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ABSTRACT

Basidiospores of Calvatia cyathiformis have been identified in aerobiological studies, and spore
extracts have demonstrated significant skin and radioallergosorbent test reactivity in sensitive patients.
Although fruiting bodies of Calvatia craniiformis, C. rubroflava, and C. gigantea are also relatively
common, basidiospores of these species cannot be specifically identified from the atmosphere. The
present study compared the morphology and antigenic properties of basidiospores from these four
Calvatia species. Electron microscopy showed that they all have globose spores 3-5 um in diameter
but each species has unique spore ornamentation. Only C. cyathiformis spores were sufficiently dis-
tinctive by light microscopy to be identifiable on air sampler slides. These spores occurred in the Tulsa
atmosphere on 68% of the days during September and October. The allergenic properties were compared
using radioallergosorbent test and radioallergosorbent test inhibition. Results indicate that C. rubroflava
and C. craniiformis are potentially important aeroallergens. Protein patterns in these species differed
from one another and from C. cyathiformis, however, common proteins were also present. Spore extracts
of C. cyathiformis from two states were similar by isoelectric focusing but differed in allergenic activity.
C. gigantea gave indiscernible protein patterns. These studies indicate that although Calvatia species

demonstrate a number of similarities, there are distinctive structural and allergenic properties.
Key Words: aerobiology, allergens, basidiospores, Calvatia

Since the 1930s fungal spores have been rec-
ognized as major allergens (Feinberg, 1935). Over
the years, numerous studies have confirmed the
importance of the imperfect fungi as a cause of
both asthma and allergic rhinitis. As early as
1952, Gregory and Hirst (1952) suggested air-
borne basidiospores as possible allergens; how-
ever, it has only been in the past 10 to 15 yr that
clinical evidence has been accumulating on the
incidence of basidiospore-induced allergic dis-
ease. Recent studies have shown that various
members of the hymenomycetes and gastero-
mycetes are significant allergens (Giannini et al.,
1975; Tarlo et al., 1979; Hasnain et al., 1984,
1985a, b; Lopez et al., 1985; Santilli et al., 1985;
Burge, 1986; Lehrer et al., 1986; Butcher et al.,
1987, Weissman et al., 1987; Davis et al., 1988;
Ibanez et al., 1988; O’Neil et al., 1988; Horner
et al.,, 1989). Aerobiological studies have also
shown that high concentrations of basidiospores
exist in the atmosphere at various locations

around the world (Rubulis, 1984; Hasnain et al.,
1985a; Misra, 1987; Levetin, 1990, 1991).

Calvatia cyathiformis (Bosc) Morg. is a com-
mon grassland puffball in North America (Zeller
and Smith, 1964). Basidiospores have been iden-
tified in aerobiological studies since the size, col-
or, and ornamentation of the spores make them
distinctive and recognizable from atmospheric
samples (Levetin, 1990, 1991). Basidiospore ex-
tracts of this species have demonstrated signifi-
cant skin and radioallergosorbent test (RAST)
reactivity in sensitive patients (Lehrer et al., 1986;
Butcher et al., 1987; Ibanez et al., 1988; Horner
etal., 1989). Spore allergens from C. cyathiformis
are well characterized relative to most basidio-
spore allergens, and they broadly cross react with
spore allergens from the Agaricales and Aphyl-
lophorales (O’Neil et al., 1988; De Zubiria et al.,
1990).

Although fruiting bodies of Calvatia crani-
iformis (Schw.) Fr., C. rubroflava (Craigin) Morg.,
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and C. gigantea (Batsch ex Pers.) Lloyd are also
relatively common, spores of these species have
not been identified from the atmosphere nor has
their allergenicity been examined. The present
study was undertaken to determine the airborne
concentration of C. cyathiformis spores, to assess
cross-reactivity of Calvatia allergens among re-
lated species and to find a basis for visual iden-
tification of other Calvatia spores that may be
allergenically important but previously over-
looked from air samples.

