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REVIEW

Gluten-related disorders: Celiac disease, wheat allergy, and nonceliac
gluten sensitivity

Beatriz Cabanillas

Department of Dermatology and Allergy, University of Bonn Medical Center, Bonn, Germany

ABSTRACT
The consumption of gluten-free products is becoming an increased alimentary habit in the general
population. The scientific unfounded perception suggesting that the avoidance of gluten would
improve health or that gluten could be toxic for humans are fostering medically unjustified adher-
ences to a gluten-free diet. Currently, only patients diagnosed with celiac disease are advised to
follow a strict lifelong gluten-free diet. In the same way, patients diagnosed with IgE-mediated
wheat allergy must avoid exposure to wheat in any form. In that context, a third disorder, called
nonceliac gluten sensitivity, characterized by distress after gluten consumption and in which
neither celiac disease nor IgE-mediated allergy plays a role, has gained increased attention in
the last years. Although important scientific advances have been made in the understanding of
the pathologic mechanisms behind nonceliac gluten sensitivity, this disorder is still a matter of
active debate in the scientific community. In the present review, the most recent advances in the
immunopathology, diagnostic biomarkers and susceptibility determinants of gluten-related diseases
are summarized and discussed. Furthermore, an updated overview of the new potential therapies
that are currently underway for the treatment of gluten-related disorders is also provided.
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Introduction

Gluten-containing grains were introduced in the human diet
over 10,000 years ago and since then numerous wheat
varieties have been selected attending to technological rather
than alimentary reasons. Gluten is one of the food compo-
nents more abundantly used in the food industry due to its
technological and organoleptic properties (Day et al. 2006).
In the context of widespread exposure to gluten, increased
adverse reactions have been described in the last decades
(Lebwohl, Sanders, and Green 2018). Gluten-related diseases
are defined as adverse reactions to gluten that are mediated
by the immune system. Celiac disease (CD) and IgE-medi-
ated wheat allergy, are two well-known diseases associated
with the exposure to gluten-containing grains. CD is an
autoimmune disease that can produce relevant intestinal
damage in which genetic susceptibility determinants play an
important role. The prevalence of CD is around 0.5%–1% in
the general population (Cabrera-Ch�avez et al. 2017;
Mustalahti et al. 2010). On the other hand, allergy to gluten
and/or other wheat proteins is a disorder mediated by IgE
antibodies which recognize epitopes from specific proteins,
named allergens, triggering a cascade that derives in allergic
inflammation (Pietzak 2012). The prevalence of IgE-
mediated wheat allergy ranges from 0.33% to 1.17%
(Cabrera-Ch�avez et al. 2017; Ontiveros et al. 2015b;
Ontiveros et al. 2018). A third disorder associated with
gluten consumption is nonceliac gluten sensitivity, a recently

described condition in which distress is experienced after
consumption of gluten and/or other cereal components. In
nonceliac gluten sensitivity, improvement is experienced
after following a gluten-free diet (GFD) or reducing gluten
intake. Neither autoimmunity nor IgE-mediated allergy is
implicated in this condition (Fasano et al. 2015). The preva-
lence of nonceliac gluten sensitivity largely varies among
studies fluctuating between 0.16% and 13%. The lack of
diagnostic biomarkers makes difficult such estimation
(Ontiveros et al. 2015b; Cabrera-Ch�avez et al. 2016).

Nowadays, the only available treatment for gluten-related
disorders is the adherence to a GFD. However, there is
an increasing trend in the general population without
gluten-related disorders to consume gluten-free products or
to adhere to GFD with the unfounded reasoning that
avoiding gluten can improve well-being or that gluten can
be toxic for all human beings (Reilly 2016). In that regard,
recent studies have shown that the prevalence rate of
adherence to a GFD in general adult population can reach
in some countries up to 7%. The reasons that were given to
adhere to GFD were that it could help to control body
weight or that GFD has the perception to be a healthy
choice. In these studies, a high proportion of individuals
adhered to GFD without advice from medical doctors or
dietitians (Cabrera-Ch�avez et al. 2017; Ontiveros et al. 2018).
Several studies have shown that a high percentage of the
general population shows interest in reducing or avoiding
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gluten from their diets (Wu et al. 2015; Cabrera-Ch�avez
et al. 2016, 2017; Ontiveros et al. 2018). In a context in
which an increased perception of gluten sensitivity is pro-
moting self-diagnosis and new alimentary habits, nonceliac
gluten sensitivity has gained increased attention and several
lines of research have focused in the understanding of
its etiology and pathogenesis. Together to the important
advances in the understanding of CD and IgE-mediated
wheat allergy achieved during the last decades, current sci-
entific efforts are also focusing in nonceliac gluten sensitivity
and in the establishment of a consensus about whether
this condition can be considered a clinical independent
entity or not (Sapone et al. 2012; Reese et al. 2018). A better
understanding of the mechanisms behind gluten-related
diseases can provide a better definition of the risk factors
and susceptibility determinants that can lead to detrimental
responses to gluten in certain subjects. Furthermore, an
improved knowledge of the mechanisms and molecules
involved in gluten-related diseases can provide new potential
therapeutic targets for the treatment of gluten-related
diseases. Current scientific focus also aims to give a better
definition of the benefits versus the potential adverse effects
of gluten in the health of the general population.

Gluten: origin, structure, sources

Gluten and gluten-related proteins are storage proteins from
wheat (Triticum aestivum) and other cereals such as rye
(Secale cereale) or barley (Hordeum vulgare), which are spe-
cies belonging to the Poaceae family. In the case of rye and
barley, gluten related-proteins receive the name of secalin
and hordein, respectively. Gluten-related proteins can also
be found in malt, triticale, spelt or kamut (Biesiekierski
2017). Gluten and gluten-related proteins have an essential
function in the food industry since they provide viscosity,
cohesivity, elasticity, and water absorption for the dough in
bread and other baked products. They are also important in
providing texture and specific organoleptic characteristics to
an important variety of foods such as pasta, meat, ice cream,
dressings, etc. (Biesiekierski 2017; Esteller, Pitombo, and
Lannes 2005; Schalk et al. 2017b). Gluten and gluten-related
proteins are constituted by gliadins and glutenins. Gliadins
are prolamin proteins and are ethanol-soluble, glutenins are
glutelin proteins and are soluble in weak acid solutions.
Gliadins and glutenins are characterized by a high genetic
polymorphism. The proportion and types of these proteins
differ depending on the genetic characteristics and environ-
mental conditions of wheat or other gluten-containing seeds
(Biesiekierski 2017). Both gliadin and glutenin fractions have
similar importance in the functional and rheological proper-
ties of different varieties of wheat (Barak, Mudgil, and
Khatkar 2013). Gliadins and glutenins are enriched in the
amino acids glutamine and proline (Nordqvist et al. 2012).
Gliadins are mostly monomeric and can be classified into
a/b-, c-, x1,2-, and x5-gliadins. Usually, a/b- and c-gliadins
are in higher proportion than x-gliadins. Glutenins are pro-
teinic polymers bound by disulfide bonds, whose subunits
are the high-molecular-weight (HMW) subunit and the low-

molecular-weight (LMW) subunit. Disulfide bonds are
essential to maintain the structure of gluten proteins and
they are formed after protein synthesis in order to give
them their specific folded structure. Intrachain disulfide
bonds are important for gliadins and intra-/interchain disul-
fide bonds are essential for LMW and HMW (Wieser 2007).

