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Abstract
Background: Food allergy affects 6–8% of infants and
wheat allergy is one of the common food allergies
among children. The clinical and laboratory manifesta-
tions of wheat allergy were evaluated in this study.
Methods: Thirty-two children (^12 years old) with sus-
pected wheat allergy were evaluated for wheat allergy.
The patients underwent wheat skin prick test (SPT), mea-
surement of wheat-specific IgE and wheat challenge test.
The patients with a convincing history of anaphylaxis fol-
lowing ingestion of wheat or with a positive challenge
test, and those with a history of immediate hypersensi-
tivity reaction following ingestion of wheat in addition to
a positive wheat SPT and/or positive wheat-specific IgE
were considered wheat allergic. Then, the laboratory and
clinical manifestations of their disease were studied.
Results: Among patients with suspected wheat allergy,
24 patients with definite wheat allergy were identified.
Anaphylaxis was a dominant clinical feature, accounting
for 54.1% of acute symptoms. Chronic allergy symptoms
like asthma and eczema were noted in 50% of the
patients. Wheat-specific IgE was higher in patients with

anaphylaxis (p ! 0.02) and the risk of anaphylaxis was
14.4 times more in patients with wheat-specific IgE equal
to or more than 3+. Conclusions: Anaphylaxis had oc-
curred in a remarkable number of patients repeatedly,
which demonstrates the severity of the reactions, poor
knowledge of the disease and probable existence of
more patients with mild reactions. Regarding the higher
level of wheat-specific IgE in patients with anaphylaxis,
wheat-specific IgE could be used to predict the severity
of symptoms.

Copyright © 2004 S. Karger AG, Basel

Introduction

Food allergy denotes an adverse reaction to foods or
food additives in which an underlying immunologic
mechanism can be shown [1, 2]. Its incidence in young
children is about 1.3% and among adults about 0.3% [1].
It is more prevalent in the first few years of life and affects
about 6–8% of infants [3]. Food allergy plays a pathogenic
role in up to 40% of infants and small children with mod-
erate to severe atopic dermatitis [1, 2]. Hypersensitivity
reactions type I–IV can cause food allergy, but IgE-
mediated reactions (type I) are the dominant mechanism
[4, 5]. Food allergy may manifest itself by local symptoms
or systemic reactions (as anaphylactic shock). In many
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emergency wards, food allergies have been reported as the
main and most common cause of anaphylaxis, which
begins during the first 30 min after ingestion of the aller-
genic food and demands emergency medical care [5]. The
main target organs involved in food allergies are cuta-
neous, respiratory and gastrointestinal systems [5–7].

Cereal families, including wheat, barley, corn, rice, rye
and oat, are food materials consumed in large quantities
all over the world [8]. Cereal grains account for about 70%
of the world protein consumption. The main sources of
protein and carbohydrate intake especially in Asian coun-
tries are cereals [5, 8]. Wheat is among the major foods
that induce food hypersensitivity reactions in children [9–
12]. Different data about prevalence of allergy to cereals
are available. In a study of pediatric patients, 70 of 225
children were found to have at least one positive skin
prick test (SPT) to one of the cereals (including wheat,
barley, rice, corn, oat and rye), but only 15 patients had at
least one positive double-blind placebo-controlled food
challenge to cereal grain [13]. Another study in 196 chil-
dren and adolescents with food allergy has shown that
wheat allergy accounts for 22% of food allergies [10].

Similar to other IgE-mediated food allergies, symp-
toms of wheat allergy become apparent within 30 min
after ingestion of the culprit food with cutaneous, respira-
tory and gastrointestinal manifestations, which may lead
to anaphylaxis [14]. These reactions are clinically distinct
from other adverse reactions to wheat proteins, including
baker’s asthma, celiac disease and wheat-dependent, exer-
cise-induced anaphylaxis [15–17]. Although there are
some similarities, differences are present in wheat-spe-
cific allergens, patterns of exposure, immunologic mecha-
nism and pathophysiology [11].

