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RAST with 12 basidiospore extracts demonstrated that a significant percent of 42 individuals 
with symptoms of perennial rhinitis and/or asthma and skin reactivity to at least one spore 
extract had spore-specific IgE antibodies. These antibodies were not demonstrable in 14 atopic, 
symptomatic, skin test negative control subjects nor in five nonatopic, asymptomatic control 
subjects. There was a statistically significant association between RAST and skin test results for 
all but three of the spore extracts. A statistically significant association was also observed 
between RAST results obtained with most of the different spore extracts. A similar association 
was present for skin test results with different spore extracts. These results provide evidence that 
basidiospore extracts are suitable allergens for use in diagnostic studies of respiratory disease 
associated with exposure to basidiomycetes. (J ALLERGY CLIN IMMUNOL 1987;80:803-9.) 

Basidiomycetes, the most morphologically complex 
of the fungi, consist of approximately 25,000 species 
and inclucte mushrooms, puffballs, rusts, smuts, and 
bracket fiingi.' High atmospheric concentrations of 
basidiospores have been reported in many parts of the 
world.̂ "^ Earlier studies from our laboratories dem­
onstrated a correlation between elevated basidiospore 
levels in the environment, related to meteorologic 
changes, and increased seasonal incidence of hospital 
admissions for acute asthma." Subsequently, the pres­
ence of specific IgE antibodies to mycelial and met­
abolic fractions from in vitro cultured basidiomycetes 
was demonstrated by skin test and RAST.' * 
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Basidiomycetes grown in vitro do not sporulate. 
Thus, reactions to in vitro growth extracts may not 
be relevant to respiratory allergic disease, since the 
fungal elements to which individuals are exposed are 
primarily spores. Our skin prick test results on sub­
jects in New Orleans, La., and Seattle, Wash., con­
firmed that extracts of basidiospores are more aj^ro-
priate allergens for clinical studies than mycelial or 
metabolic material. There was a good correlation be­
tween skin test results and questionnaire-derived his­
tory of respiratory symptoms,*'' although, in both 
populations, differences in the prevalence of skin re­
actions to different basidiospore preparations were ob­
served. These findings support the hypothesis that 
basidiospores are major fungal aeroallergens in the 
New Orleans' and Seattle* environments. 

The purpose of this study was to confirm and extend 
our evaluation of basidiospore-induced respiratory dis­
ease. We describe in this article the measurement of 
spore-specific IgE antibodies with RAST and analysis 
of relationships between and among skin prick test 
and RAST with these basidiospore extracts. 

MATERIAL Mm METHODS 
Study population 

Ilie study population consisted of 42 adults with sjĉ np-
toms of respiratory allergy (perennial rhinitis and/or asthma) 
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TABLE I. Skin test and RAST results with basidiospore extracts 

Spore extract 

G. saccatum* 
C. quadrifidus 
Scleroderma sp. 
P. cubensis 
P. ostreatus 
A. tabescens 
G. lucidum 
C. cyathiformis 
Boletus sp. 
A. atnara 
A. muscaria 
C. molybdites 
P. tinctorius 

% SKT + 

55.6 
54.8 
47.6 
42.9 
42.9 
40.5 
38.1 
33.3 
33.3 
33.3 
31.0 
31.0 
28.6 

%RAST + 
(highest % B) 

31.0(10.2) 
31.0(13.5) 
16.7 (8.9) 
35.7 (23.9) 
21.4(8.7) 
21.4(10.5) 
21.4(12.3) 
16.7(8.1) 
4.8 (3.7) 

26.2 (14.5) 
16.7 (8.0) 
19.0 (7.7) 
9.5 (5.7) 

% SKT and RAST + 

44.4 
31.0 
16.7 
33.3 
21.4 
14.3 
16.7 
16.7 
2.7 

23.8 
7.1 

14.3 
2.4 

Fisher's 
exact 

probability 

ND 
p = 0.001 

NS 
p = 0.0003 
p = 0.003 
p = 0.0145 
p = 0.009 
p = 0.0032 

NS 
p = 0.019 

NS 
p = 0.006 

NS 

SKT = skin test; B = binding; NS = not significant; ND = not detennined. 
*Skin test performed on nine individuals, and RAST performed on 42 individuals. 

