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Fourteen patients with suspected food-dependent, exercise-induced
anaphylaxis (EIAn) were subjected to prick tests with commercial food

extracts and common airborne allergens, prick + prick tests with lresh foods,

determination of total IgE levels, and specif ic IgE for 31 foods (CAP

System FEIA RAST). All were positive for two or more foods; 10 p-r-eìènted

hypersensit ivi ty to 11 or more foods. On the basis of these f indings,
history data, and responses to food-exercise chal lenges (treadmil l  stress

tests 90 min after meals containing none of the suspected foods and none

associated with skin-test and/or RAST posit ivi ty) and suspected
food-exercise chal lenges (SFECs - administered after meals containing the

suspected food), three patients were diagnosed as having specific
food-dependent EIAn (for wheat in two cases, tomato in one). In nine
others, the presence of specif ic IgE for numerous foods ( including those
suspected on the basis of histories and uti l ized in the SFECs) suggests

involvement of specific food hypersensitivity, although SFEC confirmation
could not be obtained. Avoidance of al l  foods associated with test
positivity 4 h before exercise has prevented all further EIAn episodes in

thesc l2 patients. In two others, the reactions did not appear to be related

to IgE directed against specific food allergens, and these subjects have

eliminated further reactions by avoiding all meals for the 4 h preceding

exercise. These f indings emphasize the importance of al lergologic test ing
with a wide panel of food allergens (including foods used for seasoning, such

as garl ic or parsley) in al l  patients with suspected food-dependent EIAn.

Prick + prick tests with lresh foods and the CAP System RAST disclosed
numerous hvoersen sit ivi t ies.
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ports of skin-test and/or RAST positivity for the
foods reportedly consumed prior to the EIAn, such
as shellfish (4, 9, 16, 17), wheat products (2, 4, 10,
13), vegetables (1I,21,25), fruits (1, 3, 4, l5), and,
in one case only, hen's egg (9). However, ingestion
of the implicated food without subsequent physical
exertion is not sufficient to provoke the systemic
al lergic reaction. In 1983, Kidd et al.  (11) used the
term "nonspecific food-dependent E,IAn" (NSFDE-
IAn) to describe a patient who suffered anaphylactic
reactions whenever he engaged in postprandial ex-
ercise (regardless of the composition of the meal).
There was no evidence of food hypersensitivity in
this case, and the authors hypothesized that the re-
actions might have been caused by nonreaginic
mechanisms. Similar conclusions have been reached
by other authors (4,9, 18) regarding patients with
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Diagnostic work-up for food-dependetrt,
exercise-inducedaîaphylaxis

Exercise-induced anaphylaxis (EIAn) is a severe re-
active syndrome that can be provoked by any type
of physical exertion (23). The initial symptoms in-
clude flushing and pruritus, followed by generalized
urticaria and, in many cases, angioedema. If exercise
continues, symptoms may extend to the upper and
lower airways (cough, laryngeal stridor, broncho-
spasm), gastrointestinal tract (nausea, cramps, vom-
iting, diarrhea), and the cardiovascular system (hy-
potension and vascular collapse).

There have been a number of reports of patients
who developed EIAn only when exercise occurred
after eating (food-dependent EIAn - FDE,IAn). In
some cases, the episode was linked to the ingestion
of certain foods (specific food-dependent EIAn -

SFDE,IAn) prior to physical exercise. These reac-
tions appear to be IgE-mediated in light of the re-
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histories that are strongly suggestive of FDEIAn but
negative in all allergologic tests for foods consumed
prior to previous reactions.

