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Fusarium solani: Prevalence of skin reactivity
and antigenic allergenic analysis

Carol E. O’Neil, Ph.D., Marjorie L. McCants, B.A., John E. Salvaggio, M.D.,
and Samuel B. Lehrer, Ph.D. New Orleans, La.

The prevalence of Fusarium solani reactivity in atopic individuals with symptoms of mold allergy
was assessed with skin test and RAST. In addition, F. solani preparations were evaluated for
antigenic/allergenic activity. Atapic individuals tested, 24.5% (n = 69), had positive skin
reactions to a phosphate-buffered saline extract of F. solani, and these responses were statistically
correlated with RAST results. Immunoelectrophoretic techniques demonstrated that this extract
was antigenic in rabbits and allergenic in man. Gel filtration of F. solani extract on a

Bio-Gel A 0.5 m column demonstrated three peaks of ultraviolet-absorbing material. The column
eluate with the greatest RAST inhibition activity was associated with a protein peak having a
molecular weight >341 kilodaltons; however, all peaks demonstrated inhibitory activity. These

studies suggest that extracts of F. solani contain several allergens that differ in molecular
weight and charge. (J ALLERGY CLIN IMMUNOL 77:842-9, 1986.)

It has long been recognized that inhalation of fungal
fragments can produce allergic symptoms in suscep-
tible individuals. Both upper and lower respiratory
tract symptoms have been reported, but the actual

prevalence of asthma or rhinitis resulting from inha- -

lation of mold spores and/or mycelial fragments is not
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Abbreviations used
PBS: Phosphate-buffered saline
RT: Room temperature
CIE: Crossed immunoelectrophoresis
CRIE: Crossed radioimmunoelectrophoresis
Kd: Kilodaltons
FRIE: Fused-rocket immunoelectrophoresis
FRRIE: Fused-rocket radioimmunoelectrophoresis
UV: Ultraviolet

known.' Although present in the atmosphere in con-
siderably higher concentrations than pollen grains,
fungal spores have not been as widely studied as pol-
len aeroallergens.?
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Recently, detailed studies of molds and their rela-
tionship to allergy have been initiated. The Fungi Im-
perfecti, which contains many of the species thought
to induce IgE-mediated allergic respiratory disease in
man, includes the Deuteromycetes as well as asexual
stages of a variety of Ascomycetes and Basidiomy-
cetes. Genera of Fungi Imperfecti, which have been
studied in relation to allergy, include Cladosporium,
Aspergillus, and Alternaria.*"' Our knowledge of an-
tigenic/allergenic activity of these genera has in-
creased, but other fungal preparations, including
species of Fusarium, have not been well studied.
Fusarium can be present in the air in levels up to
158/cu ft'* and is reported to be among the genera
that are most responsible for induction of respiratory
allergic disease.” Crude preparations of the species
F. solani, in particular, are frequently used in clinical
practice as a skin test reagent to determine the atopic
status of patients and in immunoassays (RAST). In
combination with other mold extracts, F. solani is
also used for immunotherapy, although no controlled
trials have been performed to determine therapeutic
efficacy. Thus, it is important to characterize the al-
lergens present in this organism.

The purpose of this study was to examine the prev-
alence of F. solani reactivity in patients with symp-
toms of mold allergy and to evaluate F. solani anti-
gens/allergens by use of immunoelectrophoretic tech-
niques.

MATERIAL AND METHODS
Extract preparation

Extract was prepared by sonicating (4° C for 10 minutes)
500 mg of powdered, defatted F. solani (obtained from
Greer Laboratories, Lenoir, N. C., and verified by their
consultant mycologist, Roger Crenshaw [material contained
both spores and mycelia]) in 50 m! 0.01 mol/L PBS (pH
7.2). Light microscopy revealed that approximately 50% of
the mycelia were disrupted. The sonicate was mixed over-
night at 4° C and centrifuged at 48,000 X g for 30 minutes
at 4° C, and then the pellet was discarded. The supernatant
was concentrated to approximately 12 ml by Amicon ul-
trafiltration (Amicon Corp., Danvers, Mass.) (UM 2; mo-
lecular” weight exclusion 1000) and dialyzed (molecular
weight exclusion 3500) for 72 hours at 4° C against PBS.
The retentate was centrifuged at 105,000 x g for 30 min-
utes at 4° C. the dry weight was determined, and the su-
pernatant was frozen at —20° C until use. Multiple batches
of extract were prepared and pooled. Final yield of the
extract was 5.4% of the starting material.

