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Mold spore-induced respiratory allergy has been incompletely studied, and only a limited
number of Fungi Imperfecti are well established as aeroallergens. Basidiomycetes, a complex
and common group of fungi, which include mushrooms, rusts, smuts, brackets, and puffballs,
have not been well studied. Although basidiospores can be present in high atmospheric
concentrations, little is known of their aeroallergen potential. To examine this question, we
performed skin prick and RASTs in 33 adult residents of Washington State using a panel of 15
common inhalant allergents that included four Fungi Imperfecti and 15 basidiospore extracts.
Thirty-one of 33 (94%) subjects had positive immediate reactions to two or more common
inhalants. Nine of 33 (27%) subjects responded to at least one Fungi Imperfecti; reactions were
most common to Aspergillus sp. (21%), and least common to Penicillium sp., which were
positive in 6%. Positive responses to basidiospore extracts were observed in 10 of 33 (30%)
subjects. The prevalence of basidiospore reactivity was similar to that of Fungi Imperfecti,
ranging from 18% for Scleroderma sp. to 6% for four different spore extracts. These results
demonstrate that a significant number of subjects with respiratory allergies have skin test
reactivity to basidiospore extracts, suggesting that these spores could be important
aeroallergens in the Pacific Northwest. (J ALLERGY CLIN IMMUNOL 1988;82:1076-80.)

The significance of pollens as aeroallergens is well
established, but the role of fungal spores is less clear.
Of the four major classes of fungi, Deuteromycetes
or Fungi Imperfecti are the best established as inhalant
allergens.! Basidiomycetes, the most morphologically
complex of the fungi, are distinct from Fungi Imper-
fecti and are a common group of fungi that includes
mushrooms, rusts, smuts, brackets, and puffballs.’
Although spores from Basidiomycetes can be present
in high atmospheric concentrations,*? little is known
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Abbreviation ﬁsed
PBS: Phosphate-buffered saline

of their aeroallergenic potential.®’ Recent studies per-
formed on individuals living in New Orleans, La.,
demonstrated specific IgE antibodies to mycelial and
culture filtrate (metabolic) fractions of Basidiomy-
cetes, grown in vitro, and to basidiospore extracts,
with skin prick and/or RASTs.*!!

To determine whether Basidiomycetes play a role
in respiratory allergies in a geographically and cli-
matically distinct region, we evaluated 33 adult res-
idents living in Washington State by skin testing and
RASTs with basidiospore extracts. Our results dem-
onstrate that the prevelance of reactivity to Basidi-
omycete spores is comparable to that of Fungi Im-
perfecti and is similar in the Gulf of Mexico and
Pacific Northwest regions of the United States.

MATERIAL AND METHODS
Study population and testing

The study population consisted of 33 adults attending
allergy clinics at the University of Washington affiliated
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TABLE 1. Results of prick skin tests to
common inhalants including Fungi
Imperfecti in 33 adults with
respiratory allergies

Allergen No. reactors % Reactors
House dust 25 76
Dermatophagoides 23 70

pteronyssinus
Cat dander 23 70
Timothy grass 21 64
Velvet grass 21 64
Orchard grass 21 64
Alder 19 58
Spring birch 17 52
English plaintain 13 39
Dog dander 9 27
Feather 2 6
Aspergillus mix 7 21
Cladosporium 6 18
Helminthosporium 5 14
Penicillium mix 2 6

hospitals. There were twenty-two male and 11 female sub-
jects; the mean age of the group was 32 years (22 to 64
years). Fifty-one percent (N = 17) had histories consistent
with allergic rhinitis, 39% (N = 15) had histories of both
allergic rhinitis and asthma, and 3% (N = 1) had a history
of asthma only. Individuals gave informed consent in ac-
cordance with the guidelines of the University of Washing-
ton Human Subjects Review Committee. Blood samples
were obtained from all individuals for RAST, and skin prick
tests were performed with extracts of 15 common inhalant
antigens, which included four Fungi Imperfecti (all extracts
were obtained from Hollister-Stier Laboratories, Spokane,
Wash.) and with 15 basidiospore extracts. Histamine di-
phosphate (1 mg/ml) was the positive control, and glycerol
PBS (1:1) was the negative control. A positive reaction was
defined as a wheal of =5 mm.

