
Abstract :

The clinical syndrome of food-dependent exercise-induced anaphylaxis (FDEIA) is characterised by the 
onset of anaphylaxis during or soon after exercise and is preceded by the ingestion of the causal food 
allergen/s. In FDEIA, both the food allergen/s and exercise are independently tolerated.

Food-dependent exercise-induced anaphylaxis (FDEIA) is an uncommon and under recognised syndrome 
that clinicians need to consider in a child presenting with exercise associated anaphylaxis.

In this review the authors discuss the diagnosis of FDEIA, the practical issues including pathophysiology and 
management. A diagnosis of FDEIA facilitates the safe independent return to exercise and reintroduction of 
foods for patients who otherwise may unnecessarily avoid exercise and/or restrict their diet. This article aims 
to increase the awareness of this condition among the practicing clinicians.
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Food-dependent exercise-induced anaphylaxis(FDEIA)
in children - a  Review

Background:

         There is a growing consensus now with respect 
1, 2

to the definition and diagnosis of anaphylaxis.  It is 
important to be aware and understand FDEIA as it is 
frequently overlooked and under recognised cause of 
anaphylaxis. Prevalence of anaphylaxis in children is 
uncertain. However estimates range between 10 and 
30/100,000 population/year. Five to fifteen per cent of 
anaphylactic episodes are caused by or associated with 

 3-12exercise.   FDEIA was first described in 1979 by 
Maulitz et al as a late allergic reaction to shellfish 

13  
induced by strenuous exercise.  A study among 
Japanese students estimated the prevalence of FDEIA 
to be 0.012% in that population, with the food triggers 
being wheat (57%) prawns (18%), cuttle fish (5%), 
crabs (3%), grapes (2%), nuts (2%), buckwheat (2%) 

14and fish (1%).   Males are twice as likely to be 
affected compared to females. Young adults and 
adolescents are more affected where as children less 
than10 years old are affected less. Any level of 
exercise can induce FDEIA, but it occurs especially 

 14, 15
with prolonged endurance exercises.

The clinical syndrome of food-dependent 
exercise-induced anaphylaxis (FDEIA) is typified by 
the onset of anaphylaxis during or soon after exercise 
which was preceded by the ingestion of the causal 

Correspondence : Dr. J Mangalore Devdas , Mangalore, 

Tel: 0091-824-2238281   jaidev.devdas@gmail.com

1

R
E

V
IE

W
 A

R
T

IC
L

E

foods. In FDEIA, both the food allergen and exercise 
 16 are independently tolerated.   The symptoms of 

FDEIA may vary in severity but fatalities are rare. 
Children with underlying symptomatic asthma who 
experience a food induced allergic reaction are at 

 17
increased risk of life threatening anaphylaxis.

Definition:

There is a growing consensus now with respect to 
 1, 2  

definition and diagnosis of anaphylaxis. (Table 1). 

Exercise induced anaphylaxis is a disorder in which 
anaphylaxis occurs in association with physical 
exertion. The clinical syndrome of food-dependent 
exercise-induced anaphylaxis (FDEIA) is  
characterised by the onset of anaphylaxis during or 
soon after exercise, which is preceded by the ingestion 
of the causal food. In FDEIA, both the food allergen 

 16and exercise are tolerated independently.
 

Triggers of FDEIA:

Food triggers-  FDEIA may be allergen specific or 
non-allergen specific (i.e. the ingestion of any food 
may be all that is required). The most common specific 
food allergen to induce FDEIA is wheat and in 

18-20 
particular, omega-5 gliadin. Many other food 
allergens have been associated with FDEIA (Table 2). 
There are specific characteristics associated with food 
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proteins which are thought to increase their potential 
allergenicity. These characteristics include the 
abundance of the protein in the food, multiple, linear 
IgE-binding epitopes, resistance of the protein to 

