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Background: IgE-mediated wheat allergy in adults can be childhood or adulthood onset.
Adult-onset wheat allergy has been reported, but data on clinical characteristics and practical
food challenge protocols are scarce.

Objective: We aimed to describe the clinical characteristics of adult-onset wheat allergy,
laboratory results, and outcomes of a modified 3-day challenge protocol using a combination
of aspirin, wheat, and exercise.

Patients and Methods: Patients with histories compatible with adult-onset wheat allergy
were recruited from Siriraj Hospital, Thailand. Clinical history, skin prick tests (SPTs), and
specific IgE (sIgE) levels were ascertained. Patients with no food challenge contraindications
were asked to volunteer for wheat challenge. A modified 3-day protocol using 300 mg of
acetylsalicylic acid, 60—75 g of wheat flour, and exercise was used for confirmatory diagnosis
of conventional wheat allergy (WA) and wheat-dependent exercise-induced anaphylaxis
(WDEIA).

Results: Thirty-three patients were recruited. The mean age of onset was 29.7 years (SD
10.5). SPTs yielded positivity rates of 9.1%, 84.8%, and 81.8% in commercial wheat, in-
house gliadin, and in-house glutenin extracts, respectively. sIgE yielded a positivity rate of
61% and 88% in wheat and w5-gliadin, respectively. Eighteen patients underwent oral wheat
challenges. Of these, 17 patients (94.4%) had positive challenges leading to definite diag-
noses of WA (35%), and WDEIA (65%). One WDEIA patient developed hypotensive
anaphylaxis in the protocol.

Conclusion: WDEIA was the most common phenotype. Our modified 3-day protocol could
differentiate WA and WDEIA and yielded a high positivity rate (94.4%). It should be used
cautiously as severe reactions can occur.

Keywords: anaphylaxis, food allergy, food challenge, wheat allergy, gliadin, lipid transfer
protein

Introduction

Food allergy to wheat is more common in children with an estimated prevalence of
0.2-1% and likely to outgrow with a resolution rate of 65% by the age of 12
years."? Therefore, wheat allergy in adults could be the persistence of child-onset
or adult-onset after the age of 18 years despite previous tolerance. Adult-onset

wheat allergy has been reported in many countries,” ® but there is still a paucity of

submit your manuscript

Dove n

http:

in 3

Journal of Asthma and Allergy 2020:13 355-368 355

© 2020 Thongngarm et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at hltpx /Iwww.dovepress.com/
Framrrm terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creati g/li by-nc/3.0/). By accessing

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, pvowded the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://orcid.org/0000-0002-3182-4614
http://orcid.org/0000-0002-5721-4881
http://orcid.org/0000-0002-2507-2057
http://orcid.org/0000-0001-8419-0873
mailto:mongkhon.som@mahidol.ac.th
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Thongngarm et al

Dove

data. Wheat is an important cause of IgE-mediated food
allergy in Thailand, Korea, and Japan.7 In Japan, wheat is
the most common cause of new-onset food allergy in
adults older than 20 years.’

Adult-onset IgE-mediated wheat allergy not only has
a unique clinical pattern but also a distinct mechanism of
sensitization. It can present as an outbreak in adults resulting
from cutaneous sensitization to hydrolyzed wheat protein in
facial soap.® A distinct phenotype called “wheat-dependent
exercise-induced anaphylaxis (WDEIA)” was reported to be
common in adolescence and adults. Due to being under-
WDEIA s
overlooked and misdiagnosed as chronic urticaria, exercise-

recognized from physicians, frequently
induced anaphylaxis, and idiopathic anaphylaxis with a time
lag to the diagnosis of 32-62 months.”

WDEIA could occur with the presence of the cofactors
other than exercises, such as pollen exposure, concomitant
ingestions of non-steroidal anti-inflammatory drugs
(NSAIDs) or alcohol, the presence of menses in females,
infection, and stress.”'> Some authors used the term
“wheat-dependent cofactor-augmented anaphylaxis™'? or
“o5-gliadin allergy”"? instead of WDEIA.

Wheat used for consumption includes common wheat
(Triticum aestivum), the main ingredient in bread, and
durum wheat (Triticum turgidum ssp. durum), preferen-
tially used for pasta, pizza, bulgur, semolina, and
couscous.'* Bread wheat (Triticum aestivum) consists of
major allergens including a-amylase/trypsin inhibitor (Tri
a 28 and Tri a 29.01), of-gliadin, w5-gliadin (Tri a 19),
low- and high-molecular-weight glutenin, oa-purothionin
(Tri a 37), nonspecific lipid transfer protein (nsLTP or
Tri a 14), peroxidase (Tri a Bd36 kd), thioredoxin (Tri
a 25), and serine proteinase inhibitor (Tri a 29)."° These
major allergens could induce sensitization and specific IgE
(sIgE) production via Th2-biased immune dysregulation.
Using sIgE to o5-gliadin increased the diagnostic yield
with a sensitivity of 91% and a specificity of 92% in adult
WDEIA patients.'> However, sIgE to whole wheat extract
has a low diagnostic yield and is sometimes positive with-
out clinical relevance.'®'” Skin prick test (SPTs) using
commercial wheat extract generally yielded unsatisfactory
results.'®