METHODS AND MATERIALS

Air sampling. — The atmosphere in Tulsa, Oklahoma
was monitored with a Burkard Volumetric Spore Trap
which was located on the roof of a building on The
University of Tulsa campus with the intake orifice at
12 m above ground (Levetin, 1990). The sampler was
set for 7-day sampling onto Melenex tape which had
been coated with a thin film of Lubriseal (Thomas
Scientific, Swedesboro, New Jersey). The tapes were
changed weekly and cut into 1-day segments which
were mounted on microscope slides, stained with glyc-
erin-jelly containing basic fuchsin, and microscopically
examined. The concentrations are expressed as daily
averages in spores/m?>.

Spore treatments.—Specimens of Calvatia cyathifor-
mis were collected in both the New Orleans, Louisiana
area and the Tulsa, Oklahoma area. Calvatia crani-
iformis and C. rubroflava were from Tulsa, while C.
gigantea was collected in Rochester, Minnesota.
Voucher specimens of the Tulsa collections were de-
posited in the Barclay Herbarium of The University
of Tulsa. Basidiospores were harvested from the ma-
ture gleba, passed through a 45 um sieve and stored
desiccated at room temperature in sealed containers
with desiccant. Spores harvested this way were rela-
tively pure (85% to 95%); the remainder of the material
was primarily capillitium.

For electron microscopy, basidiospores were at-
tached to sample stubs with Tempfix (Electron Mi-
croscopy Sciences, Ft. Washington, Pennsylvania),
sputter-coated with gold, and examined with a Hitachi
$2300 scanning electron microscope (SEM).

In preparing extracts, spores were defatted with ether
(200 ml/g of spores) prior to extraction and allowed to
air dry overnight. Spores were disrupted by vigorous
shaking with glass beads in 0.125 M NH,CO, (pH 8.1)
using a Braun homogenizer (Melsungin, Germany)
cooled with escaping liquid CO, for 2 min. Homoge-
nate was recovered by washing the beads in a minimum
volume (<100 ml) of cold buffer. The homogenized
suspension was then centrifuged at 4 C for 30 min at
80,000 g, and the supernatant recovered and lyophi-
lized. Lyophilized extracts were stored under desic-
cation until used for RAST, RAST inhibition, and iso-
electric focusing.

Radioallergosorbent test (RAST). —Sera were obtained
from six patients that were skin test positive to C.
cyathiformis extracts and tested by RAST to determine
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levels of specific IgE (immunoglobulin class E) anti-
bodies to Calvatia allergens as previously described
(Horner et al., 1989). Briefly, cyanogen bromide-acti-
vated paper disks (Whatman No. 1) were separately
coated with Calvatia extracts (1 mg/disk) which had
been resuspended in 0.1 M borate buffer, pH 8. Du-
plicate RAST disks were incubated overnight in 100
ul serum from subjects who skin tested positive to C.
cyathiformis and then washed free of unbound serum
with three changes of saline. During incubation serum
antibodies specific for Calvatia antigens bound to Cal-
vatia antigen on the disk. The disks were incubated
with approximately 15,000 cpm affinity purified '*°1
equine antihuman IgE (Kallested, Chaska, Minnesota)
and unbound antibody removed by three saline washes.
Residual counts were determined in a Beckman model
5500 gamma counter. RAST results were expressed as
percent of total label added that bound to disks. Tests
were run in duplicate and the mean used to calculate
percent bound. RAST values >2% bound were con-
sidered a positive RAST reaction as previously de-
scribed (Butcher et al., 1987; Horner et al., 1989).

RAST inhibition.—RAST disks, coated with the var-
ious Calvatia extracts were incubated with 50 ul pooled
sera (containing equal volumes of five sera used for
RAST) and 50 gl inhibiting antigen (10, 1, 0.1, 0.01,
and 0.001 mg/ml of spore extracts in PBS). Inhibition
of IgE binding to antigen coated disks is caused by
competition between soluble and bound antigens with
maximum inhibition occurring when the soluble and
bound antigens are most similar. Results are presented
as percent inhibition related to a PBS (negative control)
solution. In addition, the amounts of antigen inhibiting
RAST by 50% (IDs,) were calculated and the logarithm
of these values plotted. Extracts which show significant
inhibitory activity have relatively low IDs, values.