 21digestion and processing, and allergen structure.  One 
or more of these characteristics may be enhanced or 
up-regulated during exercise with the result that a state 
of tolerance to the food is temporarily lost. It may also 
be that in non food allergen specific instances the gut 
and physiological factors associated with digestion are 
sufficient to induce FDEIA (when combined with 
exercise). It has been suggested that the simultaneous 
intake of two foods or food and drugs (NSAID), may 

 22, 23 
be necessary to induce FDEIA.    The severity of 
FDEIA reactions to the same (or different) food 
allergens is not stereotypical and there is both inter and 
intra-individual variability with respect to the dose of 

 21allergen required to induce FDEIA.

Exercise triggers- Both high and low aerobic sports 
and physical activities have been associated with 
FDEIA (Table 3). FDEIA may occur during all phases 
of exercise including the warm-up, initiation phase, 
maintenance or cooling down phase. FDEIA may even 
occur if the food is ingested soon after the completion 

16of exercise.

Other co-triggers- Non steroidal anti-inflammatory 
drugs (NSAIDs), alcoholic beverages, premenstrual 
or ovulatory phases of the menstrual cycle in women, 
extremes of temperature and seasonal pollen exposure 

 24-26in pollen-sensitized patients.

Pathophysiology-

It remains unclear as to which exercise specific factors 
or combination of factors, up regulates immune 
responses and/or facilitates the transient loss of 
immunological tolerance. Working hypotheses with 
respect to the underlying pathophysiology include 
increased tissue enzyme activity, epitope recognition, 
altered gastrointestinal permeability and autonomic 
aberrations.

Increased tissue enzyme activity:

Current understanding of Coeliac disease has 
highlighted the importance of tissue transglutaminase 

19   
(tTG) enzyme, localized beneath the gut epithelium.  
This enzyme is able to modify specific glutaminase 
residues in wheat allergens (specifically omega-5 
gliadin), resulting in the formation of large peptide 

aggregates with more intense IgE binding and cross-
linking. Secondly during exercise there is widespread 
release of IL-6, IL-1b and TNFα by contracting 
skeletal muscle. IL-6 is thought to be a potent  tTG 
activator. As a result, exercise-induced IL-6 release 
may activate tTG to modify protein peptides and 
facilitate IgE cross-linking and mast cell histamine 

 16   release.

Epitope recognition : Epitope recognition may be 
facilitated by exercise specific factors. It has been 
established for peanut allergy, that epitope recognition 

 27   
may influence the severity of clinical reactions.

Altered gastrointestinal permeability: Gut 
permeability increases during exercise, thus allergenic 
proteins may have greater access to the host's gut-

28
associated immune system. 

Autonomic aberrations: FDEIA may be associated 
with abnormalities of the autonomic nervous system 
(increased activity of the parasympathetic & decrea-

 29sed activity of the sympathetic nervous system).

Diagnosis

For the diagnosis of FDEIA, the first step is to take a 
detailed history to determine if there are other reasons 
for the symptoms. 

This is followed by allergy testing with skin prick 
testing (SPT) or in vitro serum food-specific 
Immunoglobulin E (IgE) assays. Allergy testing (SPT 
and/or specific IgE RAST) should never be performed 
in the absence of a clinical history. FDEIA represents 
one of the few allergy scenarios where a broad panel of 
allergy tests may need to be performed, particularly if 
the clinical history does not identify a candidate 

 16, 30  allergen. Food ingredients used for seasoning, such 
 31

as garlic or parsley may also be relevant.   In FDEIA, 
SPT results are frequently unimpressive in size and 
fall below established 95% positive predictive values 
for the diagnosis of food allergy. Given that children 
with FDEIA are frequently atopic, testing panels 
should aim at including aeroallergens which may 
influence airway hyper-reactivity as asthma is an 
established risk factor for severe IgE-mediated food-

 16
induced allergic reactions.

