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Background: Sensitization to wheat by ingestion can lead to
food allergy symptoms and wheat-dependent, exercise-induced
anaphylaxis. Sensitization by inhalation causes bakers’ asthma
and rhinitis. Wheat allergens have been characterized at the
molecular level in bakers’ asthma and in wheat-dependent,
exercise-induced anaphylaxis, in which ω-5 gliadin (Tri a 19) is
a major allergen. However, little information is available
regarding allergens responsible for hypersensitivity reactions
to ingested wheat in children.
Objective: The aim of this study was to examine whether children
with allergy to ingested wheat have IgE antibodies to ω-5 gliadin.
Methods: Sera were obtained from 40 children (mean age, 2.5
years; range, 0.7-8.2 years) with suspected wheat allergy who
presented with atopic dermatitis and/or gastrointestinal and/or
respiratory symptoms. Wheat allergy was diagnosed with open
or double-blinded, placebo-controlled oral wheat challenge.
Wheat ω-5 gliadin was purified by reversed-phase chromatog-
raphy, and serum IgE antibodies to ω-5 gliadin were measured
by means of ELISA. In vivo reactivity was studied by skin
prick testing. Control sera were obtained from 22 children
with no evidence of food allergies.
Results: In oral wheat challenge, 19 children (48%) reacted
with immediate and 8 children (20%) with delayed hypersensi-
tivity symptoms. Sixteen (84%) of the children with immediate
symptoms had IgE antibodies to purified ω-5 gliadin in
ELISA. In contrast, IgE antibodies to ω-5 gliadin were not
detected in any of the children with delayed or negative chal-
lenge test results or in the control children. The diagnostic
specificity and positive predictive value of ω-5 gliadin ELISA
were each 100% for immediate challenge reactions. Skin prick
testing with ω-5 gliadin was positive in 6 of 7 children with
immediate challenge symptoms and negative in 2 children with
delayed challenge symptoms.
Conclusion: The results of this study show that ω-5 gliadin is a

significant allergen in young children with immediate allergic
reactions to ingested wheat. IgE testing with ω-5 gliadin could
be used to reduce the need for oral wheat challenges in chil-
dren. (J Allergy Clin Immunol 2001;108:634-8.)
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Food allergy plays a pathogenetic role in up to 40% of
infants and small children with moderate to severe atopic
dermatitis (AD).1,2 In addition to cow’s milk, egg, soy,
peanut, and fish, wheat is one of the most common foods
causing allergy in children.3,4 Sensitization to ingested aller-
gens can lead to various clinical manifestations, including
cutaneous, gastrointestinal, and respiratory symptoms of
immediate or delayed onset.5,6 In adults, sensitization to
wheat and related cereals usually occurs via inhalation,
causing bakers’ asthma and rhinitis, a well-defined IgE-
mediated allergy to inhaled flour primarily seen in patients
with occupational exposure.7 Wheat-dependent, exercise-
induced anaphylaxis is a life-threatening allergy in adults,
whereby ingestion of wheat in connection with physical
exercise induces symptoms of anaphylaxis.8,9

In our previous study, we identified and characterized ω-
5 gliadin (Tri a 19) as a major allergen in wheat-dependent,
exercise-induced anaphylaxis.9,10 In bakers’ asthma, water-
soluble proteins—ie, members of the α-amylase inhibitor
family,11 acyl-CoA oxidase, fructose-bisphosphtase
aldolase,12,13 and peroxidase14—have been identified as
important wheat allergens. In addition, binding of IgE anti-
bodies to water-insoluble gliadins has been reported in
patients with bakers’ asthma.15,16 James et al17 identified
wheat α-amylase inhibitor as a relevant allergen in 5 chil-
dren with ingested wheat allergy, suggesting that it repre-
sents a sensitizing allergen both after ingestion and after
inhalation. Immunoblotting studies have shown that IgE
antibodies from children with hypersensitivity to ingested
wheat bind to a number of water-soluble wheat proteins of
different molecular weights.17-20 A few studies suggest that
gliadins might be important allergens in wheat-allergic
children with AD.21,22 However, these various IgE-binding
proteins have not been characterized at the molecular level,
and their clinical significance remains unknown.

