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Food-Dependent Exercise-Induced Anaphylaxis:
A Challenging Life-threatening Condition
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ABSTRACT

Food-dependent exercise-induced anaphylaxis (FDEIA) is an uncommon but potentially life-threatening condition
characterized by allergic reactions triggered by the combination of specific food ingestion and physical exertion.
Despite its rarity, FDEIA poses significant diagnostic and management challenges due to its complex pathophysiology
and variable clinical presentation. Diagnosis relies on careful evaluation of clinical history, symptomatology, and
laboratory tests, with inherent difficulties in distinguishing FDEIA from other related conditions. Management
of FDEIA involves comprehensive strategies to minimize the risk of allergic reactions through measures such as
allergen avoidance, patient education, and timely administration of epinephrine. While existing treatment approaches
primarily target acute reactions, ongoing research endeavors are crucial for validating emerging diagnostic and
therapeutic modalities. This review offers a comprehensive overview of FDEIA, encompassing its epidemiology,
underlying pathophysiology, clinical presentations, diagnostic challenges, and management approaches.
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INTRODUCTION

Food-dependent exercise-induced anaphylaxis
(FDEIA), first described in the 1970s, is a rare but
potentially life-threatening condition characterized
by allergic symptoms triggered by the combination of
specific food ingestion and physical exertion."” Evidence
indicates that FDEIA constitutes a subset of food-
induced anaphylactic reactions.” Despite its relatively
low incidence, FDEIA can lead to significant morbidity
and mortality if not promptly recognized and managed.’
While exercise-induced and food-induced anaphylaxis are
well-documented individually, their confluence in FDEIA
presents unique diagnostic challenges for clinicians.”
FDEIA’s complex pathophysiology and variable clinical
presentation complicate its diagnosis and management.’
Recent research has focused on understanding the role of

mast cells,immunoglobulin E (IgE)-mediated reactions, and
exercise-induced immune responses in FDEIA. Advances
in diagnostic criteria, including oral food challenges with
exercise provocation, have enhanced diagnostic accuracy
and informed more targeted management strategies.
This review provides a comprehensive overview of
FDEIA, including its epidemiology, pathogenesis and
pathophysiology, causative food, augmenting factors,
clinical manifestations, diagnostic criteria, and management
approaches. Relevant articles on FDEIA published in
the MEDLINE database from inception to March 2024
were evaluated and summarized. Our search strategy
included keywords such as “food-dependent exercise-
induced anaphylaxis,” “exercise-induced anaphylaxis,”
and “food allergy.” We included peer-reviewed articles
that provided significant insights into the epidemiology,
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pathogenesis, clinical manifestations, diagnosis, and
management of FDEIA. Exclusion criteria included non-
English articles, abstracts without full-text availability,
and studies unrelated to FDEIA. Data extraction focused
on summarizing key findings and identifying gaps in the
current understanding of FDEIA.

Epidemiology

Estimating the precise prevalence and incidence of
FDEIA remains challenging due to its rarity. A questionnaire
survey conducted among 11,647 Japanese children reported
FDEIA incidences of 0% in kindergartens. 0.06% in
elementary schools and 0.21% in junior high schools.’
Subsequent surveys in Japanese schools found FDEIA
prevalence rates of 0.017% among 76,229 junior high
school students and 0.0047% among 170,146 elementary
school students.®” In Korea, registry data of 558 participants
across 16 centers focusing on anaphylaxis revealed that
persons under 18 years accounted for 60% of registered
patients, with FDEIA prevalence at 1.2% among children
and 3.1% among adults.® Notably, FDEIA represents
30% to 50% of exercise-induced anaphylaxis cases.®’
Previously reported prevalence documented FDEIA
diagnosis using questionnaire-based surveys and not
confirmed by laboratory tests or food challenges.”* Most
documented cases are associated with wheat and seafood
ingestion.”” Although FDEIA predominantly affects
adolescents and young adults, it has been reported across
various age groups.” The prevalence of FDEIA is likely to
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vary among different populations due to differences in
dietary patterns, exercise habits, and geographic exposure
to allergens.