Oral food challenge tests, combined with exercise, are
considered the standard confirmation for the diagnosis for
WDEIA. However, negative results have been reported
of the

challenge.'” > Other cofactors such as aspirin (ASA)/

despite the use combined wheat-exercise

NSAIDs and alcohol have been reported to be equally

effective as substitutes or combined with exercise in elicit-
ing symptoms. Not only could ASA facilitate the reaction,
but it also lowered the threshold of positive challenge.'**'
Adjunction with ASA might improve the diagnostic yield,
especially in cases that are unable to perform an exercise
challenge to reach the target intensity. Therefore, a wheat-
cofactor challenge protocol using ASA and exercise would
be beneficial in WDEIA patients who needed diagnostic
confirmation. Few studies have described the clinical char-
acteristics of adult-onset wheat-allergic patients with the
challenge-proven diagnosis. Herein, we aimed to describe
the clinical characteristics, laboratory results, and out-
comes of a novel modified 3-day wheat-cofactor challenge
protocol in our cohort.

Patients and Methods
Subjects

This was a prospective single-centered study of the Thai
Adult Food Allergy Cohort performed at the Division of
Allergy and Clinical Immunology, Siriraj Hospital, Mahidol
University, Thailand. All patients who had a history com-
patible with adult-onset IgE-mediated wheat allergy were
considered for recruitment from November 2017 to
June 2019. All patients gave written informed consent to
participate and publish the anonymized results. The proto-
cols were approved by the Institutional Review Board and
Ethics Committee of the Faculty of Medicine, Siriraj
Hospital, Mahidol University, Bangkok, Thailand; approval
number: 600/2560(EC3). The study was performed follow-
ing the Declaration of Helsinki.

The eligibility criteria for the recruitment of adult-onset
IgE-mediated wheat allergy are summarized in Table 1. We
clinically classified the eligible cases into two pheno-
types: 1) conventional wheat allergy (WA) and 2)
WDEIA. WA was defined as an IgE-mediated reaction
occurring within 3 hours after ingestion of wheat, and
WDEIA was defined as anaphylaxis occurring only if the
patient had exercised within 4-6 hours of ingesting wheat
and anaphylaxis not occurring if the patient ingested wheat
without the exercise.”® After the recruitment and patient
providing informed consent, we collected their data includ-
ing demographics, clinical history, symptoms during aller-
gic reactions. SPTs and sIgE to wheat allergens were
ascertained in all cases who did not have the results of
those tests done within the last 12 months. Patients who
had no food challenge contraindications were asked whether
they would volunteer for the wheat challenge.
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Table | Exclusion Criteria, and

Contraindications for Wheat Challenge

Inclusion  Criteria,

Table | (Continued).

Inclusion Criteria (All Criteria 1-4 Must be Fulfilled)

Contraindications for wheat challenge in our study

I. Adult patient (age 18—60 years) with the onset of first wheat-allergic

symptoms occurring after the age of 18 years

2. Typical IgE-mediated reaction relating to wheat ingestion with at least |
of the following:

® Anaphylaxis according to the NIAID/FAAN diagnostic criteria®'

® Urticaria, angioedema, generalized erythema, wheezing, or other
symptoms compatible with IgE-mediated reaction but not fulfilling

the criteria for anaphylaxis

® History of severe anaphylaxis to wheat resulting in profound hypotension
(systolic blood pressure < 50 mmHg), neurological compromise, or
respiratory failure

® Active cardio-neuro-pulmonary diseases, such as coronary heart dis-
ease, asthma, chronic obstructive lung disease, epilepsy, and psychiatric
diseases

® Active urticaria, including acute urticaria from any causes, or recur-

rence of chronic urticaria within 2 weeks before the challenge

3. Temporal relationship with wheat ingestion with at least | of the
following:

® Conventional wheat allergy (WA) with onset occurring within 3
hours after wheat ingestion

® \Wheat-dependent exercise-induced anaphylaxis (WDEIA): an ana-
phylactic reaction occurring only when the patient exercises within
6 hours after wheat ingestion, but not occurring in the absence of

exercise after similar wheat ingestion

. Positive allergologic workup with at least | of the following:
SPT to commercial wheat extracts, in-house gliadin, in-house glutenin

sIgE to wheat allergens: crude wheat or omega-5 gliadin

e o o

In the absence of SPTs and sigE, the patients must have at least 2
episodes of recurrence, the last reaction occurring within | year of

the time of recruitment

Exclusion criteria

Pregnancy or lactation
Unable to provide the clinical history or inability to communicate

Previously diagnosed with celiac disease

°

°

°

® Known allergy to non-steroidal anti-inflammatory drugs

® Active eosinophilic gastrointestinal diseases in the recent year

® Participation in any interventional study for the treatment of food allergy

® Previous or current treatment with allergen immunotherapy during
the build-up phase

® |nability to discontinue antihistamines for initial day escalation, skin
testing, or oral food challenges

® Use of omalizumab, other non-traditional forms of allergen immu-
notherapy, immunomodulatory therapy (not including corticoster-
oids), or biologic therapy within the past year

® Use of investigational drug within 90 days or plan to use the inves-

tigational drug during the study period

(Continued)

Abbreviations: IgE, immunoglobulin E; NIAID/FAAN, the National Institute of
Allergy and Infectious Diseases/Food Allergy and Anaphylaxis Network; slIgE, spe-
cific immunoglobulin E; SPTs, skin prick tests.

