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Purpose of review

To assess the studies that focus on the study of food-dependent exercise-induced anaphylaxis (FDEIA) and
food-dependent NSAID-induced anaphylaxis (FDNIA).

Recent findings

Cofactors, as exercise and nonsteroidal anti-inflammatory drugs (NSAIDs), are relevant in up to 30% of
episodes of anaphylaxis. Gliadin and lipid transfer proteins are the main allergens involved. The attempts
to reproduce FDEIA and FDNIA in a controlled setting have an important failure rate. The cyclooxigenase
(COX) pathway could play an important role in the underlying mechanisms: NSAIDs and exercise increase
the permeability of the intestinal barrier. This effect is stronger with NSAID that inhibit both isoforms than
with preferential COX-2 inhibitor. Basophils obtained from FDNIA patients, showed an increase of its
activation with the food allergen with lysine–aspirin compared with the food allergen alone. This
potentiating effect was not observed when basophils were stimulated with the food allergen with selective
COX-2 inhibitor. Other mechanisms including transient receptor potential superamily, reactive oxygen
species, altered B-cell pathway and increased neutrophil activation markers have been speculated.

Summary

The frequent implication of cofactors, as exercise and NSAID, in food-induced anaphylaxis highlights the
importance of recognizing and including them into diagnostic workup. The understanding of the underlying
mechanisms would help in the development of diagnostic and therapeutic strategies.
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INTRODUCTION

Anaphylaxis is an acute, life-threatening, multisys-
tem syndrome resulting from the sudden release of
mediators derived from mast cells and basophils [1].
The frequency of hospital admissions for anaphy-
laxis, including food-induced anaphylaxis, is
increasing, although its mortality rate remains sta-
ble [2]. Food allergens are consistently the main
triggers for anaphylaxis in children and teens [3].
In adults, there is a great variability depending on
the series and the geographical area, with series
reporting drugs, insects [4,5] but also food [6,7] as
main elicitors. The number of food allergy reactions
that resulted in anaphylaxis is highly variable and
depending on the study ranges from 0.4% to almost
40% [8,9]. Differences in age, food and geographic
area found in those studies may account for the
important variability. In adults, a recent study
shows that food allergy typically begins in the
© 2018 Wolters Kluwer 
second and third decade and almost 50% of these
patients report anaphylaxis. Interestingly, an older
age at time of diagnosis was associated with higher
risk for severe reactions [10].

Cofactors are defined by the European Academy
of Allergy and Clinical Immunology (EAACI) guide-
lines as ‘patient-related or external circumstances
that are associated with more severe allergic
reactions’ and include exercise, alcohol and
Health, Inc. All rights reserved.
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KEY POINTS

� Food-dependent exercise-induced anaphylaxis (FDEIA)
has been considered a subtype of exercise-induced
anaphylaxis (EIA) where both allergic sensitization to
food and exercise are necessary factors.

� Two phenotypes of FDEIAn could be identified; an on/
off phenomenon where the exercise may act as a
switcher and another one where exercise worsen
preexisting symptoms.

� The spectrum of foods involved in FDEIA and FDNIA is
wide (wheat, nuts, seeds, vegetables, shellfish, . . .).
Gliadin and LTP are the main food allergens involved.

� Some of the patients with clinical history of anaphylaxis
compatible with NSAID hypersensitivity and negative
test with the culprit drug, could be patients with food
allergy associated to a NSAID hypersensitivity acting
as a cofactor.

� There is no validated protocol for FDEIA and FDNIA
diagnosis. Preventive treatments are not available. The
underlying mechanisms still are unclear. Thus, further
studies focused in FDEIA and FDNIA are needed.

