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Abstract
Pediatric Unit, Department of Medical and Surgical

Sciences, University of Bologna, Italy Introduction: IgE-mediated reactions to wheat can occur after ingestion,
inhalation, contact or exercise. Among wheat allergens, Tri al4 and Tri a19 not
only cause food allergy, but also baker’s asthma (Tri a4) and exercise-induced
anaphylaxis (Tri a19). Despite the prevalence of adverse reactions, few studies

have been conducted in children.
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Aim: To evaluate the pattern of sensitization to wheat allergenic components
in a group of pediatric patients with sIgE to wheat referring to the Pediatric
Allergy Unit of University of Bologna.
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Materials and Methods: Patients were assessed by skin prick-test and
serum specific IgE against pollens, wheat, gluten and the molecular allergens
rTri a19 and rTri a14. The diagnosis was confirmed with open food challenges.

Results: The diagnosis of wheat allergy was confirmed in 7 patients (64%),
of whom 2 (29%) suffered also from grass pollen allergy. The levels of specific
IgE (geometric mean) to wheat and gluten were 5 times higher in allergic
patients compared to tolerant ones. The comparison between the patterns of
sensitization showed a higher prevalence of sensitization against gluten (100%
vs. 75% in tolerant patients) and the molecular components rTri a14 (71% vs.
25%) and rTri a19 (71% vs. 0%) in the wheat-allergic group. Positive predictive
value for rTria a19 was higher than rTri a14 (100% vs. 83%).

Conclusion: Patients with wheat allergy have different profiles of
sensitization than the tolerant ones; in particular rTri a19 showed a higher
positive predictive value than rTri a14. These findings need to be confirmed in
a larger population.
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A/G: Albumins and Globulins; I-PAN: Italian Pediatric Allergy
Network; nsLTP: Non-specific Lipid Transfer Protein; NPV:
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Predictive Value; sIgE: Specific IgE; SPTs: Skin Prick-tests; WDEIA:
Wheat-dependent Exercise-induced Anaphylaxis.

Introduction

Wheat grain (Triticum aestivum) is a major staple of our diet and
wheat-based foods are widespread consumed especially in western
countries. Therefore, gluten-related disorders are largely diffused
health diseases and have been classified in three clinical entities,
named autoimmune (celiac disease, gluten ataxia and dermatitis
herpetiformis), allergic (wheat allergy) and not-autoimmune/not
allergic (gluten sensitivity) [1].

IgE-mediated reactions to wheat (wheat allergy) affect about
0.5% of the worldwide population and can occur after ingestion
(food allergy), inhalation (occupational asthma/rhinitis; e.g. baker’s
asthma), contact (contact urticaria) or physical exercise after eating
wheat-based foods [wheat-dependent exercise-induced anaphylaxis
(WDEIA)] [1,2]. Meanwhile, the prevalence of wheat sensitization
and of the clinical manifestations related to wheat changes according

to age and personal habits. Food-induced wheat allergy typically
arises early in life and in most cases resolves by 3 to 5 years of age
[3]. In contrast, as shown by birth cohort longitudinal studies, the
prevalence of wheat sensitization is about 4% in pre-school children
and progressively increases with age from 2 to 9 % from 2 to 10 years
old, mainly due to the secondary sensitization in subjects with grass
pollen allergy [4,5]. The cross-reactivity between wheat flour and grass
pollen has been proved and is due to the presence of common pan-
allergens both in pollens and wheat: indeed almost 65% of patients
with grass pollen allergy show specific IgE (sIgE) against wheat and
up to 40% of wheat allergic patients have sIgE against grass pollen
[6,7]. Moreover, the nationwide survey promoted by the Italian
Pediatric Allergy Network (I-PAN) has recently confirmed a relevant
prevalence of wheat sensitization (18.8%) among Italian children and
adolescents with pollen-induced allergic rhinitis [8].

Up to now, twenty-oneallergenic components have been identified
in wheat grain and classified into two groups, according to their
solubility in different solvents: the water/dilute salt-soluble proteins
[albumins and globulins (A/G)], and the gluten fraction composed by
gliadins (soluble in acqueous alcohol) and glutenins (soluble in dilute
alkali or acid) [9- 11]. Among these, wheat gliadins are considered as
markers of genuine wheat sensitization; in particular the w-5 gliadin
Tri a 19 is the major trigger in WDEIA and a significant allergen in
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young children with immediate allergic reactions to ingested wheat
[12]. Meanwhile, the non-specific lipid transfer protein (nsLTP) Tri
a 14, which belongs to the A/G fraction, is a relevant food allergen
in wheat allergic patients from the Mediterranean area and is also
associated with baker’s asthma [13-15]. Despite this, the specific
role of the different allergenic components of wheat as elicitors of
different clinical reactions and the cross-reactivity with pollens still
need to be clarified.

The aim of this study is to investigate the different patterns of
wheat sensitization in patients with sIgE to wheat and to assess the
prevalence of sensitization to grass pollens (Phleum pratense) among
subjects with confirmed wheat allergy.

