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Abstract

Background: We have previously reported that more than half of the patients who achieved
desensitization after wheat rush oral immunotherapy (OIT) developed exercise-induced allergic
reaction on desensitization (EIARD). However, data on EIARDs after slow OIT are lacking.
Therefore, this study aimed to investigate the results of exercise provocation tests (EPTs) in
patients after slow OIT for cow’s milk and wheat allergies.

Methods: This was a retrospective chart review of 87 EPTs in 74 patients. The EPTs were
performed in patients who were desensitized to at least 6,600 mg cow’s milk protein or 5,200 mg
wheat protein with slow OIT and were identified to be at a high risk of EIARDs. EPTs were
performed after ingestion of the maximum desensitization dose. The patients’ clinical
characteristics and symptoms were analyzed.

Results: The EPT results were positive for cow’s milk in 49% (21/43) of the patients and for
wheat in 48% (15/31) of the patients. There was no significant difference in the clinical
characteristics between the EIARD-positive and EIARD-negative groups. The specific IgE (sIgE)
levels before OIT and the reduction rates of sIgE before and after OIT did not correlate with the
outcomes of the EPTs. Among the EIARD-positive patients, 13 patients (cow’s milk, n=7; wheat,
n=6) underwent a second EPT, and the EIARD disappeared in 8 patients (cow’s milk, n=4; wheat,

n=4).
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Conclusion: EIARDs were observed after slow OIT for cow’s milk and wheat. Further research
into the predictive factors of EIARDs in these patients is needed to understand its clinical
manifestations.

Keywords: food allergy, oral immunotherapy, exercise provocation test, food-exercise-induced

anaphylaxis, ®-5 gliadin, desensitization, slow oral immunotherapy

Key message

This is the first case series of exercise-induced allergic reaction on desensitization (EIARD) after
the implementation of slow oral immunotherapy (OIT) for wheat and cow’s milk. Although this
study was conducted in a retrospective manner, the strength of this study is that the diagnosis of
EIARD was based on the exercise provocation tests (EPTs). We found that EIARDs occur not

only after rush OIT for wheat!!, but also after slow OIT for cow’s milk and wheat.

Introduction
Cow’s milk (CM) and wheat are the second and third most common causes of childhood food
allergies in Japan, respectively.! Most children with these allergies acquire tolerance
spontaneously with age. However, some do not?>> and thus undergo oral immunotherapy (OIT).
OIT for CM or wheat effectively achieves desensitization,> but exercise after ingestion of the
causative antigen can cause immediate allergic symptoms.!%-14 Manabe et al. suggested two types
of exercise-induced allergic symptoms: food-dependent exercise-induced anaphylaxis'® and
desensitization status and exercise-induced anaphylaxis.!'%16

We previously reported on 14 cases of exercise-induced allergic reactions among 21
patients who were desensitized to 5,200 mg wheat protein after rush OIT.!" We designated this

status as “exercise-induced allergic reaction on desensitization” (EIARD). There are also several
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case reports of EIARD after both slow and rush OIT.!>-'4 However, there are no case series or case
control studies of EIARD after the implementation of slow OIT. Therefore, this study aimed to
analyze the results of exercise provocation tests (EPTs) for diagnosing EIARD after slow OIT and

to identify the factors associated with EIARD.

Methods

Study design and population

This was a retrospective study of 74 patients who achieved desensitization to 6,600 mg CM
protein (n=43) or 5,200 mg wheat protein (n=31) after slow OIT and who underwent EPTs
between March 2012 and December 2019. All EPTs were performed at the Aichi Children’s
Health and Medical Center. EPTs with acetylsalicylic acid used as a cofactor!” were excluded from

the analysis.