Skin Prick Test

SPT was performed on each patient’s volar surface of the
forearm with a lancet using a commercial wheat extract
(ALK Abello, Hersholm, Denmark) as well as in-house-
prepared gliadins, glutenins, oat, rye, barley, and millet
extracts. The in-house skin test extracts were prepared by
our team as described in the previous literature.””-**
Histamine phosphate (10 mg/mL) and glycerinated saline
were used as the positive and negative controls, respec-
tively. The procedure was performed according to the
standard method.”” The wheal size was recorded as posi-
tive if it was >3 mm larger than the negative control.

Specific IgE

The sIgE for wheat, ®-5 gliadin, and lipid transfer protein
(LTP) were measured using the ImmunoCAP® (Phadia,
Uppsala, Sweden). A level of sIgE > 0.35 kAU/L was
considered a positive result.

Wheat-Cofactors Challenge Protocol
(The Modified 3-Day Protocol)

Wheat and each patient’s allergic foods were eliminated
from their diets for at least 1 week before the challenge.
The volunteers were admitted to the food/drug challenge
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Day 0: Aspirin Challenge Test
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Figure | Summary of modified 3-day challenge protocol.
Abbreviations: ASA, aspirin; g, gram; HR, heart rate; mg, milligram.

unit, which was an in-hospital setting due to consideration
of the safety issues according to the PRACTALL consen-
sus report.’’ Our 3-day challenge protocol was modified

. - 19,21
from previous studies

as summarized in Figure 1. The
details of the challenge protocol are as follows:

Day 0: A drug provocation test, using ASA with
a cumulative dose of 421.5 mg with 6-hour observation,
was used to exclude ASA hypersensitivity.

Day 1: An exercise challenge test was performed in an
ambient temperature regulated within a range of 27-30°C
monitored by a thermometer. The patient performed aero-
bic treadmill exercise, adjusting the speed and the slope of
the treadmill to achieve a target heart rate (HR) of >80%
of maximum HR by age within 5 minutes, and then this
target HR was maintained for 15 minutes. The exercise
challenge was terminated if there were any positive reac-
tions. If no reactions were detected, the exercise was
gradually tapered down by the speed and the slope.
Exercise challenge test on day 1 helped to determine the
submaximal exercise intensity for each individual
on day 3.

Day 2: A wheat challenge test was performed by
using bread wheat since it is the most common source
of wheat consumed in Thailand as opposed to pasta,

pizza, bulgur, and couscous. Sliced Farmhouse® bread

-2
Target HR

20 30-minute observation >0 Minutes

(President Bakery Public Company Limited, Thailand)
was used. One slice of bread, weighing 24 g and con-
taining 62% of wheat flour, contained 15 g of wheat.
We started with one-eighth of a sliced bread followed
by an incremental dose until a cumulative dose of 5
slices was achieved.’® We closely observed the patient
for a total of 6 hours before declaring a negative wheat
challenge.

Day 3: A combined wheat-exercise-ASA challenge test
was performed. A 300 mg of ASA was administered,
followed by the ingestion of 4-sliced bread 30 minutes
later. Exercise was initiated 30 minutes after bread inges-
tion and pursued as day 1 protocol.

A patient who had a negative exercise challenge on day
1 proceeded to the open wheat challenge on day 2, and
a patient with a negative open wheat challenge on day 2
proceeded to the combined wheat-cofactor challenge
on day 3.

The challenges were terminated at the index clinical
reactivity with objective signs, following PRACTALL
consensus.>® Our protocol allowed for exercise-induced
anaphylaxis (EIA), WA, and WDEIA to be diagnosed if
a positive result occurred on days 1, 2, and 3, respectively.
The contraindication of wheat challenges in our study
included 1) having a history of severe anaphylaxis to

submit your manuscript

358

Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Thongngarm et al

Participants examined for eligibility (n=43)

Excluded (n=10)
*  Child-onset wheat allergy (n=8)
* Previous NSAIDs hypersensitivity (n=2)

Recruited adult-onset IgE-mediated wheat allergy patients
(n=33)
[ 1

Accepted challenge Did not challenge
(n=18) (n=15)

Modified 3-day protocol * Refuse challenge (n=13)
* History of cardiac arrest (n=1)

* Recent cardiac ischemia (n=1)

Figure 2 Flow diagram of patient recruitment.
Abbreviations: NSAIDs; Non-steroidal anti-inflammatory drugs; IgE, immunoglo-
bulin E.

wheat resulting in profound hypotension, neurological
compromise, or respiratory failure and 2) having active
cardio-neuro-pulmonary diseases, such as coronary heart
disease, asthma, chronic obstructive lung disease, epilepsy,
or psychiatric diseases.

Statistical Analysis

All analyses were performed using PASW Statistics ver-
sion 18.0 (SPSS, Inc., Chicago, IL). Demographic and
clinical data are summarized using descriptive statistics.
Categorical data are presented as frequencies and percen-
tages. Continuous data are presented as median with range,
and mean = standard deviation as appropriate. Mann
Whitney U-test was used for comparison of medians
between the two groups. The Chi-square test was used
for comparison of categorical data, and the Kruskal—-
Wallis test was employed for continuous data with non-
normal distribution. All p-values less than 0.05 were con-
sidered statistically significant.