T/I^LE II. Association iietween sicin prick test results with different basidiospore extracts 

Scleroderma sp. 
G. saccatum 
C. quadrifidus 
A. muscaria 
C. molybdites 
Boletus sp. 
P. ostreatus 
P. tinctorius 
P. cubensis 
A. amara 
G. lucidum 
C. cyathiformis 
A. tabescens 

S.S. 

ND 
— 
— 
— 
* 

— 
— 
— 
— 
— 
— 
— 

G.s. 

ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

C.q. 

ND 

— 
— 
— 
* 

* 

t 
* 

t 
— 

A.ni. 

ND 
— 

— 
— 
— 

— 
— 
— 
— 
— 

Cm. 

ND 
— 
— 

t 
t 

— 

t 
* 
* 

t 

B.S. 

* 

ND 
— 
— 
t 

* 

* 
t 

— 
t 
* 

P.O. 

ND 
* 

— 
t 
* 

t 
t 

__ 

t 
t 

P.t 

ND 
— 
— 
— 
— 
— 

— 
— 
— 
— 
— 

P.c. 

ND 
* 

— 
— 
* 

t 

t 
* 
t 
* 

A.a. 

ND 
t 

— • 

t 
t 
t 

t 

* 

t 
t 

G.I. 

ND 
* 

_ 
* 

— 
— 

t 
* 

* 
t 

C.C. 

ND 
t 

— 
* 

t 
i 

t 
t 
* 

— 

A.t. 

ND 
— 
— 
t 
* 

t 

* 

t 
t 

— 

ND = not done; -
*0.0 X = p. 
tO.OO X = p. 
10.000 X = p. 

not significant. 

attending the Cheuity Hospital of New Orleans, Tulane Uni­
versity Medical Center, or University of Washington Allergy 
Clinics, and who had positive skin prick reactions to one 
or more basidiospore extract (see next section for list). A 
control population of 14 atopic adults with symptoms of 
respiratory allergy but witti negative skin prick tests to the 
basidiospore extracts and five nonat(^ic adults with no 
symptoms and negative skin prick test to the spore panel 
were also tested. Informittion on respiratory and tdtergic 
history was obtained on all study subj^ts, and blood sam­
ples were drawn. All individuals were skin prick tested with 
inhalant allergens common to the area. IndividuMs with two 

or more positive skin prick tests to these panels were con­
sidered atopic. 

Extracts of spores from basidiooiycetes indigeaGus to the 
New (Meaas region uid r^^e^tetg a variety of species pres­
ent in LoutsioEta, with different growisg seasons, v^x pre­
pared as described elsewhere.^ Basidiospore s an i e s were 
collected from the (wfibfdls Scleroderma sp., Gemtrum sac­
catum, Pisolitkus tinctorius, and Calvatia cyatk^rmis; a 
palypi»«, Ganaderma luddrnt; and Ae giUed auidfecoams, 
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TABLE III. Association between RAST with different basidiomycete spore extracts 

Scleroderma sp. 
G. saccatum 
C. quadrifidus 
A. muscaria 
C. molybodites 
Boletus sp. 
P. ostreatus 
P. tinctorius 
P. cubensis 
A. amara 
G. lucidum 
C. cyathiformis 
A. tabescens 

S.s. 

** 
* 

** 
*** 
— 
** 
* 
** 
** 
* 

*** 
* 

G.s. 

** 

*** 
** 
** 
— 
** 
— 
*** 
*** 
** 
** 
*** 

C.q. 

* 
*** 

** 
** 
— 
* 

— 
*** 
*** 
** 
* 

*** 

A.m. 

** 
** 
** 

* 
* 
* 
* 
** 
** 
* 
** 
** 

Cm. 

*** 
** 
** 
* 
* 
* 
** 
** 
** 
** 
* 

*** 
** 

B.s. 

— 
— 
* 
* 

* 
* 

— 
— 
* 
* 
* 

P.O. 

** 
** 
* 
* 
** 
* 

* 
** 
** 
* 

** 
* 

P.t. 

* 
— 
— 
* 
** 
* 
* 

* 
* 
* 
* 
* 

P.c. 

** 
*** 
*+* 

** 
** 
— 
** 
* 

*** 
** 
** 
** 

A.a. 

** 
*** 
*** 
** 
** 
— 
** 
* 

*** 

* 
** 
• * 

G.I. 