Oral immunotherapy

All the patients had completely eliminated the causative foods from their diets before initiating
slow OIT for one antigen (either CM or wheat). The initial dose was based on the total doses and
severity of allergic symptoms in oral food challenges. '31° For patients whose symptom-provoked
threshold dose was high (>66 mg CM protein or 52 mg wheat protein), the dose was increased by
10-20% after every 5"-10™" asymptomatic ingestion. The dose was increased more slowly for the
patients whose threshold was low (<66 mg CM protein or 52 mg wheat protein), as previously
reported.!® All patients were instructed to avoid exercising and bathing one hour before and two
hours after taking the dose to minimize the risk of exercise-induced symptoms. Bronchial asthma
was well controlled in all patients throughout OIT implementation in accordance with the

Japanese childhood asthma guidelines.?’ After achieving desensitization with the full dose (6,600
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mg CM protein or 5,200 mg wheat protein)!, all patients were instructed to exercise after allergen
consumption at home to ensure the safety of the routine consumption. EPTs were applied to the
high-risk patients who had displayed unstable or suspicious exercise-induced symptoms during
OIT (e.g., allergic symptoms due to unintended exercise after ingestion, unexpected anaphylaxis

or frequent allergic symptoms during OIT).

Exercise provocation tests

Patients ingested the maximum desensitization dose and underwent either a free running, treadmill
ergonometric stress test, or a stepping exercise test after 30 minutes. The exercise was performed
for at least 15 minutes, with a target heart rate of >180 beats/minute. Negative EPT results were
confirmed by repeated exercises after ingesting the causative food, such as free running for 15
minutes, at home. Patients with positive EPT results underwent follow-up EPTs after a period of

time (usually about 2 years) according to the physicians’ and families’ discretions.

Risk factors of EIARD

The following clinical information was collected as potential factors associated with EIARD: age
at the start of OIT and at EPT; history of other allergic diseases; average pace of increasing the
amount of antigen during OIT (defined as the difference between the full dose and the starting
dose, divided by the duration of OIT); and specific IgE (sIgE) titer (milk and casein, or wheat and
-5 gliadin) before starting OIT and within 1 year before the EPT (after OIT). sIgE levels were
detected using ImmunoCAP® (Thermo Fisher Scientific, Uppsala, Sweden). A level of <0.34
kUA/L was fixed at 0.34 kUA/L, indicating no sensitization. Levels >100 kUA/L were fixed at

100 kUA/L.
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EIARD-free patients at home

A case-control study was performed to compare the characteristics of the high-risk patients with
those of other patients. We reviewed the charts of the patients who started OIT in 2016 and
achieved full-dose desensitization with no suspicious episodes of EIARD in their daily life
including exercises after ingestion. We found 33 CM- and 27 wheat-allergic patients (EIARD-free

patients).

Statistical analysis

Between-group comparisons were performed using the Mann—Whitney U test or Wilcoxon rank
sum test for continuous variables and using the Fisher’s exact test for categorical variables. All
statistical analyses were conducted using R-3.6.0 program (R Development Core Team, R
Foundation for Statistical Computing, Vienna, Austria). P values of <0.05 were considered

significant.

Ethical Considerations
This study was approved by the institutional ethical board of Aichi Children’s Health and Medical
Center (No. 2017001). and was conducted in accordance with the Declaration of Helsinki.

Informed consent to participate was obtained from the parents of all patients.

Results

Patient and oral immunotherapy characteristics

Among the patients with CM allergy, the initial OIT dose was high in 26 (60%) CM and 11 (35%)
wheat OIT (Table 1). In total, four (9%) CM allergy patients and five (16%) wheat allergy patients

experienced anaphylaxis during OIT without exercise. Of them, one patient with a CM allergy
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required an adrenaline injection. Fatigue and the common cold were the frequent co-factors of
anaphylaxis. Among the CM allergy patients, 5% achieved full-dose desensitization by 1 year,
35% by 2 years, and 60% by 3 years after the start of OIT. Among the wheat allergy patients, 17%
achieved full-dose desensitization by 1 year, 42% by 2 years, and 79% by 3 years after the start of

OIT. The remaining patients took more than 3 years to reach the full dose.

Exercise provocation tests

At the first CM-EPTs (n=43), 20 patients developed allergic symptoms (Figure 1). One
EPT-negative patient experienced a convincing event of EIARD at home. Therefore, 21 patients
(49%) were diagnosed to be EIARD positive (Table S1). Overall, eight (38%) patients were
administered antihistamines and eight (38%) were administered B2 stimulants, of whom one
received both antihistamines and B2 stimulants at the first EPT. Two patients received
intramuscular injection of adrenaline for anaphylactic shock (cases 17 and 19). Further, seven
patients (33%) underwent a second EPT within a median of 1.5 (range: 0.9-3.4) years after the
first EPT, of whom four patients tested negative (Figure 1).