Skin testing

A total of 69 atopic individuals were referred to the Char-
ity Hospital or Tulane University Hospital Allergy Clinics
with perennial rhinitis symptoms with or withont associated
asthma (consistent with mold allergy) and were tested.
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FIG. 1. Skin prick test results and RAST reactivity of atopic
individuals tested with a 10 mg/ml of 0.01 m PBS F. sofani
extract.

These subjects had previously been skin prick tested with a
pane! of common inhalant allergens and were classed as
atopic if they had a positive reaction to two or more of these
allergens. In our clinics standard skin prick testing was
performed with 10 mg/ml of F. solani extract in 50% glyc-
erol-PBS; histamine diphosphate (1 mg/ml) was used as the
positive control, and PBS diluent served as the negative
control. Wheal size was determined by averaging the di-
ameter in two dimensions. A reaction was considered pos-
itive if it was 2 mm greater than the negative control.

RAST

RAST with F. solani extract was performed on 33 of the
69 individuals who were skin prick tested and on whom
sera were available. Filter paper discs were activated after
the method of Ceska and Lundkvist' by use of CNBr (Sigma
Chemical Co., St. Louis, Mo.). Activated discs were cou-
pled with 10 mg/ml of the F. solani extract or, as a control,
human serum albumin (Miles Laboratories Inc., Elkhart,
Ind.) in borate buffer (pH 8.0) overnight on a clinical rotator
at RT washed three times in ethanolamine (1 mol/L, pH
8.0), then washed three times with assay buffer (500 m! 0.2
mol/L of Tris buffer, pH 7.5; 500 m] 1.8% NaCl [w/v]; 10
ml 5% NaN;; 5 ml Tween 20; 2 gm of bovine serum al-
bumin), and stored in assay buffer at 4° C until use.

For the test 100 pl of serum was added to tubes containing
either an F. solani— or an human serum albumin—coupled
disc, incubated overnight at RT on a rotator, and washed
three times with 2.5 ml of physiologic saline to remove
unreacted serum. One hundred microliters of *I-labeled
anti-1gE (Pharmacia, Piscataway, N. J.) containing approx-
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FIG. 2. CIE photo and line drawing of F. so/an/ antigens. (Reproduced with permission from
Lehrer SB, Aukrust L, Salvaggio JE: Respiratory allergy induced by fungi. Clin Chest Med 4:23,

1983.)

imately 30,000 cpm was added, the incubation and washing
were repeated, and tubes were counted on a gamma counter.
Results were expressed as the ratio of test counts per minute
divided by HSA counts per minute. A RAST ratio =2 was
considered positive.'*

Rabbit antiserum

Two new Zealand white rabbits were hyperimmunized
as follows: 100 pg of F. solani extract (diluted with PBS)
emulsified with incomplete Freund’s adjuvant (Difco Lab-
oratories, Inc., Detroit, Mich.) injected into each popliteal
tymph node. Four, 6, and 8 weeks later, rabbits were injected
subcutaneously with 800 pg of F. solani extract emulsified
with 1.0 m] incomplete Freund’s adjuvant every 2 weeks.
Rabbits then received five biweekly injections of 5.0 mg of
F. solani extract in complete Freund’s adjuvant (Difco). A
total of 28.4 mg of F. solani extract was injected per animal.
Rabbits were bled via the marginal ear vein, and sera were
tested for the presence of precipitating antibodies by use of
double gel diffusion. For immunoelectrophoretic studies,
the sera were pooled and concentrated to one fifth of original
volume by ammonium sulfate precipitation (40%) and Ami-
con filtration (XMS0). Sera collected before immunization
were pooled and used as a negative control.