Gluten-related diseases

Gluten-related diseases can be classified into three different
disorders: CD, IgE-mediated allergy to wheat and nonceliac
gluten sensitivity.

CD is an autoimmune chronic disorder of the small
intestine induced by gluten and gluten-related proteins and
influenced by genetic and environmental factors. The overall
prevalence of CD is estimated to be 0.5%–1% in the general
population in different world areas (Mustalahti et al. 2010;
Gujral, Freeman, and Thomson 2012). Major histocompati-
bility complexes (MHC) play a major role as genetic suscep-
tibility determinants in CD. In the context of genetic
predisposition, the consumption of gluten or gluten-related
proteins can trigger immunological responses that derive in
intestinal inflammation and tissue damage. Specific T cell
populations, proinflammatory cytokines, autoantibodies
against an intestinal enzyme, as well as impaired T regula-
tory cells, are involved in the intestinal damage produced in
CD (Meresse, Malamut, and Cerf-Bensussan 2012)
(Figure 1).

Allergy to wheat is an IgE-mediated immune response to
several wheat proteins, including but not limited to gluten
proteins. A T helper type 2 (Th2) cell response is involved
in wheat allergy, which is key for the production of IgE anti-
bodies by B cells. The recognition of wheat allergens by IgE
antibodies induces their crosslinking which triggers activa-
tion of effector cells of allergy, that promote allergic inflam-
mation. The prevalence of wheat allergy depends on each
group of age. Clinical manifestations are diverse, with symp-
toms ranging from local and mild to severe systemic reac-
tions (Inomata 2009) (Figure 2). Differences between CD
and IgE-mediated wheat allergy pathogenesis can be seen in
Figure 3.

Nonceliac gluten sensitivity or simply named gluten sen-
sitivity can be defined as a distress due to the consumption
of gluten and/or other cereal components. Nonceliac gluten
sensitivity is not mediated by IgE or autoimmune mecha-
nisms, therefore, neither allergy nor CD is implicated in this
condition. The reactions in nonceliac gluten sensitivity do
not usually lead to permanent intestinal damage and the
symptoms resolve after following a GFD or a reduction in
gluten intake (Rotondi Aufiero, Fasano, and Mazzarella
2018). It has been proposed that the innate branch of the
immune system has an important role in nonceliac gluten
sensitivity, however, the potential damage is usually low
with mild symptoms compared with CD or IgE-mediated
allergy. The definition of nonceliac gluten sensitivity as an
independent disease entity is still a matter of debate (Reese
et al. 2018) (Figure 4).
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Celiac disease

Genetic and environmental factors in celiac disease
Genetic and environmental factors have a critical role in
CD. The genetic risk factors are related to the expression of
the MHC class II molecules: HLA-DQ2 and HLA-DQ8. The
haplotype HLA-DQ2.5 has the highest association with CD
and is encoded by DQA1�0501 and DQB1�0201 alleles on
the same chromosome (cis configuration) in the DR3-DQ2.5
haplotype. Most of the remaining CD patients express DR4-
DQ8 haplotype, being DQ8 (encoded by DQA1�03 and
DQB1�0302) the molecule involved in CD. There is another
HLA-DQ2 molecule, DQ2.2 (encoded by DQA1�0201 and
DQB1�0202 alleles) in the DR7-DQ2 haplotype, that despite
its high homology to DQ2.5, presents a very low risk for
CD. However, patients heterozygous for DR7-DQ2 and
DR5-DQ7 have a high risk of CD, because of the expression
of the DQ2.5 molecule by DQA1 and DQB1 alleles located
on opposite chromosomes (trans configuration). Other
HLA-DQ molecules can be encoded in trans configuration,
for example, DQ2.3 and DQ8.5 which are found in DR3-
DQ2/DR4-DQ8 heterozygous subjects (Fallang et al. 2009;
Tollefsen et al. 2006, Ontiveros, Hardy, and Cabrera-Ch�avez
2015a; Sollid et al. 2012). These disease-specific MHC class
II molecules are key in the initiation of detrimental immune
responses in CD and they are the strongest genetic risk

factor in CD. However, they do not account for all the
genetic susceptibility in CD. Additional genetic variations
unconnected from HLA-DQ2 and HLA-DQ8 have also been
described as genetic risk factors in CD (Gutierrez-Achury
et al. 2015). That is the case of certain gene polymorphisms
of IL-2/IL-21, two cytokines implicated in the pathogenesis
of CD (Guo et al. 2015). Yet novel non-HLA genetic risk
factors have been described in recent years (Romanos
et al. 2014).

Additional susceptibility determinants such as low diver-
sity in the intestinal microbiota and differences in its com-
position have also been associated with CD (Wacklin et al.
2013). Furthermore, a connection between viral infections
and the initiation of CD has been proposed. Data from
recent studies have demonstrated that certain viruses, such
as reoviruses and other enteric viruses, can break the oral
tolerance and the intestinal immune homeostasis triggering
Th1 immunity to gluten (Bouziat et al. 2017; Brown, Jabri,
and Dermody 2018).

