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Background: Food-dependent exercised-induced anaphylaxis
(FEIAn) is classified among the physical allergies. Many dif-
ferent food allergens have been reported, but the pathophysiol-
ogy of FEIAn remains unknown. Furthermore, provocation
tests with a suspected food do not always succeed in patients
with FEIAn.
Objective: We sought to clarify and investigate causative foods
and mechanisms of FEIAn in a 14-year-old boy. In addition,
we tested in vivo and in vitro effects of cromolyn sodium in the
same patient.
Methods: We used open challenge tests for the provocation of
FEIAn and measured changes in plasma histamine levels and
FEV1. In addition, we investigated the mechanism of FEIAn in
this case with in vitro histamine release testing.
Results: The patient was diagnosed as having FEIAn by provo-
cation testing with a simultaneous intake of wheat and ume-
boshi, but not when each food was eaten singly, followed by
exercise. In addition, his plasma histamine level increased
transiently and forced expiratory volume 1, expressed as a per-
centage change from baseline, decreased significantly. A syner-
gistic effect on in vitro histamine release testing with 2 kinds of
the causative foods was shown. Administration of cromolyn
sodium proved to be effective on both the in vitro and in vivo
tests.
Conclusion: This is the first report of FEIAn provoked by the
test with a simultaneous intake of 2 kinds of food. This case
might in part explain negative challenge test results in patients
with FEIAn. (J Allergy Clin Immunol 2001;107:1100-5.)

Key words: Food-dependent exercise-induced anaphylaxis, wheat,
umeboshi, dual food challenge, histamine release test, cromolyn
sodium, forced expiratory volume

Exercise-induced anaphylaxis (EIAn) is a form of
physical allergy.1-3 A subtype of EIAn, which requires
the combination of exercise and the intake of specific

food, is known as food-dependent EIAn (FEIAn).1,4-7 In
recent years there has been an increasing number of
reports of FEIAn involving many kinds of foods.4-9 How-
ever, the pathophysiologic nature of FEIAn remains
unknown. Furthermore, challenge tests with a suspected
food followed by exercise do not always provoke the
symptoms of FEIAn.5,8,10

In this article, we report a unique case of FEIAn that
was diagnosed by provocation testing under certain con-
ditions. Open challenge tests with the suspected combina-
tion foods of a lunch menu followed by exercise did evoke
the symptoms, but single foods alone or exercise alone or
single foods plus exercise did not. In trying to determine
the causative allergen in the lunch menu, we finally clari-
fied the necessity for the simultaneous intake of 2 sepa-
rate food allergens to provoke the symptoms. We also
showed that in this case oral administration of cromolyn
sodium (CS) was effective in preventing FEIAn in vivo.

CASE REPORT

A 14-year-old boy was referred to our hospital in June 1997 after
an episode of dyspnea, generalized urticaria, facial angioedema, and
abdominal pain during 15 to 20 minutes of jogging, 30 minutes after
eating the contents of a commercially available lunch box. He had
experienced similar episodes 4 times in the previous 2 years. He had
been diagnosed with bronchial asthma at 4 years of age. However,
there had been no respiratory symptoms for more than 7 years
except in these episodes. He also had a history of pollinosis to
Japanese cedar since the age of 10 years. In his family, his brother
has food allergy against yam. From his medical history we suspect-
ed him to have FEIAn.

Initially we carried out a series of investigations that included in
vivo and in vitro allergy investigations on the contents of the lunch
box. The lunch box contained 10 foods. Allergen extracts were com-
mercially available for all of the foods except umeboshi. Umeboshi
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is the pickled fruit of the Prunus mume, a tree that has grown wild in
Japan and China for centuries. The fruit, ume, is usually described as
a Japanese plum or apricot. For the preparation of umeboshi, yellow
ume are steeped in white liquor and salt for several days; after dry-
ing and maturing, the product is sold in plastic packs or small jars.
Umeboshi is used as an accompaniment to Japanese dinners, served
either by itself or with other pickles, usually at the end of a meal. It
is considered beneficial to the digestion.