The aim of this study was to examine whether ω-5
gliadin is a clinically relevant allergen in children with
hypersensitivity reactions to ingested wheat.
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METHODS

Patients

Serum samples were collected from 40 children (mean age, 2.5
years; range, 0.7-8.2 years) who had been referred to the Helsinki
University Hospital for Skin and Allergic Diseases (n = 29) or to the
Tampere University Hospital (n = 11) for evaluation of suspected
food allergy. The clinical histories of all 40 children were suggestive
of wheat allergy, and at initial examination 23 of them had a positive
skin prick test (SPT) result to wheat (1:10 w/v 0.9% NaCl, prepared
as previously described8) and 25 of them had a positive wheat CAP
RAST result (>0.35 KU/L; CAP RAST, Pharmacia, Uppsala, Swe-
den). Other suspected foods were cow’s milk in 26 (65%), egg in 16
(40%), and cereals other than wheat in 23 (58%) children. All but 1
of the children presented with moderate to severe AD; 29% had gas-
trointestinal symptoms, and 12% had respiratory symptoms. Twenty-
nine percent had histories of asthma, and 15% had allergic rhinitis.

Control serum samples were collected from 22 children (mean
age, 10.6 years; range, 6.3-14.9 years) with no evidence of food
allergy and negative SPT results to cereals. The Ethical Committees
of the 2 hospitals approved the study, and informed consent was
obtained from the parents.

Oral wheat challenge 

Physician-supervised, open oral wheat challenges were per-
formed in 27 children, and double-blinded, placebo-controlled
wheat challenges were performed in 11 children. Two of the chil-
dren were not challenged because of recent histories of severe ana-
phylaxis to ingested wheat. Before the challenge, each patient was
instructed to strictly avoid wheat for 2 to 4 weeks. 

The open challenge began with the application of a drop of wheat
porridge (10% wheat, cooked in water) on intact facial skin and the
upper lip. During the first day, wheat was given orally in increasing
amounts (1 g, 5 g, and 10 g) at 1-hour intervals; the challenge was
then continued with at least 20 g of wheat per day for 1 week. In the
double-blinded, placebo-controlled wheat challenges, the placebo
formula was amino acid–derived Neocate (SHS International Ltd,
Liverpool, United Kingdom) and the test formula contained 5 g of
wheat flour in 100 mL Neocate. On day 1, the formula was admin-
istered at 30-minute intervals (1 mL, 5 mL, 10 mL, 25 mL, and 59
mL); if no adverse reactions appeared, the challenge was continued
for 1 week, the daily intake being 100 mL. On day 8, the second test
formula was started; the same challenge protocol was used. In both
challenge procedures, the supervising physician examined the child
on appearance of any symptoms. The challenge was stopped when
objective signs and symptoms indicated a positive response.

Purification of wheat ω-5 gliadin

Wheat ω-5 gliadin was purified as described previously in detail.9

Wheat grains (Triticum aestivum; cultivar, Tjalve) were ground and
extracted with 50% acetonitrile (ACN)–0.1% trifluoroacetic acid
(TFA). The sample was centrifuged, and the supernatant was col-
lected, filtered, and concentrated to one third in a vacuum centrifuge,
which resulted in precipitation of the ACN-soluble proteins. The pre-
cipitate was dissolved in 10% ACN–0.1% TFA, and ω-5 gliadin was
purified from this extract by reversed-phase chromatography on a
Resource RPC 3-mL column (Pharmacia) through use of a linear

gradient of ACN (10% to 60% in 60 minutes) in 0.1% TFA. Moni-
toring was done at 280 nm, and the fractions were collected and ana-
lyzed by SDS-PAGE and Coomassie blue staining. 

IgE ELISA

ELISA was performed as described previously.23 The concentra-
tion of ω-5 gliadin was adjusted to 2 µg/mL for coating microtiter
plates (100 µL/well). The wells were then postcoated with 1%
human serum albumin in 50 mmol/L sodium carbonate buffer, and
100 µL patient or control serum (diluted 1:10) was added. Biotiny-
lated goat antihuman IgE (Vector, Burlingame, Calif; diluted
1:1000) was added; this was followed by streptavidin-conjugated
alkaline phosphatase (Zymed, San Francisco, Calif; diluted 1:3000)
and color substrate (Bio-Rad, Hercules, Calif). The color formed
was read at 405 nm with an automated ELISA reader (Titertek Mul-
tiscan, Eflab, Turku, Finland). The mean optical density value plus
3 SDs of the control sera was used as the cutoff limit for positivity.

