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Abstract

Wheat and gluten related disorders are common and differentiating between these conditions is necessary to identify the appropriate management, and establish
potential complications and ways to avoid them. Celiac disease (CD) is a gluten related enteropathy where the villi of the small bowel flatten resulting in nutrition
malabsorption when at risk individuals are exposed to gluten. This condition is completely reversible once gluten is eliminated entirely from the diet. Non celiac gluten
sensitivity (NCGS) on the other hand is used to describe individuals who report gastrointestinal symptoms when exposed to gluten and are managed by eliminating
gluten from their diets. It is important to differentiate between NCGS and CD as the former group do not suffer consequences of malabsorption or other serious
complications if they continue to ingest toxic gluten. Wheat allergy is a condition caused by immunologic responses to a range of different proteins in wheat and is
managed by eliminating wheat from diet. Symptoms range from urticaria, chest tightness, gastrointestinal symptoms and wheeze to anaphylaxis which makes dietary

elimination. In this article, we describe the three wheat related disorders, investigation and management.

Introduction

Wheat is one of the most widely consumed food products
worldwide. It is also responsible for many disorders, some of which are
benign and others, if left untreated, may have serious consequences.
Wheat (Triticum aestivum, Tri a) proteins and classified into water
soluble proteins: globulins and albumins, and water insoluble protein:
gluten which consists of two main types: glutenins and gliadins [1].
The glutenins are mainly responsible for the dough elasticity and the
gliadins for the extensibility of bread. Gluten has been involved in the
pathogenesis of some conditions such as celiac disease (CD), non-
celiac gluten sensitivity (NCGS) and wheat allergy. The latter includes
wheat dependent exercise-induced anaphylaxis (WDEIA), eosinophilic
esophagitis (EoE) and atopic dermatitis. In this article we will focus
on the difference between celiac disease, non-celiac gluten sensitivity
and wheat allergy. It is important to differentiate CD from NCGS
to establish the group at risk of nutritional deficiencies and other
complications of CD. Apart from aiming to prevent these compilations,
it is necessary for the individuals who are at risk of complications to
be aware of the importance of adherence to a strict gluten free diet.
Similarly, it is crucial to identify the group of patients who are allergic
to wheat and formulate an appropriate treatment plan to avoid fatal
allergic reactions such as those that occur in WDEIA.

Celiac disease

CD (also known as gluten-sensitive enteropathy) is a chronic
systemic, autoimmune disorder in genetically predisposed individuals
triggered by exposure to dietary gluten and resulting in mucosal
inflammation, villous atrophy and crypt hyperplasia. Therefore, the
predisposed individuals are at risk of villous atrophy when ingesting
wheat, barley and rye. The typical presentation is that of malabsorption,
anemia and gastrointestinal disturbance, including diarrhea, bloating
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and nutritional deficiencies. Traditionally, the disease presented
in children with malnourishment and delayed growth after gluten
is introduced in the diet. Currently, and in view of the availability
of serological screening for CD, more cases with nonspecific
gastrointestinal symptoms. CD is identified. The prevalence of CD is
approximately 1% of the Caucasian population [2]. Genetically, CD is
associated with human leukocyte antigen (HLA) haplotypes DQ2 (in
95% of patients) and DQ8 (in 5% of patients) [3].

Untreated CD is associated with significant morbidity and an up
to 4-fold increase in risk of death [4]. Morbidity is linked to the effects
of nutritional deficiencies on the general health, for example deficiency
in calcium and vitamin D leads to osteopenia and osteoporosis, and
anaemia associated with iron deficiency. Other nutritional deficiencies
include zinc and vitamin B deficiencies. Hyposplenism is a one of the
recognised complication and can result in severe infections. Between
2-5% of individuals with CD may develop dermatitis herpetiformis
which usually improve with adequate management of CD, although it
may require treatment with dapsone if it persists. Severe complications
of CD are not common but are potentially very serious. Ulcerative
jejunitis is seen in non-responsive CD and can results in structuring
small bowel disease and some patients require surgery to resolve this.
Small bowel lymphoma risk increases in patients where CD is not
managed adequately [5].

Diagnosis

Serology tests using specific endomysial antibodies (EMA) or
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immunoglobulin A (IgA) anti-tissue transglutaminase (a-TTG)
should be used as the first line investigation in those with compatible
symptoms. It is used to screen high-risk populations such as first-
degree relatives of CD patients. Figure 1 summarizes the reccommended
steps in diagnosing celiac disease [6].