The subject’s white blood cell count was 5300/µL (eosinophils,
9.3%; normal range, 0% to 6%); the total serum was IgE 330 IU/mL
(normal, <250 IU/mL; PRIST, Pharmacia Diagnostic, Uppsala,
Sweden), and CAP System FEIA RAST (Pharmacia) results were
class 2 for wheat, rice, sesame, buckwheat, house dust, and house
dust mite and class 3 for Japanese cedar. We regard RAST class 2
and greater as representing a positive test. Further studies were car-
ried out, and we diagnosed the boy as having FEIAn with a unique
pattern of causative foods. We therefore investigated the mecha-
nisms of FEIAn in this patient.

METHODS

Preparation of umeboshi allergens

Extracts of all allergens except umeboshi in this study are com-
mercially available. To test for umeboshi we prepared our own
extract. One gram of umeboshi flesh was homogenized, and 1 mL
of buffered solution (PIPES-AMC24) was added to it. The mixture
was then centrifuged at 2000g for 10 minutes. The supernatant was
collected as an original umeboshi antigen and stored as a stock solu-
tion at –80°C until used.

Histamine release test

A histamine release test (HRT; Lucica HRT, Asahi Chemical
Industry Co, Ltd, Nobeoka, Japan)11 is available commercially for
20 allergens, including all of those tested apart from umeboshi. For
this test, class 1 and greater are regarded as positive.

Skin prick test

Skin prick tests (SPTs) were performed with multiple commer-
cial allergens (Torii Pharmaceutical Co, Ltd, Tokyo, Japan) pre-
pared 1:20 wt/vol. Fresh-food prick tests in which the prick + prick
technique12 was used were also performed with umeboshi. All SPTs
were performed with steel lancets. Responses were read at 15 min-
utes and graded according to the standard method recommended by
the European Academy of Allergy and Clinical Immunology.13

Grade + is 25% of the area of wheal induced by the positive hista-
mine control (10 mg/mL), grade ++ is 50%, grade +++ is 100%, and
grade ++++ is 200%. Grade + or larger is considered positive.

Provocation test

To carry forward the investigation of this patient, a series of chal-
lenge procedures was conducted. A full explanation of the tests to be
undertaken was given to the patient and his parents, and informed
consent was obtained. Open challenge tests were performed through
use of the same lunch menu that produced the symptoms of FEIAn
followed by exercise. The exercise part of the challenge consisted of
a treadmill ergonometric stress test with progressively increasing
speeds (up to Bruce’s grade V).14 These exercise tests, each lasting
15 minutes, were carried out by the patient for 30 minutes after a
meal with suspected food or foods.

During the challenge tests, pulmonary function measurements
were performed through use of a computerized spirometer (Super-
spiro, Chest MI, Co, Ltd, Tokyo, Japan). The values of peak expira-
tory flow rate and FEV1 were measured and expressed as percent-
age changes from baseline (%FEV1). Maximum percentage falls
were calculated as follows: 100 × (pre-exercise value – lowest value

after exercise) / pre-exercise value.9 Blood pressure and pulse rate
were also monitored before and after exercise challenge and during
reactions. Challenge tests were carried out twice a day, in the morn-
ing and in the afternoon. If the challenge was positive, further chal-
lenges that day were canceled and no challenges were carried out
the next day. When the patient demonstrated a definitive fall in
FEV1 during a challenge, this was reversed with inhaled salbutamol
(albuterol). If urticaria persisted after a challenge, this was treated
with oral chlorpheniramine.

