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Abstract

Introduction: Wheat sensitization is common but IgE antibodies (IgE-abs) to wheat

are not predictive of clinical symptoms in children with suspected wheat allergy.

Wheat allergen components other than x-5 gliadin have not been well studied. Our

aim was to characterize the clinical profile and investigate the value of adding

measurements of IgE-abs to wheat components in a group of children with a doctor’s

diagnosed wheat allergy.

Method: Sixty-three children with a doctor’s diagnosis of wheat allergy confirmed

sensitization to wheat and, on a wheat elimination diet, went through oral wheat

challenges or had a convincing recent history of wheat allergy. IgE-ab to x-5 gliadin,

low molecular weight glutenin (LMW-glutenin), high molecular weight glutenin

(HMW-glutenin) and a native gliadin preparation containing a-, b-, c-, and x-gliadin
(gliadin) were analyzed.

Results: Twenty-six children were positive in challenge, while six children were

regarded as wheat allergic due to recent anaphylactic reactions. The IgE-ab levels to all

four wheat components were significantly higher in the group with wheat allergy

compared to the group with no wheat allergy (p < 0.0001). Also, the severity of

symptoms at challenge correlated with the IgE-ab levels to all four components

(p < 0.05). IgE-ab levels to x-5 gliadin correlated best with challenge outcome, and by

additional analysis of gliadin, HMW- and LMW-glutenin IgE-abs all challenge

positive children could be identified.

Conclusion: Many children diagnosed as wheat allergic have outgrown their allergy

and are unnecessarily on a wheat-free diet. The levels of IgE-ab to wheat gluten-

derived components correlated well with wheat challenge outcome and severity.

Wheat sensitization and allergy are common in childhood, and

wheat avoidance imposes major dietary restrictions (1–3). The
clinical diagnosis of wheat allergy in clinical practice includes

patient history and oral wheat challenge tests and is supported

by skin prick test and measurement of IgE antibodies (IgE-abs)

to wheat extract. The benefit of using wheat components in the

diagnostic workup has not been much studied so far.

Abbreviations

HMW-glutenin, High molecular weight glutenin; IgE-abs,

Immunoglobulin E antibodies; LMW-glutenin, Low molecular weight

glutenin; OAS, Oral allergy syndrome; WA, Wheat allergic; WDEIA,

Wheat-dependent exercise-induced anaphylaxis.
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The diagnosis of food allergy to wheat is more complicated

than for other food allergies, as for instance, delayed reactions

that are difficult to associate with the actual intake of wheat

may occur (2). Wheat allergy is also known to be outgrown

during childhood, but IgE levels may remain although the

allergy has resolved. Also, wheat contains many allergenic

proteins, of which several cross-react with grass pollen aller-

gens as wheat is a grass from the Poaceae family (4).

Diagnostically, this may cause false-positive test results if the

patient has an underlying grass sensitization (4, 5). Moreover,

the allergen components that lately have been described as

important for wheat food allergic reactions are underrepre-

sented in whole wheat extract-based tests due to their relative

insolubility. As a consequence, wheat-specific sensitizations

may go undetected. Altogether, these problems may explain

why decision levels for wheat IgE antibody (IgE-ab) predicting

clinical reactivity have not been established (6).

Recent studies show that the main wheat allergens are found

among the relatively insoluble gluten proteins, consisting of

gliadins and glutenins, and both are wheat-specific proteins

that do not cross-react with grass pollen allergens (7). Many

wheat-allergic individuals have been shown to be sensitized to

a-, b-, c-, and/or x-gliadins as well as high and low molecular

weight glutenins (HMW-glutenin and LMW-glutenin, respec-

tively) (8–11). Several studies have demonstrated that IgE-ab

to x-5 gliadin is associated with wheat allergy, both wheat-

dependent exercise-induced anaphylaxis (WDEIA) in adoles-

cents and adults (10, 12) and immediate allergic reactions to

wheat in children (13–17). However, the latter has not been

confirmed in all studies (18).