Isoelectric focusing. —Calvatia extracts were focused
by electrophoresis in ampholine polyacrylamide gel
plates, pH 3.5-9.5. Electrical settings were limited to
1500 V, 50 W and 30 mA with gels focused for ap-
proximately 1500 Vh. Following electrophoresis, gels
were fixed in a solution of 3.5% sulfosalicylic acid and
11.5% trichloroacetic acid. Fixed gels were equilibrated
in staining solvent (3:1:9, methanol : acetic acid : water)
for 20 min and then stained in 0.1% Coomassie bril-
liant blue R 250 in staining solvent at 60 C (initially)
for 20 min. Gels were destained with washes of staining
solvent.

RESULTS

Aerobiology. —Basidiospores of Calvatia cyathi-
formis were identified on the Burkard slides and
quantified during the fall seasons of 1988 and
1989. Spores of this puffball were present on 68%
of the days during September and October in
these years. The atmospheric concentration was
generally low, below 100 spores/m3, with the
highest concentration of 409 spores/m? occurring
on 10 Oct. 1989 (FiG. 1). Although the spores
normally occurred singly on the air sampler slides,
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occasional clusters containing up to 35 basidio-
spores were observed (FIG. 2). Basidiospores of
other puffballs were also seen on these slides;
however, no other Calvatia species were iden-
tified.

Spore morphology. —Under the light micro-
scope, the basidiospores of C. cyathiformis ap-
pear light purplish-brown and globose with dis-
tinct spines. Spores of C. rubroflava, C.
craniiformis, and C. gigantea are also globose,
but appear almost colorless with indistinct spines
or warts.

Electron microscopy showed that the four Cal-
vatia species all have globose spores 3-5 um in
diam but each has distinctive spore ornamen-
tation. Of the four species, C. cyathiformis has
the largest spore (4—5 um in diam) with large,
irregular, and somewhat peltate spines (and oc-
casional crests) that are up to 1 um in height
(F1G. 3). The spines are subtended by raised con-
nectives that show signs of pitting or erosion.
The number and density of the spines varies con-
siderably even among spores from the same spec-
imen. Spores from both the Oklahoma and Lou-
isiana specimens share the same distinctive
features.

Spores of C. rubroflava are globose, 3 to 3.5
um in diam, with well spaced slightly curved
spines that are up to 0.5 um in height (FiG. 4).
Raised connectives are visible but not as prom-
inent as they are in C. cyathiformis spores.

Calvatia craniiformis has small globose spores
approximately 3 um in diam with verrucose or-
namentation (FIG. 5). The verrucae are small (up
to 0.2 um in height) with rounded apices and are
well spaced around the spore. The spores are
similar to the C. rubroflava spores but the ver-
rucae in C. craniiformis are small and not as
prominent as the appendages in C. rubroflava.

Calvatia gigantea spores are globose to subglo-
bose, 3 to 3.5 um in diam, with scattered irregular
warts that are up to 0.4 um in height (FiG. 6).
Although these spores show some similarity to
C. craniiformis spores the ornamentation is larg-
er and not as uniform.

RAST/RAST inhibition.—RAST was performed
using sera from six patients who skin tested pos-
itive to C. cyathiformis extracts. The presence of
IgE antibodies with specificity for Calvatia an-
tigens was demonstrated by this technique. The
percent binding of individual sera varied from
1.2% to 15.1% with the lowest average RAST
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FiG. 1. Average daily concentration of atmospheric

Calvatia cyathiformis spores in Tulsa, Oklahoma dur-
ing 1988 (A) and 1989 (B).

binding occurring with C. gigantea extracts (FIG.
7).