The mechanism by which physical exertion pro-
vokes these reactions is stil l poorly understood, but
an important role seems to be played by mast cells,
and, in particular, a decrease in their threshold for
histamine release after exercise (4,24). In patients
with SFDEIAn, exercise-induced mast-cel l  release
of histamine may be increased when patients are
previously exposed to foods to which they are sen-
sitive (a). In addition, several groups have found
significant correlation between positive responses to
exercise challenges after meals with suspected foods
and postexercise plasma levels of histamine in pa-
t ients with SFDEIAn (3, 4, 10). The abi l i ty of gas-
trin to influence histamine release by tissue masto-
cytes (26) and the autonomic rìervous system
abnormalities noted in patients with FDEIAn (9) are
probably also relevant to the pathogenesis of this
syndrome.

The increasing number of reports of EIAn during
the last few years is not only a reflection of greater
physician awareness of this syndrome, but also of
the increasing emphasis placed on exercise and
sports. The unpredictable and life-threatening na-
ture of these reactive episodes may discourage ama-
teur or even professional athletes from participation
in sports. In the present study, a specific diagnostic
protocol was used in 14 patients with suspected
FDEIAn in an attempt to identify as many foods as
possible that might be expected to provoke anaphy-
lactic reactions when consumed prior to exercise.

Material and methods
Study population

The study population included all patients seen by
our staff between 1990 and 1994 with histories of
EIAn episodes occurring within 2h after a meal.
Informed consent for all procedures was obtained
lrom each patient (or the parents of those under 18
years of age). The histories of all patients were con-
sistent with the criteria for FDEIAn suggested by
Kidd et al.  (11). Each patient was careful ly ques-
tioned to identify all foods consumed during the 24 h
preceding each episode. Those that had been repeat-
edly eaten prior to exercise without provoking symp-
toms were also noted. Complete physical examina-
tions, including electrocardiogram, echocardiogram,
and pulmonary function tests, were also performed
in each case.

Skin tests

Each patient was then subjected to prick tests with
multiple commercial allergens (18 airborne and 26
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food allergens) (Dome/Hollister-Stier Bayro-
pharm Italiana, Milan, Italy) prepared 1:20 wt/vol.
Airborne antigens included grasses; mugwort; Pari-
etaría, Plantago, olive, beech, and plane-tree pollens'
Dermatophagoides pteronyssínus and D. farinae; dog
and cat dander; Alternaria tenuis; Cladosporium her-
barum; Aspergillus mixture; and Penicillium mixture.
trood allergens included meat mixture (lamb, rabbit,
beef/veal, pork, chicken), egg, cow's milk, cod,
shrimp, wheat, rye, barley, oats, corn, rice, peas,
peanuts, soybeans, beans, walnuts, almonds, to-
mato, carrot, garlic, onion, apple, celery, banana,
peach, and potato. Fresh-food prick tests using the
prick + prick technique described by Dreboîg &
Foucard (5) were also performed for the last nine
foods cited above and for kiwi, lentils, fennel, let-
tuce, parsley, and basil. All pricks were administered
with steel lancets (Allergy Pricker - DHS Prick Lan-
cet), and responses were compared to positive con-
trols piòduced by pricks with histamine 10 mg/ml,
as recommended by the Subcommittee on Skin Tests
of the European Academy of Allergology and Clini-
cal Immunology (7).

IgE assays

Total serum IgE levels (PRIST - Pharmacra, Upp-
sala, Sweden) and serum levels of specific IgE (ex-
pressed as kU/l) for each of the food allergens men-
tioned above (with the exception of the meat mixture)
were measured in all patients. The latter assays were
performed with the CAP System FEIA RAST (Phar-
macia), which has been described in detail elsewhere
(8). RASTs for the same panel of 31 allergens were
also performed on blood samples from a negative
control population, and the normal cutoff was es-
tablished by receiver-operating characteristic (ROC)
curve analysis.