In a previous study,” 14 nonatopic adults without symp-
toms of respiratory allergy were skin prick tested with the
same basidiospore allergens and gave uniformly negative
results. Therefore, a similar control population was not in-
cluded in the present study.

Basidiospore extract preparation

Extracts of basidiospore samples collected in the
New Orleans area were prepared with previously described
methods.® Puffballs (Pisolithus tinctorius, Scleroderma sp.,
and Calvatia cyathiformisy were harvested at maturity and
dried at room temperature, and the internal spore mass was
removed. Spores from Ganoderma lucidum, a polypore,
were collected in a plastic bag placed over the basidiocarp
for 24 to 48 hours. All the other species were mushrooms.
For these species, caps were collected and placed with gills
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TABLE Il. Number of subjects reacting to
one or more basidiospore extracts

No. of % Reactors of total
basidiospore basidiospore
positive tests No. of subjects positive population

1 2 %
2 1 i
3 1 J
4 0 iy
5 0 i
6 2 i3
7 2 %
8 2 e
9 0 1]
10 0 i)
11 0 3]
12 0 0
13 0 8
14 1 9
15 0 8]

down on Whatman No. 1 filter paper (Whatman Inc., Clif-
ton, N.J.) to obtain spore prints that were scraped from the
filter paper. The purity of samples from mushrooms was
>98%, and for puffballs, 80% to 90%, with the major
contaminant being sterile hyphae.

Extracts were prepared by homogenizing 1 gm of spores
in a Braun (Infors AG, Basel, Switzerland) homogenizer in
20 ml of ammonium bicarbonate buffer (0.125 mol/L, pH
8.1). Homogenates were centrifuged at 70,000 g; the su-
pernatant was lyophilized and stored at room temperature
until use. All spore extracts were tested for toxicity in female
Swiss Webster mice and demonstrated to- be nontoxic. In
conducting the research described in this article, the inves-
tigators adhered to the “Guide for the Care and Use of
Laboratory Animals” that was prepared by the committee
on care and use of laboratory animals of the Institute of
Laboratory Animal Resources Commission. on Life Sci-
ences.

Before skin testing, lyophilized spore extracts were sus-
pended in glycerol: PBS (1;1) and sterile filtered (0.45 wm).
Each extract was adjusted with diluent to a final concentra-
tion of S mg/ml. RAST was performed as described pre-
viously.”” Antigen (10 mg/ml) in borate buffer (pH 8.0)
was coupled with CNBr-activated filter-paper disks. " Serum
(100 pl) was incubated with the disks overmight and then
were washed. '“I-labeled antihuman IgE (approximately
25,000 cpm) (Pharmacia Diagnostics, Piscataway, N.I.)
was added. The disks were washed and counted, Mean
counts per minute was calculated, and data were expressed
as percent binding of total radioactivity added. Assays were
considered positive if percent binding was >»3% of total;
this value was >3 SD from the mean percent binding ob-
tained with sera from atopic control subjects skin test neg-
ative to basidiospores.
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TABLE Ill. Results of skin tests to basidiospore extracts

% Reactors of total

% Reactors of basidiospore

Spore No. reactors all subjects positive subjects
Scleroderma geaster 6 18 55
Agrocybe amara 5 15 45
Coprinus quadrifidus 5 15 45
Psilocybe cubensis 5 15 45
Armillaria tabescens 4 12 36
Ganoderma lucidum 4 12 36
Pleurotus ostreatus 4 12 36
Boletus sp. 4 12 36
Chlorophyllum molybdites 3 9 27
Pisolithus tinctorius 3 9 27
Calvatia cyathiformis 3 ‘9 27
Amanita muscaria 2 6 18
Cantharellus cibarius 2 6 18
Boletinelus merulioides 2 6 18
Inonotus ludovicianus 2 6 18

