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Summary
Wheat-dependent exercise-induced anaphylaxis (WDEIA) is a rare, but potentially severe
food allergy exclusively occurring when wheat ingestion is accompanied by augmenting
cofactors. It is clinically characterized by anaphylactic reactions ranging from urticaria
and angioedema to dyspnoea, hypotension, collapse, and shock. WDEIA usually develops
after ingestion of wheat products followed by physical exercise. Other cofactors are
acetylsalicylic acid and other non-steroidal anti-inflammatory drugs, alcohol, and infec-
tions. The precise mechanisms of WDEIA remain unclear; exercise and other cofactors
might increase gastrointestinal allergen permeability and osmolality, redistribute blood
flow, or lower the threshold for IgE-mediated mast cell degranulation. Among wheat pro-
teins, x5-gliadin and high-molecular-weight glutenin subunits have been reported to be
the major allergens. In some patients, WDEIA has been discussed to be caused by epicuta-
neous sensitization with hydrolysed wheat gluten included in cosmetics. Diagnosis is
made based on the patient’s history in combination with allergy skin testing, determina-
tion of wheat-specific IgE serum antibodies, basophil activation test, histamine release
test, and/or exercise challenge test. Acute treatment includes application of adrenaline or
antihistamines. The most reliable prophylaxis of WDEIA is a gluten-free diet. In less sev-
ere cases, a strict limitation of wheat ingestion before exercise and avoidance of other
cofactors may be sufficient.
Submitted 3 June 2015; revised 5 August 2015; accepted 13 September 2015

Introduction

Cereals are the most important staple foods world-wide
with corn, rice, and wheat each yielding around 800 mil-
lion metric tons annually [1]. Among cereals, wheat is
unique due to the special bread-making properties of the
flour. Numerous people cannot tolerate wheat consump-
tion, because of harmful immune responses to specific
wheat proteins. The most common wheat hypersensitivi-
ties are wheat allergy, baker’s asthma [2], wheat-depen-
dent exercise-induced anaphylaxis (WDEIA) [3, 4],
coeliac disease (CD) [5, 6], and non-coeliac gluten sensi-
tivity (NCGS) [7]. As an IgE-mediated allergic response,
WDEIA is triggered by wheat ingestion only together
with cofactors such as physical activity, but not by wheat
ingestion alone. Wheat is the predominant allergen for
food-dependent exercise-induced anaphylaxis (FDEIA),
which includes reactions to many other foods [8].
Whereas wheat allergy and CD have been known for
many decades, the first case of WDEIA was reported
fairly recently in 1985 [9]. Since then, numerous studies

on WDEIA have been performed mostly in Japan and
European countries. The present article reviews recent
developments in diagnosis, treatment, clinical features,
triggering wheat proteins and cofactors, and possible
pathogenic mechanisms of WDEIA.

Food-dependent exercise-induced anaphylaxis

Anaphylaxis is a potentially life-threatening generalized
or systemic hypersensitivity reaction involving several
organs and systems, particularly skin, respiratory tract,
gastrointestinal tract, and cardiovascular system [10].
Exercise-induced anaphylaxis (EIA) is thought to be
associated with 5–15% of all cases of anaphylaxis [11].
It has been claimed that at least 33–50% of patients
with EIA suffer from FDEIA. Two subtypes of FDEIA
have been postulated: (i) non-specific FDEIA, where
any meal followed by exercise induces EIA regardless
of the food eaten, or (ii) a specific IgE-mediated FDEIA
caused by the ingestion of a specific food prior to exer-
cise [12]. In FDEIA, allergic reactions are elicited only



when a triggering cofactor, such as physical activity, is
added after ingestion of the causative food. The time
between meal and exercise is usually between 30 and
120 min, and the duration of exercise before the onset
of symptoms lasts 10–50 min. Other cofactors in FDEIA
are acetylsalicylic acid (ASS), other analgetics, alcohol,
stress, or infections. Typical type I allergic symptoms
such as pruritus, urticaria, and dyspnoea usually appear
on the skin, mucous membranes, and the respiratory
and gastrointestinal tracts. Acute myocardial infarction
may be a rare, but severe complication of FDEIA [13].
FDEIA is potentially life-threatening, and cases of death
have been ascribed to FDEIA [14, 15]. Despite being
relatively rare, FDEIA presents an important and under-
diagnosed entity for emergency physicians to consider
[16].

