
recorded. No deterioration in breathing parameters occurred during the
time of the study. Allergen levels were consistently decreased shortly
after spraying, with greatest reductions in those allergens with the
highest levels (cat, dog, and Alternaria).

This work emphasizes the impact of cleaning on asthmatic trigger
reduction in indoor environments. It suggests an association between
indoor allergen reduction and improved symptom scores. Methods
by which allergens are introduced into and removed from homes are
not understood and poorly controlled.
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OCCUPATIONAL RESPIRATORY ALLERGY DUE
TO BOLETUS EDULIS POWDER
Boletus edulis is a highly appreciated edible mushroom that belongs
to the large phylum of Basidiomycota and to the class of Agarico-
mycetes. Commonly known as king bolete in English-speaking
countries or porcino in Italy, it has many other common names
throughout the world. We report a case of occupational asthma due
to inhalation of dried B edulis.

A 37-year-old, nonsmoking man, in good general health and with
no history of atopy, presented with recurrent asthma that had devel-
oped 2 years earlier, when he began to work in a pasta factory.
Dyspnea and dry cough occurred at night and more rarely in the
workplace for 2 to 3 weeks every 3 months. This peculiar symptom
cyclicity was related to exposure to B edulis powder used for the
production of porcini mushroom–flavored pasta. The patient never

had symptoms after ingestion of foods and denied eating mushrooms
for more than 3 years.

Extracts were obtained from both the B edulis powder and the
defrosted fresh mushroom, which were stored at 4°C overnight.
Proteins were extracted by stirring for 2 hours at 4°C in phosphate-
buffered saline (1:10 and 1:2.5 wt/vol for the powder and the fresh
mushroom, respectively). Insoluble particles were removed by cen-
trifugation at 15,000 rpm for 1 hour at 4°C. Protein concentration
was determined using the Bradford method1 and was 12.45 �g/�L
for the lyophilized mushroom and 6.44 �g/�L for the fresh mush-
room. Samples were electrophoresed according to Laemmli.2 After
staining with 0.1% Coomassie brilliant blue, the sodium dodecyl-
sulfate–polyacrylamide gel electrophoresis profile of both extracts
showed similar bands ranging from 17–18 kDa to 85–88 kDa.
Proteins were electrophoretically transferred to a nitrocellulose
membrane, which, after blocking, was incubated overnight at 4°C
with 1:4 diluted patient serum. Bound specific IgE was detected by
peroxidase-conjugated anti–human IgE antibodies from goat (1:
10,000 in saturation buffer) using the enhanced chemiluminescence
Western blotting kit. The extracts were stored at �20°C until
required. Skin prick tests with diluted extracts of fresh and lyophi-
lized B edulis were performed, using saline solution and histamine
(10 mg/mL) as negative and positive controls, respectively. Positive
reactions to extracts of fresh (at both 1:100 and 1:10 dilutions) and
lyophilized (1:10,000, 1:1,000, 1:100, and 1:10) B edulis were
observed. Immunoblotting with both extracts showed IgE reactivity
in the patient’s serum to the same bands at approximately 17, 55,
and 88 kDa (Fig 1). The results of skin prick tests with food
commercial extracts (including wheat) and other powders used in
the pasta factory (eg, spinach, tomato, and paprika) were negative.
Determinations of specific IgE to aeroallergens, including molds,
and champignons yielded negative results. The patient underwent
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Figure 1. Boletus edulis protein identification. Lane A, Molecular weight
markers. Lanes B and D, Defrosted fresh and lyophilized B edulis, respec-
tively. Lanes C and E, Immunoblotting with the serum from a patient with
asthma after inhalation of B edulis powder.
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bronchial testing during a symptom-free period. The results of basal
spirometry were normal, whereas the results of methacholine bron-
chial challenge were positive. Specific inhalation challenge with B
edulis powder at a concentration of 5 mg/m3 was performed in a
challenge chamber according to standardized procedures.3 Serial
forced expiratory volume in 1 second monitoring showed an imme-
diate asthmatic response after 10 minutes, which still persisted 12
hours after the challenge.

