Role of Alternaria and Penicillium spores in
the pathogenesis of asthma
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The ability to harvest spore-rich isolates of molds permitted quantitative studies of their role in
the pathogenesis of asthma. Alternaria and Penicillium were selected as examples of ubiquitous
molds that readily induce IgE antibodies and are of contrasting sizes. Extracts from those
spores were prepared for skin tests and aerosol bronchial challenges. Intact spores were used in
the same subjects in bronchial challenges delivered by a Spinhaler. Seven patients with a
history of mild asthma received a total of 16 bronchial challenges with the mold to which thev
had been sensitized. Provocative doses in spore equivalents for a 35% drop in SG,,., 20%
drop in FEV,, or 25% drop in PEFR were sought for each challenge. Density dependence—flow
rates were also determined. Environmental spore survey data were obtained and compared
with the challenge doses for these spores. It was found that (1) immediate-type asthma was
readily provoked by both whole spores and by their extracts, (2) in some subjects fewer intact
than extracted spores were required, (3) delayed-type asthma occurred only after whole spore
challenges, (4) SG,. was the most sensitive and equally specific of the pulmonary function tests,
and (5) provocative doses of spore equivalents were within natural exposure ranges. The
study confirmed that Alternaria and Penicillium spores in relatively natural states and numbers
were potent immunopathogens for asthma. (J ALLERGY CLIN IMMUNOL 76:819-25, 1985.)

Mold spores have long been considered causative
agents for asthma, but few studies have been published
with the use of mold spores for either skin tests or
bronchial inhalation challenges. As early as 1873,
Charles Blackley,' the originator of skin tests to pol-
lens, described his own asthmatic response after in-
halation of Penicillium mold. In 1930 Hopkins et al.*
described a 37-year-old man whose asthma was as-
sociated with visits to damp and musty areas and in
whom an attack was provoked by deliberate inhala-
tional challenge to a ground-up isolate of Alrernaria.
Harris’ and Pennington* independently reported in
1941 both immediate and late asthma in sensitized
patients exposed to Alternaria spores released in a
closed room or applied locally by nasal swabs. Most
other studies of the role of molds in asthma have used
extracts from mycelial components relatively devoid
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Abbreviations used

SG,.: Specific airway conductance
_ PEFR: Peak expiratory flow rate
AVimaxs,: Density dependence of maxi-

mum expiratory flow at 50% of

vital capacity

Provocative doses in mold spore

equivalents required to drop SG,,,

35%, FEV, 20%, or PEFR 25%,

respectively

CFU: Colony forming units, terminol-
ogy used in spore surveys to de-
note both single spores and spore
chains in the counting process

PD.,, PDy. PD,s:

of spore content. Part of the reason for the difficulty
in isolating the spores has been recently overcome,
and spore-rich isolates are now available.

When natural material is used as an asthma inducer,
particle size is one determinant of clinical response.
Pollen grains usually associated with allergic asthma,
e.g., are of a size (>15 pm in diameter) precluded
from entry into the lower airways’ and have not proved
effective in provoking immediate asthma in their intact
state.®’

In this study two common mold spores of contrast-
ing size were chosen to evaluate their role in the patho-
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FIG. 1. Photomicrographs of spore material used in the study. Original magnification «400. A,
Alternaria alternata spores with contaminating mycelial elements. Some portions of the isolate
had less mycelia; other portions had more to average about 10%. B, Alternaria spores mixed
with lactose granules in a 1:10 weight ratio for use in the Spinhaler delivery system demon-
strating fair separation of elements. C, Penicillium spores with little mycelial contamination. The
spores are spheres 3.0 um in diameter whose blurred margins are due to a layering effect of
the spores and to focusing of the camera. D, Penicillium spores (arrows) separated by lactose
granules in a weight ratio of 1:20 for use in the Spinhaler. E, Central insert is an example of
typical Alternaria culture isolate used for commercial extracts, composed almost completely of
mycelia, and largely devoid of spores.

genesis of asthma. Alrernaria alternata produces pyr- combination. and if the quantity of spores required
iform-shaped spores with an average length of 18 um was comparable to natural exposures.

and diameter of 5 pwm, and Penicillium species have

spherical spores averaging 3 wm in diameter. The SUBJECTS AND METHODS

goals were to learn if these spores could indeed induce Subjects

asthma, what type of asthma might be induced, e.g.. Patients were selected on the basis of a history of asthma,
large or small airway, immediate or delayed, or some strongly positive immediate-type reaction by the prick
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method with Alternaria and Penicillium commercial ex-
tracts, and consent to undergo bronchial inhalation chal-
lenges.