Among the 31 patients with a wheat allergy, 14 were EPT-positive (Figure 1). One
wheat-EPT-negative patient experienced EIARD at home. Thus, 15 patients (48%) were
diagnosed to be EIARD positive (Table S2). Overall, seven (47%) patients were administered
antihistamines and six (40%) were administered P2 stimulants, of whom five received both
antihistamines and B2 stimulants at the first EPT. None of the patients received adrenaline. In
total, six (40%) patients who tested positive during the first EPT underwent a second EPT after a
median of 2.1 (range: 0.4-5.9) years, of whom four tested negative (Figure 1). The results of the
CM and wheat allergy patients who tested negative on the second EPT were confirmed by

multiple exercise tests after ingestion at home.
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Risk factors of EIARDs and specific IgE levels

There was no significant difference in the characteristics and median age of starting OIT between
the EIARD-positive and EIARD-negative groups (Table 2). There was also no significant
difference in the average pace of increasing the amount of antigen in the OIT between the two
groups for CM (P=0.52) and wheat (P=0.053) allergies. Further, the average frequency of
causative food intake during OIT was not significantly different between the EIARD-positive and
EIARD-negative groups for either the CM or wheat allergy patients (Table S3).

With respect to the sIgE levels, there was no significant difference between the
EIARD-positive and EIARD-negative groups before OIT (CM: P=0.51, casein: P=0.96, wheat:
P=0.93, -5 gliadin: P=0.23; Table 2). In both groups, the sIgE levels of CM, casein, wheat, and
-5 gliadin were lower after OIT than before OIT (P<0.001 for all comparisons, Figure 2). There
was also no significant difference in AsIgE calculated using the formula ([pre OIT — post OIT] /
pre OIT) between the groups. One of the two patients who developed anaphylactic shock in
response to CM during EPT had CM-sIgE levels of 0.43 kUA/L and casein-sIgE levels of 0.49
kUA/L (case 19). Eight patients in the wheat EIARD-positive group showed negative sIgE to ®-5

gliadin measured after OIT (Table 2).

Characteristics of high-risk patients compared to the EIARD-free patients

We enrolled 60 EIARD-free patients and compared their clinical characteristics to those of the
high-risk patients. The high-risk group had significantly higher IgE antibody levels to CM and
casein, were older at the start of OIT, and took a longer time to achieve the full OIT dose. Further,
the high-risk group included a higher proportion of boys than did the EIARD-free group. (Table

3).
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Discussion

Although ETARDEs after rush OIT to wheat allergy have been reported,!! evidence on EIARD after
slow OIT has been scarce. In this study, 36 of the 74 high-risk patients (48.6%) who underwent an
EPT after slow OIT were diagnosed as remaining EIARD. Compared with EIARD-free patients
who had no suspicious episodes during successful slow OIT, the high-risk patients were older at
the commencement of OIT, were likely to be boys, and took a longer time to achieve the full dose
desensitization. Although we could not identify the discriminating factors between positive- and
negative-EPTs in the high-risk patients, to the best of our knowledge, this is the first case-control
study of EIARD after slow OIT.

With respect to the pre-CM OIT sIgE levels, the high-risk patients had significantly
higher CM- and casein-sIgE levels than did EIARD-free patients. However, sIgE did not
discriminate the results of EPTs. In wheat OIT, no difference of sIgE to wheat or ®-5 gliadin was
observed between the high-risk and EIARD-free patients. Although the sIgE levels decreased after
OIT,?! there were no significant differences in the sIgE levels after OIT or 4sIgEs between the
EIARD positive- and negative-groups. Moreover, some patients in the EIARD-positive group had
negative sIgE levels to the antigen after OIT. These findings support that sIgE levels are not
predictive of EIARDs.