Modified exercise dietary tests are frequently required 
for the diagnosis of FDEIA. Such tests include: 
elimination–reintroduction diets (with and without 
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ongoing exercise), open food-exercise challenges 
(OFEC) and double-blinded placebo-controlled food-
exercise challenge (DBPCFEC) with DBPCFEC 

16, 31being the gold standard for the diagnosis of FDEIA.

Currently, there are no laboratory tests available in an 
emergency department or clinic setting to confirm a 
diagnosis of anaphylaxis in real time. Assays for 
tryptase and histamine are currently available 
commercially and levels of these mediators may be 
transiently detectable following anaphylaxis which 
could help identify anaphylaxis in the presence of 
other disorders that have overlapping clinical 
presentations such as severe asthma. In addition, these 
tests may also provide evidence for anaphylaxis as a 
cause of death. Chymase, mast cell carboxypeptidase 
A3, and prostaglandin D2 (PGD2) are also being 
investigated as markers of anaphylaxis, although these 
mediators require further study as biomarkers and 
assays for them are not widely available for routine 

 32  
clinical use.  Total tryptase should be measured 
within 15 minutes to 3 hours after onset of anaphylaxis 
symptoms. Ideally, this level should be compared to 
one obtained at baseline, which could either be prior to 
the event or at least 24 hours after all signs and 

 33  symptoms have resolved.  During experimental 
insect-sting anaphylaxis, serum tryptase levels peak 
30 to 60 minutes after the onset of symptoms and then 

 33, 34decline with a half life of about two hours.  
Persistently elevated tryptase levels suggest a 
systemic disease process like mastocytosis. Histamine 
elevations are even more fleeting. Plasma histamine 
levels peak within 5 to 10 minutes after symptom 
onset, and decline with a half-life of one to two 
minutes such that levels typically return to baseline by 

 33-3615 to 30 minutes.   Therefore, samples should be 
drawn as soon as possible, preferably within 30 
minutes from the onset of symptoms. Metabolites of 
histamine are longer lasting, and may remain 
detectable in the urine for hours.

Management

         The main strategy for the prevention of FDEIA is 
separation of the known food allergen for up to 4 hours 

 16   prior to undertaking vigorous activity/exercise.  
Symptoms of FDEIA may be of rapid onset and 

therefore the return to exercise should always be 
supervised. All children with FDEIA require a 
personalized written emergency plan which clearly 
identifies the patient, their food allergy and if present, 
a diagnosis of concomitant asthma. The plan should 
detail all medical contacts and steps to be taken in 
event of anaphylaxis. The patient, caregivers and 
sports staff must be trained in the identification of 
allergy symptoms, administration of adrenaline, 
empowered to give early and appropriate emergency 

 16
treatment if required.

The majority of FDEIA reactions will however 
settle spontaneously or after the administration of an 
antihistamine. Although antihistamines are effective 
in controlling the skin symptoms associated with 
allergic reactions, they are not effective for the 
treatment of respiratory or cardiovascular symptoms. 
Children with FDEIA should have a self-injectable 
adrenaline device prescribed as part of their 
emergency treatment plan, as adrenaline delivered via 
the intramuscular route remains the drug of choice for 
moderate to severe anaphylactic FDEIA symptoms. 
All children with FDEIA and underlying asthma 
should have a salbutamol inhaler and corticosteroids 

 16   included in their emergency plan.  The natural 
history of FDEIA is not known, though many, but not 
all childhood food allergies are outgrown in a 
significant proportion of children. Children with 
FDEIA will therefore require ongoing clinical 
assessment to re-evaluate their allergic status, exercise 
tolerance, nutritional status, emergency plan and 

 12
psychological well-being.