* 
** 
** 
* 
* 
* 
* 
* 
** 
* 

* 
* 

C.c. 

*** 
** 
* 

** 
*** 

* 
** 
* 
** 
** 
* 

* 
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A.t. 

* 
*** 
*** 
** 
** 
* 
* 
* 
** 
** 
* 
* 

— = Not significant. 
*0.0 X or 0.00 X = p. 
**0.000 X or 0.0000 x = p. 
***0.00000 X = /). 

Psilocybe cubensis, Coprinus quadrifidus, Amanita mus­
caria, Chlorophyllum molybdites. Boletus sp., Pleurotus 
ostreatus, Agrocybe amara, and Armillariella tabescens. 
Basidiomycetes were identified on the basis of morphology, 
growth patterns, and spore structure. Boletus sp., and 
Scleroderma sp., were mixtures of spores from different 
species of these genera. 

Basidiospores were collected as described previously.'' 
Briefly, basidiomycete caps were placed, gills or pores 
down, on Whatman No. 1 filter paper or waxed paper and 
covered with aluminum foil or filter paper to obtain prints 
from which spores were scraped with a spatula. When fruit­
ing bodies were puffballs, they were harvested at maturity, 
dried at room temperature, and cut in half, and the spore 
mass comprising the interior of the puffball was removed 
with a spatula. 

Identification of spore preparations, based on color, size, 
and shape, was confirmed by light microscopy. Purity was 
>98% for spores from gilled or pored mushrooms and at 
least 80% to 90% for spores from puffballs, with the major 
contaminant being sterile hyphae. 

Preparation of basidiospore extracts 

To prepare extracts, 1 gm of spores was homogenized in 
a Braun homqgenizer in 20 ml of ammonium bicarbonate 
buffer (0.125 mol/L, pH 8.1), the homogenate was centri-
fuged at 48,000 x g, the supernatant was lyophilized, and 
the extract was stored at room temperature under desicca­
tion.' All extracts were tested for toxicity in female Swiss-
Webster mice before use for skin prick testing and were 
demonstrated to be nontoxic. 

Skin pricic test reactions 
Lyophilized spore extracts for skin testing were sus­

pended in a sterile solution of 50% glycerol and PBS and 

sterile filtered. Dry weight of each spore extract was adjusted 
to 5 mg/ml with PBS. Glycerol PBS (1:1) was used as the 
negative control, and 1 mg/ml of histamine diphosphate 
was used as fte positive control. The mean of the largest 
wheal diameter and die diameter perpendicular to it was 
determined. A mean wheal diameter 2 mm greater than the 
diameter of the negative control wheal was considered pos­
itive. 

RAST for specific IgE antibodies to 
spore extracts 

Patients' sera were tested by RAST to determine levels 
of specific IgE antibodies to basidiospores. For coupling to 
RAST disks, spore extracts were adjusted to 10 mg/ml in 
pH 8.0 borate buffer (because of insufficient quantity, 
A. amara extract was used at 8.84 mg/ml) and coupled to 
CNBr-activated filter paper disks.'" 

For the test", 100 \i.\ of patient serum was incubated 
overnight with a test disk. All sera were tested in duplicate. 
After three washes witii 2.5 ml of physiolc^ic saline to 
remove unreacted serum, disks were incubated overnight 
with 100 M-l of '^I-labeled anti-IgE antiserum (25,000 cpm), 
washed three times with saline to remove unreacted mate­
rial, and counted in a gamma counter to determine radio­
activity in counts per minute bound to the disks. A RAST 
binding >3% of total activity added was considered posi­
tive; this value was >3 SD from mean percent binding 
obtained with sera from atopic control subjects skin test 
negative to basidiospores. 

Statistical analysis 
Descriptive statistics were obtained with the StatPro com­

puterized program (Wadsworth Electronic Publishing Co., 
Boston, Mass.). Fisher's exact test'' was used to evaluate 
the association of positive RAST results compared with 
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FIG. 1. Skin and RAST rea< îvitY to spore ejctracts of 
P. ostreatus. 

fWS. 2. Skin and RAST reactivity to spore extracts of 
C. cyathfformis. 

positive skin prick tests (Gained for each basidiospore ex­
tract and to test for associations among die individual spore 
extracts. 