Sustained unresponsiveness (SU) is considered an indicator of the therapeutic
effectiveness of OIT.® However, we could not evaluate the relationship between SU and EIARDs
in our study because we instructed the patients to introduce CM and wheat products in their daily
diet, preferably to enable routine consumption rather than to evaluate SU. One institution in Japan
reported that 41% of patients who have achieved SU, evaluated by 2-week cessation of intake,

experienced allergic symptoms including anaphylaxis within 4 years after confirmation of SU.>
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Importantly, the most common trigger of the symptoms was exercise. Therefore, even patients
who achieved SU may remain at risk of EIARDs.

This study found that EIARDs may remain for several years even in the patients who
continued to consume daily amounts of antigen. Considering the patient’s daily life after OIT,
EIARDs may be used as an indicator of the effectiveness of OITs, in addition to SU, to estimate
the acquisition of tolerance.

In the case-control study, we identified an average of 30 patients per year who achieved
EIARD-free desensitization to CM and wheat after 3 years of slow OIT. On the other hand, the
high-risk patients were picked up in more than 7-years of EPT records. Furthermore, there were
also patients who failed to achieve full-dose desensitization after long-term slow OIT. Thus, it was
difficult to estimate the prevalence of remaining EIARDs after slow OIT, but it might be roughly
5%-10% in our hospital. However, because our hospital is a specialized facility with a biased
number of refractory patients, it does not suggest the real ratio of remaining EIARD in the
population.

A nationwide survey in Japan found that OITs were performed more frequently in 2015
than in 2011.23 Consequently, the occurrence of allergic symptoms during exercise in desensitized
children, who might have eliminated the causative food in the past, has become a significant issue
in schools. In Japan, all elementary schools and most junior high schools provide school lunch.
The guideline recommends complete elimination of the allergic food until the student completely
achieved tolerance including the absence of exercise-provocation, because the physical education
class is sometimes scheduled after lunch time. Physicians are expected to evaluate the
exercised-induced symptoms before permitting patients to consume the target food in their daily
meals, especially at school. In our facility, we do not allow patients to eat the causative food in the

school lunch until the absence of EIARD is confirmed.
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In general, exercise is prohibited within 2 hours after ingestion of the antigen during OIT,
even in the maintenance phase.?* Therefore, evaluation of the absence of EIARDs after OIT is
important to introduce daily consumption of the causative food. The evaluation using an EPT is
desirable in patients who have an unstable occurrence of allergic symptoms during OIT, or in
those who have a suspected episode of EIARD after OIT.? However, performing an EPT requires
medical resources. Furthermore, it is burdensome for the patients and is accompanied by the risk
of anaphylaxis. Therefore, EPTs are performed in limited number of specialized facilities in Japan.
Given the increasing number of OITs performed, the need for performing an EPT after OIT is also
expanding, at least for the high-risk patients. Further studies are needed to identify the risk factors
of EIARD and develop alternative diagnostic methods.

EPTs generally have a low sensitivity and high specificity.?® The former means that one
negative EPT is not enough to rule out the possibility of EIARD. In the present study, we
instructed the EPT-negative patients to confirm the result at home, and 5% (2/40) of them
experienced a convincing EIARD event at home. In case of a positive EPT that provoked isolated
wheezing without skin or mucosal symptoms, we excluded the possibility of exercise-induced
bronchospasm with an exercise-provocation test without intake. EIARD-positive patients
sometimes experienced an EIARD event and realized their EIARD did not disappear yet. For
those who had no repeated episodes of EIARD, we performed the second EPT (n=13), and eight
(62%) disappeared EIARD several months to years later.

This study has some limitations. First, we could not calculate the actual frequency of
EIARD after OIT because of the retrospective nature of the study. Second, we found
EIARD-positive patients only in those who had undergone an EPT. However, there have been
some patients who experienced exercise-induced symptoms during the OIT and refused to perform

an EPT. Further prospective cohort studies are warranted to determine the true prevalence and
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associated factors of EIARDs.