Conclusion

Despite its low prevalence, FDEIA is an increasingly 
important differential diagnosis to consider in children 
presenting with symptoms and signs of anaphylaxis 
associated with exercise. Lack of awareness could 
potentially lead to management plan unnecessarily 
limiting the patient's diet and exercise routine, as in 
FDEIA food and exercise can be independently 
tolerated. Further research into the pathophysiology 
behind this syndrome and developments into the 
method of accurate diagnosis and treatment are 
important areas for future research.
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Table 1 :  Criteria for diagnosis of anaphylaxis.

Criterion 1 

ACUTE ONSET OF AN ILLNESS (over minutes to several hours) INVOLVING THE SKIN, MUCOSAL 
TISSUE OR BOTH (eg: generalized hives, pruritus or flushing, swollen lips, tongue, uvula).AND AT LEAST ONE 
OF THE FOLLOWING:

· Respiratory compromise (e.g., dyspnea, wheeze-bronchospasm, stridor, reduced peak expiratory flow, 
hypoxemia)

· Reduced blood pressure (BP) or associated symptoms of end-organ dysfunction (e.g., hypotonia [collapse], 
syncope, incontinence). (See 'Criterion 3' below.)

Note: Cutaneous symptoms are present in up to 90 percent of anaphylactic reactions. This criterion will therefore be 
used most frequently to make the diagnosis.

Criterion 2

TWO OR MORE OF THE FOLLOWING that occur rapidly after exposure TO A LIKELY ALLERGEN FOR 
THAT PATIENT (minutes to several hours)

· Involvement of the skin/mucosal tissue (e.g. generalized hives, itch-flush, swollen lips, tongue, uvula)

· Respiratory compromise (e.g. dyspnea, wheeze-bronchospasm, stridor, reduced peak expiratory flow, 
hypoxemia)

· Reduced BP or associated symptoms (e.g. hypotonia [collapse], syncope, incontinence)

· Persistent gastrointestinal symptoms (eg crampy abdominal pain, vomiting)

Note: 10 to 20 percent of people with anaphylaxis lack skin symptoms. This criterion incorporates symptoms in 
other organ systems and is applied to patients with exposure to a substance that is a likely allergen for them.

Criterion 3 

REDUCED BLOOD PRESSURE AFTER EXPOSURE TO A KNOWN ALLERGEN FOR THAT PATIENT 
(minutes to several hours):

· Reduced BP in adults is defined as a systolic BP of less than 90 mmHg or greater than 30 percent decrease from 
that person's baseline.

· In infants and children, reduced BP is defined as low systolic BP (age specific)* or greater than 30 percent 
decrease in systolic BP.

* Low systolic BP for children is defined as : Less than 70 mmHg from 1 month up to 1 year. Less than (70 mmHg 
+ [2 x age]) from 1 to 10 years, Less than 90 mmHg from 11 to 17 years.

Note: This criterion is intended to detect episodes of anaphylaxis that consist of isolated cardiovascular symptoms 
1,2

and is applied to individuals who have been exposed to substance to which they are known to be allergic.

Table 3. :  Forms of exercise/physical activity 
which have been associated with FDEIA.

High aerobic demand  exercises:

Walking,  jogging, running, aerobics, dancing, 

swimming (all water temperatures),  cycling, 

horse riding, racquet ball,  tennis, basketball, 

soccer, horse riding, skiing (cross country 

&downhill).

Relatively low aerobic demand exercises:

Gardening, shovelling snow, raking leaves.

Table 2 : Foods associated with FDEIA:

Grains/cereals: 
wheat (particularly the omega-5 gliadin allergen), rye, 
buckwheat, barley, oats

Seafood:
shellfish (common cause), finfish, molluscs

Seeds: mustard, sesame

Nuts:  peanut and tree nuts

Milk: cow's milk

Vegetables and fruit:
orange, celery, onion, grape, tomato

Foods contaminated with aero-allergens:
house dust mite, moulds

Meat: pork, beef, wild boar meat

Miscellaneous: wine, snails, taro, red bean, mushroom

Journal of Paediatric Pulmonology & Critical Care 4 2015;1(1):1-5



References
1) Sampson, HA, Muñoz-Furlong, A, Campbell, RL, 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.