The aim of this study was to characterize the clinical profile

and investigate the value of adding IgE-ab measurements to

wheat components in a large group of children with a doctor’s

diagnosed wheat allergy.

Material and methods

Study population

One hundred and two children aged 1–17 yr with wheat allergy

were identified; the families were contacted by telephone, and

76 children were willing to participate in the study. Inclusion

criteria were a doctor’s diagnosed wheat allergy, IgE-ab

(≥0.35 kUA/l), and/or positive skin prick test (≥3 mm) to

wheat and a wheat-free diet. Exclusion criteria were celiac or

other autoimmune diseases. Thirteen children were excluded;

four children did not fully participate; three were not wheat-

sensitized; in three, blood samples could not be obtained, two

developed autoimmune diseases, and one child did not com-

plete the wheat challenge. Thus, 63 patients were included in

the study. The study was approved by the ethics committee in

Stockholm, Sweden Dnr 2008-562-31/3, and the parents

provided written consent.

Study design

At the first study visit, medical histories and previous symp-

toms to wheat ingestion were recorded and subjects were

physically examined and assessed for lung function by

spirometry and FeNO measurements. Blood samples were

taken for analyses of IgE-ab to common food and inhalant

allergens. Children revisited the clinic for open oral wheat

challenge within thirteen months of their first visit.

Challenge test

The child’s current health was recorded, a peripheral venous

catheter was inserted, and a clinical examination was per-

formed. Open oral challenge tests were performed using wheat

bread (P�agens, Sweden) with well-defined wheat content of 0.1/

1 g wheat protein/g bread in increasing doses every 30 min in 5

or 7 steps from 0.005 g to 1.7 g of wheat protein. The

maximum cumulative dose was 3.38 g of wheat protein.

Symptoms developing within 2 h were scored according to

the criteria of Astier (19) (Table 1). A negative test was defined

as no objective symptoms within 2 h after the challenge.

Challenges were stopped upon appearance of objective symp-

toms. A final diagnosis of wheat allergy (WA) or not (non-WA)

was made by one physician (N.N.) after discussion with a

senior pediatric allergist (C.N.). The six children not challenged

for ethical reasons (Table 3) were considered wheat allergic but

were omitted in the analysis of severity of reactions.

Serological analyses

Venous blood samples were drawn; serum was separated and

stored at �20°C pending IgE-ab quantification. Sensitization

to common food and inhalant allergens was analyzed using

ImmunoCAP� (Phadia AB, Uppsala, Sweden). IgE-ab to

whole wheat, recombinant x-5 gliadin (Tri a 19), and a native

gliadin preparation containing a-, b-, c-, and x-gliadins
(gliadin) was analyzed in sera collected on the day of challenge.

Experimental ImmunoCAP tests were prepared with recombi-

Table 1 Symptom score according to Astier (19) for evaluation of

clinical reactions in challenges

Symptom score Classification of symptoms

0 No symptoms

1 Abdominal pain that resolved

without medical treatment,

rhino-conjunctivitis, or urticaria

<10 papules, rash

2 One organ involved: abdominal

pain requiring treatment,

generalized urticarial, non-laryngeal

angioedema, or mild asthma

(cough, fall of peak expiratory flow <20%)

3 Two organs involved (of symptoms

mentioned under 2)

4 Three organs involved (of symptoms

mentioned under 2) or asthma requiring

treatment or laryngeal edema, or hypotension

5 Cardiac and respiratory symptoms requiring

hospitalization in the intensive care unit

120 Pediatric Allergy and Immunology 26 (2015) 119–125 ª 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Wheat allergy in children evaluated with challenge Nilsson et al.



nant LMW-glutenin (Tri a 36) (20) and recombinant HMW-

glutenin (Tri a 26) (10, 21) as described previously (22). The

cutoff for positive IgE levels was set to ≥0.35 kUA/l, except for

LMW-glutenin which had a high non-specific background

binding, and therefore, the cutoff was set to ≥1.5 kUA/l based

on the mean signal from 20 healthy blood donors +3 s.d.