RESULTS 
Skin pride tMtisg wMi bMMkw|»res 

Prevalence of basidiospore-specific positive skin 
prick tests for each spore extract, in this selected pop­
ulation, is presented in Table I. Prevalence varied from 
a low of 28.6% for P. tinctorius to a high of 55.6% 
for G. saccatum (5/9) and 54.8 for C. quadrifidus. 
Mean wheal diameter of skin prick tests varied from 
2 to 7 mm, with the largest reactions observed with 
P. ostreatus. 

Stefetieal mMilytis for detMmhiaHon of 
astocitf^H) iMtMNMm s|ioi« mtratf M n 
test rMtift» 

There was a strong association between skin test 
results to many of the different basidiospores (Ta­
ble II). The strongest associations were observed be­
tween P. cubensis and C. cyathiformis. No associa­

tions were obtained with A. muscaria and P. tinctorius 
extracts. Scleroderma sp. demonstrated an association 
with Boletus sp. only. 

RAST w i ^ bMMI«tt|mws 

The percent binding of inckvidual sera varied mark­
edly depending on the basidi<»pore extract used. 
P. cubensis demonstrated the h i ^ s t RAST values 
with maximal percent binding of 23.9%. Other ba­
sidiospore extracts also demcHistrated sigoificant per­
cent binding (Table I). Boletus sp. dermmstrated the 
lowest RAST values with maximum percent binding 
of only 3.7%. No positive results were c ĵtoined with 
sera from skin test negative atopic or nonatopic 
asymptomatic individuals. 

Stati«iic»l mmilf0»f» of 

RAST resists 
With the exception of Boleius sp. and P. tinctorius, 

there was a strong statistical assaeiaiicm between 
RAST with the di^erent ba&icbo^Kire extracts (Ta-
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FIG. 3. Skin and RAST reactivity to spore extracts of 
A. amara. 

ble III). The strongest associations were observed 
with G. saccatum, C. quadrifidus, and P. cubensis. 
Minimal associations were obtained with A. mus-
caria, P. ostreatus, P. tinctorius, G. lucidum, and 
Boletus sp. 

Comparison of RAST results with skin 
pride test 

The percent of positive skin and RAST tests is 
presented in Table I. RAST percent binding of most 
basidiospore extracts revealed a strong association 
with the results of skin prick testing. C. quadrifidus, 
C. molybdites, P. ostreatus, P cubensis, A. amara, 
G. lucidum, C. cyathiformis, and A. tabescens all 
revealed a highly statistically significant association 
between RAST and skin test (Table I). ExMnples of 
RAST percent binding of P. ostreatus, C. cyathifor­
mis, A. amara, and P. cubensis basidiospore allergen-
coated disks in comparison to skin test reactivity to 
these basidiospores are illustrated in Figs. 1 to 4. 
P. cubensis, C. quadrifidus, and G. saccatum dem-

i 

24 
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16 

14 

12 

10 

8 

6 

+ 
SKIN TEST 

FIG. 4. Skin and RAST reactivity to spore extracts of 
P. cubensis. 

onstrated the greatest percentages of RAST positive 
responses; P. cubensis demonstrated up to 35.7% 
RAST positive, and both C. quadrifidus and G. sac­
catum had up to 31.0% positive RAST results. RAST 
with other basidiospore extracts, such as P. tinctorius 
and Boletus sp., which demonstrated the lowest per­
cent (<10%) of positive RAST results, did not cor­
relate with skin test reactivity. These results demon­
strate that IgE antibodies to basidiospore allergens are, 
in general, present in sera of skin test positive indi­
viduals. 

D^CUSSION 
These results extend our previous studies of 

basidiomycete-specific IgE antibodies in patients with 
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symptoms of respiratory allergy.' The findings con­
firm earlier studies that basidiospore extracts are use­
ful reagents for skin prick testing to detect basidio­
spore hypersensitivity.'' * " '* " Our in vitro testing 
for specific IgE antibodies also demonstrated that ba­
sidiospore allergens can be coupled to CNBr-activated 
disks for use in the RAST assay. RAST results dem­
onstrated that a high proportion of skin test positive 
individuals had basidiospore-specific serum IgE an­
tibodies. We also demonstrated that, for most spore 
extracts tested, RAST and skin test results had a strong 
statistical association. There was a highly significant 
association between positive skin prick test and pos­
itive RASTs with C. quadrifidus, C. molybdites, 
P. ostreatus, P. cubensis, A. amara, G. lucidum, 
A. tabescens, and C. cyathiformis extracts. The other 
basidiospores tested did not demonstrate a good cor­
relation with skin test reactivity or demonstrated little 
or no RAST reactivity. Of particular note were RAST 
results with P. tinctorius that demonstrated little or 
no IgE antibody binding. 

