
Introduction
Wheat is a major staple of the diet worldwide and wheat 

allergy is defined as an adverse immunologic reaction to 
wheat protein [1]. Depending on the route of exposure and 
the underlying immunologic mechanisms, wheat allergy are 
diagnosed as different forms of allergic diseases such as clas-
sic food allergy, food-dependent exercise-induced anaphylaxis 
(FDEIA), occupational asthma, rhinitis or contact urticaria [2]. 
IgE mediated allergy to wheat may be presented with various 
severity from simple urticaria to anaphylaxis. In Korea, only a 
few studies on wheat-induced anaphylaxis (WIA) have been 
performed [3,4]. We herein report six cases of severe wheat 
allergy including WIA and wheat-dependent exercise-induced 
anaphylaxis (WDEIA).

Case
We reviewed three cases of WIA and three cases of WDEIA. 

All the patients visited our allergy clinic for the evaluation 
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of symptoms such as urticaria, dyspnea, or syncope. History 
taking revealed that they ate wheat-containing foods before 
their symptoms had started. The clinical characteristics of the 
patients are shown in Table 1. Their ages ranged from 29 to 65 
years and mean ± standard deviation (SD) of age was 45 ± 14 
years. The mean ± SD of the patient’s age at the onset of the 
symptoms was 38 ± 10 years (from 27 to 55 years). One pa-
tient with WIA and two patients with WDEIA were males and 
the others were females. All patients with WIA had combined 
allergic diseases and only one patient with WDEIA had aller-
gic rhinitis. There was no patient who took aspirin or NSAIDs 
which might enhance food induced anaphylaxis.

The patient’s symptoms of anaphylaxis are presented in Ta-
ble 2. All six patients had skin manifestation, such as urticaria 
(100%) and 4 of 6 had angioedema. Five patients had respira-
tory symptoms such as wheezing or dyspnea, and only one 
patient with WIA had gastrointestinal symptoms. All patients 
showed hypotension during the events of anaphylaxis and 4 
patients had experienced loss of consciousness.

The mean ± SD of the level of total IgE was 512.20 ± 668.86 
IU/mL. The levels of total serum IgE were higher than normal 
range in 4 patients. Total serum IgE was not evaluated in one 
patient (No. 3) and another patient showed normal level of to-

tal serum IgE (No. 5, 94 IU/mL). Wheat-specific IgE detected by 
ImmunoCAP (UniCAP PHAD®, Pharmacia & Upjohn, Uppsala, 
Sweden) showed class 1 in two patients and class 2 in the oth-
er two patients. Gluten-specific IgE was increased as class 2 in 
3 patients (2 WIA and 1 WDEIA) and as class 3 in 2 patients (1 
WIA and 1 WDEIA). ω-5 gliadin-specific IgE was increased in 4 
patients, class 3 in 3 patients (1 WIA and 2 WDEIA) and class 
4 in one patient with WIA. The levels of gluten or ω-5 gliadin-
specific IgE were higher than wheat-specific IgE in all six pa-
tients. The details are shown in Table 3.

Skin prick test was conducted in 3 patients with WDEIA. 
The patients showed a positive response in skin prick test with 
wheat as shown in Table 4. All of them had positive results for 
skin prick tests for other foods: one patient (No. 4) also had a 
history of urticaria with seafood. Another patient (No. 5) was 
diagnosed as oral allergy syndrome. In addition, those with 
WDEIA had positive skin prick test for common inhalant aller-
gens. 

While 5 patients were diagnosed on the basis of repeated 
histories and specific IgE to wheat proteins, one patient (No. 
5) suspected as having WDEIA underwent an exercise provo-
cation test 30 minutes after eating wheat-containing food. 
Within 5 minutes after 6 minutes free running, the patient 

Table 1. Clinical characteristics of the patients

Patient No. Diagnosis Age, yr Gender Age at onset of wheat allergy, yr Comorbid allergic diseases

1 WIA 50 Female 40 BA

2 WIA 65 Male 55 AR

3 WIA 43 Female 38 AR, CU

4 WDEIA 53 Male 43 No

5 WDEIA 32 Female 29 No

6 WDEIA 29 Male 27 AR

WIA: wheat-induced anaphylaxis, BA: bronchial asthma, AR: allergic rhinitis, CU: chronic urticaria, WDEIA: wheat-dependent exercise-induced anaphylaxis. 

Table 2. Symptoms and signs of anaphylaxis

Symptoms and signs
Patient No.

1 2 3 4 5 6

Urticaria Y Y Y Y Y Y

Angioedema Y N Y Y N Y

Respiratory Y Y N Y Y Y

Gastrointestinal N Y N N N N

Hypotension Y Y Y Y Y Y

Loss of consciousness Y Y N Y N Y

Y: yes, N: no.
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developed generalized itching and urticaria. At 15 minutes, 
the patient complained of dyspnea and presented with hypo-
tension (systolic blood pressure 63 mmHg). Symptoms were 
resolved gradually after treatment, with restoration of normal 
vital signs and physical examination findings.

The three patients with WIA were advised the life-long 
avoidance of wheat containing products and the others with 
WDEIA were taught to avoid wheat-containing food, and im-
portantly to avoid exercise for at least six hours when they 
accidentally ate wheat-containing food. They were prescribed 
Epipen® by the allergists in our clinic.

