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We report a case of a 38-year-old mold-allergic patient who developed episodes of generalized urticaria
and systemic anaphylactic shock immediately after ingesting button mushrooms. A manganese-depen-
dent superoxide dismutase (MnSOD) and a NADP-dependent mannitol dehydrogenase (MtDH) from
Agaricus bisporus mushroom were identified as patient-specific IgE-binding proteins. Cross-reactivity
between A. bisporus MnSOD and mold aeroallergens was confirmed. We conclude that prior sensitization
to mold aeroallergens might explain severe food reactions to cross-reacting homologs mushroom pro-
teins.
& 2015 The Authors. International Society for Human and Animal Mycology Published by Elsevier B.V.

This is an open access article under the CC BY-NC-SA license
(http://creativecommons.org/licenses/by-nc-sa/4.0/).
1. Introduction

Fungi are recognized as one of the principal causes of type I
allergies, which lead to severe respiratory and cutaneous allergic
diseases [1, 2]. Exposure to fungal allergens can occur by inhala-
tion of mold spores, skin contact with saprophytic species or in-
gestion of edible mushrooms [3]. The most important known al-
lergenic fungi are molds belonging to the genera Alternaria, As-
pergillus and Cladosporium [4]. An association between sensitiza-
tion to airborne molds and systemic reactions caused by ingestion
of mushrooms have been suggested but not extensively in-
vestigated [5, 6]. Among edible mushroom species, Agaricus bis-
porus is the most extensively cultivated and consumed throughout
the world [7].

Here, we describe a case of a woman with bronchial asthma
who experienced episodes of urticaria and anaphylaxis after in-
gesting a button mushroom. The allergens implicated were iden-
tified using the patient's serum.
2. Case

A 38-year-old woman was referred because she developed
generalized urticaria immediately after ingesting chicken with
or Human and Animal Mycology Pu

z).
mushrooms. One month later and a few minutes after the intake of
fried champignon mushrooms, she suffered an episode of ana-
phylaxis, which needed treatment in the Emergency Department.

She had a previous history of perennial childhood asthma
treated with immunotherapy to Alternaria alternata. Seven years
before food allergy reaction to mushroom, this patient revealed
positive skin prick tests (SPT) to Alternaria, Penicillium, Aspergillus,
dog, mites and grass pollen. Specific IgE tests were positive for
Aspergillus (RAST class 3), Penicillium (RAST class 3) and mites
(RAST class 2). During recent years, she has been stable without
asthma exacerbations, and only minimal medication with anti-
asthmatic drugs has been necessary.

Currently, she related oral itching after the ingestion of several
fruits belonging to the family Rosaceae, and she was tolerant of
banana and tropical fruits (pineapple or mango).

Serum from the patient was obtained with a written consent
agreeing to participate in the study.

After the anaphylactic episode, SPT to commercially available
common inhalants (ALK-Abello SA, Madrid, Spain) were positive
for airborne molds (A. alternata, Cladosporium herbarum, Peni-
cillium notatum and Aspergillus fumigatus) but negative for other
common inhalants, including mite, dander and pollens. SPT using
extracts of Pleurotus ostreatus, Lentinus edodes, Boletus edulis and A.
bisporus (Bial-Aristegui SA, Spain) were also positive. Total serum
IgE was 271 kU/L. Specific IgE by Fluoro Enzyme ImmunoAssay
(ImmunoCAP, Thermo-scientific, Sweden) to the different species
and allergens gave the following results (kU/L): A. alternata, 3.7;
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Fig. 1. (A) Two-dimensional electrophoresis and (B) Two-dimensional IgE-immunoblotting of Agaricus bisporus crude extract. Immunoblotting was performed using the
patient's serum. (C) Proteins identified by liquid chromatographic electron spray ionization tandem mass spectrometric analysis. MW, molecular weight, pI, isoelectric point.

Table 1
Homologies of Agaricus bisporus manganese-dependent superoxide dismutase and
NADP-dependent mannitol dehydrogenase protein sequences with officially re-
cognized WHO/IUIS mold allergens.

Allergen Source Accession number Swis-
sprot/NCBI/PIR

% Identity E score

Manganese-dependent superoxide dismutases
Asp f 6 Aspergillus fumigatus Q92450 49 8e�61
Alt a 14 Alternaria alternata AGS80276 43 1e�40
NADP-dependent mannitol dehydrogenase
Alt a 8 Alternaria alternata P0C0Y4 36 9e�47
Cla h 8 Cladosporium

herbarum
AAO91801 35 4e�45

Table 2
ImmunoCAP inhibition assay results. Recombinant Prup 3 and Asp f 6 were used in
the solid phase and different concentrations of Agaricus bisporus as liquid phase
inhibitor.
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A. bisporus, 2.1; P. ostreatus, 1.2; L. edodes, 0.5; B. edulis, o0.35;
rAsp f 6, 2.3 and Pru p 3, 20.4. Component-resolved diagnosis
using the ISAC method revealed the following specific IgE results
(ISU): rAlt a 1, 1.3; rAsp f 3, 2.0; rAsp f 6, 2.9 and nPru p 3, 14.