Skin prick tests

SPT suspensions for crude wheat (1:10 w/v 0.9% NaCl) were
prepared as described previously.8 SPT with purified ω-5 gliadin
was performed at 3 different concentrations (500, 50, and 5 µg/mL
in 20% ethanol-PBS) in 7 children with immediate challenge symp-
toms and 2 children with delayed symptoms. Histamine dihy-
drochloride (10 mg/mL, ALK, Copenhagen, Denmark) was used as
a positive control and 20% ethanol-PBS and physiologic saline
solution were used as negative controls. A wheal diameter at least
half that of the histamine reaction was considered positive.

RESULTS

Oral wheat challenge

Nineteen children (48%) reacted with immediate
hypersensitivity symptoms, including urticaria, erythe-
ma, and upper and lower respiratory and abdominal
symptoms (Table I). One child experienced an anaphy-
lactic reaction requiring emergency treatment. Eight chil-
dren (20%) reacted with delayed symptoms, showing
flare-up AD and/or diarrhea (Table I). Thirteen children
(32%) remained challenge-negative.

IgE antibodies to ω-5 gliadin in ELISA

Sixteen children (84%) with immediate challenge
symptoms had IgE antibodies to ω-5 gliadin in ELISA
(Fig 1 and Table I). In contrast, IgE antibodies to ω-5
gliadin were not detected in the 8 children with delayed
symptoms, in the 13 children with a negative challenge,
or in the 22 control children. 

Skin prick tests with ω-5 gliadin 

SPTs performed with purified ω-5 gliadin were posi-
tive in 6 of the 7 children with immediate symptoms at
all 3 concentrations tested (Table I). The 2 children with
delayed symptoms had negative SPT reuslts to ω-5
gliadin. All 6 children with positive SPT results also had
IgE antibodies to ω-5 gliadin in ELISA, and the 3 chil-
dren with negative SPT results were negative in ELISA.

Predictive capacity of ELISA, CAP RAST,

and SPT

The sensitivity, specificity, and positive and negative
predictive values of the various tests in predicting immedi-

Abbreviations used
ACN: Acetonitrile

AD: Atopic dermatitis
SPT: Skin prick test 
TFA: Trifluoroacetic acid
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ate challenge reactions are presented in Table II. The speci-
ficity and positive predictive value of ω-5 gliadin ELISA
were each 100%; this compared with 67% and 72% for
wheat CAP RAST and 71% and 74% for wheat SPT (Table
II). None of the 13 wheat challenge–negative children had
IgE antibodies to ω-5 gliadin in ELISA, but 5 (38%) of
these children had positive wheat CAP RAST results and 5
(38%) showed positive SPT results to wheat (Table I).

DISCUSSION 

The results of this study show that the presence of IgE
antibodies to ω-5 gliadin, a major allergen in wheat-
dependent, exercise-induced anaphylaxis, associates
strongly with immediate symptoms on oral wheat chal-
lenge in young children with food allergy symptoms. On
the contrary, IgE antibodies to ω-5 gliadin were not

TABLE I. Wheat challenge, ELISA, CAP RAST, and SPT results in 40 children with suspected wheat allergy

Oral wheat challenge Skin prick test (diameter in mm)

Patient IgE* ELISA Wheat ω-5 gliadin

sex/age ω-5 gliadin CAP RAST 500/50/5 Wheat Histamine

(y) Symptoms Time (2 µg/mL) (KU/L) (µg/mL) 1:10 10 mg/mL

Immediate
M/0.9 Urticaria 5 min 3.64 200.0 — 6 5
M/7.0 ND (history of anaphylaxis) 1.35 95.8 — 13 5
F/4.8 ND (history of anaphylaxis) 1.16 87.9 — 6 5
M/3.1 Urticaria, erythema 10 min 0.84 96.8 — 7 7
M/1.1 Urticaria, facial swelling 30 min 0.83 37.8 5/4/3 14 5
M/0.9 Erythema, pruritus 45 min 0.77 94.4 5/3/2 3 4
M/6.1 Anaphylaxis 10 min 0.71 387.0 — 8 5
M/3.3 Urticaria, dyspnea 25 min 0.48 280.0 8/5/3 6 4
M/1.3 Urticaria, erythema, pruritus 5 min 0.46 89.1 6/5/4 7 5
M/5.8 Pharyngeal pruritus, nasal congestion 5 min 0.31 > 400 5/5/3 5 5
M/4.5 Conjunctival pruritus, rhinorrhea, 15 min 0.31 286.0 5/4/3 12 5