Pathogenesis and pathophysiology

The pathogenesis and pathophysiology of FDEIA
involve complex interactions between allergenic proteins
from ingested foods, exercise, and immune responses
(Fig 1)." Food allergens implicated in FDEIA vary among
individuals, with common triggers, including wheat, shellfish,
celery, and legumes.'' Moreover, a broader spectrum of
food categories such as meat, vegetables, fruit, seeds, and
cereals, has been associated with FDEIA.'""* Omega-5
gliadin, a component of wheat, is a notable allergen in
FDEIA." " Its molecular structure, rich in glutamine and
proline, forms stable, immunogenic epitopes resistant
to gastrointestinal digestion."”'>'® These proteins can
penetrate the intestinal mucosa and reach the systemic
circulation, particularly when exercise increases intestinal
permeability.””'* Studies have shown that reducing omega-5
gliadins in mutant wheat cultivars significantly decreases
allergenicity in patients with FDEIA, suggesting potential
safe alternatives for these individuals."” Understanding
the molecular composition and reactivity of omega-5
gliadin is essential for developing targeted diagnostic
and therapeutic strategies for FDEIA.

Physical exercise is an augmenting factor in FDEIA
pathophysiology by increasing the permeability of blood
vessels. Both strenuous and light exercise can trigger
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Fig 1. The pathogenesis and pathophysiology of food-dependent exercise-induced anaphylaxis. This diagram provides a visual representation
of the sequential events leading to the development of FDEIA, highlighting the critical role of food allergen ingestion, exercise as an
augmenting factor, and mast cell activation in the pathophysiology. Upon ingesting the culprit food, the food-allergenic proteins bind to
specific immunoglobulin E (IgE) on the surface of mast cells, leading to mast cell degranulation with the release of inflammatory mediators,

such as histamine and other mediators.
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anaphylactic reactions, emphasizing the need to consider
exercise intensity and timing relative to food ingestion.”
FDEIA can develop in both well-trained athletes and
individuals engaging in sporadic activities like walking.”’
In addition to exercise, various augmenting factors can
contribute to FDEIA, including aspirin, non-steroidal
anti-inflammatory drugs (NSAIDs), higher temperature,
alcohol consumption, atopic dermatitis, and the menstrual
cycle.”!”
food threshold needed to trigger a reaction,
severity of FDEIA episodes, and complicate diagnosis.

The interaction of allergens with IgE on sensitized

* These cofactors can significantly lower the

26

enhance the

mast cells'""* leads to mast cell activation and the release of
inflammatory mediators such as histamine, leukotrienes,
and prostaglandins.'’ These mediators initiate a cascade of
immune responses, resulting in the clinical manifestations
of anaphylaxis.

Clinical manifestations

The clinical symptoms of FDEIA typically develop
when individuals engage in physical exertion within 30
to 120 minutes after ingesting the responsible food, with
symptoms onset occurring between 10 to 50 minutes
following exercise.” The clinical manifestations of FDEIA
encompass a broad spectrum of symptoms related to
IgE-mediated reaction, ranging from mild cutaneous
reactions to severe systemic anaphylaxis.”” Cutaneous
involvement, such as urticaria, pruritus, flushing,
and angioedema, is the most common manifestation,
followed by respiratory and gastrointestinal symptoms.
Cardiovascular symptoms like tachycardia, hypotension,
and syncope may arise, with potential progression to
shock and cardiac arrhythmias. Though less common,
neurological symptoms include dizziness, confusion, and
loss of consciousness. The reactions could evolve into
anaphylaxis involving multi-organ systems that pose life-
threatening risks.” The severity of symptoms may vary
between episodes and among individuals, depending on
the amount of ingested culprit food, exercise intensity,
and immune system sensitivity.”