CIE

CIE was performed by a standard technique.® Briefly, 20
wl of F. solani extract (23 mg/ml) was elecrophoresed into
1% agarose (Eastman, Rochester, N.Y.} (w/v) in Tris-bar-
bital buffer (pH 8.6) at 10 V/cm for 30 minutes. Antigen-
containing gel strips, 1 cm wide, were cut and transferred
to the base of a 5 by 7 cm agar-coated glass slide, and a
blank agar layer approximately 1.5 cm wide was poured
adjacent to this strip. Agarose (2.1 ml) containing 400 !
of normal rabbit sera or F. solani antisera was poured over
the remaining area of the slide. Second dimension electro-
phoresis, performed at right angles to the first, was run at
2 V/cm for 18 hours. Slides were pressed, washed, dried,

and stained with Coomassie brilliant blue R-250 (Eastman).
A reference pattern was drawn, and precipitin arcs were
arbitrarily numbered.

CRIE

To perform CRIE, CIE plates were prepared with F.
solani as above, except the final wash was in saline, and
plates were dried under a stream of cool air. Six hundred
microliters of sera from 12 F. solani RAST-positive indi-
viduals was diluted with 6.4 ml of phosphate buffer (70
mmol/L, pH 7.0) and incubated with a prepared CIE plate
for 24 hours at RT. Controls, to assess nonspecific radio-
staining, were a serum sample from an atopic individual
who was RAST negative to F. solani and saline. Plates were
washed four times for 10 minutes each with 10 ml of phys-
iologic saline and incubated for 24 hours at RT with ap-
proximately 250,000 cpm of '“I-labeled anti-IgE (Phar-
macia) in 7 m! of incubation buffer. After washing four
times with saline and once with distilled water, plates were
dried, and autoradiography was performed.

CRIE classes were determined with the method of Au-
krust and Aas.™ Discs were incubated with increasing di-
lutions of reference sera A (Pharmacia), washed with saline,
incubated with 250,000 cpm of "I-labeled anti-IgE, re-
washed, and autoradiography was performed. Radiostaining
of test plates was compared with staining of discs. In gen-
eral, CRIE class A represents the highest degree of radio-
staining, and CRIE class H represents the lowest; however,
in these experiments the highest staining was class B, and
the lowest staining was class G.

Gel filtration of F. so/ani

A 100 mg sample of the F. solani extract was fractionated
by passage through a Bio-Gel A 0.5 m (100 to 200 mesh)
(Bio-Rad Laboratories, Richmond, Calif.) column previ-
ously standardized with blue dextran (Pharmacia Fine
Chemicals), human fibrinogen, human gamma globulin,
ovalbumin, and lysozyme (all other column markers from
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FIG. 3. CRIE photographic film from experiments with sera from selected F. so/ani-sensitive
individuals. (Reproduced with permission from Lehrer SB, Aukrust L, Satvaggio JE: Respiratory
allergy induced by fungi. Clin Chest Med 4:23, 1983.)

Sigma Chemical Co.). Material was eluted with PBS (pH
7.2, 0.01 mol/L) at 60 ml/hr, 5 ml fractions were collected,
and UV analyses of fractions (optical density 230 and 280
nm) were performed.

RAST inhibition

RAST inhibition was performed by technique established
in our laboratories”” with a serum pool from RAST-positive
individuals. Pooled aliquots of five fractions, diluted 1:10
with PBS, were used as the inhibiting antigen. For the test,
100 jul of test sera and 100 pl of pooled column fractions
were incubated for 1% hours on a clinical rotator at RT,
centrifuged at 1050 X g for 15 minutes, and a 100 pl ali-
quot of each supernatant was assayed by RAST with an F.
solani disc, as described above. Assays were performed in
duplicate. A positive control consisted of a 100 pl of serum
sample and 100 ul of PBS. Percent RAST inhibition was
calculated as follows:

Average test sample cpm
Average positive control cpm

X 100
=% RAST inhibition

FRIE

FRIE was performed by a standard technique.” Briefly,
8.3 ml of 1% agarose in Tris-barbital buffer (pH 8.6) was
poured over a 2.5 cm wide strip of an 11 by 20.5 cm glass
slide. Twenty-three milliliters of agarose, mixed with 2 ml
concentrated hyperimmune rabbit F. solani antisera, was
poured over the remaining area of the plate and allowed to
congeal. Two millimeter wells were punched in alternating
fashion across the bottom agar layer, and 5 ul of each
column fraction was applied to the appropriate well. Frac-
tions were allowed to diffuse for 30 minutes at RT, and
electrophoresis was performed at 3 V/cm for 18 hours. The
plate was washed and stained as for CIE.