The main environmental risk factor for CD is the con-
sumption of gluten and gluten-related proteins which exert
a potent immunodominant function in subjects with genetic
predisposition to CD. Upon consumption, gluten proteins
are partially hydrolyzed in the digestive system by specific
proteases such as pepsin, trypsin, and chymotrypsin. Gluten
proteins are only partially hydrolyzed because they show

Figure 1. Celiac disease. HLA-DQ2/DQ8 in antigen presenting cells (APC) present gluten-derived peptides deamidated by TG2 to CD4þ T cells which are key in the
initiation of the inflammatory response in CD. On one hand, they promote a Th1 response in which large amounts of IFN-c and IL-21 are produced contributing to
the activation of IELS, which are key in the intestinal tissue damage. Other cytokines such as IL-15 or type I IFNs are upregulated in the epithelium of the lamina
propria in CD and they are key in the function and expansion of IELs. CD4þ T cells also induce a Th2 response and promote the clonal expansion of B cells and
production of IgA antibodies against TG2 and gliadin.
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protease resistance that is based on cleavage sites largely
restricted to regions that are immunological silent (Tye-Din
et al. 2010, Hausch et al. 2002). The resulting peptides are

transported into the lamina propria in a paracellular or
transcellular way, being some of these peptides particularly
resistant and immunodominant. That is the case of the 33-

Figure 2. IgE-mediated wheat allergy. This immunological disorder can be triggered by several wheat proteins, named as allergens. Th2 cells play an essential role
in the induction of IgE by B cells in the initial phase of the allergic response (sensitization phase). Other cells such as type 2 innate lymphoid cells (ILC2) also con-
tribute to it. After a new exposure to wheat allergens, IgE antibodies bound to FceRI on effectors cells of allergy, such as mast cells or basophils, recognize specific
allergenic epitopes from wheat with consequent cell activation and release of inflammatory and vasoactive mediators. As a result, allergic inflammation is elicited.

Figure 3. Differences between celiac disease (left panel) and IgE-mediated wheat allergy (right panel) pathogenesis.
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mer peptide of a-gliadin that contains three overlapping T
cell epitopes, and it is present in all common wheat cultivars
(Schalk et al. 2017a). Further immunogenic peptides have
been described from wheat in a-, x-, c-gliadin, and glutenin
and from other gluten-containing grains, such as from bar-
ley in hordein and from rye in secalin (Camarca et al. 2009;
Camarca, Del Mastro, and Gianfrani 2012; Tye-Din et al.
2010) (Table 1). Gluten-derived peptides are rich in glutam-
ine which is a specific substrate for transglutaminase 2
(TG2), an enzyme released during inflammation that modi-
fies gluten-derived peptides through deamidation (Di
Sabatino et al. 2012). The deamidated gluten-derived pepti-
des have increased affinity to HLA-DQ2 or DQ8. Studies
focused in the characterization of epitopes from gluten dis-
played by DQ haplotypes associated with CD have found
that the sets of gluten peptides displayed by specific DQ var-
iants differ in sequence and quantity, which may explain the
differential risk for CD of specific DQ2/8 variants (Bergseng
et al. 2015). Furthermore, the variability in the content of
gluten epitopes may depend on the specific wheat variety. In
that respect, it has been suggested that certain epitopes from
gliadin are in higher proportion in modern wheat varieties
than in ancient ones, although differences in modern vari-
eties have also been found (van den Broeck et al. 2010;
Ribeiro et al. 2016).

Immunological response in celiac disease
The presentation of deamidated gluten-derived peptides by
HLA-DQ2 or HLA-DQ8 in antigen presenting cells results
in a CD4þ T cell-mediated response. Such response initiates
a cascade that derives into intestinal inflammation,

enteropathy, villi atrophy, that can produce profound dam-
age in the intestinal tissue (Risnes et al. 2018) (Figure 1).
Intestinal intraepithelial lymphocytes (IELs) have a pro-
nounced presence in CD and they importantly contribute to
the intestinal damage. IELs are composed by CD8þ ab T
cells and cd T cells, in which CD8þ ab T cells have a nat-
ural killer (NK)-like function in CD producing relevant
damage in intestinal epithelial cells in a TCR specific-inde-
pendent manner (Abadie, Discepolo, and Jabri 2012). It has
been shown that CD8þ ab T cells and cd T cells bear gut-
homing receptors in CD patients that seem to be induced
by gluten ingestion that also induces the generation of glu-
ten-specific CD4þ T cells (Han et al. 2013). In that context,
tissue-resident memory CD4þ T cells would initiate the
inflammatory response triggered by gluten and they would
produce large amounts of IFN-c, IL-2, and IL-21 that con-
tribute to the activation of IELs, key in intestinal tissue dam-
age (Kooy-Winkelaar et al. 2017). Other cytokines increased
in the inflammatory microenvironment of CD are produced
by innate immune cells. That is the case of IL-15 and type-1
IFNs. IL-15 is upregulated in epithelium and lamina propria
and it has a pivotal function in the expansion of IELs,
induction of their NK-like function, polarization of dendritic
cells, and in the impairment of local regulation by blocking
of T regulatory cells (Meresse et al. 2015; Ettersperger et al.
2016). Recent studies have shown that patients with CD sub-
jected to oral gluten challenge have a large proportion of
circulating FOXP3± CD39± T regulatory cells, however,
these cells show an impaired in vitro suppressive function.
Such dysfunction has been proposed as a possible relevant
contributor in the pathogenesis of CD (Cook et al. 2017).

Type-1 IFNs can contribute to the loss of tolerance to
gluten in CD due to its effect on the activation of dendritic
cells or TG2 (Di Sabatino et al. 2007). Type-1 IFN can also
have an important role in the NK-like function of IELs
(Kim, Mayassi, and Jabri 2015) (Figure 1). The loss of toler-
ance can also be promoted by the recruitment of neutrophils
induced by IL-8 production that is triggered by gliadin
(Lammers et al. 2015).

In the immunological response of CD, TG2 not only has
an essential function as an enzyme that deamidates gluten-
derived peptides increasing their avidity for HLA-DQ2/DQ8
but also TG2 is the target of autoantibodies produced in CD
(Di Sabatino et al. 2012). In that regard, the responses of
CD4þ T cell to gluten-derived peptides include a Th2 cell
response that induces the clonal expansion of B cells and
their differentiation into plasma cells producers of IgA

Figure 4. Possible mechanism of nonceliac gluten sensitivity. Gluten, ATIs, and
FODMAPs have been proposed to have a possible role as elicitors in nonceliac
gluten sensitivity. ATIs can activate dendritic cells or macrophages via TLR4
inducing the production of pro-inflammatory cytokines and chemokines.
Increased infiltration of eosinophils in the intestinal mucosa has been described
(Carroccio et al. 2019). The potential damage of the intestinal mucosa in noncel-
iac gluten sensitivity has been described to be low.

Table 1. Proteins involved in CD.