The first case of FDEIA was reported in 1979 as a late
allergic reaction to shellfish induced by strenuous exer-
cise [17]. Kidd et al. [18] presented four such patients
and designated the phenomena as FDEIA. Various kinds
of causative foods have been identified including shell-
fish, wheat products, vegetables, fruits, nuts, eggs,
mushrooms, corn, garlic, meat of pork and beef, or rice
[8]. Allergenic proteins were identified only in wheat,
soya bean (b-conglycinin) [19], and shrimp (70-kDa
protein) [20]. In recent years, FDEIA has been increas-
ingly reported. According to studies on Japanese chil-
dren and students, 0.01–0.20% suffer from FDEIA [21,
22]. The disease appears to be more prevalent in Japa-
nese children than in adults, and to affect men more
frequently than women with a ratio of about 2 : 1.

Useful diagnostic tests for FDEIA are skin prick tests
(SPT), oral food challenge combined with subsequent
exercise and in vitro food-specific serum IgE assays.
However, positive reactions in SPT or IgE assays do not
necessarily indicate the triggering food [8]. If a causa-
tive food cannot be identified, a challenge test is neces-
sary [23, 24]. Because FDEIA is still underdiagnosed,
improved strategies to ensure accurate diagnosis are
needed [25].

Serum histamine and tryptase levels are increased
during symptomatic attacks indicating IgE-dependent
degranulation of mast cells. However, the mechanism,
by which exercise evokes clinical symptoms, is not fully
understood. FDEIA may result from allergen leakage
[26] by increased gastrointestinal permeability, blood
flow redistribution, and increased osmolality triggered
by physical effort after exposure to a sensitizing food
allergen [27].

Wheat proteins

Wheat hypersensitivity is triggered by wheat proteins.
The protein content of wheat grains covers a broad
range (< 8% to > 16%) depending on the genotype

(species, variety) and the growing conditions (soil, cli-
mate, fertilization). Traditionally, this mixture of several
hundred proteins has been classified into the four
so-called Osborne fractions, the water-soluble albumins,
salt-soluble globulins, alcohol-soluble gliadins, and
insoluble glutenins, that are only alcohol-soluble in the
presence of reducing (e.g. dithiothreitol) and disaggre-
gating (e.g. urea) agents [28]. Albumins and globulins,
predominantly present in the aleurone layer and the
germ, are mainly metabolic proteins. Gliadins and glu-
tenins are storage proteins located in the starchy endo-
sperm as a supply of nitrogen and amino acids for the
seedling. The contents of Osborne fractions also vary
considerably depending on species, variety, and grow-
ing conditions. For example, quantitative studies on
thirteen wheat flours resulted in the following ranges:
albumins + globulins 16–34%, gliadins 48–62%, and
glutenins 15–31% [29].

Gliadins and glutenins have extremely imbalanced
amino acid compositions with high proportions of glu-
tamine (32–53 mol-%) and proline (11–29 mol-%) and
low contents (< 2 mol-%) of lysine, methionine, and
tryptophan. Gliadins are mainly monomeric proteins
(molecular weights: 30 000–50 000) and glutenins are
polymeric proteins linked by interchain disulphide
bonds (molecular weights: 600 000 to more than 10
million). The chemical reduction of disulphide bonds
results in glutenin subunits (molecular weights: 30 000
to 80 000).

Based on similar amino acid sequences and molecular
weights, gluten proteins can be classified into the
following protein types [30]: a/b-, c-, x1,2-, and
x5-gliadins, low-molecular-weight (LMW-GS), and
high-molecular-weight glutenin subunits (HMW-GS).
a/b-Gliadins, c-gliadins, and LMW-GS belong to the
major and x5-gliadins, x1,2-gliadins, and HMW-GS to
the minor components (Table 1) [31].

The amino acid sequences of all protein types consist
of two or three strongly different structural domains
[6]. Unique to each type are distinctive domains that
contain repetitive sequences rich in glutamine and
proline. a/b-Gliadins are characterized by repetitive
motifs such as QPQPFPQQPYP, c- and x1,2-gliadins
by QPQQPFP, x5-gliadins by QQQFP, LMW-GS by
QQQPPFS, and HMW-GS by QQPGQG interspersed by
YYPTSP and QQP. These motifs are frequently modified
by exchange of single amino acid residues and the
number of repeats. These repetitive sequences are
responsible for the development of CD [6] and WDEIA.