The reasons for disparity in skin reactivity and mag­
nitude of RAST reactivity for some basidiospores are 
not known. It is certainly possible that some ba­
sidiospores are present in the environment in greater 
concentration or for longer time periods than other 
basidiospores and therefore have the potential to stim­
ulate higher titers of specific IgE antibodies in sus­
ceptible individuals. Unfortunately, because of diffi­
culties in identifying and quantifying atmospheric 
concentrations of specific basidiospores, currently, the 
best estimates can only be obtained by relating data 
on the number of basidiocarps growing in the wild 
and the number of spores collectible from them. Based 
on this crude measurement, it appears that some ba­
sidiocarps, such as P. tinctorius and C. molybdites, 
which probably release tremendous numbers of 
spores, do not induce significant specific IgE re­
sponses, as measured by skin test or RAST reactivity. 
This is in contrast to other basidiocarps, such as 
A. amara, which, in our experience, produce less 
fruiting bodies for a shorter time period (and, pre­
sumably, less spores), and yet are significant inducers 
of specific IgE antibodies. A possible explanation for 
these observations is that some basidiospores may be 
more potent allergens than others. 

Another perplexing observation is the discrepancy 
between skin test and RAST results for several basid­
iospore extracts. The RAST reaction essentially binds 
protein antigens to CNBr-activated disks. It is possible 
that some basidiospore allergens have fewer free 
amino groups to bind to the disk or may be composed 
of nonproteinaceous materials; thus, other methods 
must be used to insolubilize these allergens for mea­

surement of specific IgE antibodies. It is also possible 
that extraction of allergen is not optimal for some of 
these basidiospores. 

An important observation was the high prevalence 
of muhiple skin test reactivity to different basidiospore 
preparations among individuals with histories of pe­
rennial rhinitis and/or asthma. This was true for all 
but three of the basidiospores tested (A. muscaria, 
P. tinctorius, and Scleroderma sp.), the latter two 
being puffballs. These results suggest the possibility 
of common allergenic epitopes. Preliminary RAST-
inhibition testing of basidiospore extracts suggests that 
there may be shared antigenic structures among dif­
ferent basidiospore preparations'^; however, further 
analysis of spore extracts will be necessary to deter­
mine if this is indeed the case. 

Since the collection of basidiospores is a laborious, 
time-consuming procedure, the possibihty that com­
mon allergenic epitopes exist has important economic, 
clinical, and diagnostic implications. Future studies 
could use a limited panel of more easily obtained 
basidiospores with common allergenic epitopes to de­
termine IgE-mediated hypersensitivity rather than the 
use of extracts from a wide range of basidiospore 
species. Similarly, if immunotherapy proves feasible 
for treatment of basidiospore sensitivity, a limited 
panel of basidiospores with common allergenic epi­
topes could be used rather than attempting to desen­
sitize patients with the large numbers of basidiospore 
species to which they are exposed. 

Our results demonstrate that basidiospore extracts 
are suitable diagnostic reagents for both in vivo and 
in vitro testing of patients allergic to basidiomycetes. 
Since these studies were performed in selected indi­
viduals, they do not provide information regarding 
prevalence of reactivity to basidiospores in the general 
population; however, as we now have adequate quan-
titites of extracts to test individuals, this can be de­
termined. It should also now be possible to begin to 
apply laboratory immunologic methods, such as those 
described by Swanson et al.'" to measurement of at­
mospheric concentrations of specific basidiospores. 
Since it is usually extremely difficult to identify ba­
sidiospores morphologically, use of such immunologic 
assays to measure allergenic basidiospore concentra­
tions would be an important development. In addition, 
since commercially available basidiospore extracts are 
being increasingly used for testing patients, our ability 
to identify elevated levels of specific IgE antibodies 
in serum and to develop RAST to detect these anti­
bodies suggest that it will be possible to develop tech­
niques that can be used for standardization of com-
merical basidiospore allergen preparations for clinical 
and diagnostic use. 
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