FRRIE

FRRIE was performed as follows: a FRIE plate was pre-
pared as above except that the final wash was in saline, and
the plate was dried with cold air. The plate was incubated
overnight with 4.8 ml of pooled RAST-positive serum di-
luted to a total volume of 84 ml with phosphate buffer. The
plate was washed four times with physiologic saline, in-
cubated overnight with 3 X 10° cpm of **I-anti-IgE, and
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FIG. 4, CRIE classes of F. so/ani allergens. (Reproduced with permission from Lehrer SB, Aukrust
L, Salvaggio JE: Respiratory allergy induced by fungi. Clin Chest Med 4:23, 1983.)

washed four times with saline. Autoradiography was ‘then
performed.

RESULTS
Skin test and RAST

F. solani extract elicited positive skin prick test
reactions in 17/69 (24.5%) of the atopic individuals
tested. Mean wheal size of the positive reactions
ranged from 2.0t0 6.5 mm. RAST ratios were positive
in 19/33 (57.6%) of individuals tested. Positive RAST
ratios ranged from 2.0 to 42.9 with an average value
of 8.30 = 2.24 (SEM). There was a statistically sig-
nificant relationship (r = 0.56, p < 0.01) between
skin prick test results and RAST ratio (Fig. 1).

CIE/CRIE

CIE of F. solani extract with hyperimmune rabbit
antisera demonstrated the presence of at least 38 sep-
arate antigenic components (Fig. 2). Several of the
precipitin lines were broad based, suggesting heter-
ogeneity of the corresponding antigens. No precipitin
arcs were detectable with the use of preimmunization
sera.

CRIE, with F. solani extract and sera obtained from
RAST-positive individuals, demonstrated the pres-
ence of specific IgE antibodies in 8/12 (67%) indi-
viduals tested. Control plates confirmed that nonspe-
cific background staining did not occur during the time

necessary for development of CRIE class G. Examples
of positive CRIE studies are illustrated in Fig. 3, and
results are summarized in Fig. 4. Twenty-one of the
36 precipitin arcs detected by CIE demonstrated ra-
diostaining in CRIE. Arcs Nos. 3, 21, and 22 dem-
onstrated staining in 7/8 (87.5%) of CRIE-positive
sera. In addition, 5/8 sera had staining in arc No. 4,
although reactions in 4/5 (80%) were only of CRIE
class F. Finally, arc No. 2 was positive in 4/8 sera
tested. Sera from 4/12 patients who were both skin
prick test and RAST positive to F. solani did not
demonstrate significant radiostaining.

Column fraction analysis

Spectrophotometric analyses of the column eluate
demonstrated the presence of three peaks of UV-ab-
sorbing material. These corresponded to molecular
weights >341 Kd (peak 1), 341 Kd (peak 2), and
<42 Kd (peak 3) (Fig. 5). RAST-inhibition activity
was also associated with these peaks. Maximal inhi-
bition (43%) was associated with peak 2, but inhi-
bition was also present in peaks 1 and 3 to lesser
degrees (27% to 23%, respectively). Control pools of
column eluate did not demonstrate any inhibitory ac-
tivity.

FRIE demonstrated that these peaks of UV-absorb-
ing material contained antigens reactive in the rabbit
(Fig. 6). FRRIE (Fig. 6) demonstrated maximal stain-
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ing at peak 1 and more diffuse staining at peak 2. In
addition, there was a wide area of diffuse staining on
FRRIE that was poorly visible on FRIE. There was
minimal staining at peak 3, but the major precipitin
arc, as demonstrated by FRIE, did not stain.