2) Sampson, HA, Muñoz-Furlong, A, Bock SA et al.  Symposium on 
the definition and management of anaphylaxis: summary report-- J 
Allergy Clin Immunol 2005; 115:584.

3) Yocum MW, Butterfield JH, Klein JS, Volcheck GW, Schroeder 
DR, Silverstein MD. Epidemiologyof anaphylaxis in Olmsted 
County: a population-based study. J Allergy Clin Immunol 1999: 
104 (2 Pt 1): 452–6.

4) Pumphrey RS, Stanworth SJ. The clinical spectrum of anaphylaxis 
in north-west England. Clin Exp Allergy 1996: 26: 1364–70.

5) Pumphrey RS. Fatal anaphylaxis in the UK, 1992– 2001. Novartis 
Found Symp 2004: 257: 116–28.

6) Moneret-Vautrin DA, Kanny G. Food-induced anaphylaxis. A new 
French multicenter survey. Ann Gastroenterol Hepatol (Paris) 1995: 
31: 256–63.

7) Colver AF, Nevantaus H, MacDougall CF, Cant AJ. Severe food-
allergic reactions in children across the UK and Ireland, 1998–2000. 
Acta Paediatr 2005: 94: 689–95.

8) Golden DB. Patterns of anaphylaxis: acute and late phase features of 
allergic reactions. Novartis Found Symp 2004: 257: 101–10.

9) Klein JS, Yocum MW. Underreporting of anaphylaxis in a comm-
unity emergency room. J Allergy Clin Immunol 1995: 95: 637–8.

10) Matasar MJ, Neugut AI. Epidemiology of anaphylaxis in the United 
States. Curr Allergy Asthma Rep 2003: 3: 30–5.

11) Bohlke K, Davis RL, DeStefano F, Marcy SM, Braun MM, 
Thompson RS. Epidemiology of anaphylaxis among children and 
adolescents enrolled in a health maintenance organization. J Allergy 
Clin Immunol 2004: 113: 536–42.

12) Mullins RJ. Anaphylaxis: risk factors for recurrence. Clin Exp 
Allergy 2003: 33: 1033–40.

13) Maulitz RM, Pratt DS, L SA. Exercise-induced anaphylactic 
reaction to shellfish.  J Allergy Clin Immunol 1979;63:433-4.

14) Morita E, Kunie K, Matsuo H. Food-dependent exercise-induced 
anaphylaxis. J Dermatol Sci 2007;47:109-17.

15) Dutau G, Micheau P, Juchet A, Rance F, Bremont F. Exercise and 
food induced anaphylaxis. Pediatr Pulmonol 2001;Suppl 23:48-51.

16) Toit GD. Food-dependent exercise-induced anaphylaxis in 
childhood. Pediatr Allergy Immunol 2007;18;455-463.

17) Colver AF, Nevantaus H, MacDougall CF, Cant AJ. Severe food-
allergic reactions in children across the UK and Ireland, 1998–2000. 
Acta Paediatr 2005: 94:689–95.

18) Palosuo K, Varjonen E, Kekki OM, et al. Wheat omega-5 gliadin is a 
major allergen in children with immediate allergy to ingested wheat. 
J Allergy ClinImmunol 2001: 108: 634–8.

19) Palosuo K, Varjonen E, Nurkkala J, et al. Transglutaminase-
mediated cross-linking of a peptic fraction of omega-5 gliadin 
enhances IgE reactivity in wheatdependent, exercise-induced 
anaphylaxis. J Allergy Clin Immunol 2003: 111: 1386–92.

20) Romano A, Di FM, Giureda F, et al. Food-dependent exercise-
induced anaphylaxis: clinical and laboratory findings in 54 subjects. 
Int Arch Allergy Immunol 2001: 125: 264–72.