Results

Figure 2 summarizes the flow diagram of patients’
recruitment. Forty-three patients were assessed for elig-
ibility. Of these, 33 patients were recruited in our study.
Ten patients were excluded: 8 due to child-onset wheat
allergy, and 2 due to having a history of NSAIDs
hypersensitivity. Eighteen patients agreed to be
a volunteer for oral wheat + exercise challenge, whereas
15 patients did not undergo challenge: 13 due to chal-
lenge refusal, and 2 due to having contraindication for
the food challenge.

Patient Characteristics

Their clinical characteristics and laboratory results of 33
patients are summarized in Table 2. There were similar
demographic data, atopic background, comorbidities,
onset, and duration of wheat allergy between patients
who underwent challenge and who did not. Overall,
WDEIA was a more common phenotype than WA (23/
33, 69.7% versus 10/33, 30.3%). The mean age at the
time of recruitment was 32.6 years (SD 11.3). The mean
age of onset was 29.7 years (SD 10.5). The most common
atopic comorbidity was allergic rhinitis (51.5%), fol-
lowed by asthma (6%), and atopic dermatitis (6%). Fifty-
one percent of patients had a concomitant food allergy
other than wheat, including shellfish, fruits, peanut, and
cow’s milk.

Clinical History Before Diagnosis Was

Made

The majority of the patients (31/33, 94%) had experienced
more than one anaphylactic episode, which ranged from 1
to 20 times (median = 4 times) before the diagnosis of WA
was made. The median lag time from onset to the diag-
nosis was 17 months (range, 1 week to 5 years). Most
patients had sought medical attention for such episodes
from different primary physicians with a median number
of wvisits of 2 (range, 1 to 5 visits). The most common
diagnosis before WA/WDEIA diagnosis was
included chronic urticaria (45.5%), idiopathic anaphylaxis

made

(21.2%), exercise-induced anaphylaxis (12.1%), and acute
urticaria with systemic symptoms (9%).

Previous Wheat-Allergic Reactions

The most common symptom was urticaria, which was
reported in all patients (Table 2). Syncope was reported
in 12/33 (36.4%) of patients whereas documented hypo-
tension was demonstrated in only 7/33 (21.2%). Severe
anaphylaxis resulting in cardiac arrest (1/33) and intuba-
tion (1/33) were also reported. When using the clinical
criteria from the National Institute of Allergy and
Infectious Disease/Food Allergy and Anaphylaxis
Network symposium (NIAID/FAAN),*' anaphylaxis was
diagnosed in 31 patients (94%). The severity of the reac-
tion varied with a median of grade 2 using Ring &
Messmer severity grading,*” grade 4 using Sampson sever-
ity grading,”® and moderate severity using EAACI
Taskforce on Anaphylaxis.**
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Table 2 Clinical Characteristics of 33 Patients in Adult-Onset Wheat Allergy Cohort

All Patients Challenge- Challenge-Denied or P-value
(N=33) Accepted Group Contraindicated Group
(N=18) (N=15)
Gender
Male 9 (27.3) 4 (22.2) 5(33.3) 0.697
Female 24 (72.7) 14 (77.8) 10 (66.7)
Age, mean (SD), y 32,6 (11.3) 30.8 (11.6) 34.6 (10.9) 0.339
Wheat allergy phenotype *
WDEIA 23 (69.7) 12 (66.7) 11 (73.3) 0.722
WA 10 (30.3) 6 (33.3) 4 (26.7)
Age of onset, mean (SD), y 29.7 (10.5) 28.7 (10.3) 30.9 (10.9) 0.554
Duration of disease, median (range), y 2 (0.25-17) 1.5 (0.25-5) 2 (0.5-17) 0.332*
Atopic history
Allergic rhinitis 17 (51.5) 9 (50.0) 8(53.3) 0.849
Asthma 2 (6) I (5.6) 1 (6.7) 1.0
Atopic dermatitis 2 (6) I (5.6) 1 (6.7) 1.0
Non-atopic comorbidities
Chronic urticaria 19 (57.6) I (6l.1) 8(53.3) 0.653
Coronary heart disease 2 (6.1) 0 (0.0) 2 (13.3) 0.199
Gastric diseases 5(15.2) 4 (22.2) 1 (6.7) 0.346
Others 2 (6) I (5.6) 1 (6.7) 1.0
Other food allergies 17 (51.5) 10 (55.6) 7 (46.7) 0611
Shellfish 13 (394) 7 (38.9) 6 (40.0) 0.948
Fruits 2 (6.1) I (5.6) 1 (6.7) 1.0
Peanut 2 (6.1) 2 (1.1) 0 (0) 0.489
Cow’s milk I (3) I (5.6) 0 (0) 1.0
Duration from wheat allergy onset to diagnosis, 17 (0.25-60) Il (0.33-36) 18 (0.25-60) 0.586*
median (range), mo
Episodes before recruitment, median (range), n 4 (1-20) 4 (2-12) 4 (1-20) 0.781*
Symptoms according to history
Urticaria 33 (100) 18 (100) 15 (100) -
Angioedema 21 (63.6) I (6l.1) 10 (66.7) 0.741
Significant dyspnea 21 (63.6) 14 (77.8) 7 (46.7) 0.064
Chest pain 9 (27.3) 3(16.7) 6 (40) 0.239
Rhinitis symptoms 6 (18.2) 3 (16.7) 3 (20) 1.0
Syncope 12 (36.4) 5(27.8) 7 (46.7) 0.261
Gl symptoms 9 (27.3) 7 (38.9) 2 (13.3) 0.134
Documented hypotension 7 (21.2) 4 (22.2) 3 (20) 1.0
Cardiac arrest 1 (3) 0 (0.0) 1 (6.7) 0.455
Endotracheal intubation I 3) 0 (0.0) 1 (6.7) 0.455
Maximum anaphylaxis severity
Ring & Messmer
Grade | 2 (6.0) 0 (0.0 2 (13.3) 0.041
Grade 2 16 (48.5) 12 (66.7) 4 (26.7)
Grade 3 14 (42.5) 6 (33.3) 8 (53.3)
Grade 4 I (3.0 0 (0.0 1 (6.7)
(Continued)
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Table 2 (Continued).