The ability of extracts of the various species
to inhibit RAST of other species indicated com-
mon or cross-reacting allergens present in the
spores of all species except C. gigantea (FIG. 8).
The RAST values were generally low for C. gi-
gantea extracts, and inhibition of C. gigantea
RAST was also minimal. The homologous com-
bination (C. giganteainhibiting C. gigantea) only
yielded 57% inhibition (data not shown). Inhi-
bition dose 50 (ID,,) values (other than C. gi-
gantea) were in the same range for all combi-
nations except for C. cyathiformis (LA) inhibiting
C. cyathiformis (OK) RAST (FiG. 9). For this
combination the ID,, value was estimated by
graphic interpolation.

Isoelectric focusing.—The IEF protein banding
showed unique bands for C. craniiformis and C.
rubroflava. The patterns of the two C. cyathifor-
mis extracts were essentially identical (FiG. 10).
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Protein patterns were sufficiently intense with
400 ug extract for C. craniiformis and C. rubro-
flava but required 800 ug of C. cyathiformis; 800
ug gave no discernible pattern with C. gigantea.
Two separate attempts with spore disruption
failed to extract allergens. An additional extrac-
tion procedure from intact spores also failed to
recover any activity (data not shown).

DISCUSSION

Spore morphology and ornamentation in the
gasteromycetes has been extensively studied with
SEM for the past 40 years; however, few studies
have focused on the genus Calvatia (Burk et al.,
1983). This study confirms previous descriptions
of C. cyathiformis (Heim and Perreau, 1971) and
C. gigantea (Perreau, 1971) basidiospores as well
as providing SEM descriptions of spore mor-
phology in C. rubroflava and C. craniiformis.

Calvatia is a large genus with over 30 species
in North America alone. Zeller and Smith (1964)
divided the North American species into seven
stirpes, or groups of closely related species, based
on gross morphology and microscopic details of
the gleba. The four species examined in the pres-
ent study belong to three different stirpes with
C. craniiformis and C. rubroflava closely related
species in the same stirps. The present study sup-
ports this classification based on the details of
spore ornamentation visible with the SEM and
reinforces the view that C. craniiformis and C.
rubroflava are closely related species. Although
the spines of C. rubroflava are more prominent
than the verrucae of C. craniiformis, they are
clearly similar when compared to the peltate
spines and crest of C. cyathiformis and the scat-
tered warts of C. gigantea.

While the spores of these four species show
unique ornamentation with the SEM, using light
microscopy only C. cyathiformis is distinctive
and was the only Calvatia species identifiable on
air sampler slides. These basidiospores occurred
singly or, occasionally, in clusters that resulted
from the discharge of a clump of spores which
were not fully dispersed by the wind. Although
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and C. rubroflava (RU) and C. gigantea (G1).

gasteromycete spores have been previously
identified from the atmosphere (Hasnain et al.,
1985a; Levetin, 1990, 1991), this is the first re-
port to document atmospheric levels of C. cy-
athiformis. The spores occurred in the atmo-
sphere on 68% of the days in September and
October, but the concentrations recorded were
generally low by comparison with other fungal
aeroallergens (Lehrer et al., 1983; Rubulis, 1984;
Hasnain et al., 1985a; Burge, 1986). There were
few significant peaks in the C. cyvathiformis spore
concentrations during the two seasons under
study. It should be noted, however, that most
atmospheric concentrations are normally re-
ported at the generic level including all species
within that genus and not for an individual spe-
cies. The lack of morphological uniformity of
basidiospores within the genus Calvatia does not
allow an accurate assessment of their atmospher-
ic concentration. It is believed that spores of oth-
er Calvatia species are, in fact, present in the

—

FiGs. 2-6. Spore morphology of Calvatia species by light microscopy (FIG. 2) and SEM (FiGs. 3-6). 2. Cluster
of Calvatia cyathiformis spores on slide from Burkard Spore Trap. Bar = 5 um. 3. C. cyathiformis spore, note
large, irregular spines with raised connectives. Bar = 2 um. 4. C. rubroflava spore with slightly curved spines.
Bar = 2 um. 5. C. craniiformis spore with small verrucae. Bar = 2 um. 6. C. gigantea spore showing scattered

irregular warts. Bar = 2 um.