Grain species Protein
Examples of T-cell epitopes

implicated in CD

Wheat
(Triticum aestivum)

a-gliadin a-glia-33 mer, a-glia-17 mer

c-gliadin DQ2-c-I, DQ2-c-II
x-gliadin DQ2-x-1
Glutenin Glt-17(a/b), Glt-156

Barley
(Hordeum vulgare)

Hordein Hor-a-2, Hor-a-9

Rye (Secale cereale) Secalin Sec-a-2, Sec-a-9
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antibodies against TG2 and against gliadin (Figure 1). In
normal conditions, B cells specific for TG2 exist but the
secretion of antibodies against TG2 is produced with the
help of gliadin specific CD4± T cells when gliadin and TG2
are linked in the small intestinal mucosa (Sollid et al. 1997).
The autoantibodies are primarily deposited in the lamina
propria where they can be transferred into the intestinal
lumen and circulation (Di Niro et al. 2012). IgA anti-TG2
autoantibodies are produced in CD in higher concentration
than IgM or IgG anti-TG2. Importantly, although IgA anti-
TG2 autoantibodies have high affinity to TG2, they do not
interfere with its enzymatic activity (Di Niro et al. 2012). In
fact, they seem to favor intracellular TG2 activation due to
the induction of Ca2þ mobilization (Caputo et al. 2013).
TG2 also has a cross-linking function that catalyzes the
cross-link between gliadin peptides and itself. In this con-
text, it has been demonstrated that IgA autoantibodies are
also generated against the product formed by TG2 cross-
linked with gliadin peptides. Therefore, the cross-linking
function of TG2 together to the exposure to gliadin would
facilitate the autoimmune response in CD (Lytton et al.
2013). Although the role of IgA anti-TG2 in the pathology
of CD is still not fully understood, it has been observed a
positive correlation between the concentration of these auto-
antibodies and intestinal damage (Alessio et al. 2012).
Interestingly, IgA anti-TG2 autoantibodies are a hallmark of
CD and they can be found in nearly all CD patients, being
an important diagnostic marker of CD with high sensitivity
and specificity (Verma et al. 2018).

Clinical picture of celiac disease
CD can affect individuals of any age. The pronounced intes-
tinal inflammation in CD causes changes in the architecture
of the intestinal mucosa with villi atrophy, flattening, enter-
opathy, that can derive in total villous degeneration.
Consequently, the most common symptom in children and
adults with CD is abdominal pain, followed by diarrhea,
that can be chronic or intermittent. Vomits, abdominal dis-
tension or loss of weight are also common symptoms
(Guandalini and Assiri 2014). Extraintestinal symptoms such
as fatigue, iron deficiency, or skin symptoms in the form of
dermatitis herpetiformis can also be found in pediatric and
adult patients (Repo et al. 2017; Collin et al. 2017;
Guandalini and Assiri 2014). Low mineral content of bones
is common in newly diagnosed children with CD and in
severe cases can derive in fractures and osteoporosis in
adults (Zanchetta, Longobardi, and Bai 2016; Guandalini
and Assiri 2014). Neurologic and psychiatric complications
in both pediatric and adult CD patients have also been
observed with a possible link with autoantibodies against
TG2 (Jackson et al. 2012; Hadjivassiliou et al. 2019; Jericho,
Sansotta, and Guandalini 2017). In children, youth but also
adult subjects with CD have been found a higher prevalence
to other autoimmune diseases such as diabetes mellitus type
I (Craig et al. 2017; Kurppa, Laitinen, and Agardh 2018;
Mahmud et al. 2005).

Diagnosis of celiac disease
For the diagnosis of CD in adults, a combination of sero-
logical tests and duodenal biopsies is necessary. Regarding
serologic tests, measurement of serum IgA anti-TG2 anti-
bodies constitutes the first-line screening test due to its high
sensitivity and specificity (Hopper et al. 2008). Moreover, it
has a lower cost than the measurement of IgA anti-endomy-
sial (EMA) antibodies, however, the latter may be performed
in the case of a weak positivity result of IgA anti-TG2.
When the patient has IgA deficiency, measurement of IgG
anti-TG2, IgG anti-EMA, and IgG anti-deamidated gliadin
can be performed instead (Lebwohl, Sanders, and Green
2018). Depending on the serological results, a duodenal
biopsy may be performed in order to establish the diagnosis
of celiac disease. Villous atrophy, hyperplasia, and increased
IELs on the duodenal biopsy together to positive serological
results confirm celiac disease diagnosis. HLA genotyping is
not used in routine diagnosis, except when a discrepancy
between serological and histological results exists (Leonard
et al. 2017). In the case of children, the European Society
for Pediatric Gastroenterology, Hepatology, and Hepatology
has recommended that duodenal biopsy should be avoided
if symptomatic pediatric patients have levels of anti-TG2
antibodies ten times higher than the upper limit of normal,
positive anti-EMA antibodies, and HLA genotype that pre-
disposes to celiac disease (Husby et al. 2012).

Treatment of celiac disease
The adherence to a GFD is currently the only available ther-
apy for CD. A GFD consists in a strict avoidance of gluten
and gluten-related proteins which implies that wheat, rye,
and barley (that contain gluten, secalin, and hordein,
respectively) together to products containing them should be
completely avoided (Rubio-Tapia et al. 2013). Pure oat does
not contain gluten; however, oat is frequently contaminated
with wheat or barley, therefore, its introduction into a GFD
should be done with caution and it should be closely moni-
tored (Pinto-S�anchez et al. 2017). It should be taken into
account that, although infrequent, some CD patients can
react to avenin, the gluten-related protein of pure oats,
whose toxicity depends on the variety of oat (Arentz-
Hansen et al. 2004; Real et al. 2012).

