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Abstract
The incidence of gluten-related disorders (GRDs) continues to increase and its global prevalence is estimated at
approximately 5% of the population. Celiac disease (CD), dermatitis herpetiformis (DH), gluten ataxia (GA), wheat
allergy (WA), and non-celiac gluten sensitivity (NCGS) are the five major GRDs that present with a wide range of
clinical manifestations. The diagnosis of GRDs can be challenging because the typical and atypical clinical
manifestations of the GRDs overlap. In this review, the current definitions of gluten-related disorders, focusing on
their clinical features, diagnostic and therapeutic approaches are presented. We concluded that GRDs are usually
diagnosed using a combination of clinical features, serological tests, and histopathological findings. Treatment
usually involves dietary modification.
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Background
Gluten-related disorders (GRDs) refer to a group of conditions that are known to be caused by the ingestion of
the gluten proteins present in wheat, barley, and rye.
GRDs are heterogeneous, reflecting their autoimmune,
allergic, and non-autoimmune-allergic etiology. Celiac
disease (CD), dermatitis herpetiformis (DH), and gluten
ataxia (GA) are considered to be autoimmune. Wheat
allergy (WA) and non-celiac gluten sensitivity (NCGS)
are considered to be allergic and non-autoimmuneallergic diseases [1–3].
GRDs are estimated to have a global prevalence of
approximately 5% [4]. Until two decades ago, CD and
other GRDs were considered to be almost exclusively
found in European populations. Advances in the
* Correspondence: m.rostamii@gmail.com
2
Gastroenterology and Liver Diseases Research Center, Research Institute for
Gastroenterology and Liver Diseases, Shahid Beheshti University of Medical
Sciences, Tehran, Iran
Full list of author information is available at the end of the article

development of sensitive and specific serological tests
have led to an increase in the diagnosis of GRDs and
recognition that these conditions are a significant global
health issue [5]. The cultivation of ancient grasses, such
as the progenitors of modern wheat and barley, first
started in the Fertile Crescent of the Middle East
approximately 10,000 years ago. Cultivation of these
ancient grasses slowly spread across northern Europe
which coincided with the growth of the earliest civilizations and since then symptoms in keeping with GRDs
were reported [6–9]. Much later the mechanization of
agriculture and most recently, the industrial use of pesticides, nitrogen-based fertilizers, and genetic modification
have led to the production of a vast amount of wheat,
including new types of wheat with high gluten content.
These gluten-rich wheats are used in the global food industry. These rapid changes in the amount and type of
wheat being consumed may be responsible for the global
increase in the prevalence of GRDs [5, 10]. In a short
period of time, in evolutionary timescales, wheat has
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become one of the most important food sources in the
world [1, 6]. Furthermore, the use of ingredients such as
Baker’s yeast, instead of natural sourdough, reduces the
degradation of immunodominant gluten peptides. This
change in cooking techniques, combined with the high
gluten wheat, can be another factor responsible for the
increasing prevalence of GRDs in recent years [5, 8].
Among the GRDs, CD and DH have been extensively
studied and the role of gluten in their pathogenesis has
been clearly identified. CD can present with both intestinal and extra-intestinal symptoms including bloating,
abdominal discomfort, and fatigue. However, DH typically presents with extra-intestinal symptoms, such as a
blistering rash [11]. Patients affected by NCGS also
report a wide range of intestinal and extra-intestinal
symptoms related to the ingestion of gluten, such as abdominal pain, but the etiology of this condition is less
clearly understood than the etiology of CD and DH. The
NCGS pathogenesis is completely different from CD [5,
12]. Moreover, WA presents with typical allergy symptoms including rhinitis, eczema, and wheezing caused by
the activity of IgE antibodies against gluten and other
proteins contained in wheat. The IgE up-regulation may
cause transient gastrointestinal presentations including
nausea and bloating [4, 5, 12]. Although different GRDs
have specific pathophysiological responses to the ingestion of gluten, the same clinical manifestations can make
their differential diagnosis challenging [13]. Understanding the clinical presentations and etiology of the GRDs
helps clinicians decide upon appropriate investigation
and treatment. The present review considers the
spectrum of gluten-related disorders, focusing on clinical
features, investigations, diagnostic criteria and therapeutic approaches for each of the conditions.

Celiac disease (CD)

Celiac disease (CD) is a common GRD in which genetic
and environmental factors as well as gluten intolerance
are the main causes of innate and adaptive immune responses [14–18]. CD is characterized by small intestine
mucosal lesions, subtotal, or total intestinal villi atrophy
and nutrient malabsorption [19]. The global prevalence
of CD is estimated at 1–2% in the general population
and 0.3–2.9% in children [20, 21].
CD can be associated with a wide spectrum of manifestations, including intestinal and extra-intestinal symptoms or it can even be asymptomatic [7]. Common
intestinal features include chronic and persistent
diarrhea, malabsorption, abdominal pain, weight loss,
and steatorrhea. Atypical and extra-intestinal manifestations include hepatic hypofunction, iron deficiency
anemia, hair loss, osteoporosis, growth retardation,
epilepsy, psychiatric disorders, mouth ulcers, muscle

Page 2 of 12

weakness, fatigue, arthropathy, delayed onset of puberty
in children and infertility in adults [7, 22–25].
Conditions associated with CD include genetic
disorders such as Downs syndrome, Turners syndrome
and Williams syndrome; autoimmune disorders including type 1 diabetes mellitus (DM1), inflammatory bowel
disease (IBD), autoimmune thyroid disorders, autoimmune hepatitis; neurological disorders like ataxia and
epilepsy [26, 27].
CD can present at any age after the introduction of
gluten to the diet [28]. Children under 2 years old typically present with gastrointestinal symptoms and failure
to thrive. Older children and adults typically present
with symptoms that are mostly nonspecific and atypical
[29–31]. The differences in the clinical presentation of
CD may be due to immunological factors, the age of
onset, the duration and the extent of disease, degree of
small intestinal mucosal inflammation, gender, and
family history [26].
The diagnosis of CD is challenging and it should be
considered when patients present with either intestinal
or extra-intestinal symptoms, such as bloating or fatigue.
CD is more common in patients with a family history of
CD and DM1 than in the general population, even in
the absence of gastrointestinal symptoms [32]. The
correct diagnosis of CD requires a combination of
clinical, serological, and histopathological evaluations
[33]. It is recommended that patients with a clinical
presentation of CD should undergo serological tests
[34]. Several antibodies can be used in CD detection
such as anti-tissue transglutaminase (Anti-tTG), antiendomysial (EMA), and anti-deamidated gliadin peptides
(Anti-DGP), IgA and IgG antibodies [32, 35]. Anti-tTG
antibodies are the most common serologic markers for
CD diagnosis that have 96–98% sensitivity and 88–100%
specificity [36, 37]. IgA-tTG is the recommended serological test for the detection of CD. As IgA-deficiency
affects 2–3% of CD patients and leads to false-negative
results, total IgA levels also need to be measured. In the
presence of IgA-deficiency, IgG antibody-based tests
(IgG-tTG and/or IgG-DGP) should be used [32, 37].
High tTG-antibody levels (> 5 times the upper normal
unit (ULN)) is suggestive of a diagnosis of CD. IgAEMA antibody-based tests have a high sensitivity and
specificity for the diagnosis of CD. These tests can be
used as additional and confirmatory serological tests for
the initial diagnosis of celiac disease, in conjunction with
the measurement of anti-tTG antibodies. Unfortunately,
IgA-EMA antibody tests are expensive and userdependent [37, 38]. An antibody test followed by a small
intestinal biopsy evaluation is the gold standard for the
definitive diagnosis of CD [36, 39]. Adequate small intestinal sampling is essential in this regard and studies have
concluded that at least one biopsy from the duodenal
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bulb and at least four biopsies from the distal duodenum
are needed for an accurate diagnosis [40, 41]. Biopsy appearances in keeping with CD include scalloping, villous
flattening, and fissuring of mucosal folds. Small intestinal appearances can become more pronounced with
disease progression [17, 40, 41]. According to the Marsh
classification, the intestinal biopsy changes are classified
on the extent of increased intraepithelial lymphocytes,
crypt hyperplasia, and villous atrophy [42]. Corazza and
Oberhuberhave also proposed modifications to the
Marsh classification [43, 44] (Table 1), and these
proposed modifications have been challenged, Marsh
et al. [45]. CD diagnostic tests (serologic and endoscopic
tests) should be performed when the patient is on a
gluten-containing diet to avoid false-negative results
[46]. Human leukocyte antigens (HLA-DQ2/DQ8) are
the most important genetic risk factors for celiac disease
[47]. HLA typing can be used when the results of the
serological and histopathological tests are inconclusive
and the diagnosis of CD is uncertain [48, 49]. As almost
all patients with CD have HLA-DQ2 or HLA-DQ8, the
absence of these HLAs makes the diagnosis of CD very
unlikely [47, 50, 51]. HLA-DQ2 is found in 90–95% of
CD patients, and the other 5% have HLA-DQ8 variant
[52]. The European Society for Pediatric Gastroenterology, Hepatology, and Nutrition (ESPGHAN) guidelines
suggest that the diagnosis of CD in pediatrics can be
made without biopsy evaluation, if the patient has a high
level of anti-tTG antibodies (> 10 times ULN) along with
testing positive for EMA-antibodies and HLA-DQ2/DQ8
haplotypes. Biopsy evaluation is advised as being essential if either the EMA or HLA results do not support a
diagnosis of CD. The guidance also suggests that if
patients have symptoms suggestive of CD, but their antitTG level is < 10-time ULN, or when the patients are
asymptomatic, but the anti-tTG level is > 10-time ULN,
endoscopic intestinal biopsy is advisable [53]. In addition
to the ESPGHAN guidelines, Rubio et al. [32] (Fig. 1)
and Mayo medical laboratories have given an algorithm
for the diagnosis of CD (Fig. 2) [7]. There are emerging
methods for the diagnosis of CD. These methods include