This content downloaded from 74.217.200.19 on Mon, 09 Mar 2015 17:14:07 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

764 MycoLoGIA

100

CY-LARAST CY-OK RAST

¢ +-HRO

ok ' — ! .
100

CR RAST
80

60

Percent Inhibition

40}

20
D

! 1 !

0 I L Lo L Ll "
103 102 101 100 101 103 102 101 100 101

Inhibitor Concentration (mg/ml)

Fic. 8. Inhibition of Calvatia RASTs by different Calvatia extracts. C. cyathiformis from Louisiana (CY-
LA) and Oklahoma (CY-OK), C. craniiformis (CR) and C. rubroflava (RU) were each coupled to activated disks
and reacted with pooled RAST positive sera. Each RAST reaction was inhibited individually with increasing
concentrations of each extract.

atmosphere and would significantly increase the
total Calvatia basidiospore concentration.

It is widely accepted that there is a cause and
P p effect relationship between aeroallergen exposure
Log ID50 .| - R T and allergic symptoms; however, threshold lev-
- : ' els are virtually unknown. Atmospheric concen-

O trations normally represent an average daily con-
IR Y B centration for a large area. During a 24-h period,
3 0 the atmospheric concentration for a particular

MENESE B B S aeroallergen may peak for only 1 or 2 h triggering
2.5/ symptoms in sensitive individuals; this peak may
, T not be apparent in the daily average. In addition,
2,04 atmospheric concentrations close to a source will
1.5 " CY-LA
1.01" » a4 '-/ CY-OK FiG. 9. Log IDs, values for RAST inhibition. In-
‘ hibitor doses (ug) for 50% inhibition of each RAST/
051" inhibitor combination were determined graphically and
Inhibitors plotted’as'lqg value;. for comparison. Extracts with
greater inhibitory activity have lower ID,, values. (CY-
0.0 ‘ ' ' LA = C. cyathiformis from Louisiana; CY-OK = C.
CY-OK CR RU CY-LA cyathiformis from Oklahoma; CR = C. craniiformis,

RAST Inhibitied RU = C. rubroflava).
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Isoelectric focusing analysis of Calvatia extracts. Two extractions of C. gigantea (GI) failed to reveal

protein bands. C. rubroflava (RU), C. craniiformis (CR) and C. cyathiformis from Oklahoma (CY-OK) and
Louisiana (CY-LA) all revealed predominantly acidic protein bands with pI values between 4.6 and 6.6. Note
that all except GI, have a basic protein of approximately pI 9.3.

be significantly higher than the daily average for
a given area, and sensitive individuals nearby
may experience symptoms.

Although these factors influence individual ex-
posure levels, attempts have been made, nev-
ertheless, to correlate atmospheric concentra-
tions with symptoms. It has been reported
(Solomon, 1980) that grass pollen-sensitive pa-
tients normally develop symptoms when atmo-
spheric levels reach 20 grains/m3. While com-
parable data for ragweed pollen are not available,
Solomon (1980) suggested that ragweed pollen
concentrations of 100 grains/m* could elicit
symptoms in ragweed pollen-sensitive individ-
uals. Similarly there has been speculation upon
the threshold concentrations for fungal spores.
Published reports suggest that concentrations of
100 Alternaria conidia/m? and 3000 Cladospo-
rium conidia/m* are reasonable estimates for
these ubiquitous aeroallergens (Dhillon, 1991).

No estimates have been suggested for basidio-
spore concentrations; however, Salvaggio et al.
(1971) have shown a positive correlation be-
tween increased hospital admissions due to asth-
ma and high atmospheric levels of basidiospores.
While there may be threshold concentrations be-
low which no symptoms are experienced (Dhil-
lon, 1991), this is probably not an absolute value
but a gradient based on individual sensitivities.