Food-e xercise c hallenge s

Treadmill ergonometric stress tests with progres-
sively increasing speeds were administered to all pa-
tients 90 min after a meal containing none of the
foods associated with skin-test or RAST positivity
(food plus exercise challenge - FEC) and 90 min
after the same meal with the addition of one of the
foods suspected of causing the EIAn reaction (sus-
pected food plus exercise challenge - SFEC). In the
latter challenges, the suspected food was selected
according to the following criteria:
1) positive allergologic findings
2) absence of history data that would exclude it as

a cause of the reactions
3) frequency of consumption by the individual sub-

ject.
During both challenges, the electrocardiogram



was continuously monitored, and pulmonary venti-
lation (l/min), oxygen consumption (ml/min/kg body
weight), and carbon dioxide production (ml/min)
were measured with an open-circuit spirometer (Ox-
ycon Beta, Mijnhardt, Best, The Netherlands).
Equipment and personnel for emergency resuscita-
tion were present during all challenges, and tests
were interrupted immediately if the patient began to
experience specific symptoms (pruritus, erythema,
lacrimation, conjunctival injection, or abdominal
cramps); otherwise, tests were continued until muscle
exhaustion occurred.

Results
P atient characteristic s

Table 1 shows history data for the 14 patients (10
men, four women; 16-27 years of age; mean age:
20.5 t3.61 years) we studied. Eleven (patients 3-9,
1 l- 14) had experienced more than one episode sug-
gestive of FDEIAn. In two cases, the patient could
not recall any specific food that might have pro-
voked the reactive episode. One of these, patient
no. 10, had suffered only one true anaphylactic re-

Food-dependento exercise-induced anaphylaxis

action, after which he began to interrupt his activity
at the first appearance of prodromal symptoms (urti-
carla, angioedema), which gradually disappeared
without any treatment. No specific food could be
associated with any of these episodes or the initial
anaphylactic reaction. In 12 cases (patients I-9,12-
l4), a specific food could be suspected in at least one
of the episodes (i.e., all of the other foods eaten
during the meal had, on other occasions,, been con-
sumed prior to exercise without provoking symp-
toms). In some cases, each episode appeared to
be related to a different food. Three of the patients
had taken nonsteroidal anti-inflammatory drugs
(NSAIDs) shortly before one or more of the attacks.
The family history was positive for allergic disease
i n  s e v e n  c a s e s  ( p a t i e n t s  1 , 2 , 4 , 5 , 6 ,  1 2 ,  1 3 ) .  F o u r
patients (patients 3-6) had histories of pollen aller-
gies i (seasonal rhinitis with or without bronchial
asthma), and two of these (patients 3 and 6) reported
a higher frequency of EIAn episodes during the
spring. Three other patients (patients l, 9, 13) suf-
fered from urfrcariafangioedema syndromes unre-
lated to food intake or exercise, and a fourth (patient
7) reported cholinergic urticaria. The physical ex-

eases reported (allergy) are shown

Patient Age (years)
no. Sex Episodes Food Exercise Interval Symptoms Drugs Allergy

20lF

20lt/l
171l'A

11lt{ l

17llrtl
L t l f

17 ll\X

26lt{l

27ll\tl
251l'A

16/M

20lF

2l lt./i

Running

Soccer
Soccer

1
20

Fennel

Lettuce
Tomato

Vegetable oil

Wheat
Wheat

Peach
?
Tomato
Garlic
Beans
?
?
?

Wheat
Tomato
Garlic
Vegetable oil
I  o n r r m o c

Tomato
Wheat

Soccer

Track sports
Running
Aerobics
Aerobics
Tennis
Soccer
Tennis
Water polo
Soccer
R unning
Soccer
Running
Soccer

