
Letter to the Editor
Tolerance to wheat in whole-grain cereal
biscuit in wheat-allergic children

To the Editor:
The proteins implicated in IgE-mediated wheat allergy are not

well defined1-3 but are not thought to be significantly affected by
heating and processing.1,2 Thus, wheat-allergic individuals gener-
ally avoid all foods containing wheat and may demonstrate clin-
ical cross-reactivity to other grains.2,3 Wheat allergy typically
presents in early childhood, and in most cases resolves by 3 to
5 years of age.4 Resolution is generally confirmed by oral food
challenge (OFC) performed under medical supervision.
A number of foods can be used for OFC, including bread, pasta,
wheat flour in a paste, or whole-grain wheat cereal biscuits
(WWCBs), for example, Weetabix (Weetabix Limited, Kettering,
United Kingdom) and Weet-Bix (Sanitarium Co, New South
Wales, Australia), which contain whole-grain wheat (with malted
barley extract) but no other potential allergens. The use of the lat-
ter for diagnostic OFC in younger children is common in many
countries. We report 2 children with confirmed wheat allergy
who passed an OFC to WWCBs but continued to exhibit IgE-
mediated symptoms to other wheat-containing products.

Both children were boys with a history of multiple food
allergies and atopic dermatitis. The first child presented in infancy
with moderate atopic eczema with exacerbation following expo-
sure towheat and cow’s milk. At age 2 years, his eczemawas well
controlled and the family attempted introduction of wheat in the
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form of WWCBs, but the child developed generalized urticaria
with facial angioedemawithin 10 minutes. One year later, OFC to
wheat was performed in the context of a decreasing skin prick test
(SPT) wheal diameter (from 9 mm to 6 mm) to commercial wheat
extract. The child tolerated the equivalent of 45 g of WWCBs at
OFC but subsequently developed vomiting and urticaria after
ingesting 100% wheat pasta and bread at home. The bread also
contained soy and yeast, both of which were tolerated by the child
in other foods. Nonetheless, he continued to tolerate 30 g of the
WWCBs on a daily basis. Repeat SPT demonstrated a 9 mm
reaction to wheat, homogenized bread mixture, and homogenized
wheat pasta. Serum-specific IgE level to wheat was 55 kUA/L.
Under medical supervision, a formal OFC to bread (containing
wheat) was performed, and he developed abdominal discomfort
and significant vomiting 30 minutes after eating 15 g of bread.
He continues to tolerate WWCBs but avoids all other wheat
products.

The second child had known food allergies to cow’s milk, soy,
oats, wheat, and barley, with evidence of sensitization to egg,
peanut, and tree nuts. He developed contact urticaria to WWCBs
as an infant. He presented for review at age 5 years with a history
of recent accidental exposure to a small amount of wheat
noodles and soy. The SPT result was positive to wheat (7 mm),
soy (5 mm), cow’s milk (14 mm), egg (10 mm), and peanut
(5 mm). OFC was performed under medical supervision on
separate occasions to soy and WWCBs (45 g), and both were
tolerated. However, over the following 3weeks, he developed oral
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irritation, nausea, and vomiting shortly after consuming other
wheat-containing products, such as noodles and bread, but
continued to tolerate the WWCBs. He developed nausea, abdom-
inal discomfort, and wheeze after consuming 5 g of homemade
bread (containing unbleached, wholemeal flour) at subsequent in-
hospital OFC. SPT prior to challenge demonstrated a 9-mm
response towholemeal flour and the bread and a 3.5-mm response
to a slurry of WWCBs. Serum-specific IgE level to wheat was
more than 100 kUA/L.

To investigate possible explanations for these observations, we
prepared extracts of raw wheat, unbleached wheat flour, and
WWCBs as previously described2,5 and analyzed the extracts by
using SDS-PAGE. Successful extraction of wheat fractions
(water-soluble albumin/globulins, gliadins, and glutenins) was
observed by electrophoresis and stainingwith Coomassie brilliant
blue (Fig 1) with confirmatory staining using silver stain. Immu-
noblotting was then performed to investigate serum IgE binding
to extracts by using patient sera, together with control sera
(from other wheat-allergic patients with demonstrated clinical
reactivity to WWCBs) and nonatopic sera. Compared with
wheat-allergic controls, the immunoblot of sera from the
wheat-allergic children tolerant to WWCBs (patients 1 and 2)
demonstrated reduced IgE binding to wheat extracts, with mini-
mal binding to extracts from theWWCBs, in particular to proteins
in the gliadin fraction (highlighted by a white circle, Fig 2).