Regarding the considerable prevalence of wheat allergy
among food allergies [9–12] and as the patients referred to
our clinic had severe symptoms due to wheat allergy, the
present study was done to find out common clinical and
laboratory manifestations of wheat allergy, for a better
recognition of the disease and accordingly to increase our
knowledge of this illness.

Material and Methods

In a 1-year period, a group of children younger than 12 years old
(mean 2.4 years) who were referred to the Allergy and Immunology
Clinic of Children Medical Center with cutaneous, respiratory or gas-
trointestinal manifestations of allergy were examined. Among them,
32 children with suspected wheat allergy were selected for this study.
They had a history of allergic reaction following the ingestion of
wheat products or they had a positive SPT or specific IgE for wheat

allergens in the first step of allergy evaluation. After having explained
the laboratory and clinical evaluations to their parents and with their
consent, a questionnaire was filled out for all patients, including
information such as the patients’ personal history, family history of
allergy, breast-feeding state, the time of the introduction of solid
foods, the onset of the disease, repeated symptoms after ingestion of
wheat, emergency care, and hospitalization. After a careful physical
examination, the tests were performed, including the following dis-
cussed below.

Eosinophil Counting
An eosinophil count of more than 450 cells/Ìl was considered as

eosinophilia [18].

Skin Prick Test
All of the patients underwent SPT with wheat flour extract,

except those with acute skin lesions, urticaria, asthma exacerbation
or a history of anaphylaxis during recent months, in whom this test
was delayed until they had recovered from the disease. A positive
and a negative control were also included in the test. Normal saline
was used as a negative control and histamine dihydrochloride 1 mg/
ml as a positive control. The SPT responses were read for histamine
at 10 and for allergens at 20 min. It was considered positive if the
diameter of the wheal was at least 5 mm for histamine and at least
3 mm for allergens, without reaction to the negative control. Accord-
ing to the patient’s history, SPTs were also done for some other food
allergens in children (such as milk, egg, soy, nuts, seafoods, potato
and orange). The extracts were obtained from Hollister-Stier, Miles,
Canada.

Total Serum IgE
Total serum IgE was measured, using the ELISA method [19]

(Clonesystems, Hamburg, Germany) and was compared to the mean
normal value for age [20].

Wheat-Specific IgE
After sampling 1 mm of peripheral blood, sterile serum was sepa-

rated and immediately frozen in –80°C. Wheat flour-specific IgE
was measured using the ELISA method [19] (Clonesystems). Accord-
ing to the kit manual, the results were categorized into seven groups
(0–6+). The results equal to 1+ or more were considered positive.

Elimination Diet
After these evaluations, cereal products were eliminated from the

patients’ diet for 1–2 weeks [5].

Open Food Challenge
Although double-blind placebo-controlled food challenge is the

gold standard for diagnosing food allergies in infants and young chil-
dren (especially less than 3 years old) whose allergy symptoms are
predominantly objective (rash, hives, vomiting, diarrhea, and de-
creased pulmonary function) and the effect of suggestion is minimal,
open food challenge seems suitable to prove food allergy [21, 22].
After the elimination diet, if the patient became symptom free, an
open food challenge test with wheat flour was done, except for those
(1) who had an obvious history of life-threatening reactions (systemic
allergic reactions affecting at least 2 organs simultaneously and mak-
ing an emergency medical intervention necessary [23]) following the
ingestion of wheat, at least once during the 2 previous years [12] and
(2) with a clear history of immediate hypersensitivity reaction follow-
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ing the ingestion of wheat, a good response to wheat elimination and
a positive wheat-specific IgE and/or SPT.

The diagnosis of wheat allergy in these groups is definite and the
food challenge test is superfluous [24, 25].