The proper adherence to a GFD usually involves an
improvement of clinical symptoms, increase of the density
of bones, balance of body weight or improvement of nutri-
tional values (Kelly et al. 2015). An important reconstitution
of the damage at the intestinal level can be reached after
long-term adherence to GFD (Rubio-Tapia et al. 2010).
However, GFD can be associated with digestive problems
such as constipation produced by poor intake of fiber.
Moreover, a strict GFD is in many cases difficult to follow
due to the presence of gluten traces in determined food
products (Allen et al. 2014; Sharma, Pereira, and Williams
2015). GFD also involves negative effects at a social level
and poor satisfaction of patients due to its restrictive nature
and the distress produced by a possible inadvertent exposure
to gluten (H€auser et al. 2010; Barratt, Leeds, and Sanders
2011; Silvester et al. 2016). For all these reasons, currently,
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there is an active area of research that focuses on the devel-
opment of alternative treatments for CD. As the knowledge
of the mechanisms involved in CD has increased in the last
decades, new molecules or mechanisms have been proposed
as potential therapeutic targets in CD (Lebwohl, Sanders,
and Green 2018). The most promising strategies involve
mechanisms able to detoxify gluten, to improve the perme-
ability of the intestine, or to induce changes in the immune
response to gluten. In this context, larazotide acetate is a
peptide that modulates intestinal tight junctions preventing
the translocation of gliadin peptides through the mucosal
barrier. Early phase trials with larazotide acetate showed
improvement of gastrointestinal symptoms in patients with
CD compared with placebo (Leffler et al. 2015). The agent is
currently in phase III trial. Another agent under investiga-
tion is the protease latiglutenase (previously ALV003). This
protease can degrade gluten intragastrically into small pepti-
des that lack immunogenic capacity. Latiglutenase is cur-
rently in late phase II clinical trial and although initial
studies demonstrated a decrease in mucosal injury due to
this agent (L€ahdeaho et al. 2014), current trials have shown
that its administration did not decrease gluten-related dam-
age in the intestine compared with placebo (Murray et al.
2017). It has been proposed that a possible trial effect could
be behind these observations, therefore further trials are
underway. Further potential treatments of CD currently
under research are specific vaccines able to modulate gluten-
specific T cells (Goel et al. 2017), or monoclonal antibodies
with the capacity to block pro-inflammatory cytokines such
as IL-15 or IFN-c (Castillo, Theethira, and Leffler 2015).

Wheat allergy

Immunological response in wheat allergy
Wheat allergy has in common with CD that is an adverse
reaction to proteins from wheat in which the immune sys-
tem is involved. However, wheat allergy is mediated by IgE
and it is mainly elicited by proteins contained in wheat and
not necessarily in other grains such as rye or barley,
although IgE-cross reactivity is possible in certain patients
(Pourpak et al. 2005). In wheat allergy, different factors such
as epithelial damage facilitates the exposure to wheat pro-
teins. The secretion of IL-25 or IL-33 by epithelial cells pro-
motes the differentiation of dendritic cells into a phenotype
that induces a Th2 cell response. Other cells such as type 2
innate lymphoid cells also contribute to the Th2 cell
response (Yu, Freeland, and Nadeau 2016). Such response
involves the production of cytokines such as IL-4, IL-5, and
IL-13, that have an important role in the induction of IgE,
by IgE class-switching in B cells. Upon a new exposure to
wheat allergens, IgE antibodies bound to their high affinity
receptor FceRI on cells such as basophils and mast cells rec-
ognize specific epitopes in wheat allergens. The recognition
results in IgE-crosslinking that triggers cell activation and
the release of inflammatory and vasoactive mediators. As a
result, allergic inflammation is elicited that could range from
local manifestations to severe systemic responses (Berin and

Sampson 2013; Tordesillas, Berin, and Sampson 2017)
(Figure 2).

Clinical picture of wheat allergy
Wheat allergy presents diverse clinical manifestations that
have a differential incidence depending on the age group.
Allergy associated with wheat ingestion has a higher preva-
lence in children than in adults due to the fact wheat allergy
is usually outgrown during school age (Keet et al. 2009;
Nilsson et al. 2015). Wheat allergy associated with ingestion
can produce symptoms such as vomiting, abdominal pain,
urticaria, angioedema, anaphylaxis, respiratory symptoms,
and skin symptoms, among others. In adults, although the
prevalence of allergy to ingested wheat is low, it is fre-
quently liked to anaphylactic reactions associated with exer-
cise. This condition receives the name of wheat-dependent
exercise-induced anaphylaxis (WDEIA) and involves severe
anaphylactic reactions to wheat when there is a practice of
intense exercise after its consumption, and in some cases,
when it is associated with other factors such as aspirin con-
sumption (Christensen et al. 2019). The underlying mechan-
ism of WDEIA could involve an increase in the intestine
permeability and absorption of wheat allergens that are
facilitated by the intense exercise. Higher activation of TG2
function that triggers cross-linking of wheat allergens with
an increased allergenic potential could also be associated
with WDEIA (Scherf et al. 2016).

Wheat can also induce IgE-mediated allergy through
inhalation, being denominated baker’s asthma. This condi-
tion is one of the most frequent occupational allergies in
several countries and its prevalence seems to be increasing
(Quirce and Diaz-Perales 2013). Inhalation of wheat flour in
its raw form is the main trigger of baker’s asthma. Rhinitis
frequently precedes asthmatic symptoms in this occupational
allergy. Conjunctivitis together to skin symptoms can also
occur (Brant 2007). Patients with baker’s asthma do not
usually have symptoms when they consume cooked wheat
or products that contain it, but they can react after ingestion
of products contaminated with raw wheat flour (Armentia
et al. 2009).

Wheat allergens
The allergens implicated in IgE-mediated wheat allergy are
wide distributed in the different protein fractions of wheat.
Protein content represents 10%–15% of the dry weight of
wheat grains. That content is classified in different protein
fractions according to its extraction capacity in different sol-
vents. Salt-soluble fractions are formed by albumins and
globulins and they configure the 15%–20% of the wheat
total protein content. This fraction includes amylase/trypsin
inhibitors or lipid transfer proteins (LTP), among others.
The remaining protein fractions from wheat are not
extracted by salt solutions and are formed by prolamins
(gliadins) and glutelins (glutenins) (De Brier et al. 2015;
Salcedo, Quirce, and Diaz-Perales 2011).

Currently, there are 28 allergens described in wheat
according to Allergen Nomenclature Sub-Committee IUIS
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(Table 2). Some of these allergens are associated with spe-
cific clinical manifestations of wheat allergy, while others are
implicated in all of them. a-amylase/trypsin inhibitors or
nonspecific LTP (Tri a 14) are heat-resistant allergens that
are frequently recognized by IgE of patients that have severe
reactions after wheat ingestion, WDEIA, or baker’s asthma
(Palacin et al. 2007, 2009, 2010). Tri a 37, a plant defense
protein, is also resistant to heat and digestion and it has
been linked to severe allergic reactions to wheat (Pahr et al.
2013). x-5-gliadin also named as Tri a 19 has been impli-
cated in WDEIA and in anaphylactic reactions to wheat in
children (Morita et al. 2009; Le et al. 2016). Several other
wheat food allergens have been identified and characterized,
such as a-, b-, c-gliadins, LMW glutenin subunit, HMW
glutenin subunit, a-amylase inhibitor subunits, etc. (Baar
et al. 2012; 2014; Hofer et al. 2018). Some of these allergens
have also been associated with baker’s asthma in different
study populations. That is the case of several prolamins such
as a-, b-, c-, and x-gliadins and LMW glutenin subunits.
Other allergens implicated in baker’s asthma are Tri a 25, a
thioredoxin (Weichel et al. 2006), Tri a 39, a serine protease
inhibitor-like protein (Constantin et al. 2008), or Tri a 32, a
peroxiredoxin (Pahr et al. 2012) (Table 2).

