD subtype.
CD is a condition relatively difficult to diagnose that
shares clinical and histological characteristics with other
gastrointestinal diseases. CD-specific serology tests are useful
diagnostic tools to discriminate between CD and other
gastrointestinal conditions. Therefore, due to the variety
of diagnostic kits available, both general practitioners and
medical specialists should be aware of the diagnostic performances of these kits in different clinical settings. The
combination of IgA-tTG and IgG-DGP measurements seems
to be appropriate in patients on a gluten containing diet. HLA
typing in conjunction with CD-specific serology has become
popular in the diagnostic work-up of CD, and with such an
approach, it is possible to diagnose CD without performing
gastrointestinal endoscopy with small bowel biopsies in
some children. In young children with isolated IgA-AGA
or severe symptoms of CD it is advisable to take intestinal
biopsies to avoid false negative/positive results. In the case
of HLA positive patients already following gluten-free diet, a
prolonged gluten challenge is still required. However, symptomatic relapse often precedes histological and/or serological
relapse, making prolonged gluten challenge unacceptable for
the majority of the patients. This is an area that requires

further research to develop a less invasive and well tolerated
diagnostic test.
The literature suggests that FODMAPs and not gluten per
se are the triggers of gastrointestinal symptoms in patients
that fit most of the proposed NCGS definitions. Interestingly,
wheat, rye, and barley are food sources of FODMAPs and
should be avoided in FODMAP sensitive individuals. Finally,
there is a strong clinical need for biomarkers in the diagnostic
work-up of “NCGS.” The availability of sensitive and specific
biomarkers will help clarify whether this disorder coexists
with other gastrointestinal conditions. Meanwhile, diagnosis
of “NCGS” should only occur after CD, wheat allergies, and
other inflammatory disorders have been ruled out, including
sensitivity to nongluten food constituents from wheat that
can trigger gastrointestinal symptoms.
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[122] M. Ráki, L.-E. Fallang, M. Brottveit et al., “Tetramer visualization of gut-homing gluten-specific T cells in the peripheral
blood of celiac disease patients,” Proceedings of the National
Academy of Sciences of the United States of America, vol. 104, no.
8, pp. 2831–2836, 2007.
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