In conclusion, EIARDs were observed after slow OIT for CM and wheat. Evaluation of
EIARDs after OIT should be prioritized because it impairs the safety and quality of life of the
patients who have successfully achieved full-dose desensitization to the allergen. Further research

into the mechanisms of EIARDs is needed for its management.
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Tables

Table 1. Baseline patient characteristics

Cow’s milk allergy patients ~ Wheat allergy patients
(n=43) (n=31)

Male sex, n (%) 34 (79%) 28 (90%)
History of atopic dermatitis, n (%) 31 (72%) 23 (74%)
History of bronchial asthma, n (%) 22 (51%) 13 (42%)
History of allergic rhinitis, n (%) 34 (79%) 21 (68%)
History of anaphylaxis, n (%) 22 (56%) 22 (71%)
Age at starting slow OIT (years) 5.6 (1.6-11.5) 5.6 (1.1-13.8)
OIT initial dose, n (%)

>66 mg cow’s milk protein or >52 mg wheat protein 26 (60%) 11 (35%)

<66 mg cow’s milk or <52 mg wheat protein 15 (35%) 16 (52%)

Unknown 2 (5%) 4 (13%)
Duration from starting OIT to the full dose (years) 2.6 (0.3-6.9) 2.2 (0.7-3.8)
Duration from starting OIT to the EPT (years) 4.1 (0.7-10.4) 3.6 (1.7-9.7)
sIgE (crude) before OIT (kUA/L) 20 (1.33-100) 22.2 (4-100)

sIgE (component) before OIT (kUA/L)

17.3 (1.36-100)

0.9 (0.34-16.7)

Values are presented as the number (%) or median (range).

sIgE (crude), specific immunoglobin E titer to cow’s milk, and wheat

sIgE (component), specific immunoglobin E titer to casein (cow’s milk), and -5 gliadin (wheat).

Levels of 2100 kUA/L and <0.34 kUA/L were set to 100 kUA/L and 0.34 kUA/L, respectively.
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The full dose was set to 6600 mg cow’s milk protein and 5200 mg wheat protein.

Abbreviations: EPT: exercise-provocation test, OIT: oral immunotherapy
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Table 2. Factors associated with EIARD positivity

Cow’s milk Wheat
EIARD+ EIARD- P EIARD+ EIARD- P
(n=21) (n=22) (n=15) (n=16)
10.2 10.6 0.52 9.4 9.3 0.94
Age at EPT (years)
(6.5-15.7) (6.2-14.4) (5.5-16) (6.3-13.4)
Male sex, n (%) 16 (76%) 18 (82%)  0.72 12 (80%) 16 (100%) 0.10
History of atopic dermatitis, n (%) 15 (71%) 16 (73%) 1 9 (60%) 14 (88%)  0.11
History of bronchial asthma, n (%) 12 (57%) 10 (45%)  0.55 7 (47%) 6 (38%) 0.72
History of allergic rhinitis, n (%) 17 (81%) 17 (77%) 1 12 (80%) 9 (56%) 0.25
5.1 5.9 0.95 6 5.2 0.4
Age at starting slow OIT (years)
(2.2-11.5)  (1.6-10.8) (1.7-13.8)  (1.1-10.6)
OIT initial dose 165 49.5 0.713 26 26 0.51
(mg of cow’s milk or wheat protein) (3-1650) (7-330) (2-260) (5-260)
OIT initial dose, n
>66 mg cow’s milk protein or >52 mg wheat protein 16 10 6 5
0.11 1
<66 mg cow’s milk protein or <52 mg wheat protein 5 10 8 8
Duration from starting OIT to 2.7 2.6 2 2.9
0.49 0.053
the full dose (years) (0.6-6.9) (0.3-5.1) (0.7-7) (1.1-6)
Average pace of
2422 2570 0.52 3349 2314 0.053
increasing intake (mg/years)
Duration from the full dose OIT to 1.0 0.6 0.8 0.8
0.59 0.66
EPT (years) (0.1-4) (0.1-5) (0.1-1.8) (0.1-5)
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15.7 20.2 21.9 17.3

sIgE (crude) before OIT (kKUA/L) 0.51 0.93
(3.22-100)  (1.33-100) (1.36-100)  (4.22-100)
14 22.4 3.22 0.54
sIgE (component) before OIT (kUA/L) 0.96 0.23
(4-100)  (5.47-100) (0.34-16.7)  (0.34-5.95)
Acrude-sIgE 0.88 0.89 0.65 0.76 0.83 0.15
/Icomponent-sIgE 0.89 0.89 0.75 0.08 0.15 0.44

Values are presented as the number (%) or median (range).