NSAIDs and exercise as cofactors in food allergy Bartra et al.
nonsteroidal anti-inflammatory drugs (NSAIDs)
among others [11]. Cofactors, also known as aug-
menting factors, could explain why patients some-
times could tolerate some foods and some others
not, and why the same food could induce allergic
reactions of different severity at different moments.
Although the exact underlying mechanisms is
poorly understood, in the presence of these cofac-
tors, allergic reactions may be amplified or triggered
at lower doses of allergen (from two to six times
depending on the series) [9,12–14]. Cofactors are
relevant in up to 30% of episodes of anaphylaxis [12]
and some of them, as alcohol or exercise, have been
suggested as a risks factors for fatal anaphylaxis
[2,15]. Most of the evidence related to cofactors
arises from studies in adult patients and it has not
yet been optimally studied in pediatric population.
The frequent implication of cofactors in food-
induced anaphylaxis highlights the importance of
recognizing and including them into diagnostic
workup. Furthermore, the better understanding
of the underlying mechanisms would help in
the development of therapeutic and prophylactic
strategies.
EXERCISE AND FOOD-INDUCED
ANAPHYLAXIS

Exercise-induced anaphylaxis (EIAn) is a rare syn-
drome including two different anaphylaxis pheno-
types in which exercise or physical activity are
 Copyright © 2018 Wolters Kluwe
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common triggers. Food-dependent exercise-induced
anaphylaxis (FDEIAn) has been considered a sub-
type of EIAn where both allergic sensitizations to
food and exercise are necessary factors [16]. Con-
versely, pure EIAn patients are not sensitized to
food. The exact underlying mechanisms in all of
EIAn phenotypes are still unknown. Interestingly,
all suggested hypothesis have been proposed for
FDEIAn, where the exercise somehow modulates
the IgE-mediated response induced by the food.
For this reason, this review will focus in FDEIAn.

No hypothesis for pure EIAn has been proposed.
Exercise-induced asthma is a similar phenomenon
where bronchospasm is triggered by exercise and
(supposedly) no allergens are required. Similarly, the
underlying mechanisms are not clear but some
hypotheses suggest that the airway rewarming asso-
ciated to exercise may stimulate mast cells. There-
fore, the mediators released from mast cells through
thermal stimuli would be responsible for bronchial
obstruction [17,18]. In the same way, as a hypothe-
sis, exercise would increase the temperature in most
other tissues inducing a massive release of mediators
from mast cells in multiple organs, triggering a
systemic reaction, in our case, an EIAn.

FDEIAn have been described mostly in adoles-
cents and young adults, but also in preadolescent
children and older adults. The female-to-male ratio
observed in most studies is 1 : 1, although a great
heterogeneity can be found. Interestingly, a Japa-
nese study showed an important change of this
ratio, from 2 : 11 to 1 : 1, in two different studies
performed 14 years apart in similar populations of
high school students [19].

There is almost no data regarding its prevalence
and incidence because it has been reported as an
individual cases or short series. One of the few
attempts to stablish FDEIAn prevalence is a Japanese
study performed in high school students in 2012.
After evaluating 76 534 students (39 767 boys) they
found a prevalence of 0.018%, with no differences
between boys and girls. The major causative food
were crustaceans and wheat [19]. Previously, the
same authors performed a study in the same popu-
lation and did not observe changes in FDEIAn prev-
alence or culprit foods [20]. A similar work, this time
in 170 146 elementary school children, found sig-
nificantly lower prevalence (0.0047%), although the
food triggers were similar (wheat, crustaceans and
soy) [21].

Wheat, particularly v5-gliadin, is the best char-
acterized food allergen involved in FDEIAn in Japan
and European countries [22,23]. However, several
foods have been also related, as seafood, seeds, nuts,
vegetables, milk, eggs and meat in a-gal allergic
patients [24–28]. In the Mediterranean area, where
r Health, Inc. All rights reserved.
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lipid transfer protein (LTP) sensitization is a com-
mon cause of food allergy, several plant-derived
foods (legumes, nuts, vegetables, fruits) have been
related to FDEIAn, including wheat because of Tri a
14 sensitization [29–31]. Interestingly, aeroaller-
gens have been also described as FDEIAn triggers;
dust mites contaminating flour have been suggested
as a elicitor of anaphylaxis in dust mite allergic
patients [32].