Three female patients, ranging in ages from 18 to 23
years. and four male patients, ranging in ages from 18 to
39 years, were studied. They had histories of sporadic
asthma, minimal to mild in nature. The patients had in-
creases of at least 15% in FEV, after inhalation of a B-
adrenergic aerosol as confirmation of the diagnosis of
asthma. Only the 18-year-old woman used as many as two
bronchodilators daily. None required steroids or hospital-
ization for asthma or were ever on immunotherapy.

The control subjects, a female, aged 46, and a male, aged
48, were in normal health. They served as safety controls
for toxic or irritant effect of the challenge materials.

Preparation and quantitation of mold
materials

Local isolates of Alternaria alternata strain 523 (spe-
ciated and confirmed independently by Commonwealth My-
cological Institute. Kew, Surrey, England, and by Dr. Paul
Neergaard, Danish Government Institute, Hellerup, Copen-
hagen, Denmark) and Penicillium species were grown on
solid-phase synthetic media (Flow Laboratories, Rockville,
Md.)* with a porous barrier on the surface of the media.
When maximum growth had occurred, the barrier with at-
tached spores and mycelia was removed. The mold material
was removed from the barrier, and the spores and mycelia
were further separated by sieving (process for obtaining
spores, United States patent No. 4,280,000).

The Alt-1 content of the Alternaria strain extract used for
these challenges was determined by David Marsh (Johns
Hopkins University, personal communication) to be less
than 50 arbitrary units per milliliter for the 1/50 dilution.
Aliquots of the spore-rich Alternaria and Penicillium were
examined microscopically, and the number of mycelial frag-
ments and spores per area was determined. The spore-rich
material contained <10% of mycelial fragments (Fig. 1. A
and C). This was further confirmed by counting the number
of spores and mycelial fragments present in the 1:25 w/v
dilution of each extract.

In an effort to maximize safety for human use, the spore-
rich material was subjected to electron beam radiation (IRT
Corp., San Diego, Calif.) in order to render the material
nonviable.” The nonviability was confirmed by lack of
growth on culture media.

Solutions of varying concentration were prepared from
the spores for skin and bronchial inhalation testing by ex-
tracting the spore isolate in phosphate-buffered saline con-
taining 0.1% phenol and 0.2% Tween 80 at 4° C for 48
hours. The concentrate was kept refrigerated at 4° C, and
dilutions were prepared within 1 week of use.

Whole spore preparations for bronchial inhalation chal-
lenges were made by mixing weighted portions with
weighted lactose. Lactose (USP lactose; Foremost Food Co.,
San Francisco, Calif.) was first sieved through a 325-mesh
filter (45 wm diameter) to obtain material of relatively small
size. Portions were resieved several times to obtain a more
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homogenous material. The spore-rich material was weighed
and sieved into a pan containing measured amounts of lac-
tose. This mixture of lactose and spores was resieved three
additional times in an attempt to obtain a uniform distri-
bution of the spores in the lactose (Fig. 1, B and D). Di-
lutions of the spore-lactose mixture were prepared for both
Alternaria and Penicillium. A weighed aliquot of the 1:20
dilution was mixed with a tenfold weight of lactose to pre-
pare a 1/200 dilution. Further tenfold dilutions were pre-
pared in a similar manner. Aliquots of the initial three serial
dilutions of dry spore materials in lactose were diluted with
extraction solution, and the number of spores in each gram
of material was determined by counting in nine wells of a
hemacytometer and obtaining an average value. The vari-
ation in counts was = 11%. It was determined that there
were 2 X 10° Alternaria spores per gram of dry weight and
6 X 10" Penicillium spores per gram of dry weight. This
information was used to quantitate the number of spores in
each challenge with extract and whole spore material. The
spore-lactose mixtures were placed in sealed glass jars. and
these were stored at room temperature in a vacuum-sealed
desiccator.

