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Since Blackley' reported the development of
“bronchial catarrh” after inhaling spores from
Penicillium cultures in 1873, molds and mold
spores have been known to cause upper respira-
tory tract allergic disease. Feinberg® and Prince et
al.* were pioneers in documenting the occurrence
of respiratory tract symptoms after exposure of
clinic patients with allergy to mold in the 1930s.”
More recently, epidemics of bronchial asthma
have been associated with high concentrations of
basidiospores in certain climates.’

Molds are actually fungi, and literally tens of
thousands of fungal species are thought to exist.
Many genera of Hyphomycetes (Fungi Imperfecti)
class of fungi that serve as sources of allergens
include Cladosporium, the spores of which usually
outnumber all other airborne biologic particles in
outdoor air; Alternaria, found throughout North
America, particularly in great abdundance in out-
door air in areas where grain is grown; Drechilera,
airborne in highest concentrations in warm humid
regions; Epicoccum, found in many temperate
regions, grasslands and abundantly airborne dur-
ing agricultural activities; Fusarium, an important
plant pathogen, particularly prominent in air dur-
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ing damp, humid weather; Aspergillus and Penicil-
lium, which often colonize indoor substrates.
Fungi of the basidiomycetes class including mush-
rooms, puffballs, bracket fungi, rusts, and smuts
are found throughout the world and have also
been shown to be significant outdoor aeroal-
lergens.*

Many investigators have demonstrated that in-
halation exposure to fungi induces the formation
of specific IgE antibody demonstrable by both in
vivo and in vitro procedures. The subject of al-
lergy to fungi has been reviewed, and several
problems that required investigation have been
highlighted.” Among these are the lack of well-
characterized, purified, and standardized fungal
allergens needed to establish the relevance of
fungi in allergic respiratory disease and the com-
plexity and toxicity of fungal extracts as compared
with those from pollen. The apparent low degree
of cross-reactivity among different fungi in the
lgG system also poses problems. These problems
remain essentially unsolved, and it is still difficult
to determine the comparative relevance of envi-
ronmental fungus exposure to dust mite and pol-
len allergens in causing rhinitis and asthma.

Among the most difficult problems associated
with immunotherapy in which fungal materials
are used are determination of individual exposure
conditions and development and testing of appro-
priate diagnostic and therapeutic agents. These
are discussed below.
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PROBLEMS IN DETERMINING
EXPOSURE CONDITIONS

In determining exposure conditions, it is neces-
sary to know the species of fungi to which indi-
viduals are exposed. Without such information,
one cannot make logical decisions as to which
materials should be used for skin testing and,
subsequently, immunotherapy. Such information
is also necessary to guide research efforts directed
toward the identification of specific fungal aller-
gens. Unfortunately, accurate information that
defines either ambient or personal exposure pat-
terns to fungal species is still not available.

Most allergen materials currently available as
diagnostic and therapeutic agents have been cho-
sen on the basis of conventional “settle-plate” or
“settle-slide” sampling. Settling methods provide
only a rough estimate of the larger spore types
present in the air. Smaller spores are always
underrepresented in such samples, especially in
outdoor air where significant air movement occurs
during sampling.®

The most commonly used sampler for ambient
{outdoor) fungal spores in the United States is
the rotorod.” The rotorod, as commonly used,
efficiently collects particles larger than 20 pm,
which include most types of pollen grains. How-
ever, fungal spores range in size from 2 to more
than 50 wm, with most spores being less than
about 15 pm. The rotorod sampler collects less
than 10% of the total fungal spores present in
outdoor ambient air and less than 1% of small
pores, such as those produced by most basidio-
mycetes and by the common species of Penicillium
and Aspergillus. The Burkard spore trap is more
efficient; it collects approximately 50% of spores
5 pm in diameter, including most basidiospores.

Recognition and identification of spores on
rods and slides adds additional bias.® In general,
investigators trained to recognize pollen grains
tend to use approximately x400 magnification,
which is suitable for identification of pollen and
large spores such as Alternaria. This magnification
is, however, not optimal for many smaller fungal
spores, including those of Penicillium and Aspergil-
lus species and basidiospores, which often go
unnoticed and unidentified. In addition, micro-
scopic observation rarely allows identification of
fungal species, and spores are usually grouped
into generic (e.g., Alternaria, Cladosporium) or
even larger categories (e.g., basidiospores, as-
cospores, rusts).” Although pollen identification
presents similar problems, field collections allow
identification of local pollen-producing species.
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However, field collections of fungi are much more
difficult to obtain, and culture is usually necessary
for species determinations.

Some investigators rely only on culture sam-
pling for evaluating certain environments, espe-
cially indoor areas. Unfortunately, many fungal
spores, including basidiospores, do not germinate,
grow, and produce new spores in artificial culture.
In addition, viability may not be a necessary
condition for antigenicity, so that levels based
strictly on numbers of viable spores may not be
representative of allergen exposure. Several good
culture-plate sampling devices are available.””
However, all such culture-plate devices collect
only short-term “grab” samples over a maximum
period of less than 10 minutes. Unless multiple
samples are collected, these devices do not ac-
count for temporal variation in the air spora.