FDEIAn generally occurs following submaximal
exercise of a relatively short duration, although a
huge variety of physical activities have been related,
as brisk walking or yard work. Jogging has been
identified as the most frequent exercise related to
those reactions, although almost no studies with
long series of patients have been published since
Shadick et al. [33]. These authors conducted a cross-
sectional analysis of 279 individuals with EIAn for
more than a decade using a validated questionnaire.
They found that 218 (78%) patients referred symp-
toms associated to jogging, 42% to walking and
around 25% when playing tennis, dancing o bicy-
cling. Recently, the analysis of the European Ana-
phylaxis Registry has shown that vigorous exercise
reported by the patients seems to be linked to a
higher risk of developing severe anaphylaxis, inde-
pendent from the trigger food. Actually, the registry
identified exercise as a significant factor increasing
the risk for severe drug-induced anaphylaxis too.
When the analysis was restricted to food anaphy-
laxis, the intensity of the exercise correlated with
the risk of developing more severe reactions [34].
Interestingly, although the number of persons
exercising has increased, and fitness is more fast-
paced and intense than ever (spinning, zumba, . . .),
it does not have apparently changed the prevalence
of FDEIAn.

In most cases of FDEIAn, symptoms occur when
the food is ingested within minutes to 2 hours before
exercise, although it has been reported reactions
with food ingested up to 6 h before exercise. A study
with 54 patients performed in Italy by Romano et al.
[35], found that the time elapsed between meal and
exercise ranged from 30 to 120 min, and the dura-
tion of exercise before the onset of symptoms ranged
from 10 to 50 min. Shadick et al. [33] showed that
90% of patients develop symptoms within 30 min
after initiating exercise. Only a few reports suggest
that patients can develop an anaphylaxis when
consuming the culprit food shortly after exercising
[36]. However, considering that these patients
develop severe reactions, the routine recommenda-
tions of food avoidance must be extended also
after exercise.

It is well defined that FDEIAn patients develop
anaphylaxis symptoms when exercising after/before
 Copyright © 2018 Wolters Kluwer 

312 www.co-allergy.com
consuming the culprit allergen but have no symp-
toms when consuming the food without concomi-
tant exercise. Actually, it has been proposed that
patients with mild symptoms in absence of exercise
that develop anaphylaxis when exercising must be
diagnosed of food allergy exacerbated by exercise
[37]. However, in several studies with supposedly
FDEIAn patients, some of those had mild symptoms
such a mild urticaria or oral allergic syndrome with
the culprit food [35,38]. As suggested previously by
other authors, it is possible that FDEIAn is actually a
subtype of food allergy. In that way, two phenotypes
of FDEIAn could be identified; an on/off phenome-
non where the exercise may act as a switcher and
another one where exercise worsen preexisting
symptoms.

There is no validated protocol for exercise chal-
lenge, with or without food, to evaluate FDEIAn.
Therefore, diagnosis is mainly clinical, based on
compatible symptoms and allergy tests [23,39].
The attempts to reproduce FDEIAn in a controlled
setting have an important failure rate, variable
depending on the study from 96 to 34%
[13,35,40], and frequently a great amount of aller-
gen and the combination of several cofactors as
NSAIDs are needed [13,14]. Several variables may
account for the limited reproducibility of challenge
tests in FDEIAn. The characteristics of the exercise
such as intensity or duration that are necessary to
induce an allergic reaction in each individual are not
clear. Indeed, it is also unknown whether the dose of
allergen required may vary at different times for the
same individual or the cumulative dose is also an
important factor [13,14].

The underlying mechanisms in FDEIAn are still
unclear and several hypotheses have been proposed.
In this regard, the EAACI published in 2015 a posi-
tion statement [16] where four different hypotheses
are reviewed; exercise increases gastrointestinal per-
meability, increases activity of tissue transglutamin-
ase in the gut mucosa, induces blood flow
redistribution, and finally, exercise increases hista-
mine release from basophils because of an increase
of plasma osmolarity.