The present study showed that the Oklahoma
specimens of C. cyathiformis contained aller-
gens, as anticipated; however, one of the greatest
differences in the present study was the contrast
in allergenic activity between C. cyathiformis from
Oklahoma and Louisiana. Although the protein
patterns by IEF were identical, the spore extracts
yielded different RAST and RAST inhibition
values with the Oklahoma specimens showing
greater allergenic activity. These variations be-
tween the C. cyathiformis collections may be as-
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sociated with particular substrate or nutrient fea-
tures and suggest that geographic differences in
basidiospores should be considered as a possible
variable related to allergenicity. Similar dispar-
ities were seen in RAST activity of Pleurotus
ostreatus (Jacq. : Fr.) Kummer spore extracts ob-
tained from specimens collected in different lo-
cations (Liengswangwong et al., 1987).

RAST values indicate that spores of C. cranii-
formis and C. rubroflava also contain allergens.
Protein patterns in these species differed from
one another and from C. cyathiformis indicating
that spores of each species may contain unique
allergens. RAST inhibition studies, however, in-
dicated that common or cross-reacting allergens
were also present in the spores of all species ex-
cept C. gigantea. Although not identifiable on air
sampler slides, RAST and RAST inhibition stud-
ies suggest that both C. craniiformis and C. ru-
broflava are potentially important aeroallergens.

Calvatia gigantea gave indiscernible protein
patterns. Low RAST values could explain the
poor inhibition results with C. gigantea. Failure
with this species may be due to the individual
collection or could be a true species difference in
protein content or extractability. These results
could also be due to the selection of sera, since
C. cyathiformis positive sera were used. Sera from
C. gigantea skin-test-reactive subjects may yield
better RAST results. Additional collections of C.
gigantea basidiospores need to be tested before
decisions on the allergenicity of this species are
reached.

These studies indicate that although the four
Calvatia species demonstrate a number of sim-
ilarities, there are distinctive structural and al-
lergenic properties as well. Further analyses of
additional species are needed to fully assess the
clinical importance of this group of fungi.

ACKNOWLEDGMENTS

The authors wish to acknowledge the technical as-
sistance of M. L. McCants for assistance with RAST
inhibition studies and R. Portman for assistance with
the SEM operation. Mr. John Geens of Rochester,
Minnesota kindly provided Calvatia gigantea basid-
iomes. Supported by National Institute of Allergy and
Infectious Diseases Grants 244776 and 20331 and TU
Faculty Research Grant R-3106-90.

LITERATURE CITED

Burge, H. A. 1986. Some comments on the aerobi-
ology of fungus spores. Grana 25: 143-146.

MYCOLOGIA

Burk, W. R., S. L. Flegler, and W. M. Hess. 1983.
A review of ultrastructural studies of Gastero-
mycete spores. Rev. Biol. (Lisb.) 12: 217-230.

Butcher, B. T., C. E. O’Neil, M. A. Reed, L. C. Altman,
M. Lopez, and S. B. Lehrer. 1987. Basidiomy-
cete allergy: measurement of spore-specific IgE an-
tibodies. J. Allergy Clin. Immunol. 80: 803-809.

Davis, W. E., W. E. Horner, J. E. Salvaggio, and S.
B.Lehrer. 1988. Basidiospore allergens: analysis
of Coprinus quadrifidus spore, cap, and stalk ex-
tracts. Clin. Allergy 18: 261-267.

De Zubiria, A., W. E. Horner, and S. B. Lehrer. 1990.
Evidence for cross-reactive allergens among ba-
sidiomycetes: immunoprint-inhibition studies. J.
Allergy Clin. Immunol. 86: 26-33.

Dhillon, M. 1991. Current status of mold immu-
notherapy. Ann. Allergy 66: 385-392.

Feinberg, S. M. 1935. Mold allergy: its importance
in asthma and hay fever. Wisconsin Med. J. 34:
254.

Giannini, E. H., W. T. Northey, and C. R. Leathers.
1975. The allergenic significance of certain fungi
rarely reported as allergens. Ann. Allergy 35: 372~
376.

Gregory, P. H,, and J. M. Hirst. 1952. Possible role
of basidiospores as air-borne allergens. Nature 170:
414.

Hasnain, S. M., F. J. Newhook, J. D. Wilson, and J.
B. Corbin. 1984. First report of Ganoderma al-
lergenicity in New Zealand. New Zealand J. Sci.
27:261-267.