A recent meta-analysis found a significant association
between FDEIA and coexisting atopic conditions.'' Patients
with FDEIA had a lower prevalence of atopy (56.9%)
compared to those with food-dependent exercise-induced
urticaria/angioedema without anaphylaxis (77.3%)."' The
most prevalent atopic conditions include allergic rhinitis,
asthma, allergic conjunctivitis, and atopic dermatitis.
Notably, a history of atopy, particularly allergic rhinitis,
is a significant risk factor for recurrent FDEIA episodes.
Conversely, a history of urticaria was more common in
FDEIA patients with wheals and/or angioedema (59.1%)
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compared to those without anaphylaxis (12.5%), with
chronic spontaneous urticaria being the most prevalent
subtype.'" Both chronic urticaria and FDEIA involve
mast cells in their pathophysiology, suggesting potential
shared mechanisms that warrant further investigation.
The concomitant treatment for chronic urticaria may
obscure or delay the recognition of IgE-mediated reactions
triggered by various allergens, thereby masking symptoms.”
Clinicians should remain vigilant for unexpected changes
in urticaria severity or the onset of systemic symptoms,
which may indicate an underlying IgE-mediated reaction,
such as FDEIA.

Diagnosis

The initial step in diagnosing FDEIA involves
evaluating the patient’s clinical history, focusing on
the temporal association between food ingestion and
subsequent exercise-induced symptoms. A wide array of
foods, beyond wheat, can trigger FDEIA, underscoring
the importance of considering various allergenic sources.
Keeping a food diary containing details of cofactors and
their timing about symptoms can offer valuable diagnostic
insights. It is crucial to distinguish FDEIA from chronic
or acute recurrent urticaria, exercise-induced anaphylaxis,
idiopathic anaphylaxis, hereditary angioedema, and
mastocytosis.”’ The World Allergy Organization criteria
for wheat-dependent exercise-induced anaphylaxis can
guide the diagnosis of FDEIA.” Table 1 provides an
overview of commonly utilized diagnostic criteria for
FDEIA, including clinical history, symptomatology,
symptom timing, exclusion of alternative etiologies, and
laboratory tests.

Laboratory tests, including in vivo and in vitro
evaluations, can complement the diagnosis by identifying
allergen sensitivities. Diagnostic tests include serum-
specific IgE and skin prick tests targeting suspected trigger
allergens.”'**” Prick-to-prick skin testing with fresh food
can increase diagnostic accuracy due to the relatively low
sensitivity and specificity of commercial food extracts.’
Identifying major allergenic components of food proteins,
such as specific IgE for omega-5 gliadin in wheat, provides
avaluable diagnostic marker.” However, the presence of
food-specific IgE confirms only allergen sensitization and
may not indicate clinical allergy, necessitating correlation
with clinical history. For FDEIA patients experiencing
recurrent anaphylaxis, measuring basal serum tryptase
levels can help identify underlying mast cell disorders.’
If the suspected allergens remain unclear, an exercise-food
challenge test may be necessary to ensure an accurate
diagnosis.” ** Provocative challenge protocols integrating
multiple cofactors, such as aspirin and alcohol, have shown
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TABLE 1. Diagnosis of FDEIA.*

Assessment

Clinical history

Clinical evaluation

History of anaphylactic reactions occurring after exercise, typically within

4 hours of food ingestion.

Tolerance of the culprit food without exercise and safe exercise tolerance

without ingesting the trigger food.

Symptom presentation

Manifestations of anaphylaxis, including skin, respiratory, gastrointestinal,

or cardiovascular symptoms.

Symptoms may range from mild cutaneous reactions to severe systemic

manifestations.

Timing of symptoms

Symptoms typically occur within minutes to hours after the combination of

food ingestion and exercise.

Exclusion of other causes

Rule out alternative diagnoses, such as exercise-induced bronchospasm or

idiopathic anaphylaxis.

Specific diagnostic tests

Specific IgE, skin prick, and prick-to-prick tests.

IgE for omega-5 gliadin for wheat-dependent exercise-induced anaphylaxis.

Basal serum tryptase levels for mast cell disorders.