R unning

Soccer
Gymnastics

60 min

120 min
< 120 min

< 90 min

< 120 min
< 120 min

< 60 min

< 90 min

< 30 min

20 min
< 60 min

< 120 min

< 60 min

< 120 min

U, facial ,4,
V , S

OR, BA, U, A
Facial A, D,
OR
U, facial A,
n n

U, A,  IBP
U, A, OR,
BA, AP, IBP
U , A , D

Facia lA,  D,  E,
R P

OR, A, U,
IBP
U, A, IBP, S
U, A, D,

R P

U, A,  D,
IBP

A , D

A , D

U, A,
a0verse
reactions to
NSAIDS
past BA
SAR

SAR
and BA
SAR
ACD, SAR
and BA
Cholinergic
urtrcafla

U , A

ASA

10

1
2

21

10
11

12

13

14

ASA

lbuprofen U,A

Abbrev ia t ions: food:  ?=noneident i f ied;symptoms/a l lergy:A=angioedema;ACD=al lerg iccontactdermat i t is ;AP=abdominalpa in ;BA=bronchia lasthma;  JBP=hypotens ion;
C=cyanos i s ;  D=dyspnea ;  E=e ry thema ;  0R=ocu lo rh in i t i s ;  $=syncope ;  SAR=seasona la l l e rg i c rh in i t i s ;  U=u r t i ca r i a ;  V=vomi t i ng .
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amination and instrumental studies did not reveal
any type of cardiovascular or respiratory pathology
in any of the patients.

Allergologic test results

l,lormal cutoff'values .for RAST (CAP System). The
negative control population comprised 21 athletes
from the Italian national soccer team (aged 22-34
years; mean: 21 .19 t3.01 years) with no histories or
symptoms of EIAn or food allergies. Seventeen of
these control subjects presented specific serum IgE
levels <0.35 kU/l (negative cutoff suggested by the
manufacturer) for all of the allergens tested. The
remaining four had levels > 0.35 ku/l for one or
more food allergens: 0.78 ku/l for apple in one;
0.65 ku/l for corn in the second; 0.43 ku/l  for wheat,
0.52ktJl l  for carrot, 0.50 ku/l  for apple, and
0.44klJl l  for celery in the third; and 1.39 kU/l for
wheat, 1.60 ku/l  for rye, O.l2klJl l  for barley, and
0.40 ku/l for oats in the fourth. According to the
ROC curve analysis, the cutoff value for CAP Sys-
tem f indings was 1.5 kU/Ì.

Skín-test, PRIST, and RAST results

Skin-test positivity for pollens was observed in nine
patients, five of whom (patients 2, J, 8, 12, 14) had
never experienced hay-fever-like symptoms. All of
these latter five patients displayed hypersensitivity to
mugwort, and patient 14 was also positive for grasses.
All of the patients with histories of seasonal allergic
rhinitis (patients 3-6) were positive for grasses, and
three (patients 3-5) were positive for mugwort as
well. Patient 3 also appeared to be sensitive to PIan-
tago, and patient 4 to olive pollen. None of the pa-
tients showed positivity for any of the other airborne
allergens tested.

On the basis of skin-test positivity ( > 1 + in prick
and/or prick + prick tests) and/or specific IgE levels
> 1.5 kU/1, all 14 patients presented hypersensitiv-
ity to two or more food allergens. Four (patients 1,
9-11) were sensitive to only two or three foods; in
two of these four cases (patients 10 and 11), none of
the positive foods could be linked to any of the pre-
vious reactions on the basis of history data. The
remaining 10 patients were positive for 11 or more
foods and eight displayed sensitivity to more than
20.

The foods most frequently implicated by these
tests were soybeans ( l I l14 patients); lenti ls, rYe,
peanuts, and onion (10 patients each); wheat, rice,
peas, beans, walnuts, tomatoes, garlic, peach, let-
tuce, and parsley (nine patients each); and barley,
oats, corn, apple, celery, basil, and fennel (eight pa-
tients each). Ten were positive for one or more of the
foods commonly used as seasoning agents (onion,
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garlic, basil, parsley). Only one patient presented
hypersensitivity to shrimp (RAST positive, skin test
negative). None of the patients were positive for
cow's milk, eggs, fish, or carrots. The foods sus-
pected on the basis of history data (patients I-9,
12-14) were associated with positive findings in all
12  cases .