All Patients Challenge- Challenge-Denied or P-value
(N=33) Accepted Group Contraindicated Group
(N=18) (N=15)
Sampson
Mean (SD) 4.03 (1.16) 4.13 (1.22) 3.80 (1.03) 0.460
Median (range) 4.0 (1.0-5.0) 4.0 (1.0-5.0) 5.0 (2.0-5.0)
EAACI Task Force
Mild 4 (12.1) 1 (5.6) 3 (20.0) 0.056
Moderate 14 (42.4) I (61.1) 3 (20.0)
Severe 15 (45.5) 6 (333) 9 (60.0)
Allergologic workup
SPT (wheat) © 39.1) 2(1L1) I (6.7) 1.0
SPT (gliadin) © 28 (84.8) 16 (88.9) 12 (80.0) 0.639
SPT (glutenin) © 27 (81.8) 14 (77.8) 13 (86.7) 0.665
sIgE to wheat ¢ 20 (60.6) 12 (66.7) 8(53.3) 0.435
sIgE to ©5- gliadin 29 (87.9) 15 (83.3) 14 (93.3) 0.607
sIgE to wheat level ¢ (KAUJL)
Mean (SD) 3.1 (7.3) 4.8 (9.6) 0.98 (1.73) 0.133*
Median (range) 0.44 (0.05-36.8) | 0.8 (0.06-36.8) 0.36 (0.05-6.83)
sIgE to ®5- gliadin level ¢ (KAUIL)
Mean (SD) 8.56 (12.3) 11.26 (14.9) 5.3 (7.7) 0.303*
Median (range) 3.99 (0.01-50.1) | 5.07 (0.01-50.1) 2.07 (0.01-30.5)
Grass sensitization ©
Any grass 7 (21.2) 7 (38.9) 0 (0) 0.004
Johnson 309.1) 3(16.7) 0(0) 0.233
Bermuda 8 (24.2) 8 (44.4) 0 (0) 0.004
Other grain sensitization ©
Any grain 5(15.2) 4 (22.2) I (6.7) 0.346
Oat 2 (6.1) 1 (5.6) | (6.7) 1.0
Rye 2 (6.1) 2(1L1) 0 (0) 0.489
Barley 2 (6.1) 2 (I1.1) 0 (0) 0.489
Millet 0(0) 0(0) 0 (0) -

Notes: All data are presented as N (%) unless otherwise specified. * Comparison median between 2 groups was used Mann Whitney U-test. * Indicated by oral wheat +
exercise challenge in challenge-proven cases and indicated by clinical history in patients who did not undergo challenges. i Anaphylaxis severity: Ring and Messmer: grade 14

(2 EAACI Task Force on Anaphylaxis®®, Sampson severity score®?- ©

Skin prick test to wheat. (ALK Abello, Hgrsholm, Denmark). Histamine phosphate (10 mg/mL) and

glycerinated saline were used as the positive and negative controls, respectively; Skin prick test to gliadin and glutenin, using in-house extract.?’?® Positive test result is
defined by a wheal diameter larger than 3 mm compared with the negative control. ¢ Allergen-specific IgE using solid-phase immunoassay: ImmunoCAP. Positive test result is

defined by a level of allergen-specific IgE = 0.35 kAU/L. © Indicated by skin prick tests.

Abbreviations: G, gastrointestinal; kAU/L, kilo antibody units per liter; SD, standard deviation; SPT, skin prick test; sIgE, specific immunoglobulin E; WA, conventional

wheat allergy; WDEIA, wheat-dependent exercise-induced anaphylaxis.

Skin Prick Test and Specific IgE

In Table 2, only 3 patients (9.1%) showed positive SPT to
commercial wheat extract whereas 28 patients (84.8%) and
27 patients (81.8%) showed positive SPT to in-house
gliadins and glutenins extracts, respectively. When using
>0.35 kAU/L as the positive cut-off point, 20 patients
(60.6%) and 29 patients (87.9%) had positive results for
sIgE to wheat and w5-gliadin, respectively. The median

level of sIgE to wheat and ®5-gliadins were 0.44 (range,
0.05-36.8) and 3.99 kAU/L (range, 0.01-50.1), respec-
tively. Only 1 patient (patient number 3) had a positive
result for sIgE to LTP (Table 3).