Page 3 of 12

video capsule endoscopy (VCE), biochemical tests such
as measurement of intestinal fatty acid-binding protein
(I-FABP), radiology methods and intestinal permeability
tests that can provide additional information about the
appearance and function of the small intestinal mucosa,
increasing the detection and evaluation of CD [54].
Video capsule endoscopy (VCE)

Video capsule endoscopy (VCE) is a non-invasive
procedure that provides high-resolution images of the
entire small bowel mucosa [54–58]. Chang et al. [55] in
their meta-analysis study showed that VCE is sensitive
(89%) and specific (95%) for CD detection [55].
Intestinal fatty acid-binding protein (I-FABP) evaluation

Intestinal fatty acid-binding protein (I-FABP) is a watersoluble protein predominantly expressed in the small
intestine epithelial cells. When enterocytes are damaged,
I-FABP is released into the systemic circulation. Serum
I-FABP has the theoretical potential to be a non-specific
marker of small bowel inflammation in conditions such
as CD [54, 59, 60].
Radiology methods

Radiological methods are routinely used to visualize the
small bowel, but not routinely used for the diagnosis of
CD [54, 61]. Advanced imaging techniques including
computed tomography (CT) and magnetic resonance
(MR) modalities are frequently used for the evaluation
of small-bowel diseases. CT and MR abnormalities have
been reported in CD [54, 61–63].
Intestinal permeability tests

Permeability tests (e.g., D-xylose test, sucrose, lactulosemannitol ratio) can be used to measure the small bowel
permeability which is increased in CD. Abnormalities in
the small intestine are not specific for CD. Permeability
tests have low sensitivity (65%) and low specificity (74%)
for the diagnosis of CD [32, 54, 64].

Table 1 Histological classifications commonly used for celiac disease
HISTOLOGICAL
CRITERIA
Increased intraepithelial lymphocytes
(> 40% for Marsh, > 25% for Corazza)

MARSH MODIFIED
(OBERHUBER)

CORAZZA

Crypt hyperplasia

Villous atrophy

No

No

No

Type 0

None

Yes

No

No

Type 1

Grade A

Yes

Yes

No

Type 2

Yes

Yes

Yes (partial)

Type 3a

Yes

Yes

Yes (subtotal)

Type 3b

Yes

Yes

Yes (total)

Type 3c

Grade B1

Grade B2
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Fig. 1 Summary of Rubio Tapia et al. approach of celiac disease

Saliva tests

Dermatitis herpetiformis (DH)

Furthermore, saliva tests, measuring tTG, are being
evaluated. However, currently, there is insufficient
evidence to evaluate the benefit to patients by employing
these tests and the sensitivity of saliva tests in being able
to diagnose CD [65, 66].
The cornerstone of the treatment for CD is a lifelong
gluten-free diet (GFD) and no other strategies are comparable to a GFD in treating this disorder [7, 15, 26].

Dermatitis Herpetiformis (DH) is a chronic, autoimmune,
and recurrent cutaneous-intestinal disorder identified in
genetically susceptible individuals, which is often associated with CD [67, 68]. Anti-tTG antibodies that are
produced in response to gluten exposure can also
recognize epidermal transglutaminase (ETG). ETG is
structurally homologous to tTG and is the main antigen
in DH [67]. Deposition of IgA antibodies in the superficial

Fig. 2 Celiac disease diagnostic testing algorithm adopted from Mayo Medical Laboratories
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papillary dermis of DH patients causes vesiculobullous, pruritic, and localized lesions. DH affects the extensor surfaces such as elbows, buttocks, knees, and
scapular areas [67, 69]. DH is prevalent in Scandinavian countries and the UK and typically presents in
patients aged between 15 and 40 years. Males are affected more than females, with a ratio of 3:2, but
interestingly it is more prevalent in females than
males under the age of 20 years [67, 70].
DH patients rarely present gastrointestinal symptoms, although all of them have gluten sensitivity.
Approximately two-thirds of patients have some degree of villous atrophy, and one third has intraepithelial lymphocytosis [67].
DH is associated with a wide range of autoimmune
diseases, such as T1DM, pernicious anemia, Addison’s
disease, vitiligo, alopecia areata, and rheumatoid arthritis, systemic lupus erythematosus, Sjogren ‘s syndrome
and thyroid abnormalities [71].
Skin biopsy evaluation is advised in patients with
clinical manifestations that are suggestive of DH and
should be taken close to, but not from any vesicles.
Direct immunofluorescence (DIF) should be performed
on skin biopsy specimens [72]. The classic histopathological finding of DH is a sub-epidermal cleft rich in
neutrophils and eosinophils that presents at the dermal
papillae [67, 72, 73]. For patients with clinical presentations of DH, but negative DIF, other confirmatory tests
(such as anti-tTG antibody level) can be applied. Both
CD and DH patients have raised tissue transglutaminase specific auto-antibodies level in serum and small
bowel mucosa [69, 74]. An additional serological test
used in the diagnosis of DH is the measurement of
serum EMA-antibody levels; this has sensitivity and
specificity of at least 90% [67, 75]. Recently, some researchers have introduced the anti-deamidated gliadin
peptide antibody (anti-DPG) as a possible marker of
DH. Anti-DPG has a high sensitivity (between 84 and
90%), and it can be useful in the diagnosis of cases
with suspected DH with negative anti-tTG [76, 77].
ETG is the key auto-antigen in DH, therefore, it can
efficiently differentiate DH from other dermatological
diseases. Its sensitivity and specificity have been reported between 52 and 90%, and 93 and 100% respectively, nevertheless ETG is currently not approved
as a diagnostic marker of DH [73, 78–80]..
DH is treated with a GFD combined with pharmacological treatment including sulfones, such as dapsone,
and sulfonamides [81]. Dapsone is an anti-inflammatory
agent that downregulates neutrophil chemotaxis, reduces
the release of leukotrienes and prostaglandins, and thus
prevents tissue damage [82]. Possible side effects of
dapsone include hematological disturbances such as
methemoglobinemia and agranulocytosis [83].
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Gluten ataxia (GA)