21) Bannon GA. What makes a food protein an allergen? Curr Allergy 
Asthma Rep 2004: 4: 43–6.

22) Aihara M, Miyazawa M, Osuna H, et al. Food-dependent exercise-
induced anaphylaxis: influence of concurrent aspirin administration 
on skin testing and provocation. Br J Dermatol 2002: 146: 466–72.

23) Aihara Y, Kotoyori T, Takahashi Y, Osuna H, Ohnuma S, Ikezawa Z. 
The necessity for dual food intake to provoke food-dependent 
exercise-induced anaphylaxis (FEIAn): a case report of FEIAn with 
simultaneous intake of wheat and umeboshi. J Allergy Clin 
Immunol 2001: 107: 1100–5.

24) Shadick, NA, Liang, MH, Partridge, AJ, et al. The natural history of 
exercise-induced anaphylaxis: survey results from a 10 year follow 
up study. J Allergy Clin Immunol 1999; 104:123.

25) Bito, T, Kanda, E, Tanaka, M, et al. Cows milk-dependent exercise-
induced anaphylaxis under the condition of a premenstrual or 
ovulatory phase following skin sensitization. Allergol Int 2008; 
57:437.

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

27) Shreer WG,Lencer DA, Bardina L, Sampson HA. IgE and IgG4 
epitope mapping by microarray immunoassay reveals the diversity 
of immune response to the peanut allergen, Ara h 2. J Allergy Clin 
Immunol 2005: 116: 893–9.

28) Hanakawa,Y, Tohyama,M, Shirakata,Y, Murakami,S, Hashimoto, 
K. Food-dependent exercise-induced anaphylaxis: a case related to 
the amount of food allergen ingested. Br J Dermatol 1998: 138: 
898–900.

29) Fukutomi O, Kondo N, Agata H, Shinoda S, Shinbara M, Orii T. 
Abnormal responses of the autonomic nervous system in food-
dependent exercise induced anaphylaxis. Ann Allergy 1992: 68: 
438–45.

30) Guinnepain MT, Eloit C, Raard M, Brunet-Moret MJ, Rassemont R, 
Laurent J. Exercise-induced anaphylaxis: useful screening of food 
sensitization. Ann Allergy Asthma Immunol 1996: 77: 491–6.

31) Romano A, Di FM, Giureda F, et al. Diagnostic work-up for food-
dependent, exercise-induced anaphylaxis. Allergy 1995: 50: 
817–24.

31) Kurowski K, Boxer RW. Food allergies: detection and management. 
Am Fam Physician 2008;77:1678-86. 

32) Vadas, P, Gold, M, Perelman, B, et al. Platelet-activating factor, PAF 
acetylhydrolase and severe anaphylaxis. N Engl J Med 2008; 
358:28.

33) Schwartz, LB, Yunginger, JW, Miller, J, et al. Time course of 
appearance and disappearance of human mast cell tryptase in the 
circulation after anaphylaxis. J Clin Invest 1989; 83:1551.

34) Van der Linden, PW, Hack CE, Poortman, J, et al. Insect-sting 
challenge in 138 patients: relation between clinical severity of 
anaphylaxis and mast cell activation. J Allergy Clin Immunol 1992; 
90:110 

35) Smith, PL, Kagey-Sobotka, A, Bleecker, ER, et al. Physiologic 
manifestations of human anaphylaxis. J Clin Invest 1989; 83:1551.

36) Halmerbauer, G, Hauk, P, Forster, J, et al. In vivo histamine release 
during the first minutes after deliberate sting challenges correlates 
with the severity of allergic symptoms. Pediatr Allergy Immunol 
1999; 10:53.

Journal of Paediatric Pulmonology & Critical Care 5 2015;1(1):1-5


	June 2015 (1) 7
	June 2015 (1) 8
	June 2015 (1) 9
	June 2015 (1) 10
	June 2015 (1) 11