Wheat-dependent exercise-induced anaphylaxis

WDEIA, a special form of FDEIA, exhibits allergic
symptoms after a combination of wheat intake and
cofactors such as exercise. The frequency of WDEIA in
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Japanese patients with FDEIA was found to be 56%
[32], but data on the prevalence of WDEIA in different
countries is scarce. In contrast to reports on FDEIA,
WDEIA occurs more frequently in adults than in chil-
dren.

Clinical features

Symptoms of WDEIA are usually elicited by physical
activity one to four hours after wheat intake, but a
delayed onset may occur in rare cases [33]. In contrast,
symptoms may also occur if food is ingested soon after
exercise [34]. The frequency of WDEIA events varies
from patient to patient and ranges from a singular epi-
sode to multiple episodes [35]. The clinical manifesta-
tions and severity of allergic reactions from urticaria to
anaphylaxis also vary.

WDEIA patients typically present pruritus, local and
generalized urticaria, angioedema, dyspnoea, upper res-
piratory tract obstruction, gastrointestinal symptoms,
hypotension, and if extensive, bronchospasm, vascular
collapse, and anaphylactic shock. High concentrations
of IgE antibodies specific to wheat protein fractions are
observed in sera of WDEIA patients [23, 36, 37]. In par-
ticular, IgE antibody levels to a crude gliadin extract
and to x5-gliadin were shown to be significantly higher
in WDEIA patients as compared to controls (P < 0.001)
(Fig. 1). Moreover, levels of IgA antibodies to total glia-
din and x5-gliadin were distinctly increased. Both
allergens released high levels of histamine from baso-
phils of WDEIA patients, but the structures of the
digested gluten allergens are still unknown. Mast cell
degranulation due to higher osmolality from dehydra-
tion during exercise has also been reported [27, 38].
Beside histamine, elevated plasma noradrenaline, and
increased tryptase and leukotriene levels, consistent

with mast cell activation, have been found [15, 23, 39,
40].

Causative proteins

The first allergens to be identified in WDEIA were
wheat gliadin and the corresponding ethanol-soluble
proteins from rye (secalins), barley (hordeins), and oats
(avenins) [41]. Initially, a/b- and c-gliadins were found
to be the presumptive allergens [42–44]. Subsequently,
x5-gliadin (called Tri a 19) was described as the major
allergen of immediate wheat allergy and WDEIA [45,
46]. Of the seven identified epitopes within the amino
acid sequence of x5-gliadin, four were found to be
dominant (QQIPQQQ, QQFPQQQ, QQSPEQQ, and QQSPQ
QQ) [47]. Later on, four additional IgE-binding epitopes
(QQFHQQQ, QSPEQQQ, QQPPQQ, and YQQYPQQ) were
identified [48, 49].

Synthetic overlapping dodecapeptides spanning the
complete sequences (Pepscan) were used to identify the
major immunogenic epitopes from a/b-gliadin, c-glia-
din, x1,2-gliadin, and x5-gliadin [50]. All epitopes
were localized in the glutamine- and proline-rich repet-
itive domains of the proteins. Cross-reactivity of aller-
gens from barley, rye, and oats was studied, and among
23 patients with WDEIA, 21 showed IgE-binding to
c-75k-secalin, 19 to c-40k-secalin, and 21 to c3-
hordein; oat proteins did not cross-react [51]. To exam-
ine whether intestinal tissue transglutaminase (TG2)
could be involved in the IgE-binding ability, x5-gliadin
was enzymatically digested and treated with TG2 [52].
The binding ability of x5-gliadin was retained after
digestion, and TG2 treatment formed peptide/TG2 con-
jugates with molecular weights ranging from 40 000 to
> 200 000. These conjugates bound IgE antibodies more
intensely than untreated or digested x5-gliadin and
caused larger mean SPT weals.

Table 1. Proportions of storage protein types from 14 wheat cultivars,

rye (cultivar Halo), and barley (cultivar Golden Promise)*

Wheat Rye Barley

a/b-Gliadins (m)

27–39%

– –

c-Gliadins (m)

21–30%

c-40k-Secalins (m)

25%

c-Hordeins (m)

32%

x1,2-Gliadins (m)

4–7%

x-Secalins (m)

18%

C-Hordeins (m)

36%

x5-Gliadins (m)

3–7%

– –

LMW-GS (p)

16–23%

c-75k-Secalins (p)
48%

B-Hordeins (p)

27%

HMW-GS (p)

7–12%

HMW-Secalins (p)

9%

D-Hordeins (p)

5%

*From [31, 99, 100].