Gluten ataxia (GA) is a type of cerebellar ataxia caused
by exposure to gluten in sensitive and genetically susceptible individuals [84]. GA is an autoimmune disorder
characterized by the presence of a cerebellar injury, affecting mainly Purkinje cells. In most cases of GA, there
has been a previous diagnosis of CD or NCGS with digestive symptoms [84]. Several studies have suggested
possible mechanisms for the development of GA in CD.
Impaired intestinal absorption leading to vitamin E
deficiency can cause spinocerebellar degeneration [85].
Malabsorption can also cause damage to the serotonincontaining neurons in the cerebellum, and brainstem
[86]. Immunological and inflammatory processes may
also be important in the etiology of GA. There is a
cross-reactivity between antigenic epitopes located at the
level of Purkinje cells and gluten-related antibodies. In
susceptible individuals, anti-gliadin antibodies may have
a clinically significant direct or indirect neurotoxic effect
[87].. Hadjivassiliou et al. [84] estimated that GA accounts for approximately 15% of all ataxias and 40% of
all idiopathic sporadic cerebellar ataxias. GA is more
common in the USA and Europe than in Asia. It typically affects males and females aged over 50 years [88].
The clinical manifestations of GA are similar to those
of other ataxias and include ocular signs like gazeevoked nystagmus (84%), dysarthria (66%), upper limb
ataxia (75%), lower limb ataxia (90%), gait ataxia (100%)
and additional movement disorders such as myoclonus,
chorea, palatal tremor and opsoclonus myoclonus [89].
GA is characterized by gradual onset of gait ataxia, associated with peripheral neuropathy. Occasionally, it can
be rapidly progressive, similar to paraneoplastic cerebellar degeneration [90]. The absence of autonomic dysfunction helps differentiate these patients from patients
with the cerebellar type of multiple system atrophy
(MSA-C) [91].
The diagnosis of GA is supported by the presence of
anti-gliadin, anti-tTG, and anti-TG61 (when available)
antibodies in the serum. The optimum diagnostic
strategy for patients with suspected GA remains
uncertain. Published studies have suggested that the IgA
anti-gliadin antibody is more specific than the IgG antigliadin antibody test [92–97], but Hadjivassiliou et al.
[89] reported that IgG anti-gliadin antibody is a better
marker of gluten ataxia, because of its high sensitivity.
Since the level of anti-gliadin antibodies is 5–12% in the
general population, some clinicians believe that antigliadin antibody tests cannot be used for the diagnosis of
GA [89]. Studies of GA patients have shown that antitTG antibodies are present in the brain, supporting a
possible pathogenic role in the etiology of the condition.
1

Anti-transglutaminase 6 Antibody
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If CD serology is positive, then obtaining intestinal biopsies to look for evidence of CD should be considered
[96]. Magnetic resonance imaging (MRI) can also be
used for GA diagnosis. MRI studies of GA patients show
the presence of moderate cerebellar atrophy in up to
60% of patients [87].
GA patients should be treated with a strict GFD. In
addition, studies have shown that immunotherapy (steroid, intravenous immunoglobulins (IVIG)) can be an effective treatment for such patients [98]. As GA is a
progressive disorder in which neurons and Purkinje cells
are destroyed over time, the response to treatment depends on the time interval between the onset of the GA
and treatment [99, 100].
Wheat allergy (WA)

Wheat allergy (WA) is one of the most common food allergies (since wheat provides 70% of dietary proteins), and
should be considered as a serious health problem worldwide [101]. In contrast to CD, different wheat components
such as water-soluble (albumin and globulin) and waterinsoluble (glutenin and gliadin) proteins contribute to the
development of wheat allergy [102–104]. WA is more
common in pediatric practice than adult medicine (the
mean age of onset for WA is 5.5 years (3–16 years)) and
the global prevalence of WA is reported at 0.5–1% [105–
108]. Wheat allergy as a subgroup of food hypersensitivity
is categorized into two groups; IgE-Mediated and nonIgE-Mediated WA [108–110].
IgE-mediated WA

Allergen ingestion (food allergy), inhalation (respiratory
allergy), or skin contact (dermal allergy) causes T helper
type 2 activation and immunoglobulin E (IgE) production by B and T cells [108]. Cross-linking of IgE with
gluten peptides triggers the release of chemical mediators such as histamine from basophils and mast cells,
leading to the clinical manifestations of allergic responses, including WA [109, 111]. The most common
manifestations of WA due to these mechanisms include
gastrointestinal (abdominal pain, nausea, vomiting,
diarrhea, bloating), dermal (itching, eczema, pruritus,
dizziness, atopic dermatitis, swelling, redness), respiratory (rhinitis, asthma, sneezing, chronic cough), circulatory (flushing, angioedema), cerebral (disturbed or foggy
thinking, headache, dizziness, migraines) symptoms
[108, 110]. These manifestations can be immediate
(minutes to an hour after ingestion) or delayed (a few
hours after oral ingestion of wheat) [112]. Additionally,
manifestations can be mild or life-threatening according
to the severity of the reaction [108, 110].
Wheat-dependent exercise-induced anaphylaxis (WDEI
A) is a particular type of IgE-mediated WA. Allergic
reactions occur when ingestion of wheat products is
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accompanied by triggering cofactors such as exercise
(within 1–3 h). Symptoms of WDEIA include pruritus,
angioedema, flushing, dyspnea, dysphagia, chest pain,
syncope, headache, nausea, diarrhea, and hoarseness [3,
113, 114].
Non-IgE-mediated WA

Non-IgE-mediated wheat allergy (delayed onset wheat
allergy) is closely associated with eosinophilic esophagitis
(EOE) or eosinophilic gastritis (EG) [108]. This type of
wheat allergy has different intestinal and extra-intestinal
symptoms, including indigestion, vomiting, diarrhea,
headaches, and arthralgia that are delayed for several
hours or even days after ingestion of allergens. It is associated with other food allergies (e.g., milk, egg white,
peanuts) [115, 116].
The diagnosis of a WA is dependent on clinical suspicion and a detailed dietary history. Diagnosis of a WA is
supported by skin patch testing (SPT) and measurement
of total IgE and wheat specific IgE [1, 108, 117]. Although these tests are sensitive (73% for SPT, 83% for
specific IgE), they do not have enough specificity (73%
for SPT, 43% for specific IgE) to establish a diagnosis of
WA [1, 118]. Furthermore, the specific IgE level is not
related to the severity of symptoms and its diagnostic
level varies depending on the type of WA [108, 119].
Serum IgE assays for Tri a 19 (omega-5-gliadin) and Tri
a 36 (low molecular weight glutenin) have been introduced into pediatric practice to support the diagnosis of
WA. The assays are useful for diagnosing infants (< 1year age) with suspected WA [120, 121]. Flow cytometric basophil activation test (BAT) has been applied in
research settings to evaluate the allergen-induced activation of basophils, which quantify the basophils response
to specific allergens. The BAT has a high specificity and
sensitivity for the diagnosis of WA, but requires specialized laboratory equipment [122, 123]. To confirm the
diagnosis of WA an open food challenge (OFC) and
bronchial challenge tests (BCT) are sometimes considered [108]. In OFC, increasing doses of wheat are
administered at 30-min intervals. Numerous investigations have reported that wheat OFC is safe with 30–50%
failure; however, it can be associated with fatal reactions
and anaphylaxis [108, 124]. The BCT is the gold standard to confirm the diagnosis of occupational respiratory
diseases; 30 mg of placebo flour is sniffed into one
nostril, and after 10 min, the same procedure is repeated
in another nostril, it can be repeated up to 3 times.
Patients with a WA may develop itching, sneezing, rhinitis, and a decrease in FEV1 during the BCT [108, 124].
Finally, a double-blind placebo-controlled food challenge
(DBPCFC) is considered to be the ‘gold standard’
diagnostic approach for WA. As the DBPCFC is timeconsuming, expensive and resource-intensive with the

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

potential to induce anaphylaxis, it is rarely used in
standard practice [124–126]. IgG / IgG4 antibodies have
an important role in inducing natural dietary tolerance
and their serum level increases in the setting of resolving
food allergy. Increased allergen-specific IgG levels have
not been validated for use in WA, because levels of
allergen-specific IgG levels can be elevated in other
gastrointestinal inflammatory diseases such as CD.
Furthermore, increased IgG levels can be observed in
more than half of the general population, as a response
to most common food elements [127, 128].
WA can be transient and its symptoms may improve
or disappear within a few years of wheat withdrawal
especially in children, but it can persist in adults as a
lifelong disorder [129]. High levels of WA specific IgE
antibodies for several years, despite the elimination in
diet, indicate persistent WA [106]. Patients with WA
should be educated on allergen avoidance and get nutritional support from dieticians. The only treatment
approach for these patients is an adherence to a wheatfree diet; nevertheless, they can consume gluten from
non-wheat sources. Epinephrine must be immediately
administered in the case of wheat exposure and severe
reactions [108, 130, 131].
Non-celiac gluten sensitivity (NCGS)