Summarizing the analysis published by the
EAACI, there is not sufficient evidence in the con-
text of the current studies supporting that the exer-
cise per se is sufficient to induce alterations in
gastrointestinal permeability and enhance the
absorption of food allergens [16]. However, the
combination of exercise and other substances with
capability to damage the gut mucosa may increase
the risk of allergic reaction [41,42].

It has been proposed that tissue transglutamin-
ase may create large complexes together with w5-
gliadin in response to exercise because of IL-6
Health, Inc. All rights reserved.
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production. However, there is no direct evidence of
tissue transglutaminase activation in response to
exercise and the presence of complex allergen-trans-
glutaminase in patients with FDEIAn [43]. In the
same way, the increase of IL-6 production during
exercise is, at most, moderate. Robson-Asley et al.
demonstrated that after 90 min of running, only a
three-fold increase was observed [39]. Considering
that FDEIAn is usually related with submaximal
exercise of short duration, the increase of IL-6 in
those patients may not be relevant.

Blood flow redistribution induced by exercise
has been related with oxidative cell damage [44] and
the transport of allergens away from the gut mucosa
to other tissues as skin to skeletal muscles [39,45].
Mast cells in the gut mucosa would be tolerant to
those particular allergens, explaining the absence of
symptoms without exercise. However, allergens
would redistribute through the blood flow after
exercising, allowing the stimulation of phenotypi-
cally different mast cells (not tolerant) in tissues
away from the gut mucosa, and therefore inducing
the allergic reaction. Although an interesting
hypothesis and biologically plausible, there is no
experimental evidence.

Basophil and mast cell activation because of an
increase of plasma osmolarity has been demon-
strated only in a few in-vitro studies [36,46,47].
However, the osmolarity achieved in vitro would
be pathological in vivo, so the conclusions extrapo-
lated from these studies are limited. Indeed, most
studies are based in cell lines [47] or single cell
models [36], limiting the extrapolation of the results
to complex organisms as humans where the allergic
reactions are the result of multiple cell interaction.
Interestingly, although the unrealistic osmolarity
and the limited extrapolation, in one study, the
authors showed that the increase in basophil activa-
tion was only observed in FDEIAn patients and not
in healthy individuals, suggesting that basophil
from FDEIAn patients may be more sensitive to
osmolarity changes [48].

The transient receptor potential (TRP) super-
family acts as polymodal sensors and ion channels.
They regulate several cellular processes and are
critical in several metabolic activities. There is an
increasing amount of evidence suggesting that
many of the inflammatory mediators released in
allergic reaction involve two of this channels, par-
ticularly TRPV1 and TRPA1 [49]; and it may also be
true in EIAn. Several products released during exer-
cise as bradykinin o hydroxyl radicals, and also heat
or acidic status can activate those channels. Again,
although an interesting hypothesis and is biologi-
cally plausible, there is no experimental evidence
so far.
 Copyright © 2018 Wolters Kluwe
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NONSTEROIDAL ANTI-INFLAMMATORY
DRUGS AND FOOD-INDUCED
ANAPHYLAXIS
NSAIDs are involved in up to 25% of food-induced
anaphylaxis, representing a risk factor with an odds
ratio higher than 11 [50]. NSAIDs have also been
demonstrated to exacerbate food allergy in patients
diagnosed with FDEIA [51], although NSAIDs were
not originally involved in the reactions. In this way,
it has been suggested that the term ‘augmentation
factor-triggered food allergy,’ might be more appro-
priate [14]. However, in the food-dependent NSAID-
induced anaphylaxis (FDNIA), NSAID is the only
cofactor required to enhance the allergic reaction
[30,52–54]. The number of foods involved in FDEIA,
when NSAID is involved as well, and FDNIA is wide
(wheat, nuts, seeds, shellfish) [30,51–58].