All percentages based on total gluten contents.

m, monomeric; p, polymeric.

Fig. 1. IgE antibody levels to (a) crude gliadin extract and (b)

x5-gliadin in ELISA (absorbance units (AU) at 405 nm) in 27 patients

with WDEIA and 21 healthy controls (P < 0.001) (adapted from [36]).
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In addition to x5-gliadin, HMW-GS were shown to
be the most potent allergens [53] with three predomi-
nant epitopes (QQPGQ, QQPGQGQQ, and QQSGQGQ)
[49]. Two recombinant LMW-GS also reacted with IgE
antibodies [54] and a subsequent study confirmed the
WDEIA-specific antigenicity of LMW-GS [55]. A com-
prehensive analysis of IgE reactivity to different wheat
proteins was performed by ImmunoCAP� (Ther-
moFisher, Uppsala, Sweden) and a microarray [56]. By
ImmunoCAP�, IgE antibodies to x5-gliadin were
detectable in 82%, to a/b/c-gliadin in 82%, and to
HMW-GS in 59% of patients. The microarray revealed
specifically c-gliadin as important allergen beside x5-
gliadin. In x5-gliadin-negative patients, IgE to a/b/c-
gliadins and HMW-GS are of additional diagnostic
value.

An anaphylactic response to deamidated wheat pro-
teins is a separate entity of WDEIA. These WDEIA
patients did not respond to native wheat proteins, but
to a deamidated wheat protein isolate [57]. In ELISA, all
sera displayed IgE-binding to deamidated total gliadin
as well as to deamidated c- and x5-gliadins. Epitope
mapping revealed that the consensus sequence
QPEEPFPE, derived from the native sequence QPQQPF
PQ, had the highest IgE-binding intensity.

In conclusion, x5-gliadin and HMW-GS appear to be
the major allergens in WDEIA. However, other types of
gluten proteins such as a/b- and c-gliadins and LMW-
GS also can sensitize WDEIA patients.

The dependence of WDEIA induction on the amount
of allergenic proteins has not been well characterized.
In any case, the amount of allergenic proteins in
WDEIA is much higher than in CD (20 mg daily gluten
intake). Challenge tests showed that 64 g, but not 45 g,
of bread induced generalized urticaria in one case. Fur-
ther food challenges with udon (a Japanese noodle
made from wheat) also triggered allergic reactions in a
dose-dependent manner: 200 g, but not 100 g or 150 g,
of udon combined with exercise elicited weals and ery-
thema [58].

Cofactors

The most important and prevalent cofactor is physical
activity. In many patients, strenuous exercise such as
jogging, dancing, or cycling triggered anaphylaxis after
food ingestion, but milder exercise, for example walk-
ing or gardening, may be sufficient. The characteristics
of the exercise such as intensity, duration, heart rate,
and maximal oxygen uptake that are necessary to
induce anaphylaxis are not clear. It is also unknown
whether this dose may vary at different times for the
same individual. Exercise may act through two different
pathways [32]: (i) Exercise up-regulates intestinal
absorption resulting in increased amounts of food anti-

gens in the circulating blood, and (ii) exercise enhances
the degranulation of mast cells in combination with IgE
cross-linking through an unknown mechanism. How-
ever, only limited data are available on the precise
mechanisms of exercise-induced enhancement of gas-
trointestinal absorption of allergens into the circulation
[8]. In addition, infectious diseases, especially in early
phases or clinically mild forms, may serve as cofactors
to augment anaphylaxis. In contrast to other cofactors,
infections are particularly dangerous, because they can-
not be avoided or prevented [3].

ASS (e.g. Aspirin�) and other NSAIDs including
indomethacin, ibuprofen, and diclofenac sodium have
also been described as cofactors of WDEIA [32, 59, 60].
They induce symptoms in combination with food inges-
tion even without exercise. In some cases, WDEIA was
not induced by the combination of wheat and exercise,
but only by the combination of wheat and ASS [61].
ASS is widely used and it has been reported that
patients with ASS-provoked WDEIA took ordinary
doses of ASS (500–1000 mg per day). Even low doses
of ASS (81 mg per day) taken regularly may be suffi-
cient to contribute to WDEIA [62].