Statistical analysis

Fisher’s exact test was used for pairwise comparison and

Mann–Whitney U-test for comparison of IgE-ab levels. A

p-value of <0.05 was considered significant. IgE-ab levels

<0.35 kUA/l were set to 0.175 and for LMW-glutenin levels

<1.5 kUA/l were set to 0.75 for statistical analyses. Receiver

operating characteristic (ROC) curves were calculated for IgE-

ab levels with the food challenge results as reference and

reported as area under the curve (AUC). Diagnostic perfor-

mance in terms of sensitivity, specificity, positive predictive

value (PPV), and negative predictive value (NPV) was calcu-

lated. IgE-ab levels producing specificities and sensitivities of at

least 95% (here called positive and negative decision points,

respectively) were calculated for all tests. All analyses were

performed using Prism 5, GraphPad Software, La Jolla, CA,

USA.

Results

Patient characteristics

Of the 63 children included in the study, 41 (65%) were boys

and the median age was 5 (1–17) yr (Table 2). Upon inclusion,

41 (65%) children had doctor’s diagnosis of asthma, 35 (56%)

suffered from allergic rhino-conjunctivitis and 40 (63%) had

eczema (Table 2). Food allergies beside wheat allergy were

reported by 87% of the patients (Table 2). Allergy to pollen

was claimed by 68% of the children and of these 58%

specifically stated grass pollen as the trigger. Children in the

study were on average sensitized to more than four of the six

food allergen tested and to more than four of eight inhalant

allergens tested. Sensitization to grass pollen was demonstrated

in 73% (46/63) of the study subjects.

Table 2 Demographic data and clinical characteristics of all study subjects and in subjects confirmed as wheat allergic (WA) or non-wheat

allergic (non-WA) based on challenge outcome (n = 57) convincing history (n = 6)

Patient characteristics All

Final wheat allergy diagnosis

p-value*Non-WA WA

Total number 63 31 32 ns

Sex, male/female 41/22 19/12 22/10 ns

Age, yr; median (range) 5.0 (1–17) 4.0 (1–17) 6.5 (1–17) ns

Reported allergies; number (%)

Asthma 41 (65) 17 (55) 24 (75) ns

Rhino-conjunctivitis 35 (56) 17 (55) 18 (56) ns

Eczema 40 (63) 18 (58) 22 (69) ns

Any pollen allergy 43 (68) 22 (71) 21 (66) ns

Grass pollen allergy 25 (40) 12 (39) 13 (41) ns

Furry animal allergy 29 (46) 13 (42) 16 (50) ns

Other food allergy 55 (87) 27 (87) 28 (88) ns

Egg 49 (78) 24 (77) 25 (78) ns

Milk 45 (71) 22 (71) 23 (72) ns

Fish 10 (16) 6 (19) 4 (12) ns

Peanut/tree nuts 33 (52) 13 (42) 20 (62) ns

*Comparison between the study groups was performed using Fisher’s exact test. A p-value <0.05 was considered significant, ns, not significant.
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Figure 1 Comparison of previous wheat symptoms reported

between wheat-allergic (WA) and non-wheat-allergic (non-WA)

children (* refers to a level of significance <0.05, ** <0.01).
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Challenge test results

Twenty-six children reacted with objective symptoms, while 31

children passed the oral wheat challenge test without objective

symptoms. Six children were not challenged due to a recent

history of severe reactions. Thus, in total, 32 children in the

study were classified as wheat allergic (Table 2).

The first dose at challenge (0.005 g wheat protein) elicited

subjective symptoms (OAS) in one child which, however,

resolved, and thus, the challenge was continued. No child

reacted at the next dose step (0.025 g), while three reacted

objectively at a dose of 0.05 g wheat protein. The highest dose

at which any child reacted corresponded to a total intake of

3.38 g wheat protein.