* Finally, almost all current airborne fungal spore

and pollen grain sampling is “ambient” rather
than personal. Ideally, exposure to allergens
should be evaluated with the use of sampling
devices that accurately and specifically measure
the full range of allergens to which an individual is
actually exposed. Unfortunately, a great deal
more research is necessary before such devices
are made available.

PROBLEMS IN PRODUCTION OF
STANDARDIZED FUNGAL ALLERGENS FOR
USE IN DIAGNOSIS AND IMMUNOTHERAPY

Even with accurate information on human ex-
posure, significant problems remain with respect
to the production of relevant allergen materials
for diagnosis and immunotherapy. Few if any
well-standardized fungal allergens are currently
available to the practitioner, and there may be a
lack of correlation between in vivo skin test and
RAST results with fungal allergens, possibly be-
cause of problems associated with coupling these
allergens to cyanogen bromide—activated nitrocel-
lulose discs or related materials, which are used in
in vitro tests. The complexity, possible toxicity,
and variability of fungal extracts add to these
problems. In view of the crude nature and vari-
ability of uncharacterized ground-extracted fungal
growth, it is not surprising that the quality of
commercially available fungal extracts has gener-
ally been poor.'** This is illustrated by studies by
Yunginger et al."> and Aas et al.,"”* who skin-tested
80 patients with highly suspected fungal allergy
with a variety of commercial extracts and found
that the incidence of positive skin-test reactivity
with Cladosporium herbarum varied from 12% to
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65% depending on the commercial extract used.
The same strains of a particular fungal species
grown under identical culture conditions over
similar time intervals can also produce extracts of
varying potency.'” '* This suggests that until de-
fined allergens are available, standardized pools
of a variety of strains should be used in skin
testing to ensure the presence of a sufficient
number of determinants from a representative
group of strains of a particular species.

Some of these problems are related to the
intrinsic variability of fungi. Most fungi have
evolved as decay organisms and have developed
the ability to adapt rapidly to changes in available
food sources.'® This means that given a new food
source, many fungi will “learn” to produce new
enzymes that allow the new food to be digested
and used. One mechanism for this phenomenon is
a high rate of somatic mutation. Alternaria is one
of the fungi that will produce morphologically
obvious somatic mutations in culture. These
changes in structure are refelected in the bio-
chemistry of the organism and probably in its
allergen profile. Because such mutations are com-
mon in nature, each new strain of a specific
fungus is likely to be at least somewhat different
than every other strain. Sometimes these differ-
ences are so large that major differences in aller-
gen content occur.'”

Similarly, changing conditions under which a
single strain is cultured will often drastically affect
patterns of allergen production. For example,
allergen patterns are probably specific to the
culture medium on which the fungus is grown; the
level, wavelength, and pattern of lighting; and
the length of time in culture before harvest.
Variability can also result from extract prepara-
tion methods. Once the fungus is harvested, the
processing of material can itself directly affect the
allergen content of resultant extracts. For exam-
ple, some fungi produce cellulolytic enzymes that
will digest dialysis tubing and other cellulosic
dialysis devices, changing the pore size and (pos-
sibly) causing loss of specific allergens.” ' It
should also be noted that fungi possess large
amounts of carbohydrate-containing materials,
some of which are allergens. Extraction and pu-
rification methods that focus on proteins alone
can result in loss of important carbohydrate-rich
allergens.

Stability of extracts also poses concerns. In
addition to cellulases, fungi produce a variety of
other enzymes that can degrade proteins and
glycoproteins, including allergens. Not only can
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these enzymes degrade and digest dialysis tubing
and fungal allergens, but there is some evidence
that fungal enzymes will degrade other allergens
(e.g., pollen allergens) when mixed extracts are
used. The use of glycerin in skin test material and
constant cold temperatures or lyophilization for
material that cannot contain glycerin is essential
to minimize these effects.

Finally, problems can also arise from the pres-
ence of metabolic products in fungal extracts.
Although pollen extracts are made from the ac-
tual exposure units (pollen grains), entire cul-
tures, which often include metabolites, are used to
make fungal extracts. Such metabolites may be
irrelevant for treating allergic symptoms that re-
sult from airborne spore exposures and may be
antigenic and cause sensitization. For example,
penicillin, a known sensitizer in human beings, is
produced by Penicillium chrysogenum, one of the
most common components in the indoor air spora
and in commercially available Penicillium mixes.
In addition, some fungi produce toxic materials
that can cause effects ranging from acute derma-
titis to immunosuppression and cancer.”* Fortu-
nately, the majority of these compounds are fat-
soluble and of relatively low molecular weight
and are therefore removed by defatting and/or
dialysis.