In vitro umeboshi and wheat challenge with

HRT

To understand further the pathophysiology between the positive
provocation test of FEIAn and the necessity of a simultaneous intake
of 2 food allergens, we carried out a further series of investigations.
Using whole blood cells from the patient, we measured the amount of
histamine released when challenged with the causative allergens. The
allergens wheat (Greer Laboratory Co, USA) and umeboshi were
used for the tests. Through use of glass microfiber plates, 25 µL of
peripheral whole blood was then incubated at 37°C for 60 minutes
with 12.5 µL of umeboshi antigen (1:9 dilution) plus 12.5 µL of
buffer, 12.5 µL of wheat antigen (1:50-1:156,250 dilution) plus 12.5 µL
of buffer, both antigens together, or buffer alone. The amount of his-
tamine released was measured according to the methods of Lucica
HRT. In all experiments, triplicate samples were tested.

In vitro effect of CS on HRT with umeboshi

and wheat

We incubated 25 µL of peripheral whole blood at 37°C for 120
minutes with or without 12.5 µL of appropriately diluted CS solu-
tion. Dual food antigens were then added: wheat antigen (dilution
1:1250) plus umeboshi antigen (dilution 1:9) for 90 minutes at
37°C. Released histamine was then measured. In all experiments,
triple samples were tested.

In vivo effect of CS on the provocation tests

with umeboshi and wheat

To test the in vivo effect of CS in our patient with FEIAn, we
orally administered 100 mg of CS to the patient twice—4 hours
before and 30 minutes before a challenge test with umeboshi and
wheat; this was followed by exercise.

RESULTS

Histamine release tests with allergens

The Lucica HRT tests with the whole blood cells gave
positive tests as follows: wheat, class 1; umeboshi, class
4; rice, class 1; soybean, class 1.

Skin prick testing with allergens

The SPTs were positive as follows: wheat ++; ume-
boshi +++; house dust +++.

Provocation tests

Initially, we confirmed through use of this challenge
test protocol that consumption of the full contents of the
lunch box followed by exercise produced the clinical
symptoms of stridor; dyspnea; itching of the eyes, ears,
and nose; sneezing, and generalized urticaria. The maxi-
mum fall in FEV1 was 40% from baseline values. Neither
eating the contents of the lunch box alone nor exercise
alone induced the symptoms. We therefore made the diag-
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nosis of FEIAn. We then began a series of challenge tests
to identify the causative food allergen. We divided the 10
foods into 2 groups of 5 and challenged with each group
plus exercise. One group gave a positive reaction, the
other a negative reaction. We then challenged each of the
5 foods in the positive group individually. Each of these
challenges was negative. We then considered the possibil-
ity that 2 foods might be required to produce a positive
reaction. We decided to challenge with 2 foods and began
with those foods that gave the most positive results with
regard to HRT, SPTs, and specific IgE: wheat and ume-
boshi. The combination of these 2 foods plus exercise
gave a positive challenge test result. Because this combi-
nation gave the positive reaction that we were seeking, we
did not test any other combination of foods plus exercise;
however, we tested our patient 4 times with wheat and
umeboshi and obtained a positive test each time. Because
he belongs to a football team in junior high school and
enjoys running, he was quite willing to undertake this
number of exercise challenges. The effects on FEV1 of
the simultaneous intake of wheat and umeboshi followed
by exercise and the effects of exercise alone and of wheat
and umeboshi alone are shown in Fig 1.

In vitro umeboshi and wheat challenge with

HRT

The amount of allergen-induced histamine release
from basophils in vitro (Fig 2) was 3.5 ± 1 ng/mL with
1:250 dilution of wheat antigen and 5.5 ± 1.0 ng/mL with
1:9 dilution of umeboshi antigen, but simultaneous stimu-
lation with both allergens at the same concentrations aug-
mented the level of histamine release to 16 ± 2.0 ng/mL
(Fig 2). However, under the same conditions no augment-
ed histamine release was observed in another patient with
allergy against wheat but not against umeboshi (Fig 2).

We also measured levels of plasma histamine by means
of a histamine radioimmunoassay kit (Immunotech Ltd,
Paris, France). Plasma histamine increased transiently
from 3.4 to 7.5 nmol/L (Fig 3) during the positive chal-
lenge test (normal, <0.08 nmol/L).