IgE-cross reactivity of wheat with other cereal grains and
grass pollen
The potential of wheat allergic patients to develop allergy to
other cereal grains such as rye, barley, oat, rice, or corn, due
to IgE-cross reactivity has been addressed in several studies.
In general, the presence of IgE against other cereal grains in
patients with wheat allergy is common, however, its clinical
significance has been demonstrated to be low. In a study

performed in the nineties, Jones et al. showed in a cohort of
patients with clinical allergy to cereal grains confirmed by
the gold standard for food allergy diagnosis, double-blind
placebo-controlled food challenge (DBPCFC), that 80% of
the patients were clinically allergic to only one cereal grain,
being the most frequent wheat (Jones et al. 1995). Further
studies demonstrated a lack of clinical reactivity to corn and
rice in 18 wheat allergic patients, however, 55.5% of these
patients had positive open food challenge test (OFC) to bar-
ley (Pourpak et al. 2005). Based on the obtained results, the
recommendation of elimination of cereal grains from the
diet once established clinical allergy to one or more of them
should be based in the results of food challenges under med-
ical supervision (Jones et al. 1995).

Regarding the potential of wheat allergic patients to have
IgE-cross reactivity to grass pollen, early studies found a
lack of cross reactivity between them (Jones et al. 1995).
Support for the latter observation comes from more recent
results that showed a lack of cross-reactivity between two
important wheat allergens (a-amylase/trypsin inhibitor and
LTPs) and grass pollen allergens (Pastorello et al. 2007).
However, a recent study provided evidence that other aller-
gens such as profilin and carbohydrate determinants could
have a higher implication in IgE-cross reactivity between
grass pollen and wheat but with a low clinical relevance
(Nilsson et al. 2018).

Diagnosis of wheat allergy
The diagnosis of wheat allergy in its different clinical pre-
sentations (allergy associated with wheat ingestion, WDEIA,
or baker’s asthma) relies on an accurate clinical history,
physical examination, and the selection of the appropriate

Table 2. Wheat proteins implicated in IgE-mediated wheat allergy.

Wheat allergen Biochemical name Molecular weight (kDa)

Tri a 12 Profilin 14
Tri a 14 Nonspecific lipid transfer protein 1 9
Tri a 15 Monomeric alpha-amylase inhibitor 0.28 13.2
Tri a 17 Beta-amylase 56
Tri a 18 Agglutinin isolectin 1 21.2
Tri a 19 Omega-5 gliadin 65
Tri a 20 Gamma gliadin 35–38
Tri a 21 Alpha-beta-gliadin 32.6
Tri a 25 Thioredoxin 13.3
Tri a 26 High molecular weight glutenin 88
Tri a 27 Thiol reductase homolog 27
Tri a 28 Dimeric alpha-amylase inhibitor 0.19 13
Tri a 29 Tetrameric alpha-amylase inhibitor CM1/CM2 13
Tri a 30 Tetrameric alpha-amylase inhibitor CM3 16
Tri a 31 Triosephosphate-isomerase 26.8
Tri a 32 1-cys-peroxiredoxin 23.9
Tri a 33 Serpin 43.3
Tri a 34 Glyceraldehyde-3-phosphate-dehydrogenase 36.5
Tri a 35 Dehydrin 11.5
Tri a 36 Low molecular weight glutenin GluB3-23 40
Tri a 37 Alpha purothionin 12
Tri a 39 Serine protease inhibitor-like protein 9.9
Tri a 40 Chloroform/methanol-soluble 7 protein (alpha amylase inhibitor) 15.96
Tri a 41 Mitochondrial ubiquitin ligase activator of NFKB 1 6.9
Tri a 42 Hypothetical protein from cDNA 8.2
Tri a 43 Hypothetical protein from cDNA 11.6
Tri a 44 Endosperm transfer cell specific PR60 precursor 11.9
Tri a 45 Elongation factor 1 (EIF1) 9.7

Source: Allergen Nomenclature Sub-Committee IUIS.
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tests. The first tests involve measurement of specific IgE to
wheat extract and wheat allergens in blood serum and skin
prick test (SPT). In the case of allergy to wheat due to inges-
tion in pediatric and adult patients, the clinical history and
the results of the mentioned tests can lead to an oral food
challenge, for which double-blind placebo-controlled wheat
challenge remains the gold standard. Although oral food
challenges are described as safe, they must be performed
with caution by medical personnel, since anaphylactic reac-
tions may occur (Sicherer and Sampson 2018). In the case
of WDEIA, this condition is frequently difficult to be recog-
nized by the physicians since it can be mistaken with other
common diseases. Diagnosis of WDEIA involves an accurate
clinical history, testing the presence of specific IgE against
wheat, and specific wheat allergens (such as x-5-gliadin),
and placebo-controlled wheat/exercise challenge may also be
needed. This challenge involves controlled wheat ingestion
and exercise for 15–20minutes using a treadmill 30minutes
after wheat intake (Scherf et al. 2016; Cianferoni 2016). On
the other hand, the diagnosis of baker’s asthma is based on
clinical history, confirmation of specific IgE to wheat in
serum and/or by SPT, and a positive response in the bron-
chial challenge test, which is the gold standard for the diag-
nosis of baker’s asthma (Cianferoni 2016).

Treatment of wheat allergy
The only available therapy for IgE-mediated wheat allergy is
strict avoidance of wheat. In the case of allergy associated
with wheat ingestion, instructions should be provided to
patients in order to follow an adequate wheat elimination
diet and also to train them for the correct interpretation of
labels (Quirce, Boyano-Mart�ınez, and D�ıaz-Perales 2016;
Cianferoni 2016). Prevention of WDEIA involves a total
restriction of exercise up to 6 hours after the consumption
of wheat or wheat-containing products. Avoidance of wheat
consumption in any circumstance can also be recommended
for WDEIA (Scherf et al. 2016). In the case of baker’s
asthma, a total restriction of exposure to wheat flours is
advised (Cianferoni 2016).