Table 2 shows the correlation between results ob-
tained in the prick, prick + prick, and CAP System
assays, which displayed different degrees of sensi-
tivity in revealing specific IgE against certain aller-
gens. For foods assessed with both prick and prick
+ prick tests, the latter confirmed positive results
obtained with commercial extracts in almost all cases
and generally revealed other sensitivities that were
not diagnosed with prick tests.

Total serum IgE levels in the 14 patients ranged
lrom 12 (patient 13) to 978 (patient 5) kul l  (mean:
258.51 y276.68 ku/l) .  Only six patients (patients 4,
5, 7, 8, 10, 14) presented levels > 200 kU/I.

Table 2. Correlation between results obtained with different diagnostic methods

Prick * prrck

28 + Including:
8 Celery,
6 Fennel,
5 Kiwi

10326
fl

Inc luding:
7 Peach,
6 Apple,
3 Tomato

+

8 1

1l
Including:
I Peach,
8 Apple,
5 Garlic

+

26 e lncluding:
I Bean,
6 Celery

1 8 9

PRICK

53

n A D

Prick

26

,1

il
Tomato

14 c lnc luding:
5 Gar l ic ,
3 Banana

85

Prick * prick



Food-exercíse challenges (FECs)

FECs (with none of the suspected foods) were ad-
ministered to each of the 14 patients. None experi-
enced cardiac arrhythmias or hemodynamic prob-
lems during or after the FEC. The only adverse
reaction to this challenge occurred in the patient
with a history of cholinergic urticaria, who devel-
oped classical papules (< 10 mm) during the stress
test.

Patients 2, 4, J, and 8 were positive for wheat in
the allergologic tests, but all four reported that they
had,, on numerous occasions, engaged in physical
activity shortly after meals containing bread and/or
pasta without suffering any symptoms. Because
these foods represented important components of
these patients' diets, FECs were repeated with meals
that included bread and/or pasta, and the results
were negative.

Suspected food-e xercise challenge s

As shown in Table 3, eight of the 14 patients agreed
to submit to the SFEC; all had experienced more
than one anaphylactic episode. The suspected food
added to the FEC meal was, of all those associated
with positivity in the allergologic tests, the one most
heavily implicated on the basis of the patient's his-
tory or the one most commonly included in the pa-
tient's normal diet. Two separate SFECs were ad-
ministered to patient 8; the first with tomato, the
second with garlic (both associated with test posi-
tivity and suspected on the basis of the patient's
history). Neither of the challenges provoked symp-
toms.

Table 3 Results of suspected food-exercise challenges in eight patients with FDEIAn

Food-dependent, exercise-induced anaphylaxis

Three of these eight patients responded positively
to the SFEC. All reactions were promptly controlled
with epinephrine, 6-methylprednisolone, and chlor-
phenamine maleate. The culprit foods identified in
this manner were wheat (bread and pasta) in pa-
tients 5 and 6 and tomato in patient 3. The appear-
ance of small papules in the patient with cholinergic
urticaria (no. 7) was not considered a positive re-
sponse.

Discussion

On the basis of the above f indings, SFDEIAn could
be definitely diagnosed in only three patients (nos. 3,
5, 6). In these cases, the causative role of a specifìc
food in the ElAn reactions was confirmed by SFEC
results. However, the histories, allergologic data, and
responses to elimination diets (see below) in nine
other  cases (pat ients 1,2,  4 ,  l -9 ,  l2-14)  a lso sug-
gest a possible etiologic role for IgE directed against
specific foods. The fact that the SFEC results in
these nine patients failed to incriminate the food that
was most heavily implicated by the patient's history
must be weighed against other data. All nine of these
subjects, as well as the three whose FDEIAn diag-
noses were SFE,C-confirmed, had reported EIAn
reactions related to the ingestion of a particular food
that was associated with positivity in one or more of
the allergologic tests. They have been instructed to
avoid all foods associated with allergologic test posi-
tivity during the 4 h preceding physical exercise, and
none have experienced reactions during follow-ups
ranging from 6 months to 5 years. This response
provides indirect evidence that one or more of the
foods associated with allergologic test positivity