, J. D. Wilson, and F. J. Newhook. 1985a.
Fungal allergy and respiratory disease. New Zea-
land Med. J. 98: 343-346.

y y , and B. P. Segedin. 1985b.
Allergy to basidiospores: immunologic studies. New
Zealand Med. J. 98: 393-396.

Heim, R., and J. Perreau. 1971. Etude ornamentale
de basidiospores au microscope électronique a ba-
layage. Pp. 251-284. In: Scanning electron mi-
croscopy: systematic and evolutionary applications.
Ed., V. H. Heywood. Academic Press, London.

Horner, W. E., M. D. Ibanez, and S. B. Lehrer. 1989.
Immunoprint analysis of Calvatia cyathiformis al-
lergens. 1. Reactivity with individual sera. J. A/-
lergy Clin. Immunol. 83: 784-792.

Ibanez, M. D., W. E. Horner, V. Liengswangwong, J.
Sastre, and S. B. Lehrer. 1988. Identification
and analysis of basidiospore allergens from puff-
balls. J. Allergy Clin. Immunol. 82: 787-795.

Lehrer, S. B., L. Aurkrust, and J. E. Salvaggio. 1983.
Respiratory allergy induced by fungi. Clin. Chest
Med. 4: 23-41.

, M. Lopez, B. T. Butcher, J. Olson, M. Reed,
and J. E. Salvaggio. 1986. Basidiomycete my-
celia and spore-allergen extracts: skin test reactiv-
ity in adults with symptoms of respiratory allergy.
J. Allergy Clin. Immunol. 78: 478-485.

Levetin, E. 1990. Studies on airborne basidiospores.
Aerobiologia 6: 177-180.

. 1991. Identification and concentration of air-
borne basidiospores. Grana 30: 123-128.

Liengswangwong, V., J. E. Salvaggio, F. L. Lyon, and
S. B. Lehrer. 1987. Basidiospore allergens: de-

This content downloaded from 74.217.200.19 on Mon, 09 Mar 2015 17:14:07 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

LEVETIN ET AL.: CALVATIA BASIDIOSPORE MORPHOLOGY AND ALLERGENS

termination of optimal extraction methods. Clin.
Allergy 17: 191-198.

Lopez, M., B. T. Butcher, J. E. Salvaggio, J. A. Olson,
M. A. Reed, M. L. McCants, and S. B. Lehrer.
1985. Basidiomycete allergy: what is the best
source of antigen? Int. Arch. Allergy Appl. Im-
munol. 77: 169-170.

Misra, R. P. 1987. Studies on seasonal and diurnal
variation in the occurrence of airborne spores of
basidiomycetes. Perspectives Mycol. Res. 1: 243—
252.

O’Neil, C. E., J. M. Hughes, B. T. Butcher, J. E. Sal-
vaggio, and S. B. Lehrer. 1988. Basidiospore ex-
tracts: evidence for common antigenic/allergenic
determinants. Int. Arch. Allergy Appl. Immunol.
85: 161-166.

Perreau, J. 1971. L’ornamentation sporale chez les
Lycoperdons. Ann. Sci. Nat., Bot. Biol. Veg., 12
ser., 12: 127-145.

Rubulis, J. 1984. Airborne fungal spores in Stock-
holm and Eskilstuna, central Sweden. Nordic
Aerobiology: 85-93.

Salvaggio, J., J. Seabury, and E. A. Schoenhardt.
1971. New Orleans asthma. V. Relationship be-
tween Charity Hospital asthma admissions rates,

767

semiquantitative pollen and fungal spore counts,
and total particulate aerometric sampling data. J.
Allergy Clin. Immunol. 48: 96-114.

Santilli, J., W. J. Rockwell, and R. P. Collins. 1985.
The significance of the spores of the basidiomy-
cetes (mushrooms and their allies) in bronchial
asthma and allergic rhinitis. Ann. Allergy 55: 469—
471.