Those children taking an antihistamine were advised not to take
it for a certain period of time before provocation, based on the type of
the antihistamine [26]. Each patient came in a fasting state to our
clinic early in the morning, where all emergency equipment was at
hand. Before the challenge test, a complete physical examination was
done for every patient. If there were any signs or symptoms of allergy,
which could alter the results of the study such as skin lesions, wheez-
ing and rhinitis, the food challenge test would be canceled. The
amount of bread for the challenge test was determined to be equal to
the mean daily intake. The bread for the challenge test was a single
type, obtained from a single bakery. The bread was divided into 5
pieces. The time interval between having the pieces of bread was
30 min. The patients were under close observation. The results of the
food challenge were considered positive by a pediatric allergy special-
ist, if one or more of the following objective clinical reaction(s) were
noted: urticaria, angioedema, wheezing, vomiting, diarrhea, abdomi-
nal pain, exacerbation of eczema or anaphylactic shock. At the end of
the challenge test, the patient was observed for 4–8 h. If the patient
had any clinical reaction during the test, it was stopped and medical
intervention was given; then the patient was observed for 6–12 h or
as an inpatient. The patients were advised to record and report any
symptoms they experienced after discharge during the first day, or
return to hospital if they had severe symptoms.

Statistical Analysis
t test was used to compare the means and Fisher’s exact test was

employed to compare the groups. Odds ratio was calculated to find
out the risk of anaphylaxis according to the wheat-specific IgE level.

Results

Of 32 patients with suspected wheat allergy according
to their history and primary evaluation, 27 (84.3%) had
positive wheat SPT and 29 (90.6%) had positive wheat-
specific IgE. History of life-threatening reactions was
found in 13 patients. The performance of the challenge
test is not allowed in this group. The challenge test was
done in 11 patients. They were clearly positive in 3
patients (27.2%), and 8 patients with negative or suspi-
cious challenge tests were excluded from the study. Sys-
temic responses (nausea, vomiting, hypotension, dyspnea
and generalized urticaria) occurred in 2 patients and the
other patient had a response in the form of facial morbilli-
form rashes. [Of the excluded patients, 4 had positive
wheat SPT and 7 had positive wheat-specific IgE (with
low concentrations). Regarding the higher diagnostic val-
ue of the challenge test [27] and as these patients did not
have relevant symptoms, we did not consider them as
wheat allergic.] The challenge test was performed neither
in patients with anaphylaxis nor in those with a clear his-

tory of immediate allergic reaction following an ingestion
of wheat in addition to positive wheat SPT and/or specific
IgE. The patients with a history of anaphylaxis following
ingestion of wheat (13 patients), those with a positive
wheat challenge test (3 patients) and the patients with a
definite history of type I hypersensitivity reaction follow-
ing ingestion of wheat accompanied by positive wheat
SPT and/or specific IgE (8 patients) were considered
wheat allergic.

Finally, 24 patients with a definite diagnosis of wheat
allergy were identified. The range of age of wheat-allergic
patients was 8 months to 8 years (mean 2.4 years). Of the
patients, 17 (71%) were male and 7 (29%) female. The
onset of the disease was before 6 months of age in 10
(41.6%) and 6–12 months in 14 (58.3%) patients (mean
5.7 months). All of the patients had experienced the dis-
ease within the first year of life and had a clear history of
immediate allergic reactions following the ingestion of
wheat products. Fourteen patients (58.3%) had respirato-
ry symptoms (containing cough, wheezing, dyspnea and
rhinoconjunctivitis), 20 (83.3%) had cutaneous manifes-
tations (containing urticaria, angioedema and erythema)
and 6 (25%) had gastrointestinal symptoms (containing
nausea, vomiting, diarrhea and abdominal pain). Thir-
teen patients (54.1%) had at least 1 episode of anaphylax-
is, while 5 had at least 3 episodes. The age at first anaphy-
laxis was 4–9 months in all of these patients (table 1).
Anaphylaxis episodes started in all patients with cuta-
neous manifestations (generalized urticaria with or with-
out flushing, angioedema and itching), rhinoconjunctivi-
tis and then wheezing or cough, which were accompanied
by nausea, vomiting, abdominal pain, palpitation and
hypotension in some patients and had resulted in emer-
gency ward admission in all of the patients. Beside acute
hypersensitivity reactions, 12 patients (50%) had a
chronic manifestation of allergy. Of those, 8 (75%) had
asthma, 6 (50%) had eczema and there was no report of
chronic gastrointestinal manifestations. Solid foods were
introduced at 3–9 months of age in all patients. Of the
patients, 19 (79.1%) had a positive history of allergy (rhi-
nitis, eczema, asthma) in at least one of their parents and
4 (16.6%) in both parents. In 68.4% (13/19) of them the
patient’s mother suffered from allergy.