The production of WWCBs involves a pressure-cooking step.
Pressure cooking has been demonstrated to alter the structure of
lupin proteins, with a resulting decrease in overall clinical
reactivity in allergic patients.7 We hypothesize that the
pressure-cooking step during the production of WWCBs alters
or removes some wheat proteins, resulting in clinical tolerance
in otherwise wheat-allergic children. This may be due to deami-
dation of gliadin proteins, resulting in increased solubility
in vitro (resulting in removal of the proteins during the production
of WWCBs) and digestibility in vivo.1,8 Alternatively, it is possi-
ble that these children have a predominance of IgE production to
a novel wheat allergen removed during the production of
WWCBs. Whether wheat-allergic children are often able to
tolerate WWCBs, and whether this represents a stage of interme-
diate ‘‘outgrowing’’ of wheat allergy, remains to be determined.

We have demonstrated that some wheat-allergic children are
able to tolerate WWCBs. We therefore caution against using
WWCBs alone for diagnostic OFC in wheat allergy, as this may
FIG 2. IgE Immunoblotting of wheat extracts from raw
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the antibody to wheat proteins.6
cause false-negative results. There may be a role, however, for
specific challenge to identify WWCB tolerance in otherwise
wheat-allergic individuals, allowing some liberalization of the
diet.

Paul J. Turner, FRACP, PhDa,b

Melanie Wong, FRACP, PhDa

Nirupama Varese, MScc

Jennifer M. Rolland, PhDc

Robyn E. O’Hehir, FRACP, PhDc

Dianne E. Campbell, FRACP, PhDa,b

From athe Department of Allergy and Immunology, Children’s Hospital at Westmead,

Sydney, Australia; bthe Discipline of Pediatrics and Child Health, School of Medi-

cine, University of Sydney, Sydney, Australia; and cthe Department of Immunology,

Monash University, Melbourne, Australia. E-mail: paulyt@doctors.net.uk.

Disclosure of potential conflict of interest: P. J. Turner has consultancy arrangements

with Allergy UK (a charity). D. E. Campbell is employed by the University of Syd-

ney/Children’s Hospital at Westmead, has received one or more grants from or has

one or more grants pending with the Ilhan Food Allergy Foundation and the Nepean

Medical Foundation, and has received one or more payments for travel/accommoda-

tions/meeting expenses from Stallergens (2010). The rest of the authors declare that

they have no relevant conflicts of interest.
REFERENCES

1. Battais F, Richard C, Jacquenet S, Denery-Papini S, Moneret-Vautrin DA. Wheat

grain allergies: an update on wheat allergens. Eur Ann Allergy Clin Immunol

2008;40:67-76.

2. Pastorello EA, Farioli L, Conti A, Pravettoni V, Bonomi S, Iametti S, et al. Wheat

IgE-mediated food allergy in European patients: alpha-amylase inhibitors, lipid

transfer proteins and low-molecular-weight glutenins: allergenic molecules recog-

nized by double-blind, placebo-controlled food challenge. Int Arch Allergy Immu-

nol 2007;144:10-22.

3. Scibilia J, Pastorello EA, Zisa G, Ottolenghi A, Bindslev-Jensen C, Pravettoni V,

et al. Wheat allergy: a double-blind, placebo-controlled study in adults. J Allergy

Clin Immunol 2006;117:433-9.

4. Inomata N. Wheat allergy. Curr Opin Allergy Clin Immunol 2009;9:238-43.

5. Salcedo G, Quirce S, Diaz-Perales A. Wheat allergens associated with Baker’s

asthma. J Investig Allergol Clin Immunol 2011;21:81-92.

6. Sotkovsk�y P, Hub�alek M, Hernychov�a L, Nov�ak P, Havranov�a M, Setinov�a I, et al.

Proteomic analysis of wheat proteins recognized by IgE antibodies of allergic

patients. Proteomics 2008;8:1677-91.

7. Alvarez-Alvarez J, Guillam�on E, Crespo JF, Cuadrado C, Burbano C, Rodr�ıguez J,

et al. Effects of extrusion, boiling, autoclaving, and microwave heating on lupine

allergenicity. J Agric Food Chem 2005;53:1294-8.

8. Kumagai H, Suda A, Sakurai H, Kumagai H, Arai S, Inomata N, et al. Improvement

of digestibility, reduction in allergenicity, and induction of oral tolerance of wheat

gliadin by deamidation. Biosci Biotechnol Biochem 2007;71:977-85.

http://dx.doi.org/10.1016/j.jaci.2012.11.016
ground wheat, unbleached flour, and WWCBs. Top
; bottom panel: glutenins. Extracts were transferred

ilution followed by rabbit antihuman IgE and a goat

gate. M.wt, Molecular mass markers; Pt, patient.

ct reported elsewhere because of nonspecificity of

Delta:3_given name
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_given name
Delta:3_surname
Delta:3_given name
Delta:3_given name
Delta:3_surname
mailto:paulyt@doctors.net.uk
http://dx.doi.org/10.1016/j.jaci.2012.11.016

	Tolerance to wheat in whole-grain cereal biscuit in wheat-allergic children
	References