Solomon, W. R. 1980. Common pollen and fungus
allergens. Pp. 219-247. In: Allergic diseases of in-
fancy, childhood and adolescence. Eds., C. W. Bier-
man and D. S. Pearlman. W. B. Saunders Co.,
Philadelphia.

Tarlo, S. M., B. Bell, J. Srinivasan, J. Dolovich, and
F. E. Hargreave. 1979. Human sensitization to
Ganoderma antigen. J. Allergy Clin. Immunol. 64:
43-49.

Weissman, D. N., L. Halmepuro, J. E. Salvaggio, and
S. B. Lehrer. 1987. Antigenic/allergenic analysis
of basidiomycete cap, mycelia, and spore extracts.
Int. Arch. Allergy Appl. Immunol. 84: 56-61.

Zeller, S. H., and A. H. Smith. 1964. The genus
Calvatia in North America. Lloydia 27: 148-186.

Accepted for publication June 5, 1992

This content downloaded from 74.217.200.19 on Mon, 09 Mar 2015 17:14:07 UTC
All use subject to JSTOR Terms and Conditions



http://www.jstor.org/page/info/about/policies/terms.jsp

	Article Contents
	p. 759
	p. 760
	p. 761
	p. 762
	p. 763
	p. 764
	p. 765
	p. 766
	p. 767

	Issue Table of Contents
	Mycologia, Vol. 84, No. 5 (Sep. - Oct., 1992) pp. 615-814
	Front Matter
	A Reevaluation of Cunninghamellaceae (Mucorales). Sigmoideomycetaceae fam. nov. and Reticulocephalis gen. nov.; Cladistic Analysis and Description of Two New Species [pp. 615-641]
	Neotropical Ascomycetes 1. Valsonectria cinnamomi in Artificial Culture [pp. 642-649]
	Crumenulopsis atropurpurea comb. nov., from Japanese Red Pine in Georgia [pp. 650-658]
	Interactions of Heterokaryotic and Homokaryotic Mycelium of Sibling Isolates of the Ectomycorrhizal Fungus Pisolithus arhizus [pp. 659-667]
	Basidial Development, Life History, and the Anamorph of Kriegeria eriophori [pp. 668-678]
	Three New Species of Amanita from Western Australia [pp. 679-686]
	Transformation of Trichoderma spp. with Plasmids Conferring Hygromycin B Resistance [pp. 687-694]
	Induction of Basidia and Morphological Comparison among Isolates of Athelia (Sclerotium) rolfsii [pp. 695-704]
	Characteristic Lichen Products in Cultures of Chemotypes of the Ramalina siliquosa Complex [pp. 705-714]
	Phytotoxic Metabolites of Phoma sorghina, a New Foliar Pathogen of Pokeweed [pp. 715-723]
	Some Boletes from Florida [pp. 724-728]
	Description of a Species of Neozygites Infecting Oligonychus pratensis in the Western Great Plains of the United States [pp. 729-738]
	Talaromyces unicus sp. nov. from Taiwan [pp. 739-749]
	Neotropical Ascomycetes 2. Hypsostroma, a New Genus from the Dominican Republic and Venezuela [pp. 750-758]
	Morphology and Allergenic Properties of Basidiospores from Four Calvatia Species [pp. 759-767]
	Ultrastructure of Zoospores of the Oomycete Apodachlya pyrifera [pp. 768-780]
	Brief Articles
	Nomuraea viridulus, a New Entomogenous Fungus from Taiwan [pp. 781-786]
	Stephanocysts as Nematode-Trapping and Infecting Propagules [pp. 786-790]
	Inhibition of Mycelial Growth of Mycotoxigenic Fungi by Phenolic Antioxidants [pp. 791-793]
	Trinacrium iridis sp. nov. from Iris Roots in Japan [pp. 794-798]
	Low-Level Bioluminescence Detected in Mycena haematopus Basidiocarps [pp. 799-802]
	The Genus Saccardoella from Intertidal Mangrove Wood [pp. 803-810]
	Further Characterization of Cylindrocladium spathiphylli from Spathiphyllum in Hawaii and Florida [pp. 810-814]

	Back Matter