Discussion
Food allergy is increasing and the prevalence of food al-

lergy is estimated to be 6-8% of children and 1-3% of adults 
[5]. Wheat is an important part of human diet and one of the 
six most common foods causing allergy [6]. Depending on the 
route of allergen exposure and the underlying immunologic 
mechanisms, wheat allergy may appear as classic food allergy 
affecting the skin, gut, or respiratory tract; exercise-induced 
anaphylaxis; occupational asthma and rhinitis; or contact ur-
ticaria. In addition, ingestion of wheat gluten may cause celiac 
disease (T-cell-mediated intestinal inflammation), or dermatitis 
herpetiformis (blistering skin eruption). With the exception of 

the latter two, specific IgE to wheat proteins play a central role 
in all of the above [1]. 

Despite the high prevalence of wheat allergy in children, 
relatively little is known about its natural history. The natural 
course of only a few patients with wheat allergy has been 
reported in the literature, and in these studies 25% to 35% 
of patients became tolerant in a 1- to 2-year period [6]. In the 
study by Keet et al. [7], 35% of the children who had wheat 
allergy remained allergic during their teenage years. In some 
cases, it may lead to exacerbation of atopic dermatitis and 
gastrointestinal symptoms. A unique form of allergy, WDEIA, 
develops predominantly in young adults and adolescents [8]. 
A few cases of WIA, which were enhanced by aspirin or non-
steroidal anti-inflammatory drugs, have been reported in adult 
patients [9]. Recently, it has also been reported that FDEIA 
could be dependent on the temperature [10]. In this study, 
all of the cases of WIA were adult-onset and 4 (67%) of the 
patients had co-morbid allergic diseases. Most of them experi-
enced urticaria, respiratory symptoms and hypotension during 
the events, but only one patient had gastrointestinal symp-
tom. Four of the 6 patients showed increased levels of total 
IgE than normal range and 3 patients with WDEIA had positive 
responses to skin prick test with common food allergen and 
aeroallergens.

Because of the difficulty of strict wheat avoidance, com-

Table 3. Total serum IgE and specific IgE to wheat proteins using ImmunoCAP

Patient No. (diagnosis) Total IgE, IU/mL Wheat-specific IgE, KU/L Gluten-specific IgE, KU/L ω-5 gliadin-specific IgE, KU/L

1 (WIA) 314 1.72 4.00 35.4

2 (WIA) 1700 1.53 2.99 9.75

3 (WIA) ND 0.48 3.98 ND

4 (WDEIA) 251 0.53 1.40 4.65

5 (WDEIA) 94 1.41 3.09 ND

6 (WDEIA) 202 1.04 ND 17.2

WIA: wheat-induced anaphylaxis, WDEIA: wheat-dependent exercise-induced anaphylaxis, ND: not done.

Table 4. Skin prick test with wheat and common allergens (food and inhalant) in the patients with WDEIA

Patient No.
(diagnosis) SPT with wheat Positive SPT (common food allergen except wheat) Positive SPT (common inhalant allergen)

4 (WDEIA) Positive Wheat, pollack, oyster, HDM, mold, cockroach, tree pollen, grass pollen

5 (WDEIA) Positive Wheat, shrimp, walnut, almond, cabbage, peach HDM, tree pollen

6 (WDEIA) Positive Wheat, celery HDM, mold, cockroach, tree pollen, grass pollen

WDEIA: wheat-dependent exercise-induced anaphylaxis, SPT: skin prick test, HDM: house dust mite.
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plete diagnosis for the patients who were suspected wheat 
allergy is critical. To diagnose WIA or WDEIA, food challenge 
test with wheat or exercise challenge test following wheat 
ingestion should be performed. However, the provocation test 
is time-consuming and has a risk of inducing anaphylaxis. On 
top of that, the amount of food and the degree of exercise 
vary. Thus, in vitro diagnostic test for predicting severe sys-
temic reactions is desirable. Considering the risk of food chal-
lenge tests in patients with a history of anaphylaxis, in vitro 
tests using ImmunoCAP could be a useful method in clinical 
practice with definite history of anaphyalxis [4]. 

Wheat proteins are classified depending on the basis of their 
solubility in a series of solvents: water (albumins), dilute salt 
solutions (globulins), aqueous alcohol (gliadins), and dilute al-
kali or acid (glutenins) [2]. Classic food allergy and atopic der-
matitis are related to a wide range of water/salt-soluble and 
insoluble wheat proteins [11]. WDEIA is usually known to be 
associated with gluten, particularly ω-5 gliadin and high-mo-
lucular-weight (HMW) glutenin subunits [12]. Although most 
recent studies suggested major roles of HMW glutenin sub-
units and ω-5 gliadin in WIA and WDEIA [13], low molecular 
weight (LMW) glutenin subunits are also known to be involved 
in immediate type childhood and adult wheat allergies, includ-
ing WDEIA [11]. In the study by Park et al., 17 subjects with 
WIA or WDEIA showed strong positive specific IgE response 
to ω-5 gliadin allergens, but not to wheat, indicating that ω-5 
gliadin is the causative allergen in adults with WIA [4]. Using 
the log-transformed specific IgE ratio of ω-5 gliadin to wheat, 
they found 100% sensitivity and specificity distinguishing pa-
tients with severe wheat allergy, such as WDEIA or WIA, from 
patients with other forms of wheat allergies in the 27 subjects. 
All of the patients in our cases also showed stronger specific 
IgE response to ω-5 gliadin than the response to wheat. 

In Korea, only a few studies reported the cases of wheat-
induced anaphylaxis in adults. We report six cases of wheat-
induced anaphylaxis diagnosed on the basis of clinical history 
and specific IgE of wheat proteins or provocation test. For 
immunologic evaluation of severe wheat allergy including WIA 

and WDEIA, it is important to measure specific IgE to each 
component of wheat including gluten and ω-5 gliadin rather 
than measuring wheat-specific IgE.
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