NSAIDs are considered the most commonly
implicated drugs in hypersensitivity reactions in
susceptible individuals [59,60]. It is well known that
atopy is a risk factor for hypersensitivity reactions to
NSAIDs [61–64]. One subgroup with typical symp-
toms includes patients in the first and second
decade of life with respiratory allergy who are sensi-
tized to house dust mites and develop periorbital
angioedema after administration of NSAIDs [63].
Moreover, some of these patients can develop ana-
phylaxis after ingestion of wheat flour contami-
nated with mites [32,65].

Diagnosis of hypersensitivity reactions to
NSAIDs is based on carefully obtained information
of patient history on symptom description, timing
of reaction and previous episodes potentially related
to NSAIDs. According to the results of Blanca-Lopez
et al. study [66], the value of the clinical history in
the diagnosis of urticaria/angioedema induced by
NSAIDs with cross-intolerance should be taken into
account as a valid diagnostic tool. In some cases,
clinical history is not enough to identify the culprit
drug or the underlying mechanisms and drug prov-
ocation test with the suspected drug remains the
gold standard to confirm the diagnosis of NSAID
hypersensitivity in patients with equivocal clinical
history [59,60]. However, provocation tests are not
recommended in case of severe anaphylaxis. Inter-
estingly, according to the result of some studies,
only 20–30% of patients with a previous history
suggesting a NSAID-induced hypersensitivity reac-
tion are finally classified according to the ENDA
work-up approach, in the remaining 70–80%, the
involvement of NSAIDS in the clinical reaction is
ruled out [67–72]. It could be possible that the
clinical history did not collect factors other than
NSAIDs that contribute to the reaction. This may
well be the case in patients with food-dependent
NSAID-induced anaphylaxis. In these patients, tests
r Health, Inc. All rights reserved.
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performed only with NSAIDs in the hospital setting
do not reliably reproduce the events occurring in
real life, where food allergens play a complementary
role to the NSAID-induced hypersensitivity reac-
tion. It could be hypothesized that some of the
patients with clinical history of NSAID hypersensi-
tivity and negative test with the culprit drug, are
patients with food allergy associated to a NSAID
hypersensitivity acting as a cofactor. In this way,
and according to the results of Asero study [58],
Romano speculated that taking into account the
differential diagnosis of FDNIA in patients with
suspected diagnosis of NSAID hypersensitivity reac-
tions, it would be possible to reduce the number of
individuals falsely labelled as sensitive to NSAIDs
[73] in areas with a predominant LTP allergy. How-
ever, there are no methodologically well designed
studies that address this issue.

Few studies have demonstrated the synergistic
effect of NSAIDs and food allergen in FDNIA. Two
main hypotheses have been postulated. One theory
suggests that NSAIDs increase the permeability of the
intestinal barrier causing a major absorption of the
allergen [56]. This effect is stronger with NSAID that
inhibit both isoforms of Cyclooxigenase (COX) than
with preferential COX-2 inhibitor, such as meloxi-
cam [74]. Another theory suggests that NSAIDs have a
direct effect on the effector cells (mast cells and
basophils) increasing theirdegranulationand/or acti-
vation [75,76,77

&

]. The mechanism underlying food
allergy induced by NSAID is under focus of research.
The study performed by Pascal et al. [77

&

] suggested
that it might be related to an alteration of the COX
pathway. Basophils were obtained from peach LTP
allergic patients, and its activation with Pru p 3
(peach allergen) was enhanced after the addition of
Lysine acetylsalicylate (L-ASA). This synergic effect
was not observedwhen thebasophils were stimulated
with Pru p 3 and valdecoxib. In this same way,
previous reports did not show potentiation effect
of preferential COX2- inhibitors such as nimesulide
and etodolac [52,75] in FDNIA patients. The probable
relevanceofCOXinthis synergic effect is also showed
by the study of Wojnar et al. [78] who demonstrated
that the enhancement of the IgE response was a
NSAID class effect. Additionally, it has been demon-
strated a correlation between both the dose of ASA
and the degree of COX inhibition, and the enhance-
ment of the reaction [78–80]. Over and above that,
prostaglandin E is a known bioactive lipid produced
from arachidonic acid by COX [81] and has shown a
protective effect as a preventive treatment in the
development of anaphylaxis in food allergy
enhanced by NSAID [82].