TABLE IV. RAST results, expressed as a percent of '#|-labeled anti-IgE added, from three subjects

with positive responses

Study subject

Basidiospore species R. B. V. S. J. M.
Scleroderma sp. 2.6 2.0 3.2%
Coprinus quadrifidus 4.7 3.8% 3.2%
Amanita muscaria 4.6* 1.8 1.5
Chlorophyllum molybdites 2.2 2.0 3.1*
Boletus sp. 1.0 1.6 1.0
Pleurotus ostreatus 1.8 3.8* 2.6
Pisolithus tinctorius 1.3 2.3 1.1
Psilocybe cubensis 6.2* 9.8* 4.7*
Agrocybe amara 4.1* 2.9 4.6
Ganoderma lucidum 4.9*% 3.5% 2.5
Calvatia cyathiformis 1.9 2.3 3.3*
Armillaria tabescens 2.9 2.7 2.3

*Positive response.

RESULTS

Thirty-one of the 33 (94%) individuals had positive
prick skin tests to two or more common inhalant al-
lergens, and these subjects were classified as atopic.
Prevalence of reactivity ranged from highs of 76% to
house dust and 70% to Dermatophagoides pteronys-
sinus and cat dander, to a low of 6% to feathers. The
prevalence of individuals reacting to the Fungi Im-
perfecti ranged from a high of 21% to Aspergillus mix
to a low of 6% to Penicillium mix (Table I).

Eleven of 33 (33%) individuals demonstrated at

least one, and as many as 14, positive skin test re-
actions to basidiospore extracts (Table II). Four of the
11 (36%) individuals had a history of allergic rhinitis,
six (55%) had both allergic rhinitis and asthma, and
one (9%) individual had asthma alone. Results of prick
skin tests to individual basidiospore extracts are sum-
marized in Table III. The prevalence of positive skin
test reactions ranged from a high of 18% to Sclero-
derma sp. to a low of 6% to four different species:
Amanita muscaria, Cantharellus cibarius, Boletinel-
lus merulioides, and Inonotus ludovicianus. Preva-
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lence of skin test reactivity to basidiospores was sim-
ilar to that of the Fungi Imperfecti.

Sixty-three percent of individuals reacting to com-
mon inhalant extracts failed to react to basidiospore
extracts. There was no significant correlation between
reactivity to common inhalant allergens and basidio-
spore extracts in those individuals reactive to both.
However, there was a significant correlation between
the number of positive reactions to Fungi Imperfecti
and basidiospores in subjects reactive to both classes
of fungi (r = 0.91; p < 0.001; Fig. 1).

Three of the 11 basidiospore skin test positive sub-
jects had positive RASTs (binding >3%) to one or
more basidiospore extract (Table IV). The most potent
RAST reactivity was to Psilocybe cubensis (percent
binding: 4.7, 6.2, and 9.8). No positive RAST re-
actions were detected to Boletus sp., Pisolithus tinc-
torius, and Armillaria tabescens.

DISCUSSION

Basidiomycetes are a major class of fungi that in-
cludes mushrooms, puffballs, smuts, rusts, and
bracket fungi and number about 25,000 species. Con-
centrations of basidiospores in the atmosphere can be
significant,”® and recent studies have documented the
importance of Basidiomycetes in inducing respiratory
allergies in patients living in the New Orleans and
Gulf of Mexico regions." > ' '* To determine whether
members of this fungal class may be important aeroal-
lergens in the Pacific Northwest, skin testing and
RAST was performed in 33 individuals with allergic
rhinitis and/or asthma to common aeroallergens,
Fungi Imperfecti, and to a selection of 15 basidio-
spores. Our results indicate that basidiospore reactiv-
ity is present in atopic patients living in the Pacific
Northwest and that these fungi may be important
aeroallergens in this region. The prevalence of reac-
tivity to the basidiospore extracts was similar to that
for Fungi Imperfecti used in this study.