The exact mechanism by which NSAIDs act as cofac-
tors for WDEIA remains to be elucidated. ASS is known
to cause damage to the tight junctions in the gastroin-
testinal mucosa, which could lead to increased perme-
ability [63, 64], and facilitate allergen absorption. Serum
gliadin can be detected in WDEIA patients and healthy
subjects, who consumed ASS before wheat ingestion
[65]. ASS inhibits cyclooxygenase function, which
results in decreased prostaglandin and increased leuko-
triene synthesis. Misoprostol, a synthetic analogue of
prostaglandin E1 (PGE1), compensates the ASS-induced
inhibition of prostaglandin synthesis. PGE1 may sup-
press allergen absorption and the outbreak of allergic
symptoms induced by ASS in patients with WDEIA [66].

ASS has been reported to directly augment the
degranulation of mast cells and accelerate histamine
release via increased Syk kinase activation [22, 60].
This increased histamine release by NSAIDs may be one
possible cause of aggravated symptoms in patients with
chronic urticaria and FDEIA. However, another study
suggested that this worsening of symptoms is not medi-
ated by direct effects of ASS on mast cell and basophil
activation [67]. Thus, further studies are required to
clarify these mechanisms. Ethanol may also act as
cofactor for inducing WDEIA [68] and it has been
reported to increase gastric allergen absorption and
augment histamine release [12].

Pathomechanism

The precise mechanism underlying allergic sensitization
in WDEIA is crucial, but it remains poorly understood.
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The route of allergen sensitization to wheat proteins is
thought to be via either the gastrointestinal tract or the
skin. There is increasing evidence that an epidermal
barrier defect may play an important role. Loss-of-
function mutations in the gene encoding filaggrin, a
key epidermal protein in skin barrier function, are
known to be significant predisposing factors for the
development of atopic diseases such as eczema, asthma,
and rhinitis [69] and might also be involved in the
pathogenesis of WDEIA [70].

Recent investigations indicate that major events
occur in the intestine, and various activating factors
have to be taken into consideration. There is a general
agreement that IgE-dependent mast cell degranulation
and histamine release are the key features of WDEIA.
Several theories have been proposed to explain details
of the mechanism [3].

(i) TG2 may become activated during exercise, which
results in conjugates between wheat peptides and TG2
followed by IgE binding [52], but the presence of such
conjugates in the circulation is still unconfirmed. (ii)
Exercise mobilizes and activates immune cells from
gut-associated depots stimulating pro-inflammatory
responses that are normally countered by anti-inflam-
matory responses [71]. (iii) Exercise and ASS increase
gastrointestinal permeability and facilitate allergen
absorption into the circulating blood [65]. (iv) Exercise
induces locally increased osmolality in the intestine,
enhances mast cell degranulation, and thus, increases
gut permeability [38, 72]. (v) Blood flow redistribution
during exercise may carry allergens to tissues contain-
ing mast cells that are not tolerant to these allergens.
This may result in an allergic reaction during exercise
and tolerance at rest [73]. (vi) Plasma noradrenaline
levels are significantly increased, when anaphylactoid
symptoms have been induced [40]. Noradrenaline may
be involved in the onset of WDEIA, because it selec-
tively inhibits T helper 1 (Th1) functions while favour-
ing Th2 and humoral responses, or acts directly on both
cellular and humoral immunity [74].

Studies on lysozyme-sensitized mice demonstrated
that allergen leakage from the intestinal tract into the
circulation was strongly induced by exercise and that
damage of the villi also occurred [26]. The authors
hypothesized that the same mechanism might underlie
WDEIA. Gliadin- and glutenin-sensitized mice had a
greater elevation of serum IgE and higher intestinal ero-
sion than albumin/globulin-sensitized mice or control
animals [75]. Bodinier et al. [76] established an IgE Fc
receptor-humanized rat cell line (RBL-2H3) and demon-
strated a correlation between mast cell degranulation
and IgE levels induced by sera from WDEIA patients. IgE
antibodies of gliadin-sensitized mice reacted strongly
with x5-gliadin, which is consistent with findings that
x5-gliadin is a primary cause of WDEIA [77].