DISCUSSION

These studies demonstrated that a significant per-
centage (24.5%) of atopic individuals of the South in
the area of the Gulf of Mexico with perennial rhinitis
and asthma had positive immediate wheal-and-flare
skin prick test reactions and demonstrable serum IgE
antibody to our F. solani extract. Skin test reactions
were statistically correlated with RAST ratios. CIE
demonstrated that F. solani was antigenic in the rabbit;
furthermore, 21 of the antigenic components of F.
solani demonstrated positive radiostaining by CRIE.
The columr eluate with greatest RAST inhibition ac-
tivity was associated with a peak having a molecular
weight >341 Kd.

It is of note that many of the atopic individuals in
this study reacted with a positive skin prick test not
only to F. solani but also to at least one other member
of the Fungi Imperfecti. It is not known if these fungi
are cross-reactive such that exposure to one mold can
elicit an immune response to another or if multiple
reactions merely reflect an allergic diathesis (e.g.,
atopy). The relationship between cross-reactivity of
fungal allergens among different genera or higher or-
der classifications is not clear and has not been well
studied. By use of RAST inhibition, species of As-
pergillus (A. fumigatus, A. glaucus, and A. flavus)
were demonstrated to cross-react extensively, al-
though they were unrelated to Alternaria tenuis." Re-
cently, however, partially purified Cladosporium cla-
dosporioides fractions have been demonstrated to re-
semble fractions of A. fenuis.” It is noteworthy that
other fungal species, including Coprinus micaceus
and Alternaria alternata may cross-react with rag-
weed pollen.” These studies suggest that, as more
highly purified materials become available for testing,
at least some of the multiple fungal reactions observed
in atopic individuals could be as a result of shared
allergenic components.

In direct RAST testing, nonspecific binding of total
IgE to solid-phase carriers can alter the results. Use
of a RAST ratio in which each person serves as his
own control may minimize this effect.” Results from
RAST were statistically correlated with skin prick test
reactions, although the correlation coefficient of 0.56
indicates that other factors influence the regression
equation. The nature of these influencing factors is
not immediately apparent. Among the possibilities are
atopic state and age. In addition, since fungal allergens
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FIG. 5. Fractionation of F. so/ani on Bio-Get A 0.5 m. Gel
filtration of F. so/ani and percent RAST inhibition by use
of column fractions.

could be polysaccharide or glycoprotein in nature,
they may not readily couple to cellulose discs.” Thus,
it may be that nonprotein allergens are responsible for
some of the positive skin reactions (not detected by
RAST). Use of other techniques, such as the enzyme-
linked immunosorbent assay and/or analytical iso-
electric focusing and immunoprinting may prove of
added benefit in analysis of mold allergens.”*

The number of antigens detected by CIE (38) is
low in comparison with other fungai preparations. For
example, Cladosporium herbarum demonstrates at
least 60 antigenic components® and Aspergillus fu-
migatus, at least 52.% These differences may reflect
differences in the organism itself or in extraction tech-
niques. Disruption of F. solani mycelia and spores by
sonication was demonstrated to be about 50%. Al-
though other methods of extraction may have yielded
a more potent extract, sonication did produce a highly
active preparation.

The finding that a high percentage of the precipitin
arcs (21) (38% to 55%) in the F. solani extract dem-
onstrated positive radiostaining in CRIE is similar to
ather crude fungal preparations.” For example, C.
herbarum has been demonstrated to contain at least
36 allergens.” Eleven of the 21 arcs from F. solani
that demonstrated radiostaining were only positive
with serum from one individual, suggesting that they
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FIG. 6. FRIE (top) FRRIE {bottom) of F. so/ani Bio-Gel A 0.5 m column fractions.

may be of minor importance as allergens. One pre-
cipitin arc (No. 18) demonstrated staining at only
CRIE class G. Although controls in our system in-
dicated that staining at CRIE class G retained its spec-
ificity, other workers have suggested a lack of spec-
ificity at this class.” Important allergens in this extract
appear to occur at precipitin arc Nos. 3, 21, and 22.
Four of the RAST-positive individuals (ratios ranging
from 4.1 to 14.6) did not demonstrate specific radio-
staining. In addition, the serum with a RAST ratio of
42.9 had only four lines of radiostaining, and these
are all CRIE class D. This may illustrate two of the
limitations of CIE/CRIE, i.e., (1) that these tests are
dependent on uniform rabbit antisera and (2) that sep-
arate components, which are immunogenic in rabbits,
may not be allergenic in man.