Skin and bronchial challenge tests

Prick skin testing was used initially to identify potential
candidates for the study. Intracutaneous titrations were then
performed to determine relative sensitivity for those se-
lected. End point titration was defined as the concentration
of the extract that first produces a reaction equal to or greater
than the histamine control.

Patient preparation, pulmonary function tests, and safety
procedures were based on guidelines of the subcommittee
on Bronchial Inhalation Challenges, American Thoracic So-
ciety, 1979.

Two kinds of challenge material were used, aqueous ex-
tracts and intact spores. The initial concentration of extract
was based on the results of serial titration skin testing by
the intracutaneous method, and starting challenge doses
for the intact spores were based on the aqueous challenge
results.

The delivery system for the aqueous extracts was de-
scribed by Ryan et al.'® The Wright nebulizer was calibrated,
and the aerosol generated was adjusted to provide a volume
of 0.26 ml/2 min.

The intact spore delivery system used the Spinhaler (Fi-
sons Corp.. Bedford, Mass.) method of Wilson et al.® Before
the challenges with the active ingredient, each subject was
challenged with diluent by nebulizer and lactose by the
Spinhaler in order to detect nonspecific reactions to the
media used for the dilution of mold material.

The following pulmonary function variables were mea-
sured: SG,,, by body plethysmography,' FEV,, forced vital
capacity, PEFR, and forced expiratory flow from 25% to
75% of forced vital capacity.? AV,.max,, was performed
according to the method described by Fairshter et al."”

The criteria for a positive bronchial challenge were as
follows: FEV,, 20% or more decrease from baseline; PEFR,
25% or more from baseline: or SG,,. 35% or more from
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TABLE I. Comparison of immediate skin and
sronchial sensitivity to Afternaria in
spore equivalents
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TABLE ll. Comparison of immediate skin
and bronchial sensitivity to Penicilfiurm in
spore equivalents

Skin Bronchial {PDs;) Skin Branchial
Patient IC positive Extract Whole Patient IC positive Extract Whale
1S 2 X 1 1 =< 1 I x | 8§ A Vi o
N, G. 7 x 10 6 x 107 4 x |1¥ p. S b MY P o G o
ML 7 x 10° 8 x 10 2 x 10 N. 7 ox Y NEG NEG
.M. 4 X 3 x W 9 x 1 -
N IC = intracutaneous; NEG = negative.
1IC = mtracutaneous.

baseline; and clinical evidence of asthma. From these tests
the respective provocative doses based on the quantity of
spores inhaled (see Preparation and quantitation of mold
materials) termed PD,,, PD,s, and PD,, were obtained.'’ The
number of inhaled spores per aerosol challenge was cal-
culated by multiplying the dilution of the extract by the
number of milliliters of aerosol generated during 2 minutes
times the percent of the subject’s inspiration cycle. For the
whole spores, their numbers were calculated by subtracting
the weight of the Spinhaler unit with its capsule after the
challenge from the weight before challenge. Weight in mil-
ligrams (mean of 0.1 mg was obtained)} was multiplied by
the dilution of spores in order to obtain the number of spores
per challenge. Pulmonary function tests were plotted against
cumulative doses of spores on a semilogarithmic scale in
order to obtain PD.

The patients were monitored in the laboratory for 6 hours.
In order to detect even later asthmatic reactions, the patients
continued to record their PEFRs at home with 2 mini-Wright
flow meter (Armstrong Industries. Inc., Northbrook, 111.)
for at least another 12 hours.

Spore surveys

Spores were collected and counted in multiple environ-
mental settings. An Andersen sampler (Andersen Samplers,
[nc., Atlanta, Ga.) was used for collections of viable spores
in undisturbed outdoors, disturbed outdoors, and indoor set-
tings as previously described by Kozak et al." The counts
were recorded as CFU per cubic meter of air. Collection
samples were made at more than 400 residences during a
S-year period. From these collections 50 surveys were se-
lected that contained the highest numbers of Alternaria and
Penicillium spores. The results were compared to the spore
quantitations obtained in the bronchial challenges in order
to assess the relationship of the challenge doses to the num-
ber of spores encountered during natural exposures.