Oral food challenge followed by physical exertion provocation.

promise in enhancing diagnostic yield.”””** However,
incorporating additional augmenting factors alongside
conventional exercise-food challenges requires careful
patient selection and monitoring due to the potential
for severe reactions. Tailoring diagnostic strategies to
individual patient profiles and utilizing advanced testing
modalities can enhance diagnostic accuracy and facilitate
effective management.

Management

General management of FDEIA

Effective management of FDEIA involves both
preventive and emergency strategies, as shown in Table 2.
The cornerstone of prevention is identifying and avoiding
trigger foods, along with minimizing physical exercise after
ingesting such foods."’ Patients must be educated about
FDEIA triggers, symptoms, and emergency action plans,
emphasizing the importance of carrying and utilizing
self-injectable epinephrine. While completely avoiding
physical activity may not be practical, individuals with
FDEIA should avoid consuming culprit allergens at least
four hours before and one hour after exercise to reduce
the risk of reactions.”’ Proper management by healthcare
providers is essential to prevent unnecessary dietary
and exercise restrictions, helping patients maintain a
balanced lifestyle.”” Patients should always carry anaphylaxis
identification cards and self-injectable epinephrine to be

prepared for emergencies."’

Specific management of FDEIA

Managing acute anaphylactic reactions in FDEIA
involves timely administration of epinephrine, with
dosages tailored to the patient’s weight and age.* In cases
with cardiovascular involvement, early intravenous fluid
administration is crucial to restore circulatory volume.
Adjunctive therapy, like antihistamines and corticosteroids,
may be used, although their efficacy is limited.”*** Inhaled
B2-agonists are indicated for predominant bronchial
obstruction,”’ while inhaled adrenaline via a nebulizer
is recommended for suspected laryngeal/pharyngeal
edema.”

Premedication with antihistamines, corticosteroids,
and leukotriene receptor antagonists before culprit
food ingestion or exercising is not recommended due
to insufficient evidence of effectiveness.”” Although
immunotherapy and anti-IgE monoclonal antibodies
may be considered for patients with IgE-mediated food
allergies, their efficacy in FDEIA remains limited and
requires further research."

CONCLUSION

FDEIA presents a complex and potentially life-
threatening challenge, characterized by IgE-mediated
reactions triggered by specific food ingestion combined
with physical exertion. Our systematic review synthesizes
current literature to highlight key aspects of FDEIA
epidemiology, pathogenesis and pathophysiology,

658 Volume 76, No.9: 2024 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



Review Article O M]

TABLE 2. Treatment modalities for FDEIA.*

Treatment modalities Description

Epinephrine

Intramuscular epinephrine as first-line management of anaphylaxis.

Dosage of 0.01 mg/kg for children (max 0.3 mg) and 0.3 mg for adults.

Administered promptly upon recognition of symptoms related to anaphylaxis.

Antihistamines

Adjunctive therapy to reduce histamine-mediated symptoms such as itching and hives.

May be administered in conjunction with epinephrine.

Corticosteroids

Administered after epinephrine and fluid replacement to prevent late-phase reactions;

however, the benefit of corticosteroids remains inconclusive.

Allergen avoidance

Avoidance of trigger foods before exercise.

Patients should be educated about potential sources of allergens and how to read food labels.

Emergency action plan

Development of personalized plans outlining steps to take in case of anaphylaxis.

Includes instructions on how to use self-injectable epinephrine and when to seek medical

attention.

diagnosis, and management. Despite its rarity, FDEIA
poses significant risks if not promptly recognized and
managed. Our data underscores the importance of
integrating clinical history assessment, specific laboratory
testing, and exercise-food challenge tests for precise
diagnosis and optimal patient care. However, the literature
reviewed exhibits limitations, including small sample
sizes, variability in diagnostic criteria, and potential biases
such as reliance on self-reported data. These limitations
highlight the necessity for more rigorous and standardized
research methodologies in future investigations. Key
areas for advancement involve enhancing diagnostic
tools, investigating biomarkers, and refining treatment
strategies to improve diagnostic accuracy and optimize
therapeutic results for individuals with FDEIA.