Wheat SPTs were positive in 23 (95.8%) and wheat-
specific IgE was positive in 22 (91.6%) patients. Mean
wheat-specific IgE was 73.8 Ucs/ml (Ucs represents
Clonesystems units) in patients with anaphylaxis and
24.8 Ucs/ml in patients without anaphylaxis, which
shows a statistically significant difference (p ! 0.02). Ana-
phylaxis was more common in patients with wheat-spe-
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Table 1. Immediate allergic reactions following ingestion of wheat, total serum and wheat-specific IgE of wheat-allergic patients

No. Sex/age1 Respiratory
symptoms

Cutaneous
symptoms

Gastro-
intestinal
symptoms

History of
anaphylaxis

Age of first
anaphylaxis
(months)

Anaphylaxis
episodes

Total
serum IgE
(IU/ml)

Wheat-
specific
IgE

1 M/8 + + – + 6 1 230 6+
2 M/1.5 – + – + 7 2 280 6+
3 M/2 + + – – – – 198 6+
4 F/2 + + + + 4 2 110 3+
5 M/1 – + – – – – 1,000 4+
6 M/2.6 + + + – – – 830 6+
7 M/3 + + – + 6 3 120 6+
8 F/2.7 – + – + 4.5 3 88 6+
9 M/3.2 + + – + 4 2 190 6+

10 M/2.2 – + + + 6 2 1,400 6+
11 F/1.1 + + – + 6 2 1,180 4+
12 M/1.5 – – – + 9 4 60 4+
13 M/3.5 + + + + 6 1 66 4+
14 M/1.2 – + + – – – 320 3+
15 F/1 – + – – – – 250 –
16 F/4 + – – + 7 5 110 4+
17 M/2.1 + + – – – – 1,200 1+
18 M/4 – – + + 6 4 550 6+
19 M/1 – + – – – – 1,000 2+
20 F/4 + + – – – – 3,600 –
21 F/1.6 + + – – – – 160 4+
22 M/1.5 + + – – – – 700 2+
23 M/5 + + – – – – 420 2+
24 M/0.7 – – – + 7 2 37 2+

Age is given in years.

Table 2. Common food allergens in patients
with wheat allergy (according to SPT)

Food allergens Positive SPT

Soy 13 (54%)
Egg 13 (54%)
Milk 7 (29%)
Fish 3 (12%)
Almond 2 (8%)
Peanut 2 (8%)
Potato 2 (8%)
Orange 2 (8%)

cific IgE equal to or more than 3+ (63.6 Ucs/ml; p ! 0.02)
and the chance of anaphylaxis was 14.4 times more in
these patients than in those with wheat-specific IgE less
than 3+ (!3.6 Ucs/ml; odds ratio = 14.4, 95% confidence
interval = 1.36–152.5).

All of the patients had high total serum IgE for their
age. Total serum IgE was equal to or less than 100 IU/ml
in 4 (16.6%), 101–300 IU/ml in 9 (37.5%), 301–1,000 IU/
ml in 7 (29.1%) and more than 1,000 IU/ml in 4 patients
(16.6%). Eosinophilia (eosinophils 1450 cells/Ìl) was de-
tected in 11 patients (45.8%), and eosinophil count was
more than 700 cells/Ìl in 8 patients (33.3%).

Among the patients with wheat allergy, 20 also had a
positive SPT for other food allergens, which are shown in
table 2. The most common food allergens according to
SPT (after wheat) were soy, egg, milk and seafood (with-
out any history of related systemic reactions), respec-
tively.

Discussion

Anaphylaxis was a common manifestation of wheat
allergy in this study, although it is commonly believed
that allergic reactions to wheat are rarely severe [28] and
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wheat allergy occasionally causes anaphylactic reactions
[29]. The rate of severe reactions seems to be higher in our
country. Because our clinic is a referral center, to which
mostly patients with severe diseases are referred, the real
number of patients with wheat allergy who have mild
symptoms and are never diagnosed might be higher and
the rate of anaphylaxis in all wheat-allergic patients might
be lower.