RESULTS
Skin and bronchial challenge tests

The aerosol challenges with aqueous extracts of
Penicillium and Alternaria spores induced immediate
asthma in six of seven of the highly sensitized patients.
The single exception had the least skin sensitivity to
the Penicillium spore extract, at least 2 log orders of

magnitude less than the next least sensitive subject
(N. 1. in Table II). Table I compares the quantity of
Alternaria spores required to elicit a positive imme-
diate skin test by end point intracutancous titration
and a positive bronchial challenge (PDy) by the
aqueous extract and by the intact spores. Table 1l
provides the same data for the Penicillium spores.

All patients with a positive bronchial challenge to
the extract also developed asthma from inhalation of
whole spores. Alternaria spores were at least as ¢f-
fective as the smaller Penicillium spores. Our subjects,
who were more sensitive to Alternaria (except subject
D. M.) than Penicillium required correspondentiy
lesser doses of Alternaria spores to induce asthma. I
is noteworthy that asthma was caused by smaller num-
bers of spores by the whole spore challenge than the
aerosol challenge in some subjects, notably K. |...
D. M. (Table I), and P. S. (Table 1I). Three patients
developed a dual asthma pattern, meaning an almost
immediate asthma that subsided during | hour only
to return 6 to 8 hours later. This dual reaction occurred
only after the intact spore exposures.

The three types of PD challenges are compared in
Table 111 for Alternaria and in Table IV for Penicii-
lium. The PD;; was the most sensitive indicator of
asthma, since the PD of spores was the lowest in nine
of the 12 positive challenges. For the remaining three
challenges, it was the change in FEV, that occurred
with the smallest PD of spores.

Table V depicts the changes in A\'/Emaxw betore
challenge, during the height of change in 5G,.. and
during the recovery state. The values compare those
for challenges with extract against whole spores re-
gardless of the mold source Alternaria ov Penicillium.
The results were variable and indicated individual sub-
Ject-specificity. For example, patients T. P. and N. I.
had increases in values for both extract and whole
spore challenges, whereas the others had cither &
large, or in two cases, a minimal deerease (K. L.,
extract; P. S., spores) in their values. There was no
difference when the spore sources were- considered
separately.
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TABLE 1. Quantity of Afternaria spores
provoking a positive bronchial inhalation
challenge
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TABLE IV. Quantity of Penicillium spores
provoking a positive bronchial inhalation
challenge

Aqueous Aqueous

Patient PFTs extract Whole spore Patient PFTs extract Whole spore

K. L. PD* I x 10° 1 X 10° (L) P. S. PD,. I x 107 6 x 10 (LY
PD.. NEG 8 X 10° PD., NEG 6 x 10¢
PD,, NEG 2 x PD,, NEG 1 x 10

D. G. PD 6 x 10¢ 4 x 10° T. P. PD,, 5 X 10° 5 x 10
PD.. 4 x 10F 4 x 108 PD,. NEG 4 X 107
PD., 2 X 1 3 x 10 PD,, NEG NEG

D. M. PD., 3 x 10 9 x 10* N. I PD;, NEG NEG
PD., NEG 1 x 10 PD., NEG NEG
PD,, NEG 2 X 10° PD,, NEG NEG

N. L. PD., 8 x 10¢ 2 x 10° (L)
PD. 8 x 10° NEG PFTs = pulmonary function tests; (L) denotes late asthma in ad-
PD; 5 x 10° 1 x 107 dition to immediate asthma; NEG = negative.

PFTs = pulmonary function tests; (L) denotes late asthma in ad-
dition to immediate asthma; NEG = negative.

The two nonasthma control subjects were subjected
to challenge doses at least 2 log orders of magnitude
higher than any of the asthma patients. These doses
did not produce either immediate or delayed pulmo-
nary function abnormalities, immediate fever, or any
other untoward responses. One subject did, however,
develop a transient fever of 37° 8 hours after the whole
spore challenge, together with malaise and aching.
Whether this reaction was the result of the mold ex-
posure or a concomitant viral infection could not be
established.