In vitro effect of CS on HRT with umeboshi

and wheat

To investigate possible therapy for FEIAn, we evaluat-
ed the effectiveness of CS both in vitro and in vivo.15

First, we showed that the amount of histamine released
from the patient’s basophils when they were stimulated
with the allergens was decreased by approximately 50%
when his whole blood cells were preincubated with CS
for 2 hours at 37°C in vitro (Fig 4).

In vivo effect of CS on the provocation tests

Oral administration of 100 mg of CS to the patient
twice both prevented the occurrence of clinical symptoms
of FEIAn and inhibited completely the transient decrease
of %FEV1 (Fig 3). This treatment with CS also sup-
pressed the transient increase in plasma histamine (Fig 3).

Finally heat challenge with hot bathing at 43°C did not
induce any symptoms of FEIAn.

DISCUSSION

FEIAn is classified as a physical allergy.1,4 Although
several hypotheses have been suggested, the mechanism
of the disease has still not been elucidated. It is likely that
release of mediators from mast cells is an essential local
feature at the final step of FEIAn as well as EIAn.3 In
some cases, participation of the autonomic nervous sys-
tem,16 intake of a certain medicine,5 consumption of a
certain amount of food allergen,10 family tendency,17

FIG 1. Changes in FEV1 during challenges. Effect on FEV1 with a simultaneous intake of wheat and umeboshi
followed by exercise. Asterisk indicates that treatment with inhalation of β2-stimulant was performed.
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weather, humidity, stress, menstruation cycle in females,
and general condition of the patient might be responsible
for the induction of the symptoms. In most cases, a sin-
gle food allergen has been reported as inducing the
symptoms; in rare cases, however, many kinds of food
allergens independently evoked the symptoms.8,9

To diagnose FEIAn correctly, a provocation challenge
test with a suspected food is essential and indispensable
except in the most severe cases. However, it has been
reported that challenge tests do not always provoke the
symptoms of FEIAn.5,8,10 Reasons for negative tests have
not been established to date, and they remain to be clarified.

In our case, we confirmed the diagnosis of FEIAn
associated with a simultaneous intake of 2 kinds of food
on the basis of (1) the patient’s symptoms, (2) his histo-

ry of similar episodes, (3) laboratory investigations,
including in vitro and in vivo testing for specific aller-
gens, and especially (4) provocation testing. That is, we
could succeed in provoking the symptoms of FEIAn in
the open challenge test with the simultaneous intake of
wheat and umeboshi followed by exercise but not with
each single food or with exercise alone. In addition, we
demonstrated both a decrease of %FEV1 (Fig 1) and the
transient increase of plasma histamine level (Fig 3) dur-
ing the positive test. However, there was no change in
CH50 value18 and no correlation between serum level of
eosinophilic cationic protein (ECP)19 and number of
peripheral blood eosinophils (data not shown). 

Furthermore, the synergistic effect on in vitro hista-
mine release from basophils was shown with a simulta-

FIG 2. Augmentation of histamine release from peripheral blood cells of the subject with in vitro stimula-
tion with the combination of wheat and umeboshi antigen. Open symbols represent patient; closed sym-
bols represent representative control subject with allergy to wheat but not umeboshi. (�, �) = Umeboshi
antigen alone; (�, �) = wheat antigen alone; (�, �) = umeboshi antigen plus wheat antigen; (�, �) = buffer
alone. Data represent means ± SDs of released histamine.