Grass and Other Grains Sensitization
Overall, 7 patients (21.2%) had grass sensitization,
which was indicated by SPT to common grass in
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ﬁ(Outcome of Modified challenge prot0c01>\
| n=18

| n=18
_K.’ Exercise challenge to exclude EIA
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Figure 3 Outcomes of modified 3-day challenge protocol.
Abbreviations: ASA, aspirin; EIA, exercise-induced anaphylaxis; WA, wheat
allergy; WDEIA, wheat-dependent exercise-induced anaphylaxis.
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Thailand (Johnson, Bermuda). The most common grass
to which our cohort was sensitized was Bermuda
(24.2%), followed by Johnson (9.1%). Among 33
patients, only 5 patients (15.2%) sensitized to other
grains, indicated by SPT to in-house extracts of oat,
rye, barley, and millet (Table 2).

Symptoms Observed During Positive

Oral Wheat + Exercise Challenge

Among the 18 patients in the challenge-accepted group, all
patients had negative results from both ASA provocation
test on day 0 and exercise challenge on day 1; therefore,
both ASA hypersensitivity and EIA could reasonably be
excluded. Six patients had a positive oral wheat challenge
without exercise on day 2 so that WA was diagnosed. The
remaining 12 patients underwent combined ASA, wheat,
and exercise challenge on day 3. Eleven patients (11/12)
had positive challenge, and WDEIA was diagnosed
(Figure 3). One patient had a negative challenge result
from our protocol. We summarize the clinical characteris-
tics and laboratory results of the 18 patients in the chal-
lenge-accepted group in Table 3.

Urticaria was the most common objective sign during
the challenge (16/17, 94%). Isolated facial urticaria (7/16,
44%) was the most common site of rash observed at the
point of the positive challenge, followed by generalized
urticaria (5/16, 31%), isolated distal-extremities urticaria
(3/16, 19%), and isolated truncal urticaria (1/16, 1%).
in 3/17
(17.6%) patients with positive challenge results which

Gastrointestinal symptoms were observed
included emesis and abdominal pain. Only 1 patient had
two episodes of emesis, which were interpreted as
a positive challenge according to the PRACTALL consen-

sus report.3 0

Discussion

We report the clinical characteristics of 33 adult-onset
wheat-allergic patients from Thailand and performed oral
wheat challenges in the majority of cases (54.5%).
Overall, WDEIA was the most common phenotype.
A wide range of ages of onset (18—48 years) and female-
predominance were observed. Fifty-one percent of the
patients had concomitant plant and food allergies, which
was similar to a recent Italian adult-onset wheat allergy
cohort.” The diagnosis was often delayed despite most of
our patients presenting with severe anaphylaxis, similar to
the largest cohort from the UK.'? In the present study, the
median time from the first symptom to WA/WDEIA diag-
nosis was 17 months. These delays led to more than one
episode before the diagnosis was made. The reasons for
these delays are unclear, but a lack of awareness might
have been a contributing factor.

Our modified 3-day challenge protocol achieved a high
rate of positivity in the challenge-accepted group (94%).
We began the protocol with the exercise-only challenge
instead of wheat challenge on day 1 for two reasons: 1) to
exclude exercise-induced anaphylaxis and 2) to avoid
a possible false-interpretation from delayed wheat absorp-
tion by performing exercise-only challenge on the first day
because WDEIA may have a delayed onset up to 24 hours
after wheat ingestion.>> We used 300 mg of ASA adjunct
with exercise to augment the clinical reactions by lowering
the wheat threshold.'?> ASA possibly facilitates allergen
absorption from the gastrointestinal tract.*® To exclude
ASA hypersensitivity, ASA challenge was performed
on day O since there is a possibility that some patients
who have not taken ASA or NSAIDs for a long period
may develop hypersensitivity at some time points without
relevant histories. The NSAID hypersensitivity was
reported by 2.66% of women and 1.34% of men and was

submit your manuscript

362

Dove

Journal of Asthma and Allergy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Thongngarm et al

Table 3 Clinical Characteristics of Patients Who Underwent Challenge Procedure

Case | Sex Age of Diagnosis | Symptoms Symptoms SPT sigE sIgE ®5- | sIgE Total IgE | Grass
Onset from During the Wheat® | Wheat® | gliadin® LTP® (IU/mL) Sensitization®
(Years) History Challenge (MWD, | (kAUL) | (kAU/L) | (kAUIL)
mm)
| Female | 20 WA U, A D, Gl U (trunk) Negative 3.1 50.1 0.01 3420 No
2 Female | 35 WA U A D U (face) 45 0.19 1.49 0.12 99.7 Bermuda
3 Female | 37 WA U, A D, BP U (face) Negative | 1.33 891 0.5 3340 Bermuda
4 Female | I8 WA U A Gl Gl (2 episodes Negative | 4.46 9.06 0.14 1160 Bermuda,
of emesis) Johnson
5 Female | 23 WA U, A, Chest, U (generalized) Negative | 1.53 27.2 0.06 947 No
D, R, Gl
6 Male 18 WA U, A, Chest, | U (face) Negative | 0.44 3.99 0.01 229 No
D
7 Female | 45 WDEIA U A D GI U (face), Gl Negative | 3.1 14.8 0.04 1350 No
(I emesis)
8 Female | 27 WDEIA U, Syncope, U (generalized), | Negative | 36.8 13.4 0.04 587 Bermuda
BP Facial erythema
9 Female | 20 WDEIA U, D U (extremities) Negative | 0.28 2.77 0.05 353 No
10 Female | 19 WDEIA U, D U (face), Gl Negative | 17.1 43.8 0.08 195 Bermuda,
(I emesis) Johnson
I Female | I8 WDEIA U A D U (generalized), | Negative | 16.7 0.15 0.08 640 Bermuda
A, Facial
erythema
12 Male 30 WDEIA U, Syncope U (palms, soles) | Negative | 0.29 5.62 0 59.6 No
13 Female | 21 WDEIA U, D, Gl U (generalized) Negative | 0.22 1.84 0 24.6 No
14 Female | 40 WDEIA U, b, U (face) Negative | 1.09 15.2 0.01 400 No
Syncope, BP
) Male 48 WDEIA U, b, U (face) Negative | 0.06 0.18 0 685 No
Syncope
16 Female | 21 WDEIA U, A DR, U (Extremities) | Negative | 0.43 1.37 NA 82 No
Gl
17 Male 40 WDEIA U, A, Chest, U (generalized), | Negative | 0.54 4.52 0.0l 171 No
Gl, Syncope, | BP
BP
18 Female | 37 WDEIA U A DR Negative 35 0.28 0.01 NA 211 Bermuda,
challenge Johnson