As evidenced by the CIE/CRIE, F. solani is com-
plex and contains components that are allergenic in
man. Ideally, extracts used in clinical testing or treat-
ment should contain all important allergens but should

be relatively free from nonallergenic protein materi-
als. Some studies have indicated that repeated injec-
tions of allergen extracts in nonallergic individuals
can induce specific IgE sythesis.™ Since extracts of
Fusarium are frequently included in mold mixtures
for immunotherapy, it is important that they contain
only pertinent allergens.

Previous investigators demonstrated improved cor-
relation of RAST and/or skin test results by use of
fungal antigens prepared by partial purification with
chromatography or other procedures.* * The dem-
onstration of high-molecular-weight antigenic com-
ponents (>341 Kd and <42 Kd) is not unusual in
crude fungal preparations' and may be due to aggre-
gation of components in the extract. That these an-
tigenic components are allergenic is less common. The
allergenic nature of the peaks of UV absorbing was,
however, confirmed by both RAST inhibition and
FRRIE studies.

These studies demonstrated that extracts of F. so-
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lani contain several relevant allergens that differ in
molecular weight and charge. They also suggest im-
munologic tests other than the RAST may be appro-
priate.

We thank Dr. Brian T. Butcher for the critical reading

of this manuscript and Ms. Peggi A. Reed for technical
assistance.

REFERENCES

1.

10.

14,

Lehrer SB, Aukrust L, Salvaggio JE: Respiratory allergy in-
duced by fungi. In Salvaggio JE, Stankus RP, editors: Clinics
in chest medicine. Philadelphia, 1983, WB Saunders Co, pp
2341

. Salvaggio I, Seabury I: New Orleans asthma IV. Semiquan-

titative airborne spore sampling, 1967 and 1968. J ALLERGY
CLIN ImmuNoL 48:82, 1971

. Aukrust L, Aas K: The diagnosis of immediate-type allergy to

Cladosporium herbarum. Int Arch Allergy Appl Immunol
58:371, 1979

. Aukrust L, Borch S: Partial purification and characterization

of two Cladosporium herbarum allergens. Int Arch Allergy
Appl Immunol 60:68, 1979

. Aukrust L: Crossed radioimmunoelectrophoretic studies of dis-

tinct allergens in two extracts of Cladosporium herbarum. Int
Arch Allergy Appl Immunol 58:371, 1979

. Kauffman HF, deVries K: Antibodies against Aspergillus fu-

migatus 1. Standardization of the antigenic composition, Int
Arch Allergy Appl Immunol 62:252, 1980

. Kim 8J, Chaparas SD: Characterization of antigens from As-

pergillus fimigatus 111 Comparison of antigenic relationships
of clinically important aspergilli. Am Rev Respir Dis 120:1297,
1979

. Kim 8J, Chaparas SD, Buckley HR: Characterization of an-

tigens from Aspergillus fumigatus IV. Evaluation of commer-
cial and experimental preparations and fractions in the detection
of antibody in aspergillosis. Am Rev Respir Dis 120:1303,
1979

. Yunginger I, Roberts G, Gleich G: Studies on Alternaria al-

lergens. 1. Establishment of the radioallergosorbent test for
measurement of Alternaria allergens. J ALLERGY CLIN IMMU-
NoL 57:29%, 1976

Yunginger I, Jones R, Gleich G: Studies on Alternaria aller-
gens. II. Measurement of the relative potency of commercial
Alternaria extracts by the direct RAST and by RAST inhibi-
tion. J ALLERGY CLIN IMMUNOL 58:405, 1976

. Yunginger J, Jones R, Nesheim M, Geller M: Studies on Al-

ternaria allergens. III. Isolation of a major allergenic fraction
(ALT-I). J ALLERGY CLIN IMMUNOL 66:138, 1980