REFERENCES

1. Sampson HA, Munoz-Furlong A, Campbell RL, Adkinson NF,
Jr., Bock SA, Branum A, et al. Second symposium on the
definition and management of anaphylaxis: summary report-
-Second National Institute of Allergy and Infectious Disease/
Food Allergy and Anaphylaxis Network symposium. J Allergy
Clin Immunol. 2006;117:391-7.

2. Maulitz RM, Pratt DS, Schocket AL. Exercise-induced anaphylactic
reaction to shellfish. J Allergy Clin Immunol. 1979;63:433-4.

3. Feldweg AM. Food-Dependent, Exercise-Induced Anaphylaxis:
Diagnosis and Management in the Outpatient Setting. ] Allergy
Clin Immunol Pract. 2017;5:283-8.

4, Cardona V, Ansotegui IJ, Ebisawa M, El-Gamal Y, Fernandez
Rivas M, Fineman S, et al. World allergy organization anaphylaxis
guidance 2020. World Allergy Organ J. 2020;13:100472.

5. Tanaka S. An epidemiological survey on food-dependent
exercise-induced anaphylaxis in kindergartners, schoolchildren

10.

11.

12.

13.

14.

15.

and junior high school students. Asia Pac J Public Health.
1994;7:26-30.

Aihara Y, Takahashi Y, Kotoyori T, Mitsuda T, Ito R, Aihara
M, et al. Frequency of food-dependent, exercise-induced
anaphylaxis in Japanese junior-high-school students. ] Allergy
Clin Immunol. 2001;108:1035-9.

Manabe T, Oku N, Aihara Y. Food-dependent exercise-induced
anaphylaxis in Japanese elementary school children. Pediatr
Int. 2018;60:329-33.

Jeong K, Ye YM, Kim SH, Kim KW, Kim JH, Kwon JW, et al.
A multicenter anaphylaxis registry in Korea: Clinical characteristics
and acute treatment details from infants to older adults. World
Allergy Organ J. 2020;13:100449.

Wade JP, Liang MH, Sheffer AL. Exercise-induced anaphylaxis:
epidemiologic observations. Prog Clin Biol Res. 1989;297:175-
82.

Rossi CM, Lenti MV, Di Sabatino A. Adult anaphylaxis: A
state-of-the-art review. Eur ] Intern Med. 2022;100:5-12.
Kulthanan K, Ungprasert P, Jirapongsananuruk O, Rujitharanawong
C, Munprom K, Trakanwittayarak S, et al. Food-Dependent
Exercise-Induced Wheals/Angioedema, Anaphylaxis, or Both:
A Systematic Review of Phenotypes. ] Allergy Clin Immunol
Pract. 2023;11:1926-33.

Du Toit G. Food-dependent exercise-induced anaphylaxis in
childhood. Pediatr Allergy Immunol. 2007;18:455-63.
Pastorello EA, Farioli L, Stafylaraki C, Scibilia J, Mirone C,
Pravettoni V, etal. Wheat-dependent exercise-induced anaphylaxis
caused by a lipid transfer protein and not by omega-5 gliadin.
Ann Allergy Asthma Immunol. 2014;112:386-7.el.

Scherf KA, Brockow K, Biedermann T, Koehler P, Wieser H.
Wheat-dependent exercise-induced anaphylaxis. Clin Exp
Allergy. 2016;46:10-20.