Blood sampling occurred within 1 year of commencing consumption.

sIgE (crude), specific immunoglobin E titer to cow’s milk, and wheat sIgE (component), specific immunoglobin
E titer to casein (cow’s milk), and ®-5 gliadin (wheat)

/] crude-sIgE and Jcomponent-sIgE were defined as the rate of change between sIgE before slow OIT and the
first exercise.

Levels of 100 >kUA/L and <0.34 kUA/L were set to 100 kUA/L and 0.34 kUA/L, respectively.

The average pace of increasing intake was defined as the full dose minus the initial dose, divided by the number
years of consumption

The full dose was set to 6600 mg cow’s milk protein and 5200 mg wheat protein.

Continuous and categorical variables were analyzed using the Mann-Whitney U test and the Fisher’s exact test,
respectively.

Abbreviations: EIARD: exercise-induced allergic reaction on desensitization, EPT: exercise-provocation test,

OIT: oral immunotherapy
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Table 3. Characteristics of the high-risk patients and EIARD-free patients

Cow’s milk Wheat
EIARD EIARD free
High risk High risk
free p (n=27) p
(n=43) (n=31)
(n=33)
Male sex, n (%) 34 (79%) 15 (45%) 0.004 28 (90%) 17 (63%) 0.025
History of atopic dermatitis, n (%) 31 (72%) 21 (64%) 0.46 23 (74%) 21 (78%) 1
History of bronchial asthma, n (%) 22 (51%) 7 (21%) 0.009 13 (42%) 4 (15%) 0.04
History of allergic rhinitis, n (%) 34 (79%) 2 (6%) <0.001 21 (68%) 3(11%) <0.001
History of anaphylaxis, n (%) 22 (56%) 12 (36%) 0.24 22 (71%) 12 (44%) 0.061
5.6 33 5.6 3.6
Age at starting slow OIT (years) <0.001 0.004
(1.2-16.0)  (1.6-11.5) (1.1-13.8) (1.1-10.2)
OIT initial dose 66 165 26 130
0.23 0.23
(mg of cow’s milk or wheat protein) (3-1650) (3-660) (1.8-260) (1.8-260)
Duration from starting OIT to 2.6 1.5 2.2 1.4
0.001 0.026
the full dose (years) (0.3-6.9) (0.6-4.2) (0.7-7) (0.3-4.2)
20.0 6.3 22.2 18.3
sIgE (crude) before OIT (KUA/L) 0.0047 0.33
(1.33-100)  (0.68-70) (4-100) (0.7-100)
17.3 5.28 0.9 0.72
sIgE (component) before OIT (kUA/L) <0.001 0.77
(1.36-100)  (0.34-50.1) (0.34-16.7) (0.34-50)

Values are presented as the number (%) or median (range).

sIgE (crude), specific immunoglobin E level to cow’s milk, and wheat

sIgE (component), specific immunoglobin E level to casein (cow’s milk), and ®-5 gliadin (wheat).
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Levels of 2100 kUA/L and <0.34 kUA/L were set to 100 kUA/L and 0.34 kUA/L, respectively.

The full dose was set to 6600 mg cow’s milk protein and 5200 mg wheat protein.
Continuous and categorical variables were analyzed using the Mann-Whitney U test and the Fisher’s exact test,
respectively.

Abbreviations: EPT: exercise-provocation test, OIT: oral immunotherapy
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Figure legends

Figure 1. Flowchart of the exercise provocation test for cow’s milk and wheat.