Non-celiac gluten sensitivity (NCGS) refers to a reaction
to gluten leading to intestinal and extra-intestinal manifestations that are not mediated by an allergic or
immunologic response [132, 133]. The terms gluten
sensitivity, gluten hypersensitivity, and non-celiac gluten
intolerance also refer to this condition [133–135]. NCGS
is more common in adult females (F/M 6:1) and its
prevalence is estimated at 0.6–13% of the general population [103, 136, 137].
NCGS can cause a wide variety of symptoms including
abdominal pain, diarrhea, weight loss, headache, fatigue,
malaise, muscle pain, recurrent oral ulceration, and
depression [138–140]. Recent studies proposed that
besides gluten, other components of wheat, such as
poorly fermentable, poorly absorbed, short-chain carbohydrates, and wheat amylase-trypsin inhibitors may
contribute to the development of NCGS [136, 137, 141–
143]. NCGS symptoms occur in a few hours or days
after gluten ingestion, that resolve on a GFD and relapse
after a gluten challenge [144, 145]. A significant proportion of NCGS patients are self-diagnosed and start a
GFD without medial consultation [146, 147].
Currently, the diagnosis of NCGS is dependent upon a
clinical assessment of symptoms and exclusion of WA
and CD – the “Salerno Experts’ Criteria” (the probability
of CD and WA must be ruled out) in patients on diets
that contain gluten [146]. In other words, NCGS should
be considered in patients with negative WA and CD
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tests (the small intestine of NCGS patients is usually
normal, and serum tTG-antibodies and EMA-antibodies
are negative) [148, 149]. HLA-DQ2/DQ8 haplotypes are
found in approximately 50% of NCGS patients. These
haplotypes are not required for the condition to develop,
and HLA typing cannot be used to confirm or exclude a
diagnosis of NCGS [1, 138]. As there is no specific
NCGS diagnostic biomarker and test, a therapeutic trial
of a GFD may be considered. Following a diagnosis of
NGCS, patients may be asked to undergo a doubleblind, placebo-controlled (DBPC) gluten challenge [140,
150]. Patients diagnosed with NCGS showed a significant worsening of symptoms after gluten consumption
[151]. However, this exclusion diagnostic protocol remains cumbersome and is not easy to perform in daily
clinical practice. There is an increasing need for having a
clear diagnostic process that will lead to a definitive
diagnosis in suspected NCGS individuals [144, 152]. To
date, in various studies, the attempt has been made to
identify the predictive pattern of NCGS. In the absence
of a definitive test to diagnose NCGS, studies continue
to focus on serum markers of wheat intolerance. Studies
have shown that IgG anti-gliadin antibodies (IgG-AGA)
are present in approximately 56% of NCGS cases and
over 80% of CD cases, compared to 2–8% of the general
population [146, 153, 154]. Duodenal biopsies from
patients with NCGS are typically reported as normal,
but detailed analysis suggests a mild increase in intraepithelial lymphocytes, increased expression of claudin 4,
Toll-like receptor 2 (TLR2) and interferon-gamma
(IFNγ) and increased goblet cell number in this condition [140, 155].
There are conflicting data on intestinal permeability in
NCGS [156, 157]. In the primary study conducted by
Sapone et al. [158] in 2011, gut permeability of CD and
NCGS patients was determined using the urine lactulose/mannitol (LA/MA) test. The results of this study
demonstrated a significantly lower small intestinal
permeability in NCGS compared to CD patients and
controls. The study also reported a high expression of
claudin-4 mRNA, in duodenal biopsies from NCGS
patients compared to the other patient groups, consistent with the finding of decreased intestinal permeability
[158]. Hollon et al. [159] in their ex vivo study in 2015,
evaluated changes in transepithelial electrical resistance
(TEER) of tissue biopsies from active CD patients
(ACD), CD patients in remission, patients with nonceliac gluten sensitivity and controls exposed to pepsintrypsin digested gliadin (PT-gliadin). The results of their
study demonstrated that gliadin exposure reduced TEER
and increased intestinal permeability in all patient
groups compared to controls. These results suggest that
NCGS patients have abnormal intestinal permeability
[159]. The study conducted by Uhde et al. [155] on

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

individuals with wheat sensitivity in the absence of
CD in 2016, also demonstrated the presence of enterocyte injury, increased intestinal permeability, and
microbial products translocation in these patients.
This study reported that the increased intestinal
permeability was accompanied by an increase in the
serum levels of the different biomarkers such as soluble CD14, lipopolysaccharide-binding protein (LBP),
and fatty acid-binding protein 2 (FABP2). They proposed that these biomarkers, if validated in subsequent analysis, could be useful as possible NCGS
diagnostic tools [155]. Furthermore, Barbaro et al.
[160] in 2015 showed significantly high zonulin serum
levels, a potential biomarker for monitoring changes
in intestinal permeability, following gluten exposure.
They noted that zonulin can contribute to NCGS
pathophysiology and has a correlation with symptoms
in NCGS patients [160]. In the past, patients with
NCGS were frequently misdiagnosed. These patients
were often believed to have an underlying psychiatric
disorder [139, 161]. Unlike CD, NCGS is not considered a high risk for long-term complications or nutrient deficiencies. There is no need to screen the
relatives of patients with NCGS [143, 162].
The only way to treat the NCGS is GFD adherence
[163].

Conclusions
Gluten is a dietary protein that is widely used in the
global food industry. Genetic and environmental factors
predispose individuals to a wide range of GRDs. The
GRDs are a diverse group of conditions with different
etiologies and clinical manifestations that can overlap.
Understanding the underlying etiology of the GRDs
guides the diagnosis and management of these globally
significant and frequently overlooked conditions.
Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s12876-020-01390-0.
Additional file 1 Table S1. Summary of clinical and diagnostic aspects
of gluten-related disorders.

Abbreviations
Anti-DGP: Anti-deamidated gliadin peptides; Anti-tTG: Anti-tissue
transglutaminase; CD: Celiac disease; DBPCFC: Double-blind placebocontrolled food challenge; DH: Dermatitis herpetiformis; DIF: Direct
immunofluorescence; DM1: Type 1 diabetes mellitus; EG: Eosinophilic
gastritis; EMA: Anti-endomysial; EOE: Eosinophilic esophagitis; ETG: Epidermal
transglutaminase; GA: Gluten ataxia; GFD: Gluten-free diet; GRDs: Glutenrelated disorders; HLA: Human leukocyte antigens; IBD: Inflammatory bowel
disease; Ig: Immunoglobulin; MRI: Magnetic resonance imaging; NCGS: Nonceliac gluten sensitivity; OFC: Open food challenge; SPT: Skin prick test;
ULN: Upper normal unit; WA: Wheat allergy; WDEIA: Wheat-dependent
exercise-induced anaphylaxis

Page 8 of 12

Acknowledgements
We would like to thank the Gastroenterology and Liver Diseases Research
Center, the Research Institute for Gastroenterology and Liver Diseases, and
Shahid Beheshti University of Medical Sciences, Tehran, Iran, for all their
support.
Authors’ contributions
M.R.N, D.A.D, M.R.R, and M.R.Z designed the study. M.R.T, N. A, B. S, and S.A.
contributed to the concept of the review. N.T. selected the database and
papers for the review and wrote the draft of the review. All authors revised
the manuscript and approved the final version.
Funding
The Gastroenterology and Liver Diseases Research Center, Research Institute
for Gastroenterology and Liver Diseases, and Shahid Beheshti University of
Medical Sciences, Tehran, Iran, supported the study.
Availability of data and materials
Not applicable.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Author details
Basic and Molecular Epidemiology of Gastrointestinal Disorders Research
Center, Research Institute for Gastroenterology and Liver Diseases, Shahid
Beheshti University of Medical Sciences, Tehran, Iran. 2Gastroenterology and
Liver Diseases Research Center, Research Institute for Gastroenterology and
Liver Diseases, Shahid Beheshti University of Medical Sciences, Tehran, Iran.
3
Division of Gastroenterology and Liver Diseases, Imam Khomeini Hospital
Complex, Tehran University of Medical Sciences, Tehran, Iran. 4Department of
Gastroenterology, South Warwickshire Foundation Trust, Warwickshire, UK.
5
Proteomics Research Center, Faculty of Paramedical Sciences, Shahid
Beheshti University of Medical Sciences, Tehran, Iran. 6Laser Application in
Medical Sciences Research Center, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.
1

Received: 13 January 2020 Accepted: 21 July 2020

References
1. Sapone A, Bai JC, Ciacci C, Dolinsek J, Green PH, Hadjivassiliou M, et al.
Spectrum of gluten-related disorders: consensus on new nomenclature and
classification. BMC Med. 2012;10(1):1–12.
2. Rostami-Nejad M, Karkhane M, Marzban A, Mojarad EN, Rostami K. Gluten
related disorders. Gastroenterology and hepatology from bed to bench.
2012;5(Suppl 1):S1.
3. Sharma N, Bhatia S, Chunduri V, Kaur S, Sharma S, Kapoor P, et al.
Pathogenesis of celiac disease and other gluten related disorders in wheat
and strategies for mitigating them. Frontiers in Nutrition. 2020;7.
4. Bascuñán Gamboa K, Roncoroni L, Branchi F, Doneda L, Scricciolo A, Ferretti
F, et al. The 5 Ws of a gluten challenge for gluten-related disorders. Nutr
Rev. 2018;76.
5. Tovoli F, Masi C, Guidetti E, Negrini G, Paterini P, Bolondi L. Clinical and
diagnostic aspects of gluten related disorders. World journal of clinical
cases. 2015;3:275–84.
6. Leonard MM, Vasagar B. US perspective on gluten-related diseases. Clin Exp
Gastroenterol. 2014;7:25–37.
7. Gujral N, Freeman HJ, Thomson ABR. Celiac disease: prevalence, diagnosis,
pathogenesis and treatment. World J Gastroenterol. 2012;18(42):6036–59.
8. Barada K, Abu Daya H, Rostami K, Catassi C. Celiac disease in the developing
world. Gastrointest Endosc Clin N Am. 2012;22:773–96.
9. Gasbarrini G, Mangiola F. Wheat-related disorders: a broad spectrum of
‘evolving’diseases. United European Gastroenterol J. 2014;2(4):254–62.