However, the underlying problem of a wheat elimination
diet is that wheat is widely used in different food products
and inadvertent exposure to small traces can occur.
Therefore, strict avoidance of wheat is in many cases diffi-
cult to reach. For that reason, new treatments able to miti-
gate the effects of inadvertent exposure to wheat are needed.
Nowadays, the development of new strategies for the treat-
ment of IgE-mediated wheat allergy, especially wheat food
allergy, is actively addressed. One promising treatment is
immunotherapy, which is based on the administration of
increased amounts of an allergenic source in order to modu-
late the immune system and to reach remission of allergic
symptoms (Burks et al. 2012). Three different types of
immunotherapy are currently considered and analyzed as
potential treatments of food allergy: oral immunotherapy
(OIT), sublingual immunotherapy (SLIT), and epicutaneous
immunotherapy (EPIT). From those, OIT is the most
studied in different food allergenic sources. OIT consists of
three phases: scalation or rush phase, in which a small dose

of the allergenic food in a food vehicle is administrated and
then rapidly increased; build-up phase: in which the dose is
increased every 1 or 2weeks until a maintenance dose is
reached; and the maintenance phase, in which the mainten-
ance dose is kept for years. The initial phases are performed
in a hospital under expert observation and the whole treat-
ment is periodically monitored by oral food challenges
(Cianferoni 2016; Pacharn and Vichyanond 2017). OIT has
been largely studied in egg, milk, or peanut (Burks et al.
2012; Skripak et al. 2008; Blumchen et al. 2010). In the case
of wheat OIT, only small studies are available. Sato et al.
investigated the efficacy of OIT in 18 children with wheat
anaphylaxis. Wheat OIT was performed with boiled
Japanese wheat noodles. The results showed that OIT for
2 years increased the threshold dose of symptoms, moreover,
successful tolerance to wheat was reached in 60% of the sub-
jects. The levels of specific IgE to wheat was reduced during
the therapy. The incidence of adverse effects was lower com-
pared to OIT performed with other allergenic foods such as
raw milk (Sato et al. 2015). In line with these results, other
studies have demonstrated the efficacy and safety of wheat
OIT, however, such studies present some limitations such as
small cohorts or lack of placebo group (Rodr�ıguez Del R�ıo
et al. 2014; Khayatzadeh et al. 2016).

Nonceliac gluten sensitivity

Clinical picture of nonceliac gluten sensitivity
In nonceliac gluten sensitivity, gluten and other grain com-
ponents trigger intestinal symptoms that appear after hours
or days of their consumption. The symptoms include
abdominal pain, abdominal distension, gases, diarrhea,
among others. Extraintestinal symptoms can also occur and
include fatigue, headache, pain in muscles and joints,
eczema, etc. (Leonard et al. 2017). Although the symptoms
can mirror to CD or wheat allergy, the patients with noncel-
iac gluten sensitivity do not have IgA anti-TG2 autoantibod-
ies or specific IgE against wheat proteins. These patients
also have normal intestinal permeability (Sapone et al.
2011), although gluten components such as gliadins can
increase it at some extent by interaction with CXCR3 recep-
tor and other mechanisms important for the release of mole-
cules that regulate gut permeability (Lammers et al. 2008;
Hollon et al. 2015). The definition of nonceliac gluten sensi-
tivity as an independent clinical entity still generates contro-
versy in the scientific community (Reese et al. 2018; Sapone
et al. 2012), since this condition has been frequently associ-
ated with irritable bowel syndrome (IBS) and other disor-
ders associated with gut function (Talley and Walker 2017).

Diagnostic biomarkers and diagnosis of nonceliac gluten
sensitivity
Diagnostic biomarkers are currently lacking for nonceliac
gluten sensitivity. Therefore, the diagnosis is based on exclu-
sion criteria of CD and wheat allergy and on an objective
improvement after the exclusion or reduction of gluten from
the diet. Once the symptoms have remitted due to a gluten-
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free or gluten-reduced diet, the diagnosis must be confirmed
by means of double-blind, placebo-controlled, (DBPC)
cross-over gluten challenge to establish that the symptoms
were associated with the ingestion of gluten or gluten-related
proteins (Carroccio et al. 2012; Catassi et al. 2015). DBPC
gluten challenge is considered the gold standard for the
diagnosis of nonceliac gluten sensitivity according to
the Salerno Experts’ criteria (Catassi et al. 2015). Yet, DBPC
gluten challenges present certain difficulties such as the
obtention of undistinguishable gluten vehicle and placebo.
Currently, there is a lack of a standardized method for
the preparation of vehicle and placebo in DBPC gluten
challenges, therefore the development of such standardiza-
tion by cereal technologists and clinical researchers should
be reached in the coming years (Figueroa-Salcido,
Ontiveros, and Cabrera-Ch�avez 2019; Francisco, Gerardo,
and No�e 2018).

Recently, it has been suggested that certain markers of
inflammation such as an increased in eosinophils infiltration
in rectal mucosa could constitute a possible disease-specific
biomarker for the diagnosis of nonceliac gluten sensitivity
(Carroccio et al. 2019). Besides gluten, other components
have also been associated with nonceliac gluten sensitivity.
That is the case of amylase/trypsin inhibitors (also named
ATIs) from wheat, rye, and barley, which are highly
resistant, and they seem to contribute to the activation of
the innate immune system in nonceliac gluten sensitivity
(Zevallos et al. 2017). Fermentable oligo- and disaccharides,
monosaccharides, and polyols (FODMAPs) may also
contribute to the symptomatology (Biesiekierski et al. 2013).
In fact, it has been shown that FODMAPs could be the
main trigger of nonceliac gluten sensitivity in certain
patients (El-Salhy et al. 2015; Reese et al. 2018). Therefore,
the term nonceliac gluten sensitivity could not be the most
appropriate since other components besides gluten can be
important in this condition. Other terms such as nonceliac
gluten/wheat sensitivity have been proposed to be
more convenient.