Diagnosis

The precise diagnosis of WDEIA is extremely important,
but there is a lack of awareness of WDEIA among
patients as well as physicians. A prolonged time lag
(32–62 months) to diagnosis is not uncommon [78].
WDEIA may be mistaken for other diseases such as
acute urticaria, exercise-induced anaphylaxis, or idio-
pathic anaphylaxis, and a high index of clinical suspi-
cion is required. At the beginning of the diagnostic
procedure, allergy history data of the patient are
recorded together with a detailed medical examination.
If the cause of an anaphylaxis is unknown, patients
need to be taught how to carefully chart all factors
relating to any subsequent episodes to facilitate diagno-
sis and minimize excessive reliance on laboratory tests.
The diagnostic tools for WDEIA can be divided into
in vivo tests such as SPT and provocation tests as well
as in vitro tests including basophil activation test (BAT),
histamine release test (HRT), and wheat-specific IgE
testing.

The skin prick test (SPT) is performed with a small
amount of wheat extract, gluten, or gliadin using prick
lancets. Recent studies on challenge-confirmed WDEIA
patients showed that SPT using gluten had a sensitivity
of 100% and a specificity of 96% [79].

Figure 2 presents a proposed scheme of the diagnos-
tic procedure for WDEIA [80]. Placebo-controlled
wheat/exercise challenge is the gold standard investiga-
tion. The test includes wheat allergen ingestion, subse-
quent exercise, and/or pre-treatment with ASS. Thirty
minutes after wheat intake (100 g of wheat flour or
20 g of gluten at a minimum), exercise was performed
for 15–20 min using a treadmill while monitoring heart
rate, blood pressure, and electrocardiogram. Patients,
who were evaluated as having a positive result (weals,
anaphylaxis) in the provocation test, were included in
the group of definitive WDEIA (group I) [80]. Patients
with negative results were divided into either unde-
tectable group II (serum gliadin level < 15 pg/mL) or
detectable group III (gliadin level > 15 pg/mL). Group II
patients were considered insufficiently challenged and
required to undergo retesting including ASS pre-treat-
ment [22, 61]. Serum gliadin monitoring during chal-
lenge testing may be useful to check challenge efficacy
[65, 80]. Recent studies showed that high doses of glu-
ten (up to 80 g) were able to overcome non-responsive-
ness of patients despite a clear history [79] (Fig. 3).

Wheat/exercise challenge is recommended for a com-
plete diagnostic assessment in patients with suspected
WDEIA [3], may help understand the pathomechanism,
and is especially important in cases where diagnosis is
unclear. However, it can only confirm the diagnosis of
about 70% of patients [22, 67] and entails inevitable
risks for the patient. Therefore, it might not need to be
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performed as clinical routine when serum IgE antibody
test results are positive and the clinical history is sug-
gestive of WDEIA.

Among in vitro tests for the diagnosis of WDEIA
[35], the BAT is useful in identifying patients and pre-
dicting the causative allergen. Moreover, it can distin-
guish two phenotypes of WDEIA, conventional WDEIA
(CO-WDEIA) and WDEIA induced by hydrolysed wheat
proteins (HWP) [81]. For the HRT [60], a commercial kit
(Allerport� HRT, Shionogi & Co., Osaka, Japan), cover-
ing five different allergens (egg white, cow’s milk,
wheat, soya bean, and rice), is available for routine
examination [82]. A disadvantage of both cellular tests
is that basophils of some patients do not react with the
relevant allergen (non-responders), and sensitivity and
specificity of the test have not fully been investigated
[35].

As alternative, serum IgE antibodies to wheat pro-
teins can be determined by fluorescence enzyme
immunoassays (FEIA) [83]. Because crude extracts from
foodstuffs are usually employed as allergens, the sensi-
tivities and specificities of these immunoassays are not
always satisfactory. Recombinant allergens of repro-
ducible quality allow a standardization of the method
with improved diagnostic results. In the case of WDEIA,
the ImmunoCAP� including wheat extract, gluten, and
recombinant x5-gliadin as allergens has been used
most frequently. For example, the sensitivity of the x5-
gliadin-specific CAP was 80%, but the sensitivities of
the wheat extract and gluten CAPs were only 48% and
56%, respectively [84]. The log-transformed specific IgE
ratio of x5-gliadin to wheat responses, determined by
the corresponding ImmunoCAP�s, may be useful for