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

10. Shewry PR. Do ancient types of wheat have health benefits compared with
modern bread wheat? J Cereal Sci. 2018;79:469–76.
11. McAllister BP, Williams E, Clarke K. A comprehensive review of celiac
disease/gluten-sensitive enteropathies. Clin Rev Allergy Immunol. 2019;57(2):
226–43.
12. Hill ID, Fasano A, Guandalini S, Hoffenberg E, Levy J, Reilly N, et al. NASPGH
AN clinical report on the diagnosis and treatment of gluten-related
disorders. J Pediatr Gastroenterol Nutr. 2016;63(1):156–65.
13. Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, et al. Diagnosis of
gluten related disorders: celiac disease, wheat allergy and non-celiac gluten
sensitivity. World journal of gastroenterology : WJG. 2015;21:7110–9.
14. Malekzadeh R, Sachdev A, Ali AF. Coeliac disease in developing countries:
middle east, India and North Africa. Best Pract Res Clin Gastroenterol. 2005;
19(3):351–8.
15. Freeman HJ. Celiac disease: a disorder emerging from antiquity, its evolving
classification and risk, and potential new treatment paradigms. Gut and
liver. 2015;9(1):28.
16. Asri N, Rostami-Nejad M. The facts of celiac disease; a comprehensive
review. International Journal of Celiac Disease. 2019;7(2):48–52.
17. Kagnoff MF. Overview and pathogenesis of celiac disease. Gastroenterology.
2005;128(4):S10–S8.
18. Asri N, Rostami-Nejad M, Barzegar M, Nikzamir A, Rezaei-Tavirani M, Razzaghi
M, et al. Suppressive mechanisms induced by Tregs in celiac disease. Iran
Biomed J. 2020;24(3):140–7.
19. Kagnoff MF. Celiac disease: pathogenesis of a model immunogenetic
disease. J Clin Invest. 2007;117(1):41–9.
20. Rostami-Nejad M, Taraghikhah N, Ciacci C, Pourhoseingholi MA, Barzegar F,
Rezaei-Tavirani M, et al. Anxiety symptoms in adult celiac patients and the
effect of a gluten-free diet: an Iranian Nationwide study. Inflammatory
Intestinal Diseases. 2020;5(1):42–8.
21. Ludvigsson J, Green P. Clinical management of celiac disease. J Intern Med.
2011;269:560–71.
22. Husby S, Koletzko S, Korponay-Szabó I, Mearin M, Phillips A, Shamir R, et al.
European Society for Pediatric Gastroenterology, Hepatology, and nutrition
guidelines for the diagnosis of coeliac disease. J Pediatr Gastroenterol Nutr.
2012;54(1):136–60.
23. Murch S, Jenkins H, Auth M, Bremner R, Butt A, France S, et al. Joint
BSPGHAN and Coeliac UK guidelines for the diagnosis and management of
coeliac disease in children. Arch Dis Child. 2013;98(10):806–11.
24. CfCPa NICE. Coeliac disease: recognition and assessment of coeliac disease;
2009.
25. Freeman HJ. Adult celiac disease in the elderly. World J Gastroenterol: WJG.
2008;14(45):6911.
26. Parzanese I, Qehajaj D, Patrinicola F, Aralica M, Chiriva-Internati M, Stifter S,
et al. Celiac disease: from pathophysiology to treatment. World J
Gastrointest Pathophysiol. 2017;8(2):27–38.
27. Volta U, Tovoli F, Caio G. Clinical and immunological features of celiac
disease in patients with type 1 diabetes mellitus. Expert review of
gastroenterology & hepatology. 2011;5:479–87.
28. Silano M, Agostoni C, Guandalini S. Effect of the timing of gluten
introduction on the development of celiac disease. World J Gastroenterol.
2010;16(16):1939–42.
29. Masood N, Shaikh IA. Clinical presentations and biochemical profile in adult
celiac disease patients in Hyderabad: Pakistan. Pakistan journal of medical
sciences. 2014;30(2):287.
30. Nogueira Oliveira G, Mohan R, Fagbemi A. Review of celiac disease
presentation in a pediatric tertiary Centre. Arq Gastroenterol.
2018;55:86–93.
31. Rostami Nejad M, Hogg-Kollars S, Ishaq S, Rostami K. Subclinical celiac
disease and gluten sensitivity. Gastroenterology and hepatology from bed
to bench. 2011;4(3):102–8.
32. Rubio-Tapia A, Hill ID, Kelly CP, Calderwood AH, Murray JA. American
College of Gastroenterology clinical guideline: diagnosis and management
of celiac disease. Am J Gastroenterol. 2013;108(5):656.
33. Kaswala DH, Veeraraghavan G, Kelly CP, Leffler DA. Celiac disease: diagnostic
standards and dilemmas. Diseases. 2015;3(2):86–101.
34. Leffler D. Celiac disease diagnosis and management: a 46-year-old woman
with anemia. JAMA. 2011;306(14):1582–92.
35. Rashtak S, Ettore MW, Homburger HA, Murray JA. Comparative usefulness of
deamidated gliadin antibodies in the diagnosis of celiac disease. Clin
Gastroenterol Hepatol. 2008;6(4):426–32.