Two dimensional electrophoresis IgE immunoblotting revealed
two spots with apparent molecular weights of approximately 24
and 27 kDa and approximated pIs of 5.2 and 3.2, respectively
(Fig. 1). Both protein spots were excised and identified by liquid
chromatography coupled to mass spectrometry as a manganese-
dependent superoxide dismutase (MnSOD) and NADP-dependent
mannitol dehydrogenase (MtDH) with significantly high scores
(Fig. 1C).

BLAST alignment between MnSOD and MtDH protein se-
quences from A. bisporus (GenBank accession nos. Q9P4T6 and
AAC79985, respectively) and fungal aeroallergen homologs re-
vealed significant homologies (Table 1).

ImmunoCap-inhibition results demonstrated that the A. bis-
porus crude extract was able to strongly inhibit IgE-binding to rAsp
f 6 (68%) but not to rPru p 3 (Table 2).
Inhibitor concentrations (A. bis-
porus crude extract) (mg/ml)

% of inhibition (rPru
p 3 in solid-phase)

% of inhibition (rAsp f
6 in solid-phase)

0 0 0
0.0001 0 10
0.001 0 30
0.01 0 45
0.1 0 56
1.0 0 68
3. Discussion

Strong allergic reactions to mushrooms have been increasingly
recognized [8–10], and there are few studies reporting an asso-
ciation between aeroallergens and mushroom ingestion-related
symptoms. In this regard, Herrera et al. in some of their works
found a relationship between allergenicity to airborne molds
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(A. alternata, C. herbarum and A. fumigatus) and food allergies to A.
bisporus mushrooms and spinach, demonstrating the existence of
some non-identified cross-reacting proteins [6–11]. Another study
attributed one form of oral allergy syndrome in adults to heat
labile mushroom proteins of 43–67 kDa in size that also seem
cross-react to molds [5]. In fact, knowledge of allergenic proteins
that cause recognized clinically relevant cross-reactions between
molds and food is still limited, and research in this field is needed
to identify the causative allergens and to understand the im-
munological events that take place.

In this work, we describe a case of a patient with a previous
clinical history of respiratory symptoms associated with mold
aeroallergens and treated by immunotherapy with A. alternata
extract. Years later, this patient suffered anaphylactic shock after
intake of mushrooms. IgE-mediated sensitization to A. alternata, C.
herbarum, P. notatum, A. fumigatus, A. bisporus, P. ostreatus, and L.
edodes was confirmed, and circulating IgE levels reactive to Alt a 1,
Asp f 3, Asp f 6 and Pru p 3 were detected. Moreover, two IgE-
binding components from A. bisporus were identified as a MnSOD
and a MtDH. To date, six MnSODs have been identified and offi-
cially recognized as allergens in A. alternata, A. fumigatus, Hevea
brasiliensis, Olea europaea, Malassezia sympodialis and Pistacia vera,
whereas only two MtDH from A. alternata and C. herbarum are
listed in the WHO/IUIS allergen database (www.allergen.org). Al-
though both families of proteins are described as important cross-
reactive allergens [1–12], cross-reactivity between MnSODs from
different sources has been more intensively studied and reported
[13–15].

Looking at the specific IgE levels, skin prick test results, and the
course of development of allergic symptoms in this patient, it is
assumed that her mushroom-related symptoms could be due to
cross-reactive IgE initially raised against airborne mold homolog
allergens. However, because this patient also reported symptoms
to several fruits belonging to Rosaceae, probably because of cross-
reactive non-specific lipid transfer protein (LTP)-specific IgE anti-
bodies, a relationship between LTP sensitization and allergy to
mushrooms was also not excluded. With this in mind, to de-
termine whether immunologic phenomenon that originated in
systemic reactions upon ingestion of A. bisporus were due to the
presence of cross-reacting antibodies to MnSODs or LTPs, IgE-in-
hibition assays using Asp f 6 and Pru p 3 in the solid-phase were
performed. Blast alignment and inhibition assay results suggest
that the A. bisporus MnSOD homolog has some common epitopes
causing cross-reactivity between mushrooms and common air-
borne molds.

In conclusion, our findings suggest that at least the cross-re-
active A. bisporus MnSOD may lead to severe food allergic reaction
in mold-sensitized patients, justifying the well-recognized re-
lationship between sensitization to airborne molds and allergy to
mushrooms ingestion. However, more in-depth knowledge of the
role of MnSOD and MtDH as causal agents of severe food reactions
is necessary to improve diagnosis and to allow effective avoidance
and prevention of further systemic reactions.
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