. Kramer CL, Pady SM: Kansas acromycology XI: fungi im-

perfecti. Trans Kans Acad Sci 63:228, 1960

. Howard WA: Incidence and clinical characteristics of mould

allergy. In Al-Doory Y, Domson JF, editors: Mould allergy.
Philadelphia, 1984, Lea & Febiger, pp 147-56
Ceska M, Lundkvist U: A new and simple radioimmunoassay

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

Fusarijum solani and allergenic analysis 849

method for the determination of IgE. Immunochemistry
9:1021, 1972

. Butcher BT, Salvaggio JE, Weill H, Ziskind MM: Toluene

diisocyanate (TDI) pulmonary disease: immunologic and in-
halation chatlenge studies. J ALLERGY CLIN IMMUNOL 58:89,
1976

. Aukrust L, Aas K: A reference system in crossed radioim-

munoelectrophoresis. Scand J Immunol 6:1093, 1977

. Karr RM, Anicetti VR, Lehrer SB, Butcher BT, Wilson MR,

Salvaggio JE: An approach to fungal antigenic relationships
by radioallergosorbent test inhibition. J ALLERGY CLIN IMMU-
NOL 67:194, 1981

. Harboe NMG, Just Svendsen P: Fused-rocket immunoelectro-

phoresis. Scand J Immunol 17(suppl 10):107, 1983

. Vijay HM, Tsang P, Young NM, Copeland DF, Bernstein IL:

Isolation of allergens from Cladosporium cladosporioides. 1
ALLERGY CLIN IMMUNOL 75:117, 1985

Santilli J, Rockwell WI, Collins RP, Marsh DG: Coprinus
micaceus, Fuligo septica, and Alternaria alternata spore al-
lergy in highly ragweed-sensitive subjects. J ALLERGY CLIN
IMMUNGL 75:118, 1985

O’Neil CE, Reed MA, Butcher BT: The effect of nonspecific
binding by total IgE on the radiollergosorbent test (RAST). J
ALLERGY CLIN IMMUNOL 73:152, 1984

Salvaggio J, Aukrust L: Mold-induced asthma. J ALLERGY CLIN
IMMUNOL 68:327, 1981

Sepulveda R, Longbottom J, Pepys J: Enzyme-linked immu-
nosorbent assay (ELISA) for IgG and IgE antibodies to protein
and polysaccharide antigens of Aspergillus fumigatus. Clin
Allergy 9:359, 1979

Bonilla-Sota O, Rose N, Arbesman C: Allergenic molds: an-
tigenic and allergenic propertics of Alrernaria renuis. J AL-
LERGY 32:246, 1961

Sternberger L, Feinberg A, Geinberg S: Immunologic and
chemical studies on allergenic fungi. I. Purification of an an-
tigen from Alternaria. ] ALLERGY 27:16, 1956

Kim 8J, Chaparas SD: Characterizaton of antigens from As-
pergillus fumigatus 1. Preparation of antigens from organisms
grown in completely synthetic medium. Am Rev Respir Dis
118:547, 1978

Aukrust L, Almeland T, Aas K: Variability of eight strains of
Alternaria aiternata with respect to contents of an important
allergen. Proceedings of the Fourteenth Nordic Congress in
Allergology. Gothenburg, Sweden, 1981(abst)

Aukrust L, Borch S: Purification of allergens in Cladosporium
herbarum. Allergy 35:206, 1980

Aukrust L, Almeland TL, Aas K: The specificity of radio-
staining in crossed radicimmunoelectrophoresis. Scand J Im-
munol 8:421, 1978

Marsh D: Allergens and genetics of allergy. In Sela M, editor:
The antigens. New York, 1975, Academic Press, vol 3, pp
271-339

Kim S8J, Chaparas SD, Brown TM, Anderson MC: Charac-
terization of antigens from Aspergillus fumigatus. 1I. Frac-
tionation and electrophoretic, immunologic, and biologic ac-
tivity. Am Rev Respir Dis 118:553, 1978.