After slow oral immunotherapy (OIT) to cow’s milk, 43 patients underwent the first exercise
provocation test (EPT). Of them, 20 patients’ results were negative. One negative patient
experienced a convincing event of exercise-induced allergic reaction to desensitization (EIARD)
at home. Ultimately, 21 and 22 patients were diagnosed as EIARD-positive and EIARD-negative,
respectively. Seven patients underwent a second EPT, of which four tested negative. After slow
oral immunotherapy (OIT) to wheat, 31 patients underwent the first exercise provocation test
(EPT). Of them, 14 patients’ results were negative. One negative patient experienced a convincing
event of exercise-induced allergic reaction on desensitization (EIARD) at home. Finally, 15 and
16 patients were diagnosed as EIARD-positive and EIARD-negative, respectively. Six patients

underwent a second EPT, and four of them tested negative.

Figure 2. Time course of the specific IgE detection in response to cow’s milk, wheat, and each

component in the ImmunoCAP® system.

In the ETARD-positive and EIARD-negative groups, sIgE levels of cow’s milk, casein, wheat, and

-5 gliadin measured after slow oral immunotherapy (OIT) were lower than those measured

before the start of OIT.

Appendices: NA
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1 Table S1. Characteristics of the patients with positive cow’s milk EIARD

2
Case Age, EPT sIgE before OIT sIgE before EPT  CM protein (mg) Age at starting OIT starting dose ~ Duration from OIT to
Sex EPT symptoms
no. years  no. CM Casein CM Casein intake at EPT OoIT CM protein (mg) the full dose (years)
1
W 6.5 Ist 100 100 29 27.8 9900 Intermittent coughing, hives 4.8 6.6 1.8
2 M 6.6 Ist 12.4 13.3 3.29 33 6600 Local hives 43 165 0.8
3 M 6.7 Ist 3.45 ND 0.57 0.52 13200 Negative T 3.4 330 1.3
7.4 Ist 10.3 4.22 7900 Wheezing
4 M 27.4 9.37 2.5 165 2.9
8.3 2nd 7.74 2.65 6600 Wheezing
8.6 Ist 6.41 7.34 6600 Apparent wheezing
5 W 44.7 63.6 5.6 66 2
102 2nd 3.09 3.52 6600 Negative
6 M 8.7 Ist 31.5 38.6 6.41 7.34 6600 Wheezing 4 66 3.7
Multiple itch, transient coughing, nausea,
7 M 8.9 Ist ND ND 2.37 2.62 9900 4.7 66 1.9
mild decrease of blood pressure
9.3 Ist 341 4.06 6600 Abdominal pain, wheezing
8 M 39 53.6 4.5 330 0.4
12.7  2nd 1.04 1.24 6600 Local hives
9.4 Ist ND ND 6600 Local hives
9 M 3.56 4 5.6 66 22
11.9  2nd 4.17 4.28 11600 Negative
10 M 9.6 Ist 100 67.2 11.8 6.66 6600 Wheezing, itch(local) 4.2 33 4.6
11 M 10.2 Ist 8.84 8.25 ND ND 6600 Apparent wheezing, local hives 4.3 165 ND
12 W 11.5 Ist ND ND 6.57 5.8 9900 Local hives 8.6 330 2.1
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13 11.5 Ist 15.7 ND 6.68 6.26 11600 Local hives 9.3 165 1.4
11.6 Ist 3.18 2.63 10800 Local hives, runny nose

14 41.7 ND 6.1 5 3.4
126 2nd 1.14 0.91 10800 negative

15 11.8 Ist ND ND 24.4 26.8 6600 Eye edema, hives 11 1650 0.1
12.4 Ist 0.77 0.76 6600 Wheezing, local erythema

16 3.71 ND 22 660 6.7
13.7 2nd ND ND 6600 Negative

6600 plus Spreading hives, low blood pressure,
17 13.2 Ist 22.1 28.1 ND ND 10.9 66 1.4
a bread roll} de-saturation

13.9 Ist 0.34 0.35 6600 Multiple hives

18 3.22 ND 9.8 165 1.1
154  2nd 0.34 0.34 6600 Spreading hives, runny nose

Loss of voice, unbearable itch,
19 13.9 Ist 10.6 14 0.43 0.49 6600 5.1 165 2.7
Change in activity, low blood pressure
20 15.5 Ist 13.5 12.6 1.44 1.5 10800 Local hives 11.5 ND 22
21 15.7 Ist 55.8 ND 0.68 0.71 6600 Multiple hives 5.3 33 3.2

The full dose is 6600 mg CM protein. The allergens consumed during the EPT were cow’s milk (3.3% milk protein) or drinking yogurt

(3.6% milk protein).