FIG 3. In vivo inhibitory effect of oral administration of CS on change in FEV1 and plasma histamine release
in the patient. Solid lines and open symbols represent data for FEV1; dotted lines and closed symbols rep-
resent data for plasma histamine levels with CS (�, �) or without CS (�, �).
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neous addition of 2 causative allergens (Fig 2). From
these data it can be hypothesized that to provoke the
symptoms of FEIAn, as in this case, the amount of
released chemical mediators, including histamine, needs
to exceed a certain threshold level. This hypothesis was
supported in part by the report in which a large amount
of causative food allergen was critical to inducing the
symptoms of FEIAn in the provocation test.10 Although
we did not determine whether other combinations of
food allergen would induce the symptoms of FEIAn, we
did show that 2 kinds of allergens, wheat and umeboshi,
were necessary to induce both symptoms and reach a par-
ticular plasma histamine level. Similar phenomena have
been reported in cases of drug eruption with simultane-
ous intakes of 2 kinds of drugs.20 Moreover, some med-
ications, including nonsteroidal anti-inflammatory drugs,
have been shown to augment the symptoms of FEIAn.5

This too might support our explanation in terms of the
threshold level of chemical mediators; it also might
explain, in part, the negative challenge test in FEIAn with
a suspected food followed by exercise.

Nevertheless, we could not rule out the possibility that
a difference in quality between the 2 allergens, wheat and
umeboshi, affected the release of chemical mediators,
including histamine, from the patient’s peripheral blood
cells. However, from our in vitro data, it is reasonable to
assume that the quantity of histamine released can be
critical (Fig 2).

It is possible that the histamine in the plasma, which
increases during the food + exercise challenge, does not
come from blood basophils. Orally administered CS is
poorly absorbed, and peak plasma levels of CS after sin-
gle oral doses of 100, 200, and 300 mg in both healthy
subjects and food allergic patients have been recorded as
8 ng/mL, 9 ng/mL, and 10.75 ng/mL, respectively.21,22

These levels are far lower than the 1600 ng/mL that we
used in our in vitro experiments and that gave optimal
inhibition of histamine release from blood cells. Levels

of this order will probably be reached in the gut mucosa,
and the fact that we showed treatment with oral CS to
prevent the increase in plasma histamine suggests that
cells in the gut mucosa, and not blood basophils, are the
source of this histamine.

In the differential diagnosis of FEIAn, cholinergic
urticaria is known to be important.23 However, we were
able to rule out this possibility with the heat challenge
test, in which clinical symptoms were not induced. In
addition, we excluded an association of additives in ume-
boshi in this case by using several kinds of commercial-
ly available umeboshi with and without additives in our
in vitro histamine release tests.

CS is known to be a useful drug for the treatment of
allergic conditions, including food allergy.24,25 Its prima-
ry mode of action is thought to be the inhibition of chem-
ical mediators from effector cells, including mast cells
and basophils.26,27 Furthermore, it has a direct inhibitory
effect on allergic inflammatory cells in vitro.28 It is
reported to have been effective in a case of FEIAn.15

Therefore, we examined the usefulness of CS in our
patient. In vivo administration of CS prevented induction
of the symptoms of FEIAn, the decrease of %FEV1
value, and the increase in plasma histamine (Fig 3). In
vitro pretreatment of whole blood with 40 µg/mL of CS
solution inhibited the histamine release from basophils
maximally (Fig 4). Since the initial investigations we
have administered CS to this patient for more than 2
years without any episode of FEIAn. Thus although the
effectiveness of CS in patients with food allergy is still
controversial,15,29 at least in our case, CS was useful.

Finally, for patients with FEIAn, an accurate diagnosis
is recommended to avoid unnecessary dietary restriction
and prevent serious reactions. A provocation test with a
suspected food followed by exercise is essential for the
diagnosis. However, the frequency of positive reactions
in such tests is not very high. Our case might suggest that
an excess of the released chemical mediators, such as

FIG 4. Inhibitory effect of in vitro pretreatment with CS on histamine release from peripheral blood cells with
wheat and umeboshi antigen, with (�) or without (�) 12.5 µL of appropriately diluted CS solution. Data rep-
resent means ± SDs of released histamine.
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histamine, by several kinds of allergens over threshold
values would be necessary to provoke the symptoms. We
believe that this case presentation does contribute useful
information about the pathophysiologic nature of, as well
as the therapy for, FEIAn.
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