Notes: * Skin prick test to wheat. (ALK Abello, Harsholm, Denmark). Histamine phosphate (10 mg/mL) and glycerinated saline were used as the positive and negative
controls, respectively. The positive test result is defined by a wheal diameter larger than 3 mm, compared with the negative control. b Allergen-specific IgE using solid-phase

immunoassay: ImmunoCAP. < Documented by skin prick tests.

Abbreviations: A, angioedema; BP, objective hypotension; C, significant chest pain; D, dyspnea; GI; gastrointestinal symptoms (nausea, vomiting, abdominal pain); R, rhinitis
symptoms (rhinorrhea, nasal congestion, sneezing, itchy nose); lU/mL, international units per milliliter; kAU/L, kilo antibody units per liter; LTP, lipid transfer protein; MWD,
mean wheal diameter; NA, not applicable; SD, standard deviation; SPT, skin prick test; slgE, specific immunoglobulin E; WA, conventional wheat allergy; WDEIA, wheat-

dependent exercise-induced anaphylaxis.

the third most commonly reported drug hypersensitivity in
the United States, after penicillins and opiates.*” Since no
patients in our cohort reacted to ASA challenge on day 0,
it is optional to omit this step in patients who have not
recently had relevant histories of ASA or NSAID hyper-
sensitivities. We summarize and compare our protocol
with the previous studies'*?' in Table 4. The study from
Christensen et al'? used up to 80 g of gluten and demon-
strated that the reaction of wheat allergy could be elicited
at rest at a high dose gliadin challenge. Since Brockow

et al*! reported that 10 g of gluten was equivalent to 125
g of wheat. Therefore, 80 g of gluten was equivalent to 67
slices of the Farmhouse™ bread product that we used in the
present study, and 67 slices would be a much higher
portion size than those that are typical in adults.** In
countries where purified gluten flour might not be com-
mercially available, using sliced wheat bread and adding
cofactor could be practical and reproducible. On day 2, we
used 5 slices of Farmhouse®™ bread, equivalent to 6 g of
gluten, which is considered enough to declare a negative
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Table 4 Comparison of Wheat-Cofactor Challenge Protocols in Patients with Wheat Allergy

Studies Cofactors Positive Challenge Rate
Allergen Used Aspirin (mg) Alcohol Exercise

Our study Wheat 60-75 g 300 NA Yes Wheat alone 35%
Wheat+ASA+exercise 94%

Christensen et al 2019'2 Gluten 8-80 g 1000 37.5 % vodka Yes Gluten alone 48%
Gluten+Alcohol 56%
Gluten+ASA 84%
Gluten+Exercise 92%
Gluten+ASA+Exercise 82%

Brockow et al 2015%' Gluten 10-80 g 500-1000 4.75-14.25% ethanol Yes Gluten alone 25%
Gluten+Exercise 33%
Gluten+ASA+Alcohol 100%

Abbreviations: ASA, aspirin; g, gram; mg, milligram; NA, not applicable.

wheat challenge and exclude conventional wheat allergy as
this amount is 2.5-fold of portion sizes for adult.*® Our
proposed modified 3-day protocol aims not only to yield
the diagnosis but also to differentiate between EIA, WA,
and WDEIA within a single admission. The amount of
wheat used in our protocol on day 3 (fixed at 4 slices of
bread, equivalent to 4.8 g of gluten) was agreeably close to
the median threshold of gluten dose (4.3 g) reported in
ASA
(1000 mg), and exercise.'> We used a lower dose of

Christensen’s protocol of combined gluten,
ASA (300 mg), taken 30 minutes before wheat ingestion
to avoid GI side effects, which possibly occurred in some
patients. The half-life of ASA is 2-3 hours, of which its
effect is covered during our challenge time.

We did not use diluted 95% alcohol as a cofactor because
a proportion of the Asian population might elicit alcohol-
39,40

related syndrome, including flushing symptoms mimick-

ing the immediate-type hypersensitivity reaction and
misleading the interpretation. Therefore, taking 300 mg of
ASA and wheat only once before exercise made the protocol
practical and concise, and it can be easily followed by in the
appropriate population in a time- and resource-limited setting.