Other mechanisms apart from COX pathway
could also be involved in FDNIA. Supporting this
 Copyright © 2018 Wolters Kluwer 

314 www.co-allergy.com
idea, a recent study [83
&&

] has demonstrated differ-
ences in the transcriptome of patients with FDNIA
compared with patients who develop anaphylaxis
without the intake of NSAID, suggesting that
these two different phenotypes of food allergy differ
in the underlying pathological mechanisms. Those
included altered B-cell pathways, increased neutro-
phil activation markers and increased reactive oxy-
gen species levels. These relevant results should be
deeply addressed in further studies.
CONCLUSION

Considering that new food allergens may still to be
discovered, diagnostic tools in food allergy are lim-
ited even for known allergens and pure EIAn diag-
nosis is made after ruling out food allergic
sensitization. Pure EIAn patients may be sensitized
to a new allergen or to a known allergen that cannot
be detected using the current techniques. Therefore,
in all EIA phenotypes, we suggest that exercise is
acting as a cofactor. Some of the patients with
clinical history compatible with NSAID hypersensi-
tivity and negative test with the culprit drug, could
be patients with food allergy associated to a NSAID
hypersensitivity acting as a cofactor. More research
is needed in order to understand the underlying
mechanism of FDEIA and FDNIA with the goal to
develop diagnostic tools and effective treatments.
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36. Wolańczyk-medrala A, Barg W, Radlińska A, et al. Causative factors might be
reversed. Ann Agric Environ Med 2010; 2:315–317.

37. Feldweg AM, Kelso JM, TePas E. Exercise-induced anaphylaxis:clinical man-
ifestations, epidemiology, pathogenesis and diagnosis. In: Post TW, editor.
UpToDate. Waltham, MA: UpToDate Inc; 2017. Available at: http//www.up-
todate.com (Accessed May 2018).

38. Chen JYF, Quirt J, Lee KJ. Proposed new mechanism for food and exercise
induced anaphylaxis based on case studies. Allergy Asthma Clin Immunol
2013; 9:11.

39. Robson-Ansley P, Toit GD. Pathophysiology, diagnosis and management of
exercise-induced anaphylaxis. Curr Opin Allergy Clin Immunol 2010;
10:312–317.

40. Fukunga A, Shimizu H, Tanaka M. Limited influence of aspirin intake on mast
cell activation in patients with food-dependent exercise-induced anaphylaxis:
comparison using skin prick and histamine release tests. Acta Derm Venereol
2012; 92:480–483.

41. Baskin WN, Ivey KJ, Krause WJ, et al. Aspirin-induced ultrastructural changes
in human gastric mucosa: correlation with potential difference. Ann Intern Med
1976; 85:299–303.

42. Oshima T, Miwa H, Joh T. Aspirin induces gastric epithelial barrier dysfunction
by activating p38 MAPK via claudin-7. Am J Physiol Cell Physiol 2008;
295:C800–C806.

43. Palosuo K, Varjonen E, Nurkkala J, et al. Transglutaminase-mediated cross-
linking of a peptic fraction of (-5 gliadin enhances IgE reactivity in wheat-
dependent, exercise-induced anaphylaxis. J Allergy Clin Immunol 2003;
111:1386–1392.

44. Zuhl M, Schneider S, Lanphere K, et al. Exercise regulation of intestinal tight
junction proteins. Br J Sports Med 2014; 48:980–986.

45. Cheng C-X, Li Y-N, Ohno H, et al. Mast cells appearing in long-term skeletal
muscle cell cultures of rat. Anat Rec (Hoboken) 2007; 290:1424–1430.