ZhuYQ, Wang DQ, Liu B, Hu Y, Shen YY, Xu JH, et al. Wheat-
dependent exercise-induced anaphylaxis in Chinese people: a
clinical research on 33 cases with antigenic analysis of wheat
proteins. Clin Exp Dermatol. 2020;45:56-62.

https://he02.tci-thaijo.org/index.php/sirirajmedj/index

Volume 76, No.9: 2024 Siriraj Medical Journal 659



Charatcharoenwitthaya et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tanaka M, Nagano T, Yano H, Haruma K, Kato Y. Exercise-
independent wheat-induced anaphylaxis caused by omega-5
gliadin in mice. Int Arch Allergy Immunol. 2011;156:434-42.
Matsuo H, Morimoto K, Akaki T, Kaneko S, Kusatake K,
Kuroda T, et al. Exercise and aspirin increase levels of circulating
gliadin peptides in patients with wheat-dependent exercise-
induced anaphylaxis. Clin Exp Allergy. 2005;35:461-6.

Yano H, Kato Y, Matsuda T. Acute exercise induces gastrointestinal
leakage of allergen in lysozyme-sensitized mice. Eur J Appl
Physiol. 2002;87:358-64.

Lee J, Kim SR, Park JH, Park KH, Jeong KY, Lee JH, et al.
Evaluation of Allergenicity on a omega-5 Gliadin-Deficient
Cultivar in Wheat-Dependent Exercise-Induced Anaphylaxis.
Allergy Asthma Immunol Res. 2022;14:379-92.
Robson-Ansley P, Toit GD. Pathophysiology, diagnosis and
management of exercise-induced anaphylaxis. Curr Opin
Allergy Clin Immunol. 2010;10:312-7.

Motomura C, Matsuzaki H, Ono R, Iwata M, Okabe K, Akamine
Y, et al. Aspirin is an enhancing factor for food-dependent
exercise-induced anaphylaxis in children. Clin Exp Allergy.
2017;47:1497-500.

Barg W, Medrala W, Wolanczyk-Medrala A. Exercise-induced
anaphylaxis: an update on diagnosis and treatment. Curr
Allergy Asthma Rep. 2011;11:45-51.

Jo EJ, Yang MS, Kim YJ, Kim HS, Kim MY, Kim SH, et al.
Food-dependent exercise-induced anaphylaxis occurred only in
awarm but not in a cold environment. Asia Pac Allergy. 2012;
2:161-4.

Bito T, Kanda E, Tanaka M, Fukunaga A, Horikawa T, Nishigori
C. Cows milk-dependent exercise-induced anaphylaxis under
the condition of a premenstrual or ovulatory phase following
skin sensitization. Allergol Int. 2008;57:437-9.
Gonzalez-Quintela A, Vidal C, Gude F. Alcohol, IgE and
allergy. Addict Biol. 2004;9:195-204.

Christensen MJ, Eller E, Mortz CG, Brockow K, Bindslev-
Jensen C. Wheat-Dependent Cofactor-Augmented Anaphylaxis:
A Prospective Study of Exercise, Aspirin, and Alcohol Efficacy
as Cofactors. J Allergy Clin Immunol Pract. 2019;7:114-21.
Simons FE, Ardusso LR, Bilo MB, El-Gamal YM, Ledford DK,
Ring J, et al. World allergy organization guidelines for the
assessment and management of anaphylaxis. World Allergy
Organ J. 2011;4:13-37.

Morita E, Kunie K, Matsuo H. Food-dependent exercise-
induced anaphylaxis. ] Dermatol Sci. 2007;47:109-17.
Srisuwatchari W, Kanchanaphoomi K, Nawiboonwong J,
Thongngarm T, Sompornrattanaphan M. Food-Dependent
Exercise-Induced Anaphylaxis: A Distinct Form of Food Allergy-
An Updated Review of Diagnostic Approaches and Treatments.
Foods. 2023;12(20):3768.

Lertvipapath P, Jameekornrak Taweechue A, Wongsa C,
Thongngarm T, Uawattanasakul W, Sompornrattanaphan M.
Concomitant chronic spontaneous urticaria treatment might
hinder the diagnosis of occupational latex-induced anaphylaxis:
A casereport. Asian Pac ] Allergy Immunol. 2021. doi: 10.12932/
AP-050521-1126.

Tewari A, Du Toit G, Lack G. The difficulties of diagnosing
food-dependent exercise-induced anaphylaxis in childhood

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

-- a case study and review. Pediatr Allergy Immunol 2006;
17:157-60.