the diagnosis of WDEIA patients [85]. An improved
microarray for the detection of serum IgE against x5-
gliadin showed promising results adequate to FEIA [86].
However, IgE antibodies specific to x5-gliadin were
detected not only in WDEIA patients, but also in
patients with immediate wheat allergy [45, 87]. There-
fore, a CAP-FEIA with recombinant HMW-GS (subunit
1Ax1) was constructed [88]. Sera from 48 patients with
WDEIA, 16 patients with atopic dermatitis (who had
never experienced wheat allergy), and 12 healthy con-
trols were analysed with commercial wheat, gluten, and
x5-gliadin CAPs and the customized HMW-GS CAP:
Positive rates, sensitivities, and specificities of the tests
are shown in Table 2. The healthy group sera did not
react with any of the allergens. The specificities of
the tests were 50% (wheat), 89.3% (gluten), 100% (x5-

Fig. 2. Proposed diagnostic procedure for WDEIA including serum gliadin determination (adapted from [80]).

Fig. 3. Cumulative percentage of positive challenge results with glu-

ten alone, gluten + aspirin + alcohol (ASA), and gluten + exercise

depending on different amounts (10 g; 20–40 g; 60–80 g) of gluten

used for challenge (adapted from [79]).
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gliadin), and 92.9% (HMW-GS and combined
x5-gliadin + HMW-GS). The combination of both x5-
gliadin and HMW-GS antibodies is additionally useful,
because patients, who do not have antibodies specific
to x5-gliadin (around 20%), have IgE antibodies speci-
fic to HMW-GS [53]. More recently, the sensitivity of
IgE to wheat, gluten, and x5-gliadin was found to be
81%, 100%, and 100%, with specificities of 87%, 95%,
and 100%, respectively [79].

Treatment

Acute treatment includes immediate termination of
physical effort at the earliest warning signs to prevent
potentially life-threatening cardiovascular symptoms.
Pharmaceutics such as adrenaline, antihistamines, and
systemic corticosteroids may be applied and patients
should be instructed on how to use adrenaline autoin-
jectors.

To prevent further episodes of WDEIA, the education
of patients is crucial and they should receive a written
anaphylaxis management plan as well as dietary coun-
selling. The classical recommendation of refraining from
exercise for 4–6 h after wheat intake may be insufficient,
because unexpected exercise, NSAID administration, or
infective illness may occur. Currently, there is no
prospective data on the optimal management plan for
WDEIA, so that risks and recommendations need to be
considered on a case-by-case basis. The level of exertion
required to provoke reactions, severity of the reaction,
and social factors have to be taken into account. In cases
of low-threshold provocation, severe reactions, and
highly demanding professions (military personnel, pilots,
police, etc.), a gluten-free diet is recommended. In less
severe cases, the avoidance of wheat ingestion combined
with cofactors may be sufficient. Furthermore, due to
cross-reactivity of wheat proteins with corresponding
proteins from rye, barley, and oats, it is not entirely clear
whether patients need to avoid wheat only or also other
gluten-containing cereals.

Some pharmacologic protection has also been
reported. A case report demonstrated that olopatadine
hydrochloride and ketotifen completely inhibited ana-
phylaxis [40, 89]. Oral sodium chromoglycate (SCG)
prevented WDEIA in two children even if they exercised
after lunch, but they developed WDEIA, when they for-
got to take SCG [90].

WDEIA sensitized with hydrolysed wheat proteins

Wheat gluten, a by-product of wheat starch production,
is widely used as additive for numerous kinds of prod-
ucts. For example, gluten in its native form (‘vital glu-
ten’) is applied as improver for bakery products. One of
the modified forms is ‘hydrolysed wheat gluten protein’
(HWP), which is the water-soluble, emulsifying, and
foaming product obtained after different procedures of
gluten hydrolysis with acid, alkaline, or enzymes. HWP
is used as additive for soaps, shampoos, creams, etc.
instead of chemical foaming agents. In 2000 and 2003,
the first cases of contact urticaria triggered by epicuta-
neous sensitization with HWP were reported [91, 92]. In
2013, there were 2026 cases with immediate wheat
allergy and WDEIA due to HWP according to the Japa-
nese Society of Allergy. Most patients were likely to
have been sensitized to HWP through the use of HWP-
supplemented soap (Glupearl 19S).