Page 9 of 12

36. Lewis N, Scott B. Meta-analysis: deamidated gliadin peptide antibody and
tissue transglutaminase antibody compared as screening tests for coeliac
disease. Aliment Pharmacol Ther. 2010;31(1):73–81.
37. Rostom A, Dubé C, Cranney A, Saloojee N, Sy R, Garritty C, et al. The
diagnostic accuracy of serologic tests for celiac disease: a systematic review.
Gastroenterology. 2005;128:S38–46.
38. Armstrong D, Don-Wauchope AC, Verdu EF. Testing for gluten-related
disorders in clinical practice: the role of serology in managing the spectrum
of gluten sensitivity. Can J Gastroenterol. 2011;25(4):193–7.
39. Van der Windt DA, Jellema P, Mulder CJ, Kneepkens CF, van der Horst HE.
Diagnostic testing for celiac disease among patients with abdominal
symptoms: a systematic review. JAMA. 2010;303(17):1738–46.
40. Niveloni S, Fiorini A, Dezi R, Pedreira S, Smecuol E, Vazquez H, et al.
Usefulness of videoduodenoscopy and vital dye staining as indicators of
mucosal atrophy of celiac disease: assessment of interobserver agreement.
Gastrointest Endosc. 1998;47(3):223–9.
41. McCarty TR, O'Brien CR, Gremida A, Ling C, Rustagi T. Efficacy of duodenal
bulb biopsy for diagnosis of celiac disease: a systematic review and metaanalysis. Endosc Int Open. 2018;6(11):E1369–E78.
42. Marsh MN. Gluten, major histocompatibility complex, and the small
intestine: a molecular and immunobiologic approach to the spectrum of
gluten sensitivity (‘celiac sprue’). Gastroenterology. 1992;102(1):330–54.
43. Oberhuber G, Granditsch G, Vogelsang H. The histopathology of coeliac
disease: time for a standardized report scheme for pathologists. Eur J
Gastroenterol Hepatol. 1999;11(10):1185–94.
44. Corazza G, Villanacci V. Coeliac disease. J Clin Pathol. 2005;58(6):573–4.
45. N Marsh M, W Johnson M, Rostami K. Mucosal histopathology in celiac
disease: a rebuttal of Oberhuber's sub-division of Marsh III. Gastroenterology
and hepatology from bed to bench. 2015;8(2):99–109.
46. Lewis D, Haridy J, Newnham ED. Testing for coeliac disease. Aust Prescr.
2017;40(3):105–8.
47. Hadithi M, von Blomberg BME, Crusius JBA, Bloemena E, Kostense PJ, Meijer
JW, et al. Accuracy of serologic tests and HLA-DQ typing for diagnosing
celiac disease. Ann Intern Med. 2007;147(5):294–302.
48. Catassi C, Fasano A. Celiac disease diagnosis: simple rules are better than
complicated algorithms. Am J Med. 2010;123(8):691–3.
49. Ludvigsson JF, Bai JC, Biagi F, Card TR, Ciacci C, Ciclitira PJ, et al. Diagnosis
and management of adult coeliac disease: guidelines from the British
Society of Gastroenterology. Gut. 2014;63(8):1210–28.
50. Sollid LM, Markussen G, Ek J, Gjerde H, Vartdal F, Thorsby E. Evidence for a
primary association of celiac disease to a particular HLA-DQ alpha/beta
heterodimer. J Exp Med. 1989;169(1):345–50.
51. Sollid LM, Thorsby E. The primary association of celiac disease to a
given HLA-DQ α/β heterodimer explains the divergent HLA-DR
associations observed in various Caucasian populations. Tissue Antigens.
1990;36(3):136–7.
52. Stanković B, Radlović N, Leković Z, Ristić D, Radlović V, Nikčević G, et al. HLA
genotyping in pediatric celiac disease patients. Bosn J Basic Med Sci. 2014;
14(3):171–6.
53. Husby S, Koletzko S, Korponay-Szabó I, Kurppa K, Mearin ML, Ribes-Koninckx
C, et al. European society Paediatric gastroenterology, Hepatology and
nutrition guidelines for diagnosing coeliac disease 2020. J Pediatr
Gastroenterol Nutr. 2020;70(1):141–56.
54. Al-Toma A, Volta U, Auricchio R, Castillejo G, Sanders DS, Cellier C, et al.
European Society for the Study of coeliac disease (ESsCD) guideline for
coeliac disease and other gluten-related disorders. United European
Gastroenterol J. 2019;7(5):583–613.
55. Chang MS, Rubin M, Lewis SK, Green PH. Diagnosing celiac disease by video
capsule endoscopy (VCE) when esophogastroduodenoscopy (EGD) and
biopsy is unable to provide a diagnosis: a case series. BMC Gastroenterol.
2012;12(1):90.
56. Spada C, Riccioni M-E, Urgesi R, Costamagna G. Capsule endoscopy in celiac
disease. World J Gastroenterol. 2008;14(26):4146–51.
57. Vicnesh J, Wei JKE, Ciaccio EJ, Oh SL, Bhagat G, Lewis SK, et al. Automated
diagnosis of celiac disease by video capsule endoscopy using DAISY
descriptors. J Med Syst. 2019;43(6):157.
58. Rondonotti E, Paggi S. Videocapsule endoscopy in celiac disease: indications
and timing. Dig Dis. 2015;33(2):244–51.
59. Oldenburger IB, Wolters VM, Kardol-Hoefnagel T, Houwen RH, Otten HG.
Serum intestinal fatty acid–binding protein in the noninvasive diagnosis of
celiac disease. Apmis. 2018;126(3):186–90.

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

60. Vreugdenhil AC, Wolters VM, Adriaanse MP, Van den Neucker AM, van
Bijnen AA, Houwen R, et al. Additional value of serum I-FABP levels for
evaluating celiac disease activity in children. Scand J Gastroenterol. 2011;
46(12):1435–41.
61. Masselli G. Small bowel imaging: clinical applications of the different
imaging modalities—a comprehensive review. ISRN Pathology. 2013;2013:
419542.
62. Van Weyenberg SJ, Mulder CJ, Van Waesberghe JHT. Small bowel imaging
in celiac disease. Dig Dis. 2015;33(2):252–9.
63. Fraquelli M, Sciola V, Villa C, Conte D. The role of ultrasonography in
patients with celiac disease. World J Gastroenterol: WJG. 2006;12(7):1001.
64. Junior M, Silva TMJ, Guerrant RL, Lima AAM. Measurement of intestinal
permeability using mannitol and lactulose in children with diarrheal
diseases. Brazilian journal of medical and biological research = Revista
brasileira de pesquisas médicas e biológicas / Sociedade Brasileira de
Biofísica [et al]. 1999;32:1499–504.
65. Bonamico M, Ferri M, Nenna R, Verrienti A, Di Mario U, Tiberti C. Tissue
transglutaminase autoantibody detection in human saliva: a powerful
method for celiac disease screening. J Pediatr. 2004;144(5):632–6.
66. Bonamico M, Nenna R, Luparia R, Perricone C, Montuori M, Lucantoni F,
et al. Radioimmunological detection of anti-transglutaminase
autoantibodies in human saliva: a useful test to monitor coeliac disease
follow-up. Aliment Pharmacol Ther. 2008;28(3):364–70.
67. Clarindo MV, Possebon AT, Soligo EM, Uyeda H, Ruaro RT, Empinotti JC.
Dermatitis herpetiformis: pathophysiology, clinical presentation, diagnosis
and treatment. An Bras Dermatol. 2014;89(6):865–77.
68. Antiga E, Maglie R, Quintarelli L, Verdelli A, Bonciani D, Bonciolini V, et al.
Dermatitis Herpetiformis: Novel Perspectives. Front Immunol. 2019;10:1290-.
69. Mendes F, Hissa-Elian A, Abreu M, Gonçalves V. Review: dermatitis
herpetiformis. An Bras Dermatol. 2013;88:594–9.
70. Lionel F. Dermatitis herpetiformis: problems, progress and prospects. Eur J
Dermatol. 2002;12(6):523–31.
71. Reunala T, Collin P. Diseases associated with dermatitis herpetiformis. Br J
Dermatol. 1997;136(3):315–8.
72. Antiga E, Caproni M. The diagnosis and treatment of dermatitis
herpetiformis. Clin Cosmet Investig Dermatol. 2015;8:257–65.
73. Caproni M, Antiga E, Melani L, Fabbri P. Guidelines for the diagnosis and
treatment of dermatitis herpetiformis. Journal of the European Academy of
Dermatology and Venereology : JEADV. 2009;23:633–8.
74. Dieterich W, Schuppan D, Laag E, Bruckner-Tuderman L, Reunala T, Kárpáti S,
et al. Antibodies to tissue transglutaminase as serologic markers in patients
with dermatitis Herpetiformis. J Investig Dermatol. 1999;113(1):133–6.
75. Peters MS, McEvoy MT. IgA antiendomysial antibodies in dermatitis
herpetiformis. J Am Acad Dermatol. 1989;21(6):1225–31.
76. Kasperkiewicz M, Dähnrich C, Probst C, Komorowski L, Stöcker W,
Schlumberger W, et al. Novel assay for detecting celiac disease–associated
autoantibodies in dermatitis herpetiformis using deamidated gliadinanalogous fusion peptides. J Am Acad Dermatol. 2012;66(4):583–8.
77. Sugai E, Smecuol E, Niveloni S, Vázquez H, Label M, Mazure R, et al. Celiac
disease serology in dermatitis herpetiformis. Which is the best option for
detecting gluten sensitivity? Acta Gastroenterol Latinoam. 2006;36(4):197–201.
78. Rose C, Bröcker EB, Zillikens D. Clinical, histological and immunpathological
findings in 32 patients with dermatitis herpetiformis Duhring. JDDG: Journal
der Deutschen Dermatologischen Gesellschaft. 2010;8(4):265–70.
79. Rose C, Armbruster FP, Ruppert J, Igl B-W, Zillikens D, Shimanovich I.
Autoantibodies against epidermal transglutaminase are a sensitive
diagnostic marker in patients with dermatitis herpetiformis on a normal or
gluten-free diet. J Am Acad Dermatol. 2009;61(1):39–43.
80. Bonciani D, Verdelli A, Bonciolini V, D'Errico A, Antiga E, Fabbri P, et al.
Dermatitis herpetiformis: from the genetics to the development of skin
lesions. Clin Dev Immunol. 2012;2012.
81. Bolotin D, Petronic-Rosic V. Dermatitis herpetiformis part II. Diagnosis,
management, and prognosis. J Am Acad Dermatol. 2011;64:1027–33 quiz 33.
82. Wozel G, Blasum C. Dapsone in dermatology and beyond. Arch Dermatol
Res. 2014;306(2):103–24.
83. Kobe Y, Setoguchi D, Kitamura N. Dapsone-induced agranulocytosis leading
to perianal abscess and death: a case report. J Med Case Rep. 2011;5:107-.
84. Hadjivassiliou M, Sanders DD, Aeschlimann DP. Gluten-related disorders:
gluten ataxia. Dig Dis. 2015;33(2):264–8.
85. Gordon N. Vitamin E deficiency and illness in childhood. Developmental
Medicine & Child Neurology. 1987;29(4):546–9.