Mahakittikun V, Bunnag C, Vichyanond P, Komoltri C,
Wongkamchai S, Tunsuriyawong P, et al. A Comparative Study
of the Major Allergenic Components in House Dust Mite
Extracts between Siriraj and Commercially Prepared Extracts.
Siriraj Med J. 2003;55:283-93.

Brockow K, Kneissl D, Valentini L, Zelger O, Grosber M,
Kugler C, et al. Using a gluten oral food challenge protocol to
improve diagnosis of wheat-dependent exercise-induced
anaphylaxis. ] Allergy Clin Immunol. 2015;135:977-84.e4.
Sampson HA, Aceves S, Bock SA, James J, Jones S, Lang D,
etal. Food allergy: a practice parameter update-2014. J Allergy
Clin Immunol. 2014;134:1016-25.e43.

Asaumi T, Yanagida N, Sato S, Shukuya A, Nishino M, Ebisawa
M. Provocation tests for the diagnosis of food-dependent
exercise-induced anaphylaxis. Pediatr Allergy Immunol. 2016;
27:44-9.

Srisuwatchari W, Sompornrattanaphan M, Jirapongsananuruk
O, Visitsunthorn N, Pacharn P. Exercise-food challenge test in
patients with wheat-dependent exercise-induced anaphylaxis.
Asian Pac J Allergy Immunol. 2024;42:43-9.

Aihara M, Miyazawa M, Osuna H, Tsubaki K, Ikebe T, Aihara
Y, etal. Food-dependent exercise-induced anaphylaxis: influence
of concurrent aspirin administration on skin testing and
provocation. Br ] Dermatol. 2002;146:466-72.

Christensen M], Eller E, Mortz CG, Brockow K, Bindslev-
Jensen C. Exercise Lowers Threshold and Increases Severity, but
Wheat-Dependent, Exercise-Induced Anaphylaxis Can Be
Elicited at Rest. ] Allergy Clin Immunol Pract. 2018;6:514-20.
Thongngarm T, Wongsa C, Pacharn P, Piboonpocanun S,
Sompornrattanaphan M. Clinical Characteristics and Proposed
Wheat-Cofactor Challenge Protocol with a High Diagnostic
Yield in Adult-Onset IgE-Mediated Wheat Allergy. ] Asthma
Allergy. 2020;13:355-68.

Muraro A, Worm M, Alviani C, Cardona V, DunnGalvin A,
Garvey LH, et al. EAACI guidelines: Anaphylaxis (2021 update).
Allergy. 2022;77:357-77.

Del Giacco SR, Carlsen KH, Du Toit G. Allergy and sports in
children. Pediatr Allergy Immunol. 2012;23:11-20.

Moore LE, Kemp AM, Kemp SE. Recognition, treatment,
and prevention of anaphylaxis. Immunol Allergy Clin North
Am. 2015;35:363-74.

Nurmatov UB, Rhatigan E, Simons FE, Sheikh A. H2-antihistamines
for the treatment of anaphylaxis with and without shock: a
systematic review. Ann Allergy Asthma Immunol. 2014;112:126-
31.

Gabrielli S, Clarke A, Morris ], Eisman H, Gravel ], Enarson P,
et al. Evaluation of Prehospital Management in a Canadian
Emergency Department Anaphylaxis Cohort. J Allergy Clin
Immunol Pract. 2019;7:2232-8.e3.

Simons FE, Gu X, Johnston LM, Simons KJ. Can epinephrine
inhalations be substituted for epinephrine injection in children
at risk for systemic anaphylaxis? Pediatrics. 2000;106:1040-4.
Foong RX, Giovannini M, du Toit G. Food-dependent exercise-
induced anaphylaxis. Curr Opin Allergy Clin Immunol. 2019;
19:224-8.

660 Volume 76, No.9: 2024 Siriraj Medical Journal

https://he02.tci-thaijo.org/index.php/sirirajmedj/index