About 2% of the celiac population are IgA deficient and hence
may have false negative serology results [7]. In this case, anti-
Immunoglobulin G (IgG) TTG antibodies should be tested. False
negative serology results can also occur if the patient has already
started a gluten free diet. Histology is the gold standard for diagnosing
CDand for assessing the degree of tissue damage. It is also a valuable
told to monitor if there is any improvement particularly if the
symptoms are nonspecific or persistent. Histologically, [8] the findings
may be classified based on modified Marsh criteria (Table 1) [6]. In
a few patients in whom the diagnosis is unclear HLA DQ2 and DQ8
haplotyping is requested. About 95% of the population is HLA DQ2
or DQ8 positive, but as many as 55% of them does not have CD. This
suggests that the HLA testing alone is not useful for diagnosing CD in
adults, but it aids as a negative predictor [9,10].

Treatment

Strict elimination of gluten from the diet is the only accepted
management for CD. In addition to this, it is necessary to monitor the
nutritional status of patients and to correct any vitamin and nutrient
deficiencies. It may be necessary for some celiac patients to add
nutritional supplements to their diet to replenish deficiencies, such as
calcium and vitamin D supplements, iron replacement therapy and

some vitamins such as B vitamins. Individuals with CD will usually
undergo a bone mineral density scan during their follow up to screen
for osteopenia and osteoporosis. In view of the risk of hyposplenism,
patients with CD should be offered prophylactic pneumococcal
vaccination to avoid the risk of serious infections]. It is important to be
aware that gluten free breads and similar products are low in fibre and
high in fats to make these products more palatable. Hence, patients
are advised to increase their fibre intake and adjust their daily calorie
intake to avoid unfavourable weight gain.

Wheat allergy

Wheat allergy is caused by immunologic responses to a range of
different proteins in wheat. These can be Immunoglobulin E (IgE)-
mediated (immediate) and/or non IgE-mediated (delayed) allergic
reactions to wheat.

Table 1. Modified Marsh Criteria.

Marsh Intraepithelial Crypts Villi
classification lymphocytes (IEL)
>30
Marsh 0 Normal
Marsh 1 Increased Normal Normal
Marsh 2 Increased Hyperplasia Normal
Marsh 3 Increased Hyperplasia Villous atrophy:
a)  Mild
b) Subtotal
c) Total
Marsh 4 Total mucosal hypoplasia (rare)

Clinical suspicion of celiac disease

Low High
I I
4 N\
Serology Serology + small bowel biopsy
* IgA TTG or EMA (with IgA levels), or I
«1gG TTG
L r J \
! : 1. Serology and histology +ve
Negative Positive CD confirmed.

Diagnosis excluded

Small bowel biopsy

Follow algorithm
for high clinical
suspicion of CD

2. Serology +ve, histology -ve
Review or repeat biopsies in 1-2 years.

3. Serology -ve, histology +ve
Consider other causes of enteropathy.
If none, treat as CD.
HLA genotyping.

4. Serology and histology -ve
CD excluded.

J

Figure 1. Algorithm for diagnosing celiac disease (IgA: Immunoglobulin A, TTG: Tissue transglutaminase antibody. EMA:endomysial antibody, +ve: positive, -ve: negative, CD: Celiac

disease, IgG: Immunoglobulin G).
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IgE-mediated wheat allergy is estimated to occur in 0.2 to 1.3% of
children in Europe [11] and 0.4% of children in the US [12]. Symptoms
develop within minutes to few hours from the time of ingestion. It
occurs as a result of formation of specific IgE to one or more of the
proteins found in wheat grain (globulins and albumins, glutenins
and gliadins) [13,14]. This causes mast cells and basophils to release
vasoactive mediators resulting in typical allergic symptom. This
includes generalized symptoms such as rash, itching, angioedema or
worsening eczema; respiratory system in the form of chest tightness,
difficulty in breathing, wheeze and stridor as what occurs in baker’s
asthma; gastrointestinal symptoms such as abdominal pain, diarrhea
and vomiting; and cardiovascular system disturbances with tachycardia
and hypotension. An example for anaphylaxis is WDEIA, where
omega 5-gliadin (a protein component in gluten) is the major allergen
causing anaphylaxis [15]. In this condition, anaphylaxis is triggered
by exercising within minutes to a few hours after the ingestion of
wheat products, rather than occurring as a result of wheat ingestion
per se. Although the mechanism is not fully understood, a possible
explanation is that omega-5 gliadin-derived peptides are cross-linked
with tissue transglutaminase (tTG), which causes a marked increase
in IgE antibody binding both in-vitro and in-vivo. Activation of tTG
in the intestinal mucosa during exercise in patients with WDEIA may
lead to the formation of large allergen complexes capable of eliciting
anaphylactic reactions [16].