Page 10 of 12

86. Finelli PF, McEntee WJ, Ambler M, Kestenbaum D. Adult celiac disease
presenting as cerebellar syndrome. Neurology. 1980;30(3):245-.
87. Ghezzi A, Filippi M, Falini A, Zaffaroni M. Cerebral involvement in celiac
disease: a serial MRI study in a patient with brainstem and cerebellar
symptoms. Neurology. 1997;49(5):1447–50.
88. Ford RPK. The gluten syndrome: a neurological disease. Med Hypotheses.
2009;73(3):438–40.
89. Hadjivassiliou M, Grünewald R, Sharrack B, Sanders D, Lobo A, Williamson C,
et al. Gluten ataxia in perspective: epidemiology, genetic susceptibility and
clinical characteristics. Brain : a journal of neurology. 2003;126(Pt 3):685–91.
90. Hadjivassiliou M, Sanders DS, Woodroofe N, Williamson C, Grünewald RA.
Gluten ataxia. Cerebellum. 2008;7(3):494.
91. Gordon N. Cerebellar ataxia and gluten sensitivity: a rare but possible cause
of ataxia, even in childhood. Dev Med Child Neurol. 2000;42(4):283–6.
92. Hadjivassiliou M, Grünewald R, Chattopadhyay A, Davies-Jones G, Gibson A,
Jarratt J, et al. Clinical, radiological, neurophysiological, and
neuropathological characteristics of gluten ataxia. Lancet. 1998;352(9140):
1582–5.
93. Hamidian Y, Togha M, Nafisi S, Dowlatshahi S, Jahromi SR, Moghadam NB,
et al. Antigliadin antibody in sporadic adult ataxia. Iran J Neurol. 2012;11(1):
16–20.
94. Rashtak S, Rashtak S, Snyder MR, Pittock SJ, Wu T-T, Gandhi MJ, et al.
Serology of celiac disease in gluten-sensitive ataxia or neuropathy: role of
deamidated gliadin antibody. J Neuroimmunol. 2011;230(1–2):130–4.
95. Wong D, Dwinnel M, Schulzer M, Nimmo M, Leavitt B, Spacey S. Ataxia and
the role of Antigliadin antibodies. The Canadian journal of neurological
sciences Le journal canadien des sciences neurologiques. 2007;34:193–6.
96. Hadjivassiliou M, Mäki M, Sanders D, Williamson C, Grünewald R, Woodroofe
N, et al. Autoantibody targeting of brain and intestinal transglutaminase in
gluten ataxia. Neurology. 2006;66(3):373–7.
97. Hadjivassiliou M, Aeschlimann P, Sanders DS, Mäki M, Kaukinen K,
Grünewald R, et al. Transglutaminase 6 antibodies in the diagnosis of gluten
ataxia. Neurology. 2013;80(19):1740–5.
98. Nanri K, Mitoma H, Ihara M, Tanaka N, Taguchi T, Takeguchi M, et al. Gluten
ataxia in Japan. Cerebellum (London, England). 2014;13(5):623–7.
99. Cooke WT, Smith WT. Neurological disorders associated with adult coeliac
disease. Brain : a journal of neurology. 1966;89(4):683–722.
100. Hadjivassiliou M, Davies-Jones GAB, Sanders DS, Grünewald RA. Dietary
treatment of gluten ataxia. J Neurol Neurosurg Psychiatry. 2003;74(9):1221–4.
101. Battais F, Richard C, Jacquenet S, Denery S, Moneret-Vautrin A. Wheat grain
allergies: an update on wheat allergens. Eur Ann Allergy Clin Immunol.
2008;40:67–76.
102. Mansouri M, Pourpak Z, Mozafari H, Gorji FA, Shoormasti RS. Follow-up of
the wheat allergy in children; consequences and outgrowing the allergy.
Iranian Journal of Allergy, Asthma and Immunology. 2012:157–63.
103. Marchioni Beery RM, Birk JW. Wheat-related disorders reviewed: making a
grain of sense. Expert review of gastroenterology & hepatology. 2015;9(6):
851–64.
104. Pasha I, Saeed F, Sultan MT, Batool R, Aziz M, Ahmed W. Wheat allergy and
Intolerence; recent updates and perspectives. Crit Rev Food Sci Nutr. 2016;
56(1):13–24.
105. Ricci G, Andreozzi L, Cipriani F, Giannetti A, Gallucci M, Caffarelli C. Wheat
allergy in children: a comprehensive update. Medicina (Kaunas). 2019;55(7):
400.
106. Keet C, Matsui E, Mudd K, Paterakis M, Wood R. The natural history of wheat
allergy. J Allergy Clin Immunol. 2008;121(2):S236.
107. Amin AJ, Davis CM, editors. Changes in prevalence and characteristics of
IgE-mediated food allergies in children referred to a tertiary care center in
2003 and 2008. Allergy and asthma proceedings; 2012.
108. Cianferoni A. Wheat allergy: diagnosis and management. Journal of asthma
and allergy. 2016;9:13.
109. Tanabe S. Analysis of food allergen structures and development of foods for
allergic patients. Bioscience, biotechnology, and biochemistry. 2008:
0802050767-.
110. Ortiz C, Valenzuela R, Lucero AY. Celiac disease, non celiac gluten sensitivity
and wheat allergy: comparison of 3 different diseases triggered by the same
food. Rev Chil Pediatr. 2017;88(3):417–23.
111. Galli SJ, Tsai M. IgE and mast cells in allergic disease. Nat Med. 2012;18(5):
693–704.
112. Valenta R, Hochwallner H, Linhart B, Pahr S. Food allergies: the basics.
Gastroenterology. 2015;148(6):1120–31.e4.

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

113. Scherf KA, Brockow K, Biedermann T, Koehler P, Wieser H. Wheatdependent exercise-induced anaphylaxis. Clinical and experimental
allergy : journal of the British Society for Allergy and Clinical
Immunology. 2016;46(1):10–20.
114. Cabanillas B. Gluten-related disorders: celiac disease, wheat allergy, and
nonceliac gluten sensitivity. Crit Rev Food Sci Nutr. 2019:1–16.
115. Daher S, Tahan S, Solé D, Naspitz CK, Da Silva Patrício FR, Neto UF, et al.
Cow's milk protein intolerance and chronic constipation in children. Pediatr
Allergy Immunol. 2001;12(6):339–42.
116. Meyer R, Chebar Lozinsky A, Fleischer DM, Vieira MC, Du Toit G, Vandenplas
Y, et al. Diagnosis and management of non-IgE gastrointestinal allergies in
breastfed infants—an EAACI position paper. Allergy. 2020;75(1):14–32.
117. Ansotegui IJ, Melioli G, Canonica GW, Caraballo L, Villa E, Ebisawa M,
et al. IgE allergy diagnostics and other relevant tests in allergy, a World
Allergy Organization position paper. World Allergy Organ J. 2020;13(2):
100080-.
118. Soares-Weiser K, Takwoingi Y, Panesar SS, Muraro A, Werfel T, HoffmannSommergruber K, et al. The diagnosis of food allergy: a systematic review
and meta-analysis. Allergy. 2014;69(1):76–86.
119. Ito K, Futamura M, Borres M, Takaoka Y, Dahlstrom J, Sakamoto T, et al. IgE
antibodies to ω-5 gliadin associate with immediate symptoms on oral
wheat challenge in Japanese children. Allergy. 2008;63(11):1536–42.
120. Baar A, Pahr S, Constantin C, Giavi S, Manoussaki A, Papadopoulos NG, et al.
Specific IgE reactivity to tri a 36 in children with wheat food allergy. J
Allergy Clin Immunol. 2014;133(2):585–7.
121. Nilsson N, Sjolander S, Baar A, Berthold M, Pahr S, Vrtala S, et al. Wheat
allergy in children evaluated with challenge and IgE antibodies to wheat
components. Pediatr Allergy Immunol. 2015;26.
122. Hemmings O, Kwok M, McKendry R, Santos AF. Basophil Activation Test: Old
and New Applications in Allergy. Curr Allergy Asthma Rep. 2018;18(12):77-.
123. McGowan EC, Saini S. Update on the performance and application of
basophil activation tests. Curr Allergy Asthma Rep. 2013;13(1):101–9.
124. Christensen MJ, Eller E, Mortz CG, Bindslev-Jensen C. Patterns of suspected
wheat-related allergy: a retrospective single-Centre case note review in 156
patients. Clinical and Translational Allergy. 2014;4(1):39.
125. Asero R, Fernandez-Rivas M, Knulst AC, Bruijnzeel-Koomen CA. Double-blind,
placebo-controlled food challenge in adults in everyday clinical practice: a
reappraisal of their limitations and real indications. Curr Opin Allergy Clin
Immunol. 2009;9(4):379–85.
126. Scibilia J, Pastorello EA, Zisa G, Ottolenghi A, Bindslev-Jensen C, Pravettoni V,
et al. Wheat allergy: a double-blind, placebo-controlled study in adults. J
Allergy Clin Immunol. 2006;117(2):433–9.
127. Czaja-Bulsa G, Bulsa M, Gębala A. Food IgG 4 antibodies are elevated not
only in children with wheat allergy but also in children with gastrointestinal
diseases. BMC Gastroenterol. 2016;16(1):39.
128. Gocki J, Bartuzi Z. Role of immunoglobulin G antibodies in diagnosis of
food allergy. Postepy Dermatol Alergol. 2016;33(4):253–6.
129. Niggemann B, Celik-Bilgili S, Ziegert M, Reibel S, Sommerfeld C, Wahn U.
Specific IgE levels do not indicate persistence or transience of food allergy
in children with atopic dermatitis. Journal of investigational allergology &
clinical immunology : official organ of the International Association of
Asthmology (INTERASMA) and Sociedad Latinoamericana de Alergia e
Inmunología. 2004;14:98–103.
130. Wang J. Management of the patient with multiple food allergies. Curr
Allergy Asthma Rep. 2010;10(4):271–7.
131. Baker HB, David TJ. The dietetic and nutritional management of food
allergy. Journal of the Royal Society of Medicine. 1997;90 Suppl 30(Suppl
30):45–50.
132. Casella G, Villanacci V, Di Bella C, Bassotti G, Bold J, Rostami K. Non celiac
gluten sensitivity and diagnostic challenges. Gastroenterology and
hepatology from bed to bench. 2018;11(3):197–202.
133. Mansueto P, Seidita A, D’Alcamo A, Carroccio A. Non-celiac gluten
sensitivity: literature review. J Am Coll Nutr. 2014;33(1):39–54.
134. Capannolo A, Viscido A, Barkad MA, Valerii G, Ciccone F, Melideo D, et al.
Non-celiac gluten sensitivity among patients perceiving gluten-related
symptoms. Digestion. 2015;92(1):8–13.
135. Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PH, et al. The Oslo
definitions for coeliac disease and related terms. Gut. 2013;62(1):43–52.
136. Volta U, Caio G, Tovoli F, De Giorgio R. Non-celiac gluten sensitivity: an
emerging syndrome with many unsettled issues. Italian Journal of Medicine.
2013;8:225.