The most common symptoms at challenge or in the 2 h

observation time were respiratory symptoms (n = 10) and

rhino-conjunctivitis (n = 8) and ‘other’ symptoms (angioedema,

rash, and OAS) (n = 8). Urticaria and gastrointestinal symp-

toms were both elicited in seven subjects (data not shown).

Comparisons of wheat-allergic and non-wheat-allergic subjects

There was no difference in the median age between wheat-

allergic (6.5 yr, range 1–17) and wheat-tolerant children (4 yr,

range 1–17). Neither was there any significant difference in

prevalence of other allergic diseases, and symptoms of grass

pollen allergy were found to be equally common in both groups

(Table 2). However, sensitization to grass pollen was more

common in the wheat-allergic group than in the non-wheat-

allergic group (87.5% vs. 58%, p < 0.05) (results not shown).

Previous symptoms to ingested wheat reported by the study

subjects differed between the two diagnosis groups; children

who were confirmed as wheat-allergic after the challenge had

significantly more often experienced respiratory symptoms and

urticaria upon wheat intake (p < 0.001), while children who

passed the challenge more often reported eczema (p < 0.05)

(Fig. 1). Rhino-conjunctivitis, gastrointestinal symptoms, and

other symptoms (rash, OAS, angioedema) did not differ

between the two groups.

Sensitization to each of the four studied components was

significantlymore common inWAchildren compared tonon-WA

(p < 0.001) (datanot shown), and the six childrenwere considered

wheat allergic but not challenged; all had detectable IgE-ab to all

four wheat components (Table 3). Also, the levels of IgE-ab to

wheat and the fourwheat components were significantly higher in

the WA than in the non-WA children (p < 0.001, Fig. 2).

Receiver operating characteristic curves calculated show

that the HMW-glutenin test had the largest AUC of 0.88, while

AUCs varied between 0.78 and 0.82 for the other wheat

components tested (Table 4). At the respective assay cutoff

points for each test, x-5 gliadin had a specificity of 84% and a

sensitivity of 62%, while gliadin, HMW-glutenin, and LMW-

glutenin had sensitivities of 81–94% and specificities between

29 and 52% (Table 4). The positive decision points based on at

least 95% clinical specificity in the diagnosis of wheat allergy

were 70 kUA/l for wheat, 1.3 kUA/l for x-5 gliadin, 6.0 kUA/l

for gliadin, 1.4 kUA/l for HMW-glutenin, and 4.0 kUA/l for

LMW-glutenin (Table 4). Negative decision points, defined as

a sensitivity of at least 95%, were only possible to calculate for

wheat (8 kUA/l) and HMW-glutenin (0.35 kUA/l) (Table 4).

Relation between symptom score and IgE levels to wheat

components

The severity of reactions at challenge was graded resulting in a

median score of 2.5 on a five-point graded scale. Thirteen

Table 3 Age, symptoms*, and IgE-ab levels (in kUA/l) for children not challenged due to recent history of severe reactions within 6 months from

study inclusion

Age

IgE antibody level (kUA/l)

Wheat (f4) x-5 gliadin Gliadin HMW-glutenin LMW-glutenin

13 A, RC, U 281 6.2 46 7.8 12

14 A, U, Other 818 13 262 44 46

5 A 846 19 240 27 32

4 A, GI, U 3247 52 1161 30 53

14 A, GI 877 28 291 23.3 24

6 A, GI, U 926 31 316 49 25

*A, asthma, GI, gastrointestinal, RC, rhino-conjunctivitis, U, urticaria, Other, angioedema/rash/OAS.
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Figure 2 IgE-ab levels to wheat and wheat components in 32

children with WA (○) and 31 non-WA (●) children. Statistical

significance was calculated based on the presence or absence of

IgE-ab above the set thresholds for each test (***refers to a level of

significance <0.001).
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children were graded as score 1, four score 2, and nine score 4.