Few reports are available on ingestive and inhalative allergy to B
edulis in the literature,4–7 and, to the best of our knowledge, char-
acterization of B edulis allergens using immunoblotting has been
rarely performed,5,6 including only 1 patient with respiratory allergy.
Although spores are thought to cause respiratory allergy, edible parts
of the mushroom may contain various thermostable food allergens.5,6

Using fresh B edulis extract, Roncarolo et al5 described 2 thermo-
stable IgE-binding bands at 26 and 39 kDa in the serum of a patient
with allergic symptoms after ingestion of fresh raw or cooked dried
B edulis, without any respiratory symptoms. In lyophilized B edulis
extract, at least 4 water-soluble proteins were detected by Helbling
et al,6 the most reactive at 55 and 80 kDa. The same authors found
IgE binding to a 75-kDa digestion-stable protein in the serum of a
patient with anaphylaxis after ingestion of B edulis, whereas no IgE
response to this protein was detected in the serum of another patient
with respiratory allergy and oral allergy syndrome to B edulis. In
view of the immunoblotting findings observed in our patient, using
the fresh and lyophilized B edulis extracts, we suggest that compo-
nents at approximately 17, 55, and 88 kDa may be responsible for
IgE-mediated respiratory allergy to B edulis.
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ANAPHYLAXIS CAUSED BY TANGERINE
SEEDS BUT NOT TANGERINE FRUIT
Approximately 8% of children younger than 5 years experience
food-induced allergic disorders.1 Most food-induced allergic reac-
tions are caused by peanuts, tree nuts, milk, eggs, seafood, and
wheat. Occasionally, antigens from fruit can cause allergic reactions.
We describe a 41⁄2-year-old boy with anaphylaxis due to tangerine
seeds but not to tangerine fruit.

A 41⁄2-year-old boy was referred for evaluation of anaphylaxis.
One year earlier, he had an anaphylactic reaction after ingesting
pistachio nuts associated with lethargy, generalized urticaria, and
facial swelling. Almonds induced a similar anaphylactic reaction
previously. Treatment with oral diphenhydramine and intramuscular
epinephrine helped reverse both episodes. Skin prick test (SPT)
results were positive to cashew (4 � 5-mm wheal), which is in the
same family as pistachio and almonds (5 � 5-mm wheal), but
negative to peanut. The family was instructed to avoid all cashews,
almonds, and pistachio nuts. His medical history was notable for
well-controlled atopic dermatitis.

One month later, the patient developed anaphylaxis with gener-
alized urticaria and wheezing 2 hours after ingesting a tangerine
with seeds. Specifically, he chewed and then swallowed 1 tangerine
seed. The reaction required treatment with diphenhydramine orally
and aerosolized albuterol. The patient had previously tolerated in-
gestions of seedless tangerines.

The SPT was performed on the patient using fresh tangerine fruit
extract, tangerine seed extract, histamine, and control. Tangerine
fruit extract was made by crushing tangerine fruit pulp; tangerine
seed extract was generated by crushing 1 tangerine seed in 3 mL of
saline. To exclude the possibility of a nonspecific irritating action,
the extracts were used to test a subject tolerant to tangerine, who did
not react to either extract.

Results demonstrated a positive SPT response to extract of tan-
gerine seed (20 � 10-mm wheal, wiped off within minutes due to
severity of reaction) (Fig 1). The SPT response to histamine was
positive (2 � 2-mm wheal), with negative results to the tangerine
fruit itself and control. Because of the strong history and positive
response to SPT, oral challenge to tangerine seed was not performed
for the patient’s safety.

We describe the first case of anaphylaxis due to sensitivity to
tangerine seed but not to tangerine fruit. This conclusion is based
on the clinical history elicited that previous oral ingestions of
seedless tangerine fruit produced no allergic reactions and strong
SPT reactivity to tangerine seed extract in our patient with no
SPT reactivity to tangerine fruit extract. In contrast to allergic
reactions to citrus fruit, allergic reactions and anaphylaxis to
seeds, such as sesame, mustard, and poppy, are common and have
been reported previously.2– 4 The present patient, who was sensi-
tive to several tree nuts and to tangerine seed but not to tangerine
fruit, was likely responding to cross-reacting antigens in tanger-
ine seeds and tree nuts. Cross-reactivity between seeds and tree
nuts has been attributed to common allergenic structures in
hazelnut, sesame seeds, and poppy seeds.2 However, the full
clinical spectrum is far from established.5
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