Page 11 of 12

137. Sadeghi A, Shahrokh S, Zali MR. An unusual cause of constipation in a
patient without any underlying disorders. Gastroenterology and hepatology
from bed to bench. 2015;8(2):167–70.
138. Roszkowska A, Pawlicka M, Mroczek A, Bałabuszek K, Nieradko-Iwanicka
B. Non-celiac gluten sensitivity: a review. Medicina (Kaunas).
2019;55(6):222.
139. Biesiekierski JR, Iven J. Non-coeliac gluten sensitivity: piecing the puzzle
together. United European Gastroenterol J. 2015;3(2):160–5.
140. Barbaro MR, Cremon C, Stanghellini V, Barbara G. Recent advances in
understanding non-celiac gluten sensitivity. F1000Res. 2018;7:F1000 Faculty
Rev-631.
141. Biesiekierski JR, Peters SL, Newnham ED, Rosella O, Muir JG, Gibson PR. No
effects of gluten in patients with self-reported non-celiac gluten sensitivity
after dietary reduction of fermentable, poorly absorbed, short-chain
carbohydrates. Gastroenterology. 2013;145(2):320–8. e3.
142. Junker Y, Zeissig S, Kim S-J, Barisani D, Wieser H, Leffler DA, et al. Wheat
amylase trypsin inhibitors drive intestinal inflammation via activation of tolllike receptor 4. J Exp Med. 2012;209(13):2395–408.
143. Rathi PM, Zanwar VG. Non-celiac gluten sensitivity (NCGS). J Assoc
Physicians India. 2016;64(3):46–55.
144. Catassi C, Elli L, Bonaz B, Bouma G, Carroccio A, Castillejo G, et al. Diagnosis
of non-celiac gluten sensitivity (NCGS): the Salerno Experts' criteria.
Nutrients. 2015;7(6):4966–77.
145. Molina-Infante J, Santolaria S, Fernández-Bañares F. Non-Celiac Gluten
Sensitivity. 2015. p. 441–62.
146. Volta U, Tovoli F, Cicola R, Parisi C, Fabbri A, Piscaglia M, et al. Serological
tests in gluten sensitivity (nonceliac gluten intolerance). J Clin Gastroenterol.
2011;46:680–5.
147. Leonard MM, Sapone A, Catassi C, Fasano A. Celiac disease and nonceliac
gluten sensitivity: a review. JAMA. 2017;318(7):647–56.
148. Lionetti E, Leonardi S, Franzonello C, Mancardi M, Ruggieri M, Catassi C.
Gluten psychosis: confirmation of a new clinical entity. Nutrients. 2015;7(7):
5532–9.
149. Catassi C, Bai JC, Bonaz B, Bouma G, Calabrò A, Carroccio A, et al. Non-celiac
gluten sensitivity: the new frontier of gluten related disorders. Nutrients.
2013;5(10):3839–53.
150. Molina-Infante J, Carroccio A. Suspected nonceliac gluten sensitivity
confirmed in few patients after gluten challenge in double-blind.
Placebo-Controlled Trials Clinical Gastroenterology and Hepatology.
2016;15.
151. Biesiekierski JR, Newnham ED, Irving PM, Barrett JS, Haines M, Doecke JD,
et al. Gluten causes gastrointestinal symptoms in subjects without celiac
disease: a double-blind randomized placebo-controlled trial. Am J
Gastroenterol. 2011;106(3):508–14.
152. Volta U, De Giorgio R. New understanding of gluten sensitivity. Nat Rev
Gastroenterol Hepatol. 2012;9(5):295.
153. Volta U, Granito A, Parisi C, Fabbri A, Fiorini E, Piscaglia M, et al. Deamidated
gliadin peptide antibodies as a routine test for celiac disease: a prospective
analysis. J Clin Gastroenterol. 2010;44(3):186–90.
154. Infantino M, Manfredi M, Meacci F, Grossi V, Severino M, Benucci M, et al.
Diagnostic Accuracy Of Anti-Gliadin Antibodies In Non Celiac Gluten
Sensitivity (Ncgs) Patients: A Dual Statistical Approach. Clinica chimica acta;
international journal of clinical chemistry. 2015;451.
155. Uhde M, Ajamian M, Caio G, De Giorgio R, Indart A, Green PH, et al.
Intestinal cell damage and systemic immune activation in individuals
reporting sensitivity to wheat in the absence of coeliac disease. Gut. 2016;
65(12):1930–7.
156. Fasano A. Zonulin, regulation of tight junctions, and autoimmune diseases.
Ann N Y Acad Sci. 2012;1258(1):25–33.
157. Camilleri M, Madsen K, Spiller R, Greenwood-Van Meerveld B, Verne GN.
Intestinal barrier function in health and gastrointestinal disease.
Neurogastroenterology and motility : the official journal of the European
Gastrointestinal Motility Society. 2012;24(6):503–12.
158. Sapone A, Lammers KM, Casolaro V, Cammarota M, Giuliano MT, De Rosa M,
et al. Divergence of gut permeability and mucosal immune gene expression
in two gluten-associated conditions: celiac disease and gluten sensitivity.
BMC Med. 2011;9(1):23.
159. Hollon J, Puppa EL, Greenwald B, Goldberg E, Guerrerio A, Fasano A. Effect
of gliadin on permeability of intestinal biopsy explants from celiac disease
patients and patients with non-celiac gluten sensitivity. Nutrients. 2015;7(3):
1565–76.

Taraghikhah et al. BMC Gastroenterology

(2020) 20:258

160. Barbaro M, Cremon C, Caio G, De Giorgio R, Volta U, Stanghellini V, et al.
Zonulin serum levels are increased in non-celiac gluten sensitivity and
irritable bowel syndrome with diarrhea. 2015.
161. Ashat M, Kochhar R. Non-celiac gluten hypersensitivity. Trop Gastroenterol.
2014;35(2):71–8.
162. Freeman H. Adult celiac disease and its malignant complications. Gut and
liver. 2009;3:237–46.
163. Khan A, Suarez MG, Murray JA. Nonceliac gluten and wheat sensitivity.
Clinical gastroenterology and hepatology : the official clinical practice
journal of the American Gastroenterological Association. 2019.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