The relatively high positivity rate from the wheat-
cofactor challenge in our protocol could be due to several
reasons. First, we concurrently combined both cofactors of
ASA and exercise on day 3, which possibly augmented the
reaction and lowered the wheat dose threshold. Second, we
regulated the room temperature to range between 27°C and
30°C. There was a reported case of a temperature effect in
eliciting symptoms during the food-exercise challenge in
a walnut-allergic patient, in which the reactions occurred
only in a warm but not in a cold environment.*' Hot and

humid weather covering the entire period of the year is
common in Thailand. Our clinical experience is that some
Thai WDEIA patients report reactions with wheat inges-
tion together with non-strenuous daily life activity. Lack of
awareness of cofactors, such as mild exercise, warm tem-
perature, infection, or NSAIDs/ASA might be involved in
these events. We agree with the term “wheat-dependent,
cofactor-augmented anaphylaxis” proposed by Christensen
et al since this term precisely covered all of the cofactors
other than exercise that could result in the reactions.'?
Other unknown cofactors have to be further investigated
due to the unpredictable magnitude of their effects and
possible interactions between cofactors.

Urticaria was the most common manifestation in both
clinical histories and objective symptoms during the chal-
lenges in our cohort. Interestingly, face is the most com-
monly affected part of the body, and this distribution was
found in isolation during a challenge (Figure 4). The exact
pathophysiologic mechanisms underlying this finding are
unknown. Nevertheless, the skin may serve as a site for
sensitization to allergens even when allergic skin inflamma-
tion is absent.*>** This finding suggests facial skin might be
the primary route of sensitization. A similar observation
was reported by Yagami et al,® in which facial rash was
initially observed in patients who used wheat-containing
facial soap, followed by a newly-developed wheat allergy.
A case—control study from Japan also confirmed the posi-
tive correlation between the use of wheat-containing facial
soap and wheat allergy development.** The mechanistic
link is supported by a murine model in which allergen
sensitization occurred in barrier-impaired skin, mediated
by keratinocyte thymic stromal lymphopoietin.*’
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Figure 4 Isolated facial urticaria observed during the challenge in patients with adult-onset IgE-mediated wheat allergy. (A) A wheat-allergic patient during the open wheat
challenge (day 2). (B) A wheat-dependent exercise-induced anaphylaxis patient during the combined wheat-cofactors challenge (day 3).

SPTs using commercial wheat extract generally yielded

1846 \whereas

unsatisfactory results, similar to other studies,
SPTs using in-house glutenin and gliadin extracts yielded
a higher (>80%) positivity rate, similar to Thai wheat-
allergic children patients.”” Although wheat extracts for
skin testing are commercially available, the preparation,
especially as an aqueous solution, may not be sensitive for
the diagnosis because some major wheat allergens are
alcohol-soluble.*’ sIgE to wheat and ®5-gliadin were posi-
tive 60.6% and 87.9% of the patients in our cohort, respec-
tively, while the positivity rate of w5-gliadin is slightly
lower than the large multicenter cohort from the UK."
Besides, LTP has rarely been sensitized in our cohort
whereas it was one of the major allergens reported in
European wheat-allergic patients (40.9%).** Geographic
variation in sensitized allergens might explain these differ-
ences among wheat-allergic patients.

Our wheat-cofactor challenge, using a combination of
ASA, wheat, and exercise, yielded a high positive rate
(94.4%), but severe systemic reaction occurred in one
patient. In Table 3, patient number 17 developed hypoten-
sive syncope and generalized urticaria, resulting in the use
of epinephrine administration despite the absence of pre-
vious cardiopulmonary diseases. A negative challenge in
patient number 18 could be explained by the limited yield

12,21
f14

of challenge protocol itsel and her strict avoidance of

wheat ingestion. She had only two episodes of reactions
occurring within the last 5 years after wheat allergy onset,
the last of which occurred 11 months before we performed
the challenges. The possible natural resolution was sus-
pected as previously described in patients who avoid
wheat intake.” However, she still avoids wheat ingestion
and no anaphylaxis occurs ever since.

Our study had some limitations. First, we did not perform
a challenge in all cases. However, the additional criteria of
repeated reaction and evidence of IgE sensitization would
firmly increase the likelihood of wheat-allergic symptoms of
patients in our cohort. Second, our sample size was limited
due to recruitment from a single-center, which might not
reflect the entire population. Further studies should focus
on the identification of major allergens in this adult-onset
WA population. We hypothesize that the allergen sensitized
in this population might be different from the childhood-
onset wheat allergy as there are many routes of sensitization
reported in adults.®*** The concomitant food allergy in our
cohort was defined as a compatible history of IgE-mediated
reaction with positive food sensitization, demonstrated by
either skin tests or food-specific IgE. Some of the reactions
described by the patients could occur with a varied amount of
food intake and various cofactors. Therefore, it is difficult to
state that it was exercise-induced as we did not perform other
food-exercise challenges in the same way as wheat.
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In conclusion, adult-onset wheat allergy should be
suspected in adult patients with anaphylaxis-like reactions
with unidentifiable causes. A combination of relevant his-
tory and positive sIgE test to w5-gliadin is crucial in
leading to the diagnosis whereas SPT with commercial
wheat extract is less helpful. Although our challenge pro-
tocol could be positive in those who had negative
®5-gliadin-specific IgE, it should be considered cautiously
as it could lead to a severe systemic reaction. Further study
should focus on the identification of major allergens in this
adult-onset wheat allergy population.

Abbreviations

GI tract, gastrointestinal tract; IgE, Immunoglobulin E;
NSAIDs, non-steroidal anti-inflammatory drugs; SPT,
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