TThe EPT was negative, however the patient subsequently developed hives when he exercised after ingestion of allergens at home.

tExercise after the consumption of bread rolls gave no reaction.

Abbreviations: CM: cow’s milk, EPT: Exercise provocation test, OFC: oral food challenge, ND: no data, OIT: oral immunotherapy,

sIgE: specific IgE (kUA/L)



12
13
14

Table S2. Characteristics of the patients with positive wheat EIARD

Case Age, EPT sIgE before OIT  sIgE before EPT  Wheat protein (mg) Age at OIT starting dose Duration from OIT to
Sex EPT symptoms
no. years  No wheat ®-5G  wheat -5G intake at EPT starting OIT ~ wheat protein (mg) the full dose (years)
1 M 5.5 1st 83.3 3.22 20.3 0.38 5200 Transient cough, local hives 2.5 52 0.6
6 Ist 6.23 0.34 8400 Local hives
2 M ND ND 3.6 ND ND
9.7 2nd 2.57 ND 11200 Multiple hives
6.6 Ist 0.53 0.34 10800 Multiple hives
3 M 9.36 3.75 1.7 26 ND
7.2  2nd 0.4 0.34 11200 Negative
4 M 6.6 Ist 100 8.86 60.1 1.72 5600 Cough, multiple hives 43 130 ND
5 M 7.5 Ist 45 0.49 6.98 0.34 5200 Wheezing, multiple hives 3.9 26 ND
7.6 Ist 48.3 1.97 11200 Wheezing, multiple hives
6 Y 100 10.7 4.2 1.8 2.6
8 2nd 48.3 1.97 5600 Negative
8.4 Ist 6.85 0.34 5200 Wheezing
7 M 11.1 ND 6 26 1.5
143 2nd 6.62 0.34 5200 Negative
9.4 Ist 26.1 0.34 8100 Wheezing, multiple hives
8 M 479 ND 7.4 26 0.8
1.7  2nd 20.2 0.34 11100 Negative
9 M 9.5 Ist 29.6 5.57 5.58 1.04 5600 Local hives 5.4 26 0.6
9.6 Ist 2.41 1.02 5200 Wheezing, multiple hives
10 M 4.96 1.64 6.7 52 2.3
1.5 2nd 1.48 0.58 5200 Wheezing, local hives
11 M 137 st 12.3 0.37 2.45 0.34 10800 Negative T 9.2 260 1.2




15
16
17
18
19
20
21

12 M 139 st 3.41 0.34 0.67 0.34 11200 Local hives 8 52 0.5
13 W 144 st 1.36 ND 0.74 0.34 5400 Transient cough, multiple hives 10.6 260 0.5
14 W 146 st 100 16.7 20.7 0.62 5600 Transient cough, multiple hives 6.8 26 2

15 M 16 Ist 14.2 0.34 ND ND 9100 Multiple hives 13.8 13 1.6

The full dose is 5200 mg wheat protein. Ingredients used in EPT are udon noodles (2.6% wheat protein), pastas (5.4% wheat protein),
piece of bread (9.3% wheat protein), or bread roll (10.1% wheat protein).

1 EPT was negative, but patient subsequently observed hives and difficulty in breathing when he exercised after ingestion at home.
Abbreviations: EPT: exercise provocation test, ND: no data, OFC: oral food challenge, OIT: oral immunotherapy, sIgE: specific IgE
(kUA/L), UN: udon noodles, ®-5G: »-5 gliadin



22 Table S3. Average frequency of causative food intake during OIT

23
Cow’s milk Wheat
EIARD+ EIARD- p EIARD+ EIARD-
Seven times a week 9 5 6 4
Five-six times a week 7 9 2 2
0.45
Three-four times a week 3 5 3 3
One-two times a week 0 0 1 1
Unknown 2 3 2 5
24
25

26  P-value based on fisher exact test.
27  Abbreviations: EIARD: exercise-induced allergic reaction on desensitization
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