46. Wolanczyk-Medrala A, Barg W, Medrala W. CD164 as a basophil activation
marker. Curr Pharm Des 2011; 17:3786–3796.

47. Torres-Atencio I, Ainsua-Enrich E, de Mora F, et al. Prostaglandin E2 prevents
hyperosmolar-induced human mast cell activation through prostanoid recep-
tors EP2 and EP4. PLoS One 2014; 9:e110870.

48. Wolanczyk-Medrala A, Barg W, Gogolewski G, et al. Influence of hyperos-
motic conditions on basophil CD203c upregulation in patients with food-
dependent exercise-induced anaphylaxis. Ann Agric Environ Med 2009;
16:301–304.

49. Smith PK, Nilius B. Transient receptor potentials (TRPs) and anaphylaxis. Curr
Allergy Asthma Rep 2013; 13:93–100.

50. Moneret-Vautrin D-A, Latarche C. Drugs as risk factors of food anaphylaxis in
adults: a case-control study. Bull Acad Natl Med 2009; 193:351–363.

51. Harada S, Horikawa T, Ashida M, et al. Aspirin enhances the induction of type I
allergic symptoms when combined with food and exercise in patients with
food-dependent exercise-induced anaphylaxis. Br J Dermatol 2001;
145:336–339.

52. Matsukura S, Aihara M, Sugawara M, et al. Two cases of wheat-dependent
anaphylaxis induced by aspirin administration but not by exercise. Clin Exp
Dermatol 2010; 35:233–237.

53. Cardona V, Luengo O, Garriga T, et al. Co-factor-enhanced food allergy.
Allergy 2012; 67:1316–1318.

54. Paul E, Gall HM, Muller IMR. Dramatic augmentation of a food allergy by
acetylsalicylic acid. J Allergy Clin Immunol 2000; 105:844.

55. Vidal C, Bartolom_e B, Gonz_alez-Quintela A, et al. Prawns, barnacles, and
nonsteroidalanti-inflammatory drugs: effect modifiers or interaction? J Investig
Allergol Clin Immunol 2007; 17:113–118.

56. Matsuo H, Morimoto K, Akaki T, et al. Exercise and aspirin increase levels of
circulating gliadin peptides in patients with wheat-dependent exercise-in-
duced anaphylaxis. Clin Exp Allergy 2005; 35:461–466.

57. Shirai T, Matsui T, Uto T, Chida KNH. Nonsteroidal anti-inflammatory drug
enhance allergic reactions in a patient with wheat-induced anaphylaxis.
Allergy 2003; 58:1071.

58. Asero R. Hypersensitivity to lipid transfer protein is frequently associated with
chronic urticaria. Eur Ann Allergy Clin Immunol 2011; 43:19–21.

59. Kowalski ML, Makowska JS, Blanca M, et al. Hypersensitivity to nonsteroidal
anti-inflammatory drugs (NSAIDs) classification, diagnosis and management:
review of the EAACI/ENDA and GA2LEN/HANNA. Allergy 2011;
66:818–829.

60. Kowalski ML, Asero R, Bavbek S, et al. Classification and practical appoach to
the diagnosis and mangement of hypersensitivity to nonsteroidal anti-inflam-
matory drugs. Allergy 2013; 68:1219–1232.

61. Doña I, Blanca-Lopez N, Cornejo-Garcı́a JA, et al. Characteristics of subjects
experiencing hypersensitivity to nonsteroidal anti-inflammatory drugs: pat-
terns of response. Clin Exp Allergy 2011; 41:86–95.
r Health, Inc. All rights reserved.

rved. www.co-allergy.com 315

http//www.uptodate.com
http//www.uptodate.com


Drug allergy
62. Sanchez-Borges M, Capriles-Hulett A. Atopy is a risk factor for nonsteroidal
anti-inflammatory drug sensitivity. Ann Allergy Asthma Immunol 2000;
84:101–106.

63. Quiralte J, Blanco C, Castillo R, et al. Intolerance to nonsteroidal anti-
inflammatory drugs: results of controlled drug challenges in 98 patients. J
Allergy Clin Immunol 1996; 98:678–685.
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