sneezing
M/2.2 Erythema, pruritus 5 min 0.19 49.6 — 8 5
F/0.7 Urticaria 10 min 0.14 8.5 — 5 5
F/2.5 Urticaria, vomiting† 5 min 0.14 84.2 — 5 6
M/1.5 Urticaria† 5 min 0.08 32.9 — 0 6
M/2.9 Erythema, pruritus 30 min 0.05 7.5 — 5 5
F/2.4 Erythema, abdominal pain 20 min <0.04 <0.35 — 0 4
F/2.2 Erythema, pruritus, rhinorrhea, 10 min <0.04 9.4 0 5 5

sneezing
M/1.1 Urticaria 40 min <0.04 3.7 — 6 5

Delayed
F/1.1 Atopic dermatitis† 5 days <0.04 <0.35 — 0 4
F/1.5 Atopic dermatitis† 2 days <0.04 8.8 — 0 5
M/1.8 Atopic dermatitis, diarrhea† 3 days <0.04 <0.35 — 0 3
M/3.8 Atopic dermatitis† 3 days <0.04 <0.35 — 0 5
F/8.2 Atopic dermatitis, diarrhea 5 days <0.04 0.7 0 5 5
M/2.2 Atopic dermatitis 3 days <0.04 <0.35 — 0 5
M/6.5 Atopic dermatitis 3 days <0.04 <0.35 0 0 5
M/2.3 Diarrhea 2 days <0.04 <0.35 — 0 5

None
M/1.9 Negative† <0.04 <0.35 — 3 4
M/0.9 Negative† <0.04 <0.35 — 0 5
F/1.0 Negative† <0.04 <0.35 — 0 5
M/1.9 Negative† <0.04 0.7 — 0 5
F/2.3 Negative† <0.04 0.5 — 5 5
F/0.8 Negative <0.04 33.7 — 3 4
M/2.0 Negative <0.04 68.9 — 7 5
M/0.7 Negative <0.04 3.0 — 5 5
F/1.3 Negative <0.04 <0.35 — 0 5
F/1.8 Negative <0.04 <0.35 — 0 5
M/1.3 Negative <0.04 <0.35 — 0 5
F/2.4 Negative <0.04 <0.35 — 0 5
F/1.0 Negative <0.04 <0.35 — 0 6

ND, Not done.
*In ELISA absorbancy units at 405 nm; cutoff limit for positivity, ≥0.04.
†Double-blinded, placebo-controlled challenge.
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detected in children with delayed or no symptoms in oral
wheat challenge. This suggests that ω-5 gliadin is a
potent sensitizer not only in adults with exercise-induced
anaphylaxis9 but also in children with IgE-mediated
immediate hypersensitivity to ingested wheat.

The finding that the same allergen—ie, ω-5 gliadin—
triggers production of IgE antibodies both in children with
wheat allergy and in adults with exercise-induced anaphy-
laxis is of interest. Although both conditions represent
allergies to ingested wheat, the clinical manifestations dif-
fer clearly and the underlying patophysiologic mecha-
nisms appear to be different.5 The wheat-allergic children
have cutaneous, gastrointestinal, or respiratory food aller-
gy symptoms and present mainly with AD,6 whereas the
adults experience recurrent episodes of anaphylaxis only
during exercise.9 Most children outgrow their sensitivity to
wheat,2 and it remains to be seen whether IgE reactivity to
ω-5 gliadin subsides together with clinical reactivity. In
contrast, symptoms of wheat-dependent, exercise-induced
anaphylaxis do not appear until the onset of adulthood and
tend to persist thereafter.8,9

Gliadins are the major storage proteins of the wheat
grain.24 They are a polymorphic group of ethanol-soluble
proteins that contain regions of repeated sequences consist-
ing of proline- and glutamine-rich peptide motifs.25,26

Gliadins can be classified into α, γ, and ω groups on the
basis of their electrophoretic mobility. In contrast to the sul-
fur-rich α and γ gliadins, ω-gliadins consist almost entirely
of repeats and are characterized by a low content of sulfur
amino acids and a lack of cysteine residues.26 ω-5 gliadin
seems to differ from other ω gliadins in its higher propor-
tion of glutamine and its lower proportion of proline.27