No child was classified as having scores 3 or 5.

The challenge positive children (n = 26) were divided into

two severity groups (mild = severity score 1 and 2;

severe = score 4), and the IgE-ab levels to wheat components

were compared to those of non-WA children (Fig. 3). Both

severity groups had significantly higher levels of IgE-ab to all

four components as compared to non-WA (p between >0.05
and >0.001), apart from gliadin where there was no difference

between mild reacting children and non-WA (Fig. 3). Children

with severe symptoms compared to those with mild symptoms

had significantly higher IgE-ab levels to gliadin, HMW-

glutenin, and LMW-glutenin (p > 0.05) but not to x-5 gliadin.

IgE-ab levels for x-5 gliadin, HMW-glutenin, and LMW-

glutenin (p > 0.05) but not for gliadin were significantly

different when comparing children with mild symptoms to

non-WA.

Discussion

In this study, we have characterized the clinical profile of

wheat-allergic children and investigated the diagnostic proper-

ties of wheat component IgE-ab tests in a large group of

children with a previous diagnosis of wheat allergy. Children

with confirmed wheat allergy (WA) had a history of more

severe symptoms, significantly higher IgE-ab levels to gluten-

derived wheat components than the challenge negative chil-

dren. In addition, the IgE-ab levels to these wheat components

correlated with the severity of reactions at challenge.

Only half of the children with a previous diagnosis of wheat

allergy reacted at the oral wheat challenge test, which may be

explained by that most wheat-allergic children develop toler-

ance over time but still have detectable wheat IgE-ab (2). A

third of the challenge positive children reacted severely, the

majority with respiratory symptoms. We found a significant

difference between the severity of historically reported symp-

toms to wheat in WA and non-WA. Respiratory symptoms

Table 4 Diagnostic performance of wheat and four wheat allergen component tests based on specific IgE antibody quantifications and

outcomes of oral wheat challenges

Diagnostic performance

Wheat allergens

Wheat (f4) x-5 gliadin Gliadin HMW-glutenin LMW-glutenin

ROC/AUC* 0.91 0.78 0.83 0.88 0.82

Assay cutoff point**

Specific IgE level (kUA/l) 0.35 0.35 0.35 0.35 1.5

Sensitivity, Specificity (%) 100, 6 62, 84 94, 29 97, 42 81, 52

PPV, NPV (%) 52, 100 80, 68 58, 82 63, 93 63, 73

Positive decision point (95% spec)

Specific IgE level (kUA/l) 70 1.3 6.0 1.4 4.0

Sensitivity, Specificity (%) 62, 97 44, 97 69, 97 66, 97 56, 97

PPV, NPV (%) 95, 71 93, 62 96, 75 95, 73 95. 68

Negative decision point (95% sens)

Specific IgE level (kUA/l) 8.0 None None 0.35 None

Sensitivity, Specificity (%) 97, 58 97, 42

PPV, NPV (%) 70, 95 63, 93

*Receiver operating characteristic (ROC) curves were constructed for wheat and the four components with the food challenge result as

reference. The area under the curve (AUC) was calculated for each component.

**0.35 kU/l for all except LMW-glutenin for which an assay cutoff of 1.5 kU/l was set.

Figure 3 IgE-ab levels to four gluten-derived wheat components in

31 non-WA and 26 children positive in wheat challenge divided into

groups with mild and severe symptoms, respectively. Results are

presented as the 25th to 75th percentile of the values with the

median and min to max indicated. Statistical significant differences

between the groups are indicated (*refers to a level of significance

<0.05, **<0.01 and ***<0.001).
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and urticaria were more prevalent in WA children while

eczema was more frequently reported by non-WA children.

Wheat allergy diagnosis is many times confounded by

underlying grass pollen sensitizations that through cross-reac-

tivity give rise to false-positive wheat extract test results, and

thus, there is a need for more specific wheat allergy biomarkers.