In general, our data are similar to data report-
ed previously in a group of atopic patients from
New Orleans who were tested with the same basi-
diospore antigens.” The two populations were gen-
erally comparable with respect to reported respiratory
symptoms; however, New Orleans subjects had a
higher percentage of individuals 26/150 (17%) re-
porting symptoms of asthma only. Prevalence of reac-
tivity to common inhalant allergens, particulary the
Fungi Imperfecti, as well as basidiospore reactivity,
was also similar in both studies. The New Orleans
study population demonstrated a prevalence of basi-
diospore skin test reactivity that ranged from 5% for
Cantharellus cibarius to 17% for Scleroderma sp. In
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FIG. 1. Linear relationship between number of positive
skin tests to basidiospore and number of positive skin
tests to Fungi imperfecti; r = 0.91; p < 0.001.

addition, the prevalence of skin test reactivity to bas-
idiospores in the New Orleans population was similar
to that observed for Fungi Imperfecti, as was also
found in the current study.

One noteworthy difference between resuits from the
two studies was different reactivity to 1. ludovicianus.
In the Washington state population, only 2/33 (6%)
subjects reacted to this extract, whereas 9/76 (12%)
subjects in Louisiana reacted to /. ludovicianus. These
discordant observations may result from the distri-
bution of that species. . ludovicianus, in contrast to
most Basidiomycete species used in this study, is lim-
ited to the southeastern United States. Although re-
lated species are found in the Pacific Northwest,'
cross-reactivity among species in this genus has yet
to be determined. Our findings suggest that there may
be both shared and unique allergens.

Minor variations in observed reactivity to other
Basidiomycete species are probably the result of sev-
eral factors, including climatic conditions, such as
wind, humidity, and temperature, and the relative
numbers of spores present in a particular region. Ac-
curate estimates of atmospheric concentrations of spe-
cific basidiospores are difficult to obtain with currently
available aeroallergen collection techniques. Relative
estimates, based on the number of basidiocarps grow-
ing in a particular area, along with the number of
spores harvestable from basidiocarps, permit crude
estimations of atmospheric spore concentrations. Dif-
ferent basidiospore species may vary in their ability
to induce IgE responses caused by the relative aller-
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genic potency of basidiospore proteins, the duration
of time that they are suspended in the air, and antigenic
cross-reactivity among various species.'” Indeed, in
the current study population, we demonstrated a high
prevalence of positive skin tests to two or more ba-
sidiospore extracts. This may be due in part to shared
allergenic epitopes among basidiospore species, as has
been suggested previously.'®

RAST results between the Washington state and
Louisiana study populations are less easily com-
pared." In both groups, Coprinus quadrifidus and
Psilocybe cubensis had the greatest number of positive
responses, whereas Boletus sp. and Pisolithus tinc-
torius had the least. Results from other extracts were
generally discordant, with the most striking example
being Armillaria tabescens. In the present study, no
individuals were RAST positive to that allergen; how-
ever, 21.4% of subjects residing in the New Orleans
and Gulf of Mexico regions had in vitro IgE anti-
bodies. In addition, percent binding of total anti-
IgE added appeared lower in the population from
Washington state. The most likely reason for the dis-
crepancies may be the limited sample size from Wash-
ington, although climatic variables listed above may
also play a role. Both our present and previous'! stud-
ies demonstrated a generally poor correlation between
skin test and RAST results. The reason(s) is not clear,
but it is possible that some basidiospore extracts have
fewer free amino groups available to bind with the
disk or that the allergen(s) is not proteinaceous.

A significant question that remains to be answered
is whether skin test reactivity is an adequate predictor
of clinical symptomatology. Previous studies®!* have
demonstrated a relationship between episodes of al-
lergic asthma and increased concentrations of basi-
diospores in the atmosphere. Of our study population,
all patients reacting to the basidiospores had histories
of clinically significant perennial respiratory symp-
toms, including rhinitis, bronchospasm, or both. Re-
cently, a relationship between bronchospasm and in-
halation of basidiospores was demonstrated.' Five of
seven individuals with asthma and with positive skin
tests to basidiospores demonstrated reductions in
FEV, of >20% after aerosol inhalation challenge with
extracts of Pleurotus ostreatus, Coprinus quadrifidus,
Ganoderma lucidum, or Psilocybe cubensis. These
data clearly indicate the importance of basidiospore
allergy in provoking respiratory symptoms. Further
studies with basidiospore extracts with subjects from
additional geographic regions are necessary to confirm
the emerging information about the prevalence of ba-
sidiospore allergy.