Physician-supervised oral food challenge is consid-
ered the only reliable means of diagnosing food allergy,2

though attempts have been made to develop diagnostic
tests predictive of clinical reactivity. Several studies have
correlated SPT wheal sizes3,28,29 or specific IgE lev-
els3,21,29,30 with results of oral food challenges. Sampson
and Ho30 measured concentrations of food-specific IgE
with the CAP System FEIA for egg, milk, peanut, and
fish; they could thereby predict clinical reactivity with
greater than 95% certainty. However, for wheat this test
was too nonspecific and a predictive value of 90% could
not be reached.30 This could be explained by the use of
antigen extracts containing wheat proteins mainly from
the water/salt-soluble albumin and globulin fractions
rather than from the ethanol-soluble gliadin fraction,
which seems to hold the clinically relevant allergens in
ingested wheat allergy.22 In contrast, patients with aller-
gy to inhaled wheat—ie, bakers’ asthma and rhinitis—
react mainly to the water-soluble proteins and are usual-
ly able to consume wheat without symptoms.7

Jones et al19 demonstrated clinically insignificant
cross-reactivity between the water/salt-soluble proteins
of cereal grains and grasses, accounting for the frequent-
ly observed false positive IgE reactions to wheat and
other cereals in grass pollen–allergic patients. In the
same study, approximately 20% of patients with cereal
allergy reacted in double-blinded, placebo-controlled

food challenges to more than 1 cereal.19 Previously, we
have shown that rye γ-70 and γ-35 secalins and barley γ-
3 hordein cross-react with wheat ω-5 gliadin in patients
with wheat-dependent, exercise-induced anaphylaxis.10

Further studies will determine whether the binding of

FIG 1. IgE antibody levels to purified ω-5 gliadin in ELISA
(absorbance units) in 19 children with immediate, 8 children with
delayed, and 13 children with no symptoms in oral wheat chal-
lenge and in 22 controls.

TABLE II. Predictive capacity of ω-5 gliadin ELISA, wheat
CAP RAST and wheat SPT for immediate positive chal-
lenge reactions in 40 children with suspected wheat
allergy

Positive Negative 

Sensitivity* Specificity† predictive predictive

Test (%) (%) value‡ (%) value§ (%)

ω-5 gliadin ELISA 84 100 100 88
(>0.04 AU)

Wheat CAP RAST 95 67 72 93
(>0.35 KU/L)

Wheat SPT wheal 89 71 74 88
diameter (3 mm)

*Proportion of true positives detected.
†Proportion of true negatives detected.
‡Proportion of symptomatic individuals among test positives.
§Proportion of nonsymptomatic individuals among test negatives.



638 Palosuo et al J ALLERGY CLIN IMMUNOL

OCTOBER 2001

IgE antibodies to these cross-reacting rye and barley
allergens correlates with clinical reactivity in children.

In the present study, the sensitivity of wheat CAP
RAST in predicting immediate positive challenge reac-
tions was 95%; its specificity was 67%, and its positive
predictive value was 72%. Similarly, the sensitivity of
wheat SPT was 89%, its specificity 71%, and its positive
predictive value 74%. However, the presence of IgE anti-
bodies to purified ω-5 gliadin in ELISA or a positive SPT
was invariably associated with immediate symptoms on
oral wheat challenge. No false positive reactions were
seen, and a specificity of 100% as well as a positive pre-
dictive value of 100% was reached. Sixteen of the 19
children with immediate challenge symptoms showed
IgE to ω-5 gliadin in ELISA, giving this assay a sensi-
tivity of 84%. The children with delayed hypersensitivi-
ty reactions were negative for ω-5 gliadin, a finding that
could be due to the presence of non–IgE-mediated
immune mechanisms or to the binding of IgE antibodies
to different wheat proteins in this subset of patients.21,31

Oral food challenges carry the risk of provoking seri-
ous, even life-threatening reactions in children with
immediate hypersensitivity.32 In this study, high levels of
IgE antibodies to ω-5 gliadin were detected in 2 children
with recent histories of anaphylaxis to ingested wheat
and in 1 child who experienced an anaphylactic reaction
during the wheat challenge. Detection of IgE antibodies
to ω-5 gliadin might offer a specific diagnostic test that
would reduce the need for potentially dangerous oral
wheat challenges, especially in children at high risk of
serious reactions. 

In conclusion, this study showed that ω-5 gliadin is a
major allergen in children with immediate hypersensitiv-
ity to ingested wheat. Patients from other populations
must be examined to confirm the results of this study.
Further studies are also needed to clarify the significance
other gliadins and cereal prolamins as allergens in hyper-
sensitivity to ingested wheat.

We thank Mrs Leena Petman for expert skin prick testing and
Mrs Sari Tillander for technical assistance. We are grateful to Laura
Linkosalo, MD, for the control sera. 
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