We show here that four wheat-specific components from the

gluten fraction are useful in differentiating clinically relevant

sensitizations to wheat. The IgE-ab levels to gliadin, x-5 gliadin,
HMW-glutenin, and LMW-glutenin were all associated with the

challenge outcome and were also very high in children with a

convincing recent history of wheat allergy.

While the wheat extract test had high sensitivity in this study

(at least partly due to the inclusion criteria of positive wheat IgE

tests), the specificity was very low, showing the need for more

specific diagnostic tools. The x-5 gliadin was the test showing

the highest specificity and best in discriminating between

children with WA from non-WA children. Only five of 31

non-WA children had detectable albeit low levels of IgE-ab

(data not shown). However, the sensitivity of thex-5 gliadin test

was rather low (62%), and one-third of the WA children were

not sensitized to x-5 gliadin. However, the eleven children

negative to x-5 gliadin IgE-ab were all sensitized to one or more

of the other three wheat-specific components. In addition, the

levels of IgE-ab to the four gluten components all correlated

with the severity of the symptoms at challenge in this study.

Our findings are supported by previous reports in the

literature; gliadins were previously shown using skin prick

testing to be useful in the diagnosis of wheat-allergic children

(8). In other studies, wheat-allergic patient has been shown to

more frequently have IgE-ab to LMW-glutenin than to x-5
gliadin (20). However, the combination of IgE-ab against

LMW-glutenin and x-5 gliadin did not allow identification of

all wheat-allergic patients in that study. An association

between the presence of IgE-ab to LMW-glutenin and gastro-

intestinal symptoms after wheat ingestion could be demon-

strated by Simonato et al. (23).

Many studies have been focusing on WDEIA patients and

the usefulness of IgE-ab to HMW-glutenin (10, 21, 24) in their

diagnosis. In a German study on WDEIA patients (24),

sensitization to x-5 gliadin, gliadin, and HMW-glutenin

concluded that analyzing IgE-ab to gliadin and HMW-glutenin

gives additional information in patients negative to x-5 gliadin

IgE-abs. The results from our study indicate that also in

immediate wheat allergy, a combination of gluten-derived

component tests improves the prediction of clinical reactions.

Although the number of children with symptoms of grass

pollen allergy was equal in WA and non-WA children, we

found significantly higher levels of IgE-ab to timothy grass

pollen in the allergic children. These children also had higher

IgE-ab levels to wheat extract, indicating that sensitization to

grass pollen influences the apparent IgE-ab level to wheat. A

previous study has shown that 65% of the patients with grass

pollen allergy had false-positive IgE-ab test results to wheat

extracts (25). There is thus a need for markers that truly can

differentiate between primary wheat sensitization and cross-

reactive sensitization.

Quantification of IgE-ab to x-5 gliadin, gliadin, HMW-

glutenin, and LMW-glutenin all seems clinically useful in our

study population. The results indicate that a negative x-5
gliadin test result is a good predictor of a negative wheat

challenge. By combining results from the x-5 gliadin test,

having the highest specificity, with the results for gliadin and

HMW-glutenin tests, having the highest sensitivities, it was

possible to identify all children in the positive challenge group.

A limitation of this study is that all the wheat challenges

were performed as open food challenges but as the Astier

scoring method only takes objective symptoms into consider-

ation, this challenge procedure might be a minor drawback to

the study design. However, the ability of the gluten-derived

components to separate wheat allergy from tolerance is high

taking into consideration our study group was highly selected

for wheat allergy. Had the same analyses been made in a group

of children with weaker suspicion of wheat allergy, we believe

that the differentiating ability of the components may have

been even better.

In summary, it seems that many children are unnecessarily

on a wheat-free diet. In our population, the levels of IgE-ab to

x-5 gliadin, gliadin, HMW-glutenin, and/or LMW-glutenin, all

wheat specific without any homologous proteins in grass

pollen, all are associated with clinical reactions to wheat and

also predict the severity of the wheat allergy.
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