An open food challenge test is recommended for the
diagnosis of food allergy in young children especially
those less than 3 years old [22] and as the mean age of our
patients was less than 3 years (2.4 years), the open food
challenge test seems suitable to confirm the diagnosis.
The challenge test was positive in 3 patients with a life-
threatening response in 2 of them. Therefore, taking
enough safety measures in wheat challenge tests is recom-
mended, as Reibel et al. [30] have emphasized, too. They
showed that in wheat, egg, cow’s milk and soy challenge
tests, the patient’s history of wheat allergy is an indicator
of the probability of a positive challenge test and the need
for medical intervention. Regarding the high prevalence
of acute anaphylactic reactions following the ingestion of
wheat, the establishment of an intravenous access before
the wheat challenge test is recommended. Repeated epi-
sodes of anaphylaxis (2 times or more) in patients with
wheat allergy show that there is not enough awareness of
the danger of wheat allergy among patients and physi-
cians; therefore, patients with a wheat allergy should be
educated enough to prevent a recurrence of symptoms
and to use adrenalin in emergency situations, and the phy-
sician should focus on such an important illness.

According to the results of this study, atopy and family
history of allergy were reported by 79.1% of the patients,
which is compatible with other studies [31, 32]. Also,
68.4% of these patients’ mothers were atopic. There may
be an X-linked inheritance, as 71% of our patients were
boys. Is there really any relationship between wheat aller-
gy and sex? Further investigations are needed to evaluate
this relationship.

The introduction of solid foods was at 3–9 months of
age in all patients, which is almost concurrent with the
mean age at disease onset (5.7 months). Regarding the
simultaneous introduction of solid foods and onset of the
disease, and the health of the children during the exclu-
sive breast-feeding period, it seems that wheat allergens
do not pass into the breast milk and in contrary to cow’s
milk allergy, consumption of wheat by the mothers usual-
ly does not precipitate allergy symptoms in their children
[33]; therefore, the mother’s abstinence cannot help in the
treatment. The onset of the clinical manifestation of

wheat allergy was within the first year of life in all
patients. Therefore, it is recommended that introduction
of solid foods should be delayed until the child is 6
months old and wheat should not be used in the first year
of life in atopic children. More research is recommended
to clarify whether such a delay can prevent this sensitiza-
tion or just delay it.

As shown in table 2, the most common allergenic foods
among patients with wheat allergy, after wheat, were eggs,
soy and cow’s milk. Although cow’s milk is one of the
most common food allergens among children [5], accord-
ing to the results of this study, cow’s milk allergy is less
prevalent than egg and soy among children with wheat
allergy, which should be noticed by physicians in the
determination of the diet of wheat-allergic children.

All of the patients had a total serum IgE level higher
than the mean normal value for their age [20], and 16.6%
of patients had an IgE level higher than 1,000 IU/ml. High
levels of serum IgE are found in 60% of allergic patients
[5], but all patients with wheat allergy in this study had
high serum IgE, and 91.6% had positive wheat-specific
IgE and 70.8% had wheat-specific IgE equal to 3+ or
more. This can show the importance of type 1 (IgE-
mediated) hypersensitivity reactions in these patients.
Considering the results of this study, there is a relation-
ship between the wheat-specific IgE level and anaphylax-
is. High specific IgE concentration can predict a severe
reaction. It is compatible with the studies of Sampson [27,
34] who showed that the concentration of hen’s egg, cow’s
milk, peanut and fish-specific IgE can predict the severity
of food allergy symptoms.

Finally, we recommend (1) exclusive breast-feeding
until 6 months of age and avoiding wheat especially in
atopic children in the first year of life, (2) education of the
patient’s family to avoid wheat products and how to apply
emergency interventions in emergency situations, (3) in-
creasing the awareness in physicians and medical staff as
regards prevalence and danger of wheat allergy, and
(4) taking enough safety measures in wheat challenge
tests.
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