Many proteins in wheat responsible for the IgE mediated food
allergy and respiratory allergies have been identified. Triticum
aestivum (Tri a 37) and nonspecific lipid transfer protein (nsLTP or
Tri a 14) are associated with severe allergy. Thioredoxins (Tri a 25),
serine proteinase inhibitor (Tri a 29), thaumatin-like proteins, a-, B,
Y-, w-gliadins; and low-molecular-weight (LM W) glutenin subunits all
appear to be implicated in IgE-mediated allergy to wheat [1]. Alpha-
amylase inhibitor (Tri a 28 and Tri a 29) is one of the most important
wheat allergen in IgE-mediated food allergy in the water soluble
albumin/globulin fractions [14,15,17] and is implicated in baker’s
asthma.

Non-IgE mediated wheat allergic reactions usually occur after
2 hours of ingestion. They present as subacute or chronic symptoms
affecting one or more systems:

. Gastrointestinal tract: such as eosinophilic gastrointestinal
disorder, food protein-induced proctitis/proctocolitis, food protein-
induced enterocolitis syndrome (FPIES), protein-induced enteropathy
and Celiac disease.

. Skin: such as dermatitis herpetiformis characterized by an
itchy papular eruption over the extensor surfaces of the knees and
elbows, buttocks, sacrum, face, neck, and trunk.

Some food allergy disorders can have both immunoglobulin E
(IgE) and non-IgE-mediated components and, as in the case of non
IgE-mediated reactions, are typically isolated to the gastrointestinal
tract and/or skin. These include atopic eczema [18,19], eosinophilic
oesophagitis and eosinophilic gastroenteritis [20].

Diagnosis

Figure 2 summarises the recommended steps to diagnose wheat
allergy. A detailed clinical history of the reaction is important in
establishing the diagnosis. In order to support a diagnosis of IgE-
mediated reactions, skin prick test to wheat and /or in-vitro tests with
specific IgE to wheat is performed. If skin testing with commercial
wheat extract is negative, then a prick- prick test with fresh wheat
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Suspected food allergy and history
suggestive of immediate or late reaction?

Positive

—_ SIge/SPT —— 7

Negative

Specific food
allergen

No specific food
allergen identified

Oral wheat challenge

Figure 2. Algorithm for the diagnosis of wheat allergy (sIgE: specific IgE, SPT: skin prick
test).

product, for example wheat flour or high gluten flour mixed with saline
to make a paste, should be performed. The wheat product is pricked
with a testing lancet, and then the cleaned skin of the volar forearm
is pricked. Skin testing has good sensitivity and specificity (92% and
84% respectively) [21]. In-vitro tests measure the levels of specific IgE
to wheat; however this has a low positive predictive value mainly due to
cross-reactivity with grass pollen which shares common IgE epitopes.
Furthermore, not all wheat proteins are included in this diagnostic
test [1]. Component resolved testing (ImmunoCAP, Thermo Fisher
Scientific) commercial assay identifies true sensitization from cross-
reactivity to wheat through the measurement of IgE to defined
allergens rather than the whole extract. Serum IgE to recombinant
omega-5 gliadin is available and may be positive even when IgE to
wheat is negative [22]. It has a 91% sensitivity and 92% specificity for
wheat-related allergic symptoms [22] making this immunoassay more
clinically relevant than those for wheat, gluten, or other wheat allergens
[23]. Tt is also predictive of severe reactions to wheat in children [24].
Component resolved testing may eliminate the need for an oral food
challenge (OFC) with wheat or gluten. OFC may be necessary in some
cases where the reaction is still highly suggestive of an IgE mediated
reaction but in vivo and in-vitro tests are negative. It is also used in
confirming the diagnosis in non-IgE mediated reactions where IgE
test are often negative. Atopy patch testing may be useful in cases of
atopic dermatitis [25] but unfortunately there are neither standardized
reagents available nor guidelines for interpretation of atopy patch
testing results.

OFCs are performed carefully and cautiously by an allergy specialist
through gradual feeding of the test food (wheat, gluten flour or bread)
under close observation. The test helps in confirming the diagnosis and
rules out conditions that can mimic an IgE mediated food allergy. In
some cases OFC is preceded by a period of wheat elimination to see if
this ameliorates the symptoms.

Treatment

In true wheat allergy, appropriate dietary avoidance is the key
management of wheat allergy. Such patients should have access to
appropriate dietetic counselling, ideally by a dietician experienced in
food allergy.

In wheat dependent, exercise-induced anaphylaxis (WDEIA)
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Table 2. Comparison of Gluten-Related Disorders (IgE: Immunoglobulin E).