Spore surveys

A summary of the number of Alternaria and Pen-
icillium CFU per cubic meter of air collected under
various conditions are summarized in Table VI. In
order to compare these surveys with the doses inhaled
by our patients, we transposed the collection data into
the number of spores an adult subject could inspire in
24 hours. An adult man at rest inspires about 6500
ml of air per minute (500 ml tidal volume times 13
breaths per minute)'” or 3.9 X 10° ml per hour that
is equivalent to 0.4 m’ of air per hour or about 10 m’
of air daily. If we assume that he was exposed to the
maximum number in our table for the entire 24 hours
and inspired these from the ambient air, then in
rounded numbers, 2 X 10° Alternaria spores and
7 X 10° Penicillium spores would be inhaled by an
adult man daily. Our PD;; results in spore equivalents
were comparable.

DISCUSSION

This study demonstrated the feasibility of provok-
ing asthma with intact mold spores in addition to aero-

sol challenges with spore extracts. Although there was
no attempt to observe direct deposition of spores in
the lower airways as in other experiments with intact
pollen,’ it can be safely assumed that some deposition
probably occurred in order to account for the presence
of immediate asthma. Initially, we were surprised that
the larger Alternaria spores produced acute asthma.
It was expected that their length of more than 15 pm
would not allow entry into the airways. Further re-
flection uncovered at least two factors that modified
the size component of Alternaria spores in airway
deposition. The pyriform or cigarlike configuration
could have permitted entrance by a vertical presen-
tation in which the diameter rarely exceeded 5 wm,
and thus, this spore could behave aerodynamically like
a small particle. Additionally, all spores were not
equally mature, resulting in varied sizes. The more
distal younger spores released from the hyphae are
perhaps one half the size of their more mature sisters
(see Fig. 1) and more likely to be inhaled. An addi-
tional factor cannot be wholly excluded. Despite only
approximately 10% contamination by mycelial ele-
ments, their deposition might have contributed to the
allergenicity of the spore material. Another study with
equivalent amounts of mycelial fragments alone
should define their role.

The mold spore challenges produced both qualita-
tive and quantitative differences from the extracts. In
half the subjects with positive challenges, less spore
material was required from the whole spore than from
the extract challenges. Since the aerosol form would
be expected to produce a deeper and more diffuse

_ penetration of allergen into the airways than the larger

particle form, any lesser requirement by intact spores
suggests that they may contain potent allergens not
fully removed in the extraction process. The dual
asthma reactions limited to the whole spore challenges
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TABLE V. V. max,, values at baseline, time of maximum SG,,. response, and recovery

{mean + SD)

Extract Whole spores

Max SG,,, Max SG.,.
Patient Baseline Response Recovery Baseline Response Recovery
T.P 39.1 45.5 36.6 36 H0 <5
N.J 37.5 43.7 ND 259 28 )
DM — ND ND 27.6 [ <3
P. S 21.7 14.6 29.3 27.6 25 WY
D.G 36.8 5.3 33.3 2.7 & 4.7
K. L 42.6 37.9 32.5 42.2 29.7 H.9

35.5 = 8.05 294 + 8.3 329 = 30 30.2 + 7.5

2.7 + 140 334 + 125

ND = not done, usually because of technical problems.

TABLE VL. Environmental sampling of
Alternaria and Penicillium spores

CFU per cubic meter of air by Andersen sampler in 50
southern California homes containing maximum counts

Outdoor range indoor range

177 to 1589
424 to 5791

200 to 1389
753 to 73,345

Alternaria
Penicillium

also suggest more potent allergens were present in this
form than in the extract. Allergens extracted from the
spores may be unstable or degrade over time in so-
lution, whereas intact spores could contain seques-
tered antigens that solubilize only after time. The fac-
tor of longer duration of activity must also be con-
sidered. The larger particulates would not be removed
from their deposition sites as readily as the more sol-
uble aerosol form. Such a dual reaction has been pro-
duced in rabbits sensitized and challenged with A/-
ternaria and was considered mediated by IgE anti-
bodies alone.'® However. in that study an aerosol
extract and not whole spores was used in the chal-
lenge.