Immunological response in nonceliac gluten sensitivity
Although the implication of the immune system in noncel-
iac gluten sensitivity was initially questioned (Pietzak 2012),
several studies have suggested that the innate branch of the
immune system could have a predominant role in this con-
dition (Figure 4). However, a certain implication of the
adaptive immune system has also been observed. In early
studies, intestinal biopsies from patients with nonceliac glu-
ten sensitivity had a greater expression of toll-like receptors
(TLR) 1 and 2 than healthy subjects. Nonceliac gluten sensi-
tivity patients, as opposed to CD patients, have only a small
increase in IELs, and negative IgA anti-TG2 autoantibodies.
Furthermore, nonceliac gluten sensitivity patients had lower
expression of cytokines implicated in the adaptive immune
response at the intestinal level than CD patients (Sapone
et al. 2011). Nonceliac gluten sensitivity is only slightly
higher associated with HLA-DQ2 and/or HLA-DQ8 than
the general population (Sapone et al. 2011). Altogether these
data seem to indicate a predominant role of the innate

immune response in this condition, which is also supported
by the relative immediacy of the reactions (Sapone et al.
2011). In this context, it has been suggested that compo-
nents from cereals implicated in nonceliac gluten sensitivity
may activate predominantly the innate branch of the
immune system. In line with this assumption, it has been
demonstrated that wheat ATIs implicated in nonceliac glu-
ten sensitivity activate dendritic cells via TLR4 together to
macrophages and monocytes (Figure 4). ATIs are therefore
potent activators of the innate immune system (Junker et al.
2012; Zevallos et al. 2017). Interestingly, modern (hexa-
ploidy) wheat seem to have higher TLR4-activating ATIs
than older wheat variants (Zevallos et al. 2017). A 33-mer
peptide from gliadin has shown to activate the innate
immune system via TLR4 and TLR2 inducing secretion of
pro-inflammatory cytokines such as TNF-a and IP-10/
CXCL10, which it may be key in gluten-related disorders
(Herrera et al. 2018). However, the potential damage of the
activation of the innate immune system in nonceliac gluten
sensitivity is low and it translates into mild symptoms com-
pared to CD or IgE-mediated allergy (Leonard et al. 2017).
Interestingly, the concept of the unique role of the innate
immunity in nonceliac gluten sensitivity has been recently
challenged in studies that have shown increased levels of
INF-c gene expression in nonceliac gluten sensitivity
patients after gluten challenge (Brottveit et al. 2013).
However, an exploratory study found gluten-specific INF-c
producers T cells in peripheral blood of CD patients but not
in subjects without CD that present digestive and systemic
symptoms to gluten (Ontiveros et al. 2014). Furthermore, in
approximately 50% of patients with nonceliac gluten sensi-
tivity, IgG anti-gliadin can be found, although their role in
nonceliac gluten sensitivity is still not fully understood
(Infantino et al. 2015; Infantino et al. 2017).

Treatment of nonceliac gluten sensitivity
Patients diagnosed with nonceliac gluten sensitivity would
potentially benefit from a gluten-free or gluten-reduced diet,
which should be limited in the time due to the transient
nature of this condition (Catassi et al. 2015; Talley and
Walker 2017; Reese et al. 2018). Analysis of the tolerance
status to gluten and other grain components involved in
nonceliac gluten sensitivity would be recommended after a
specific period of time under GFD (Roncoroni et al. 2019).
A GFD is in most cases free of ATIs (Escudero-Hern�andez
et al. 2016). Patients with nonceliac gluten sensitivity also
seem to benefit from a FODMAPs-reduced diet, since it has
been shown that it is associated with an improvement of
gastrointestinal symptoms on these patients (Biesiekierski
et al. 2013; Dieterich et al. 2019; Muir et al. 2019).

Different lines of research are investigating new ways to
manage nonceliac gluten sensitivity. For instance, the tox-
icity of different varieties of wheat has been analyzed in sev-
eral studies. Interestingly, it has been found that ancient
diploid wheat such as Triticum monococcum ssp. monococ-
cum, unlike modern tetraploid or hexaploidy wheat, have a
reduced capacity to activate different immune cells impli-
cated in gluten-related disorders (Molberg et al. 2005).
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Although clinical studies have shown that these varieties
cannot be consumed by CD patients, it has been suggested
that they would be safe for patients with nonceliac gluten
sensitivity (Zanini et al. 2015). Novel hybridized cereals
such as tritordeum, the hybridization product of Triticum
durum with barley, has also been suggested as an option
for patients with nonceliac gluten sensitivity due to its low
content in gliadin (Vaquero et al. 2018). Novel studies using
CRISPR/Cas9 technology have produced nontransgenic
wheat with a reduced amount of a-gliadins, which translates
into an 85% reduction of immunoreactivity (S�anchez-Le�on
et al. 2018).

Conclusions and future directions

Gluten-free products currently constitute a profitable seg-
ment in the food industry with an estimated value of several
billion dollars (Talley and Walker 2017; Wu et al. 2015).
The unfounded perception in the general population that
a GFD is a healthy choice is fostering medically unjustified
alimentary habits of gluten avoidance. Currently, only
patients diagnosed with CD should follow a strict lifelong
GFD and patients with IgE-mediated wheat allergy must
avoid exposure to wheat in any form. In this context, and
despite several scientific advances, nonceliac gluten sensitiv-
ity has been demonstrated to be a not fully understood
condition for which the scientific community has not
reached a consensus for its classification as an independent
clinical entity (Reese et al. 2018; Sapone et al. 2012).
Although recent advances have been made in the definition
of possible diagnostic biomarkers, the current diagnosis
recommendation of nonceliac gluten sensitivity relies on
exclusion criteria of diseases such as CD or IgE-mediated
wheat allergy and an objective improvement after following
a gluten-reduced or GFD. The diagnosis should be then
confirmed by means of double-blind, placebo-controlled,
cross-over gluten challenge, which is the gold standard
for nonceliac gluten sensitivity diagnosis (Catassi et al. 2015;
Figueroa-Salcido, Ontiveros, and Cabrera-Ch�avez 2019).
It is also yet to be identified the main triggering compound
that mostly contributes to nonceliac gluten sensitivity, since
gluten can only explain a certain proportion of the reactions,
and other grain components such as FODMAPs or ATIs
have been tightly associated with this condition. Therefore,
future scientific efforts would be necessary in order to
establish the pathogenic mechanism and disease-specific
markers associated with nonceliac gluten sensitivity. The
adherence to a GFD without a well-defined diagnosis is
unjustified and can carry out several drawbacks and adverse
effects since it has been demonstrated that a GFD is neither
healthier nor advantageous than gluten-containing diet
for subjects without a medical proven diagnosis of
gluten-related disorders. Therefore, the advice for an adher-
ence to a GFD should be provided by medical doctors after
careful evaluation following the current standards for
gluten-related diseases diagnosis (Niland and Cash 2018;
Reilly 2016; Wu et al. 2015; Reese et al. 2018).
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