Materials and Methods
Study population and design

For this cross-sectional study, we consecutively enrolled 11
pediatric patients (8 males, mean age: 8 years) with suspected allergy to
wheat referring to the Pediatric Allergy Outpatient Unit of S. Orsola-
Malpighi Hospital - University of Bologna (Italy) from October 2013
to May 2014. Inclusion criteria were: 1) age from 3 months to 18
years old and 2) serum sIgE to wheat >0.35 kU/L. A clinical history
of suspected immediate (within 1 hour) adverse reaction after wheat
ingestion was investigated in all patients. Symptoms suggestive of
atopic dermatitis, food and respiratory allergy (asthma and/or rhino-
conjunctivitis), data on parental history of atopy and the age of onset
of the above mentioned allergic diseases were collected.

Allergometric evaluation

Skin prick-tests (SPTs) were performed in all patients using
commercial extracts (Lofarma, Milan; Italy) for a standardized panel
of inhalant and food allergens: grass pollen, birch, hazel-tree, olive-
tree and wheat. Histamine 0.1 mg/ml and saline solution were used
as a positive and negative control respectively. Skin reaction was
assessed 15 minutes after the prick-test; the average diameter of each
wheal was established by measuring the longest diameter and the
diameter perpendicular to it. A SPT result was considered positive
if wheal diameter was > 3 mm compared with the negative control.

In addition, total and sIgE against a panel of inhalant and food
allergens (Phleum p., Betula v., Corylus a., Olea e., wheat, gluten) and
molecular components (rPhl p 1, rPhl p 5, rPhl p 12, rTri a 14 and
rTria 19) were determined in all patients’ sera by InmunoCAP 1000
(Thermo Fisher Scientific, Uppsala, Sweden). SIgE levels greater than
0.35 kU/L (>0.10 kU/L for rTri a 14 and rTri a 19) were considered
positive.

Oral provocation test

The diagnosis of wheat allergy was confirmed with an open oral
food challenge.

Statistical methods

Data were stored by means of customized databases. The
Chi-square test and non-parametrical tests were applied when
appropriate. In particular, proportions were compared by Chi-
square test; geometric mean levels of total and sIgE were compared
by Student’s t-test. Probability (p) values of less than 0.05 were
considered significant. Sensitivity, specificity, positive and negative
predictive values (PPV and NPV) were calculated for sIgE to rTria 14

and rTri a 19 with the cutoff values of 0.10 kU/L. Statistical analyses
were carried out by means of MedCalc statistical software (Version
12.5.0, MedCalc Software, Ostend, Belgium).

Ethical approval

The research was conducted according to the principles expressed
in the Declaration of Helsinki, and approved by the Ethic Committee
of S. Orsola-Malpighi Hospital - University of Bologna (protocol
name: Wheat Allergy; protocol number 194/2013/0/OssN). Written
informed consent was obtained from all the parents or caregivers of
the minors involved in the study.

Results and Discussion

The demographical and clinical characteristics of the study
population with suspected wheat allergy are resumed in Table 1. The
diagnosis of wheat allergy was confirmed with oral food challenge in 7
patients (64%) and two of them (29%) suffered also from grass pollen
allergy (asthma and rhino-conjunctivitis). Patients were allocated into
two groups named “Wheat allergy” and “Wheat tolerance” according
to the outcome of the wheat challenge. Wheat allergic children were
younger (mean age 6 years vs. 12 years old, not significant) and had
a higher prevalence of atopic dermatitis (6/7, 86% vs. 1/4, 25%, not
significant) than the tolerant ones. The mean wheal diameter of SPTs
with wheat was greater in wheat allergic patients, while no differences
were found in SPTs with grass pollen extracts. All subjects with wheat
allergy had symptoms after wheat ingestion, while one patient showed
symptoms also after contact and inhalation of wheat flour (Table
2). This patient, a girl aged 14 years old with a history of multiple
food and respiratory allergies, had a peculiar patter of wheat allergen
sensitization with sIgE to wheat and gluten > 100 kU/L, sIgE to the
nsLTP rTri a 14 of 70 kU/L and low levels of sIgE against rTri a 19
(1.13 kU/L). The main clinical manifestations of the adverse reactions
to wheat involved the respiratory tract (rhinitis and/or bronchospasm,
3/7,43% of patients) followed by skin and gastrointestinal symptoms.
The three subjects (43%) who experienced anaphylaxis was sensitized
to both rTria a 14 and rTri a 19. The patterns of sIgE sensitization
against inhalant and food allergens (prevalence and geometric mean)
are shown in Figures 1 and 2. Subjects with wheat allergy showed a
higher prevalence of sensitization against gluten (7/7, 100% vs. 3/4,

Table 1: Demographical and clinical data of the study population with wheat
sensitization.

Wheat Allergy | Wheat Tolerance

Characteristics

N=7 N=4
Sex, M (%) 5(71%) 3(75%)
Age, years (mean) 6 12
Parental atopy, n (%) 2 (29%) 0 (0%)
Atopic dermatitis, n (%) 6 (86%) 1 (25%)
Allergy to other foods, n (%) 5(71%) 4 (100%)
Pollinosis (asthma/ 2 (29%) 2 (50%)

rhinoconjunctivitis), n (%)
Total IgE. kU/L (geometric mean) 552 228

Skin Prick Test to Wheat
- wheal diameter

(mm) 7 (146%%) 2 (520%)
- n (%)
Skin Prick Test to Grass Pollen
- wheal diameter
(mﬁ‘? e 4 (2?%) 2 (25%)
- n (%)
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Table 2: Clinical manifestations occurred in patients with confirmed wheat allergy.