Pat ient  no, Food Symptoms 0nset Maximum speed Response

8

9
1 )

Tomato

Vegetable oil
(soybeans, peanuts)
Wheat
/ k ' ^ ^ . ]  ^ ^ ^ + ^ \
\ u r t r o u ,  p o J L d /

Wheat
/ h , ^ ^ , 1  ^ ^ ^ + ^ \
\ u r u d u ,  p d ù L d /

Peach

Tomato
Garl ic
Beans
Wheat
i h " ^ ^ . 1  ^ ^ ^ + ^ \
\ u r u o u ,  p d J L d /

Conjunctival injection
Facial edema
Cough
Hypotension
None

Diffuse itching
Dyspnea
Conjunctival injectron
Hypotension
0culorhin i t is
As thma (29%lFEV j )

Diffuse erythema
Abdominal  pain

Cholinergic urticaria

None
None
None
None

Recovery
p i l oJc

14 km/h

Recovery
P i l O ù s

Recovery
piloùtr

r0 Km/n

14 km/h

14 km/h

'13 km/h

11  km/h

14 km/h
15 km/h
17 km/h
t J  K m / n

Positive

Negative

Positive

Positive

Negative

Negative
Negative
Negative
Negative
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might serve to trigger an E,lAn reaction. However,
since the causative role of a particular food can be
confirmed only by posit ive SFEC reactions, al l  12 of
these patients should be subjected to additional
SFECs to clarify the actual roles played by the nu-
merous foods that elicited positive results in skin
tests and/or RAST.

In the remaining two cases (patients 10 and 11),
the presence of specific IgE antibodies did not ap-
pear to play an etiologic role in the reactive episodes.
Unfortunately, neither of these patients agreed to
submit to exercise challenges after ingestion of any
of the foods associated with RAST positivity. Pa-
t ient 11 (RAST posit ive for wheat and rye and skin-
test negative for all food allergens tested) had expe-
rienced two anaphylactic reactions but did not recall
eating wheat- or rye-based foods during either of the
pre-exercise meals. Patient l0 (RAST positive for
rye and shrimp and skin-test negative for all food
allergens tested) had suffered only one episode of
true anaphylaxis, but on numerous other occasions
postprandial exercise had been interrupted because
of prodromal symptoms. None of these episodes
had been preceded by u meal containing either rye
or shrimp, both of which were, in fact, quite rare in
the subject's normal diet. The history and aller-
gologic data in this case are somewhat more sugges-
tive of a nonimmunologic reaction, as postulated by
other investigators (9, 11, 18), although the patient
did not experience any symptoms in the FEC. The
lack of response to this latter challenge (also ob-
served in patient 11) may be related to the interval
between the meal and the exercise challenge (90 min)
since all of the previous E,IAn episodes reported by
both of these subjects had occurred I h or less after
meals. The cause of the reactions experienced by
patients 10 and 11 thus remains unclear, and stress
tests following ingestion of the foods associated with
RAST positivity may have contributed to a better
understanding of these cases. However, avoidance
of exercise for at least 4 h after any type of meal has
proved sufficient to prevent all exercise-related symp-
toms in both cases, suggesting that ingestion itself
may contribute in some way to these patients' reac-
t ions.

The aim of the diagnostic protocol described here
was to identify as many foods as possible that might
be expected to provoke symptoms during postpran-
dial exercise, and to this end we employed both in
uiuo (skin tests) and ín uirro (RAST) methods to as-
sess reactivity to 31 different foods. The vast major-
ity of our patients were positive for 11 or more foods,
suggesting that multiple hypersensitivities are a com-
mon feature of this syndrome. It is interesting to note
that none of the patients were positive in any of the
tests for cow's milk, fish, or eggs, which are among
the most common causes of classical food allersies.