The predominant symptom of HWP-WDEIA was
angioedema on the eyelids [93] and anaphylactic shock
occasionally developed. The measurement of serum IgE
antibodies by means of CAP-FEIA revealed remarkable
differences (Table 3). As expected, IgE antibodies speci-
fic to the combination of x5-gliadins and HMW-GS
were useful in diagnosing CO-WDEIA (94%), but not
for HWP-WDEIA (16.6%). Gluten- and wheat-specific
IgE tests positively recognized 70% and 77% of HWP-
WDEIA patients, respectively. The soap Glupearl 19S
enhanced CD203c expression in basophils in all HWP-
WDEIA patients [81]. In another study, HWP-WDEIA
patients developed facial symptoms [94], but they suf-
fered less frequently from hypotension than patients
with CO-WDEIA. All patients were positive against

Table 2. Positive rate of allergen-specific IgE tests (CAP-FEIA) with

wheat proteins*

CAP-FEIA

WDEIA

(n = 48)

Positive (%)

AD (n = 16)

Positive (%)

Sensitivity

(%)

Specificity

(%)

Wheat 17 (35.4) 14 (87.5) 35.4 50.0

Gluten 18 (37.5) 3 (18.8) 37.5 89.3

x5-Gliadin 39 (81.3) 0 (0.0) 81.3 100.0

HMW-GS 8 (16.7) 2 (12.5) 16.7 92.9

x5-Gliadin
+ HMW-GS

45 (93.8) 2 (12.5) 93.8 92.9

*All healthy controls (n = 12) negative.

Adapted from [88].

AD, atopic dermatitis.

Table 3. Positive rate of x5-gliadin- and HMW-GS-specific IgE mea-

surement in CO-WDEIA and HWP-WDEIA patients*

CAP-FEIA

CO-WDEIA (n = 54)

Positive (%)

HWP-WDEIA (n = 30)

Positive (%)

Wheat 17 (31.4) 21 (70.0)

Gluten 20 (37.0) 23 (76.6)

x5-Gliadin 43 (79.6) 2 (6.6)

HMW-GS 10 (18.5) 5 (16.6)

x5-Gliadin + HMW-GS 51 (94.4) 5 (16.6)

*Adapted from [93].
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HWP in HRT, and among wheat antigens, glutenins
induced the highest histamine release.

The specificity of IgE serum antibodies of one CO-
WDEIA and one HWP-WDEIA patient, sensitized with
HWP via the gastrointestinal tract or via the skin, was
compared with different wheat, barley, and rye proteins
[95]. The antibodies from both sera strongly reacted
with c3-hordein, but differences were observed with x-
gliadin, c-40k- and c-75k-secalins, LMW-GS, and C-
hordein. HWP-WDEIA IgE antibodies bound to a/b-, c-,
and x1,2-gliadins and an epitope from c-gliadin
(QPQQPFPQ) was identified. The deamidated peptide
(PEEPFP) bound to IgE more strongly compared to the
native peptide [96].

Regarding the diagnosis of HWP-WDEIA, SPT using
Glupearl 19S is considered a fast and sensitive method.
In addition, other immunological methods such as
ELISA [97], Dot Blotting, Western Blotting, or BAT with
Glupearl 19S as antigen were recommended.

Conclusion

WDEIA is a relatively rare, but potentially severe form
of food allergy. Previously uncommon, it is now recog-
nized with increasing frequency, particularly in the Far
East and Europe. The prevalence is unknown, mostly
due to lack of awareness. The major allergens in
WDEIA appear to be x5-gliadins and HMW-GS, but
other gluten proteins are also involved. It is important
to use the most appropriate well-characterized allergen
for diagnostic tests. Wheat extracts are unsuitable,
because they are poor in gluten, whereas gliadin prepa-

rations lack glutenins. Recombinant proteins are not
representative for the whole spectrum of gluten pro-
teins. Only gluten isolated from wheat dough contains
all proteins known for their potential allergenicity and
constitutes a suitable base material to isolate well-de-
fined x5-gliadins and HMW-GS for sensitive testing in
the case of WDEIA. Because gluten is hardly soluble in
aqueous systems, using an enzymatic gluten digest may
be an option [98]. Data on tolerable quantities of wheat
products are urgently needed. Correlations between the
amount of wheat and the intensity of exercise with the
severity of the hypersensitivity reaction should be clari-
fied while taking other cofactors such as ASS, other
NSAIDS, or alcohol into account. To better understand
the immunological pathways of WDEIA, further
research towards appropriate animal models has to be
carried out. More research on all aspects of WDEIA will
enable better diagnostics, increase awareness, and
improve treatment options.
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