In order to better confirm a positive bronchial chal-
lenge, multiple spirometric tests were performed. For
three fourths of the challenges, the test for SG,, with
body plethysmography was the most sensitive indi-
cator of airway obstruction. The test also appeared to
be specific. We believe certain true asthma was being
measured by this test for three reasons: (1) The pa-
tient volunteered that an attack was developing. (2)
Wheezes were auscultated. (3) Where higher chal-
lenge doses were attempted, e.g.. patients N. J..
K.L..D. M., and T. P., more severe asthma resulted.
and other test parameters became positive. Several
articles have recommended as a standard test for di-

agnosing asthma a 20% drop in FEV,." ™ When
whole spore material was used as the challenge agent
in subject N. J. (Table ). nearly 100 times the dose
was required to affect the FEV, change than the SG,,,
measurements. The higher dose produced severe
asthma that continued for several days despite bron-
chodilator and steroid therapy. It is thus conceivable
that reliance on the FEV, alone or with as much as a
20% drop as the criterion for a positive reaction could
similarly impair the challenged patient.

The differences in sensitivity of SG,, and FEV, in
detecting a bronchial provocative response were hot
directly investigated in this study. However, it is
known that a deep inspiration may attenuate the effects
of a bronchoconstrictor agent in normal subjects and
many subjects with asthma.'*' In one study of 71
patients with asthma. a prior deep inspiration pro-
duced bronchodilation in 75%. Since FEV, determi-
nations were preceded by inspiration to total lung ca-
pacity and SG,,, measurements were not, this technical
factor could account for some of the differences in
sensitivity of the two measurements in this study.

Changes in density dependence (AVEmaxm) have
been demonstrated to reflect the predominant site of
airway obstruction from methacholine in heaithy sub-
jects.” Thus, a decrease in density dependence is con-
sistent with a predominantly peripheral atrway etfect.
Although the extract would be anticipated to penetrate
more effectively small airways. the spore-rich mate-
rial produced decreases in AV_maxs, in the same num-
ber of subjects. In fact. the density-dependence re-
sponse appeared to be more a function of individual
variability tested than the type of material (extract
versus various spores) inhaled (Table V). Although
interpretation of density-dependence values is contro-
versial,”* the large decrements in AVymax, in some
of our patients suggest that both extracts and spores
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are capable of causing peripheral airway constriction.

It is important to know whether antigen challenges
mimic natural exposures; otherwise, their relevance
to clinical settings is in question. Most positive chal-
lenges with ragweed-pollen extracts, e.g., require
quantities encountered only after an entire season’s
exposure or some 6 weeks.” When we equated ran-
dom spore collection data with our challenge doses,
it was found that asthma was evoked by cumuiative
spore doses that would be inhaled over a 24-hour
period. If there were unusually high mold concentra-
tions in the environment, less time would be required
to cause asthma. The sampling device used in our
spore surveys, the Andersen sampler, requires viable
and culturable spores and tends to undercount the ac-
tual number of CFUs in the ambient air. Natural mold
exposure is neither constant nor uniform. Exposures
frequently occur in bursts, as verified by studies of
Hirst spore trap (Burkard Manufacturing Co., Ltd.,
Rickmansworth, Hertfordshire, England) studies dur-
ing 24-hour periods.'* Another factor that emphasizes
the potency of these mold spores for producing asthma
arises from our patient selection. They were all rel-
atively young and asymptomatic and had had only
mild asthma in the past. Older patients or patients
with more severe asthma might require less exposure
to molds to either elicit or perpetuate their asthma.

These studies tend to confirm early” as well as
contemporary investigators®® who have advocated the
importance of molds and fungi in the pathogenesis of
asthma.

We are indebted to Janet Gallup, B.A., for volunteering
as a control subject for mold bronchial challenges and for
assisting in mold collection surveys; David Mukai, B.S.,
for his technical assistance in the pulmonary function lab-
oratory, and to Nancy Doman, B.A., for preparing the
manuscript for publication.

REFERENCES

1. Blackley CH: Experimental researches on the causes and nature
of catarrhus aestivus (hay fever or hay asthma). London, 1959.
Dawson Publishing Co (reprinted from Bailliére Tindall and
Cox. 1873), pp 57-8
. Hopkins JG, Benham RW, Kesten BM: Asthma due to a fun-
gus—Alternaria. JAMA 94:6, 1930
3. Harris LH: Experimental reproduction of respiratory mold al-
lergy. J ALLERGY 12:279, 1941

4. Pennington ES: A study of clinical sensitivity to airborne
molds. J ALLERGY 12:388, 1941

5. Wilson AF, Novey HS, Berke RA, Suprenant EL: Deposition
of inhaled pollen and pollen extract on human airways. N Engl
] Med 288:1056, 1973

6. Wilson AF, Novey HS. Suprenant EL, Bennett LR: Inhaled
pollen and development of bronchospasm. Clin Res 20:243,
1972

(%]

13.