822

Kivity et al. (12) found that hypersensitivity to these
foods was also rare in a group of 112 patients who
had developed food allergies after the age of 10 years.
Thirty-three percent of these subjects claimed to suf-
fer cutaneous and respiratory symptoms following
strenuous exercise, and approximately half of these
reported that these episodes had occurred shortly
after eating.

Nine of the patients we studied were sensitive to
foods like parsley or garlic. These seasoners are
present in many dishes, but they are rarely recalled
by patients and almost never included in allergen
panels used to assess cases of suspected FDEIAn.
Various investigators have diagnosed FDEIAn (on
the basis of history) in patients with negative aller-
gologic findings for all foods consumed before exer-
cise (4,9, 11,, 18), which rvould tend to exclude im-
mune mechanisms for these reactions. However, it
is also possible, in light of our findings, that a dif-
ferent or more extensive allergen panel might have
revealed hypersensitivitl ' to one or more foods in
some of these cases.

The skin-test results observed in these 14 patients
indicate that the prick + prick technique is, in many
cases, able to reveal sensitivities to lruits and veg-
etables that are not disclosed by tests using com-
mercial food extracts. Other investigators (19) have
already suggested that antigens prepared from fresh
foods are more reactive than the commercial variety.
For this reason, r,ve feel that both prick and prick +
prick methods should be used to investigate hyper-
sensitivity to fruits and vegetables in these patients.

Determination of total IgE serum levels proved to
be of little use in these patients. There were a number
of cases in which patients with skin-test andf or
RAST positivity for a number of foods presented
low total IgE levels.

The CAP System we used for the RAST disclosed
numerous hypersensitivities, and, in some cases,
proved to be more sensitive than skin testing with
vegetables, fruit, and wheat. In fact, the high num-
ber of positive findings that emerged with these as-
says led us to establish a negative cutoffwith 1001"
specificity. True positive results in the RAST have
already been described in patients with negative
prick tests (14,20). Several groups have reported
that the RAST proved to be less sensitive than skin
testing for diagnosis of wheat allergies (4, 10, 13), but
this discrepancy with our findings may be due to
differences in methods. The tridimensional solid
phase of the ImmunoCAP allows more rapid and
efficient binding of specific IgE antibodies against
individual allergens, resulting in increased sensitivity
(21).

The data obtained with thes e in vívo and in vitro
approaches were evaluated in light of the informa-
tion provided by patients themselves and the re-



sponses to food-exercise challenges. For example,
several patients with positive wheat-specific IgE ti-
ters (patients 2, 4, 7, and 8) recalled with certainty
having engaged in sports shortly after a meal that
included wheat-based products without suffering any
symptoms, and, in fact, none of these patients ex-
perienced reactions during the treadmill stress tests
following meals containing bread or pasta. These
data allowed us to exclude the role of these foods in
the pathogenesis of the anaphylactic reactions. His-
tory data were less helpful in interpreting the numer-
ous positive skin-test or RAST results for foods such
as parsley, onion, garlic, and basil, since the patients
were often unsure of whether these ingredients were
present in the foods they had eaten.

The positive reactions of three patients to the
SFEC allowed us to establish the causative role of
a particular food in the FDEIAn episodes, but the
negative responses observed in the other five pa-
tients subjected to this challenge are more difficult to
iqte_rpret. Negative SFECs in patients with postpran-
dial exercise-induced disturbances have been re-
ported by others (4, I2). In particular, the percent-
age of negative SFEC responses in the present study
is similar to that observed by Kivity et al. (12) in 37
patients with nonanaphylactic food allergies that ap-
peared to be related to exercise. These findings sug-
gest that factors other than food allergy and physi-
cal exertion may be involved in these reactions. The
use of certain drugs (NSAIDs, caffeine) prior to
exercise, stress, menstruation, and unfavorable cli-
matic conditions have all been proposed as contrib-
uting factors (4,22, 23).