Condition Celiac disease Wheat allergy

Characteristics Genetic, autoimmune

Symptoms Abdominal pain, bloating, diarrhea, fatigue, |Urticaria, rash, itching, swelling, nausea and vomiting,
symptoms of malabsorption anaphylaxis
Tests Serology and histopathology
challenge
Treatment Strict Gluten free diet Strict wheat/gluten free diet

patients should avoid the wheat for at least four to six hours before
exercise. This can be achieved by exercising in the mornings before
eating anything; although some patients find this very difficult in
which listing the safe foods that can be eaten prior to exercising
could be a reasonable option. All patients with WDEIA should carry
an epinephrine auto injector for self-injection in case of anaphylaxis
and educated on when and how to use it. A few published case reports
suggest the use of high dose cromoglycates (cromolyn sodium taken
orally 100mg in children and 200 mg in adults 20 minutes before
eating) may be useful in preventing attacks [26-29].

However, larger studies are needed and patients need to be informed
about this so they must not rely upon this medication to protect them.
The role of non-sedating second generation antihistamines (Cetrizine
10 mg, Fexofenadine 180 mg, or Loratidine 10 mg orally once or twice
daily taken 2 hours prior to exercising) may help reduce the symptoms
but not prevent it. Patients must be aware for early symptoms such
as flushing, itching, difficulty breathing and must stop exercising
immediately if any of these occur and to self-administer epinephrine
intramuscularly if needed.

Non-celiac gluten sensitivity

NCGS is a condition that produces a wide range of symptoms
many of which are similar to that seen in CD. Symptoms are variable
and include abdominal pain, bloating, fatigue, diarrhea or constipation
in response to gluten ingestion, but they improve on a gluten free-diet.
Symptoms reappear after a gluten challenge [30,31].

The prevalence of NCGS is unknown as many patients with this
disorder self-treat by avoiding gluten in their diets [32]. Some authors
estimate the prevalence to be around 0.63-6% of the normal population
[33-36].

Itisnotan allergy to wheatand unlike CD; thisis not an autoimmune
condition and does not lead to intestinal damage or malabsorption.
Minor abnormalities in the intestinal mucosa were observed in some
cases including mild inflammation with some lymphocytic infiltration
rated as Marsh classification 0 or I. These changes have been recently
referred to as lymphocytic enteropathy and have been also observed
in food allergy [37]. In a study by Carroccio et al. [38 ], increased
infiltration of duodenal lamina propria with eosinophils and activation
of circulating basophils was seen in NCGS patients. The pathogenic
mechanism is poorly understood and some studies suggest the role of
the adaptive immune response [39].

Diagnosis

There are no laboratory markers specific to NCGS vyet.
Immunoglobulin G (IgG) antigliadin antibodies (AGA) are detected
in only 56.4% of NCGS patients and in 81.2% of patients with CD [40].
Volta et al. found that the IgG AGA disappeared in the vast majority of
NCSG patients after gluten withdrawal but persisted in 40% of patients

Integr Food Nutr Metab, 2016 doi: 10.15761/IFNM.1000155

IgE mediated or non IgE mediated reactions

Skin prick test and Serology: specific IgE to gliadin, specific
IgE to omega 5-gliadin (in IgE mediated reactions) Oral food

Non celiac gluten sensitivity

Unknown, probably adaptive immune response
involved

Abdominal pain, bloating, diarrhea, fatigue, mental
fogginess, muscle aches.

Diagnosis of exclusion followed by an oral food
challenge test

Gluten/wheat free diet variable adherence level

with CD. NCGS remains a diagnosis of exclusion and CDas well as
wheat allergy need to be excluded. The diagnosis is then confirmed by
an oral food challenge test.

Treatment

Apart from the symptomatic effects exposure to gluten has on
individuals with NCGS, there is no serious health hazards associated
with these conditions. Therefore, avoidance of gluten is the treatment
of choice for symptom control. Noncompliance with the treatment has
no known direct health concern.

Summary

It is important to differentiate between celiac disease, wheat allergy
and non-celiac gluten sensitivity for prognostic reasons and because all
have a different management strategy. Although it may not be easy to
differentiate between some of these conditions clinically, a few clinical
characteristics and laboratory tests may aid the diagnosis (Table 2).
In contrast to celiac disease and wheat allergy, there are no laboratory
markers for the diagnosis of non-celiac gluten sensitivity and therefore,
is a diagnosis of exclusion. Celiac disease is associated with nutritional
deficiencies and complications as a result of nutrient malabsorption.
Wheat allergy may lead to a spectrum of diseases ranging from mild
allergic reactions and gastrointestinal problems to severe or even
fatal reactions such as anaphylaxis. Treatment involves managing
the symptoms as well as strict avoidance of wheat. Non celiac gluten
sensitivity mainly presents with gastrointestinal upset in response to
gluten ingestion and responds to a gluten free diet and has no known
health concern.
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