J. ALLERGY CLIN. IMMUNOL.
DECEMBER 1988

We thank Ms. Peggi Reed and Ms. Marjorie McCants
for technical assistance.

REFERENCES

1. Lehrer SB, Aukrust L, Salvaggio JE. Respiratory allergy in-
duced by fungi. Clin Chest Med 1983;4:23.

2. Bigelow HE. Mushroom pocket field guide. New York: Collier
Books, McMillan, 1979.

3. Herxheimer H, Hyde HA, Williams DA. Allergic asthma
caused by basidiospores. Lancet 1969;19:131.

4. Gregory P, Hirst J. The summer air spora at Rothamsted in
1952. J Gen Microbiol 1957;17:135.

5. Hyde HA, Adams KF. Airborne allergens at Cardiff 1942-
1959. Acta Allergol 1960;15(suppl):159.

6. Santilli J, Rockwell WJ, Collins RP. The significance of the
spores of the basidiomycetes (mushrooms and their allies) in
bronchial asthma and allergic rhinitis. Ann Allergy 1985;
55:469.

7. Giannini EH, Northey WT, Leathers CR. The allergenic sig-
nificance of certain fungi rarely reported as allergens. Ann
Allergy 1975;35:372.

8. Lopez M, Salvaggio JE, Butcher BT. Allergenicity and im-
munogenicity of basidiomycetes. ] ALLERGY CLIN IMMUNOL
1976;57:480.

9. Lehrer SB, Lopez M, Butcher BT, Olson J, Reed M, Salvaggio
JE. Basidiomycete mycelia and spore-allergen extracts: skin
test reactivity in adults with symptoms of respiratory allergy.
J ALLERGY CLIN IMMUNOL 1986;78:478.

10. Weissman DN, Halmepuro L, Salvaggio JE, Lehrer SB. An-
tigenic/allergenic analysis of basidiomycetes cap, mycelium,
and spore extracts. Int Arch Allergy Appl Immunol 1987;
84:56.

11. Butcher BT, O’Neil CE, Reed MA, Altman LC, Lopez M,
Lehrer SB. Basidiomycete allergy: measurement of spore-
specific IgE antibodies. J ALLERGY CLIN IMMunoL 1987,
80:803.

12. Karr RM, Wilson MR, Anicetti VR, Lehrer SB, Butcher BT,
Salvaggio JE. An approach to fungal antigen relationships by
radioallergosorbent test inhibition. J Allergy Clin Immunol
1981;67:194.

13. Ceska M, Lundkvist B. A new and simple radioimmunoassay
method for determination of IgE. Immunochemistry 1972;
9:1021.

14. Salvaggio JE, Seabury JJ, Schoenhardt E. New Orleans
asthma. V. Relationship between Charity Hospital asthma ad-
missions rates, semiquantitative pollen and fungal spore
counts, and total particulate aerometric sampling data. J AL-
LERGY CLIN IMMUNOL 1971;48:96.

15. Salvaggio JE, Aukrust L. Mold-induced asthma. J ALLERGY
CLIN IMMUNOL 1981;68:237.

16. Gilbertson RL, Ryvarden L. North American polypores, vol
1. Fungiflora, Oslo. Oslo, Norway: 1986:356.

17. Hasnain SM, Wilson JD, Newhook FJ, Segedin BP. Allergy
to basidiospores: immunologic studies. NZ Med J 1985,98:393.

18. O’Neil CE, Hughes JM, Butcher BT, Salvaggio JE, Lehrer
SB. Basidiospore extracts: evidence for common antigen-
ic/allergenic determinants. Int Arch Allergy Appl Immunol
1988;85:161.

19. Lopez M, Voigtlander JR, Salvaggio JE, Lehrer SB. Bron-
choprovocation studies of basidiospore (BS) skin test and
RAST positive asthmatics [Abstract]. J ALLERGY CLIN IM-
MUNOL 1987;79:207.