In our population, patients 3 and 6 reported a
higher frequency of reactive episodes during the
spring months, and patient 3 noted that he had suf-
fered fewer attacks since his hay-fever symptoms
had been treated with specific immunotherapy. In
view of the fact that certain epitopes are shared by
foods and pollens (6), allergies to the latter might be
expected to contribute to the provocation of FDE-
IAn. The three patients that had taken NSAIDs
before previous anaphylactic reactions were also
among those that failed to react to the SFEC.

In subjects with multiple food allergies, it is pos-
sible to speculate that ingestion of two or more cul-
prit foods is necessary to provoke the anaphylactic
reaction. Although there are no experimental data
that support this hypothesis, it might theoretically
explain some of the negative responses to the SFEC,
since only one suspected food was included in the
pre-exercise meal.

The interval between the meal and the physical
activity also emerged as an important factor. In some
cases, the history indicated that ingestion of a spe-
cific food l-2h prior to exercise had been followed
by a reactive episode, but when the same food was

Food-dependent, exercise-induced anaphylaxis

consumed more than 3 h before activity, no reaction
occurred. The fact that all treadmill tests were ad-
ministered 90 min after the meal containing the sus-
pected food may have contributed to the negative
SFEC results observed in patients 7 and 9, both of
whom reported that their reactions had occurred
when they engaged in physical activity less than
60 min after eating. As mentioned before, the nega-
t ive FEC results observed in patients 10 and 1l may
also have been related to the timing of the challenge.
This hypothesis suggests that the timing of FECs
and SFECs should be individuahzed to reproduce
as closely as possible the events of the subjects'
previous attacks.

These considerations are an indication of the ex-
tremely complex nature of the FDEIAn syndrome.
In most of the cases described here, there were a
number of other foods that were not evaluated in
SFECs in spite of the fact that they appeared to be
possible triggers of EIAn based on history, aller-
gologic data, and response to elimination diets. Fur-
ther studies should be performed with SFECs to
identify which of these foods are actually capable of
provoking a reaction. In fact, the SFEC remains an
integral component of the diagnostic work-up of a
patient with suspected FDEIAn and, in spite of its
apparent limitations, it is currently the only tool we
have for confirming the potential of a given food to
trigger an EIAn reaction. This information is essen-
tial to clarify the role of IgE-mediated reactions to
foods with respect to nonimmunologic mechanisms
associated with postprandial exercise. Also impor-
tant is a knowledge of the food-hypersensitivity pat-
terns displayed by patients who experience these
reactions, and extensive allergologic testing can be
quite helpful in this sense. Although false negative
results are possible in both skin tests and RASTs,
our experience suggests that sensitivity may be in-
creased by the use of prick + prick tests with lresh
foods and the CAP System for specific IgE assays'
The results of these tests can reinforce suspicions
raised by the patient history (which remains a fun-
damental reference point in the work-up of suspected
FDEIAn) and identify other foods that require fur-
ther investigation.

The patients included in this study have been fol-
lowed by our stafffor periods ranging lrom 6 months
to 5 years. The precautions we have suggested
(avoidance of meals or specific foods for 4 h before
exercise) have allowed all of these subjects to engage
in sports without suffering any disturbance, and these
results can also be considered relevant from a diag-
nostic point of view. In patients with suspected
NSFDEIAn reactions (such as patient l0). every
attempt should be made to confirm the diagnosis by
performing FECs and stress tests with any positive
foods. When this is not possible, the safest course is
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to eliminate all meals prior to exercise. For those
patients with SFEC-confirmed or highly suspected
SFDEIAn, all foods associated with positivity must
be avoided during this period. If the patient responds
to this measure, the role of each positive food should
be further investigated if possible. Oral challenges
are of no use since, without subsequent exercise, the
result will always be negative. As for the SFEC, a
negative response cannot always reliably exclude the
risk that the food will provoke an EIAn reaction.
However, foods that have been repeatedly consumed
prior to exercise without causing reactions might be
allowed during the pre-exercise period (particularly
those that represent important components of the
patient's diet).
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