20.

21.

22.

23.

24,

25.

26.

. Vroom DA:

Role of Alternaria and Penicillium in asthma 825

. Rosenberg GL, Rosenthal RR, Norman PS: Inhalation chal-

lenge with ragweed pollen in ragweed-sensitive asthmatics. J
ALLERGY CLIN IMMUNOL 71:302, 1983

. Hoffman DR, Kozak PP, Gillman SA, Cummins LH, Gallup

J: Isolation of spore-specific allergens from Alternaria. Ann
Allergy 46:310, 1981

Electron-beam sterilization: an alternative to
gamma radiation. Med Dev Diagn Ind 2:45, 1980

. Ryan G, Dolovich MB, Roberts RS, Frith PA, Juniper EF,

Hargreave FE, Newhouse MT: Standardization of inhalation
provocation tests: two techniques of aerosol generation and
inhalation compared. Am Rev Respir Dis 123:195, 1981

. Dubois AB, Botelho SY. Comroe JH: A new method for mea-

suring airway resistance in man using a body plethysmograph:
values in normal subjects and in patients with respiratory dis-
ease. J Clin Invest 35:327, 1956

. Fairshter RD, Novey HS, Wilson AF: Site and duration of

bronchodilation in asthmatic patients after oral administration
of terbutaline. Chest 79:50, 1981

Chai H, Farr RS, Forehlich LA, Mathison DA, McLean JA,
Rosenthal RR, Sheffer AL, Spector SL. Townley RG: Stan-
dardization of bronchial inhalation challenge procedures. J AL-
LERGY CLIN IMMUNOL 56:323, 1975

. Kozak PP, Gallup J, Cummins LH. Gillman SA: Factors of

importance in determining the prevalence of indoor molds. Ann
Allergy 43:88, 1979

. Cherniack RM, Cherniack L, Naimark A: Respiration in health

and disease, ed 2. Philadelphia, 1972, WB Saunders Co, p 1!

. Shampain MP, Behrens BL.. Larsen GL. Henson PM: An an-

imal model of late pulmonary responses to Alrernariu chal-
lenge. Am Rev Respir Dis 126:493. 1982

. Pratter MR, Hingston DM, Irwin RS: Diagnosis of bronchial

asthma by clinical evaluation: an unreliable method. Chest
84:42, 1983

. Fetters LJ: Methacholine challenge test. Arch Intern Med

144:938. 1984

. Bouhuys A, Hunt VR, Kim BM, Zapletal A: Maximum ex-

piratory flow rates in induced bronchoconstriction in man. J
Clin Invest 48:1159. 1969

Habib MP. Pare PD, Engel LA: Variability of airway responses
to inhaled histamine in normal subjects. J App! Physiot 47:51,
1979

Orehek J, Nicoli MM, Delpierre S, Beaupre A: Influence of
the previous deep inspiration on the spirometric measurement
of provoked bronchoconstriction in asthma. Am Rev Respir
Dis 123:269, 1981

Strohl KP, O'Cain CF, Ingrami RH Jr. Yanta MA, Kaplan
WD, McFadden ER Jr: Inhalation patterns and predominant
site of bronchoconstriction in healthy subjects. J Appl Physiol
50:575, 1981

Mink S. Ziesmann M, Wood LDH: Mechanisms of increased
maximum expiratory flow during HeO, breathing in dogs. J
App! Physiol 47:490, 1979

Bruce CA, Rosenthal RR, Lichtenstein LM, Norman PS: Quan-
titative inhalation bronchial challenge in ragweed-hay fever
patients: a comparison with ragweed-allergic asthmatics. J AL-
LERGY CLIN IMMUNOL 56:331, 1975

Feinberg SM: Allergy to fungi. In Feinberg SM, editor: Allergy
in practice, ed 2. Chicago, 1946, The Year Book Publishers
Inc, pp 216-84

Bruce CA, Norman PS. Rosenthal RR, Lichtenstein LM: The
role of ragweed pollen in autumnal asthma. J ALLERGY CLIN
IMMUNOL 59:449, 1977