Table 3: Sensitivity, specificity, PPV and NPV of specific IgE to rTria 14 and rTria

W Wheat

 Gluten

W rTriald

M rTriald

W Phleum pratense

Prevalence of sensitization (%)

Wheat Allergy (n=7)

Wheat Tolerance (n=4)

Figure 1: Prevalence of specific IgE reactivity against wheat and grass
pollen (Phleum pratense) allergens in a population of children with wheat
sensitization (n=11). Patients were allocated into two groups named “Wheat
allergy” and “Wheat tolerance” according to the outcome of the oral food
challenge.
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Figure 2: Geometric means of specific IgE levels against wheat and grass
pollen (Phleum pratense) allergens in a population of children with wheat
sensitization (n=11). Patients were allocated into two groups named “Wheat
allergy” and “Wheat tolerance” according to the outcome of the oral food
challenge.

75%) and against the two wheat molecular components rTri a 14
(5/7, 71% vs. 1/4, 25%) and rTri a 19 (5/7, 71% vs. 0/4, 0%), while
the prevalence of sensitization to Phleum p. was higher among the
tolerant children (3/4, 75% vs. 4/7, 57% respectively). The levels of
serum sIgE (geometric mean) against both wheat and gluten were 5
folds higher in allergic patients. The frequency of sensitization against
Phleum p. in wheat allergic patients was 57% (4/7).

Furthermore, we calculated the diagnostic accuracy (sensitivity,
specificity, PPV and NPV) of the two wheat molecules rTri a 14 and

o . . Number of Patients 19 in a population of children with wheat sensitization (n=11). A cutoff value of

Clinical manifestations (total N=7) 0.10 KU/L was considered.

Symptoms, n(%) Sensitivity | Specificity PPV NPV
Urticaria/Angioedema 2 (29%) rTrial4 71% 75% 83% 60%
Gastrointestinal symptoms 2 (29%) rTrial19 1% 100% 100% 67%
Respiratory symptoms 3 (43%) T; al4 +rTria 86% 75% 86% 75%

a
Anaphylaxis 3 (43%) PPV: positive predictive value, NPV: negative predictive value.
Route of exposure, n (%) rTria 19 (cutoff value of 0.10 kU/L) in predicting the outcome of oral
: food challenge. As shown in Table 3, the two components showed
Ingestion 7 (100%) L. S . . . h .
similar sensitivity (71%), while rTri a 19 showed a higher specificity
Inhalation 1(14%) (100% vs. 75%). A 100% PPV was obtained only for rTria 19, but low
Contact 1 (14%) NPV were calculated for both rTri a 14 and rTri a 19. Taking into

account the presence of IgE against at least one of the two molecules
we obtained a higher sensitivity (86%) and a better NPV (75%).

Our data revealed a relevant prevalence of sIgE reactivity both to
the wheat LTP and the w-5 gliadin (71%) in a group of Italian children
with food allergy to wheat. Previous studies aimed at identifying the
molecular patterns of sIgE reactivity in wheat allergic patients and to
evaluate the role of wheat allergenic components as diagnostic tools
in both children and adults. In contrast with our findings, Battais
et al. [16] found an overall lower IgE reactivity to both the purified
wheat LTP and the w-5 gliadin (respectively of 28% and 37%) in a
population of French children and adults with food allergy to wheat.
In addition, also a more recent study by Nam et al. described a very
low rate of sensitization against the wheat LTP (4.8%) among adults
with wheat allergy from Korea, while the prevalence of sensitization
against the wheat gliadin (70%) was comparable to our population
[17]. The discrepancies with our findings concerning the rates
of sensitization against the wheat LTP find an explanation in the
different geographical areas of the study populations [18]. Indeed
the so-called “LTP syndrome” is strongly influenced by geographic
aspects and largely depends on differences in the patterns of pollen
exposure and foods habits and LTPs are relevant allergens above all
in patients from the Mediterranean area [13,15].

Our data on the diagnostic accuracy and of the w-5 gliadin rTri a
19 reflect those previously reported by Palosuo et al. on a population
of children from Finland [19]. In contrast with our findings, no
correlation with the outcome of food challenges was found in two
other patient populations with suspected wheat allergy (one from the
United States and one from Germany) [20].

Conclusion

Children with food challenge-confirmed wheat allergy show
different profiles of sensitization than those who tolerate wheat grain
and both the w-5 gliadin rTri a 19 and the nsLTP Tri a 14 behave as
major wheat allergens in our population. In particular the w-5 gliadin
rTri a 19 showed a higher specificity and PPV than rTri al4 and
could be useful as marker in the follow-up of wheat allergic children.
However, a larger-sized patient population is needed to confirm these
findings.
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