The solution to most of these problems lies in
the identification of specific fungal allergens that
can be provided as well-defined mixtures. Several
have already been isolated (e.g., Alt a 1).>* The
introduction of molecular biology into allergy re-
search has also led to the cloning and partial
DNA sequencing of several allergens that may
culminate in improved methods of therapy de-
signed, for example, to eliminate allergen epi-
topes. By such means fungal allergens and the
immune response elicited by them can also be
more fully characterized. However, there are hun-
dreds of thousands of different fungi to which we
are exposed, and the task of determining preva-
lence of single allergens such as Alt a I and of
identifying, cloning, and sequencing other impor-
tant allergens is a formidable one.*

In view of the above problems and pitfalls, the
following currently practical solutions would seem
reasonable.

1. Examine local prevalence patterns for fungi
with the best available methods. If the ro-
torod must be used, develop skills in identi-
fying fungal spores and use adequate mag-
nification.
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2. Limit the use of mold mixtures and always
keep allergen materials cold to avoid degra-
dation by fungal enzymes.

3. Use dialyzed or defatted fungal allergen ma-
terials for immunotherapy and accomplish
dialysis without the use of cellulose-based
membranes.

IMMUNOTHERAPY TRIALS

Controlled immunotherapy trials with relatively
standardized purified and potent extracts of Alter-
naria and Cladosporium species have demon-
strated efficacy. Studies by Malling et al.*> > in
Scandinavia, for example, employed subjects who
had positive skin prick test results to standardized
Cladosporium extracts and exacerbations of symp-
toms during the peak of Cladosporium atmo-
spheric concentrations in the late summer
months. Individuals chosen for study also had
positive results to bronchial provocation testing
with Cladosporium when a double-blind placebo
control protocol was used. Clinical efficacy was
noted in 81% of the treated group versus 27%
of the placebo group on the basis of the partici-
pants’ subjective comments (symptom scores).”> >
Dreborg et al.”” also studied children with Cla-
dosporium-induced asthma and rhinitis in a dou-
ble-blind protocol with the same criteria as in the
previous study. All study subjects had positive
results to either conjunctival or bronchial chal-
lenge with Cladosporium allergen. The 16 patients
in the treated group demonstrated a significant
increase in tolerance to Cladosporium extract on
conjunctival or bronchial challenge with Cla-
dosporium after treatment. Symptom scores were
also significantly lower in the treated group during
the peak late summer Cladosporium season. In
1988, Cantani et al.*® reported a 3-year prospec-
tive study of the effects of Alternaria immunother-
apy on asthma and rhinitis in 79 children. Chal-
lenges were not used as an endpoint, but all
individuals had highly positive reactions to Alfer-
naria extracts as determined by skin test and
RAST. Subjects were matched and equally di-
vided among the placebo and treatment groups.
Results indicated that with higher doses (above
80,000 PNU), 80% of the treatment group expe-
rienced a significant reduction in symptoms. A
more recent study in 1990,% in which a double-
blind placebo-controlled protocol with a standard
Alternaria extract was used, also demonstrated
significant reduction of symptoms in a group of
subjects with rhinitis, asthma, or both after immu-
notherapy with a “rush” protocol. Another report
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by Metzgar et al.*® also demonstrated diminution
of late asthmatic responsiveness during immuno-
therapy with Alternaria in subjects with asthma.

Potential dangers from allergenic extract immu-
notherapy with fungi must be considered. It has
been theorized that fungi may be good inducers of
IgG-precipitating antibody and that immunother-
apy may increase the potential for developing
high levels of precipitating antibody and perhaps
subsequent immune complex-mediated lung in-
jury. Indeed, the sudden development of severe
anaphylactic reactions to crude fungal allergens
after injections of doses that were previously tol-
erated in a large number of children undergoing
allergenic extract immunotherapy has been re-
ported, but there have been no confirmatory
reports of this occurrence. In this prospective
study involving 106 children, six patients had ex-
acerbated adverse reactions. Reactions were very
severe in three of the six children, and fungal
extracts (including several Alternaria and Cla-
dosporium species) were responsible for the more
serious side effects.

In spite of studies indicating efficacy of aller-
genic extract immunotherapy with certain fungal
species, it is clear that the question of immuno-
therapy for inhalant fungal allergy requires fur-
ther study. Among the major problems that re-
main in considering studies of immunotherapy
with mold extracts are extract variability and the
fact that an extract of a particular species may not
contain all of the important individual allergens.
The complexity of fungal extracts used for thera-
peutic purposes, as compared with pollen extracts,
also makes it likely that the number of different
antigenic determinants to be handled by the pa-
tient’s immune system will be quite high. This
could lead to a lesser immune response than if a
single purified or highly characterized allergenic
determinant had been used. This consideration is
highly speculative but is in accordance with the
general concept of antigenic competition.” Sup-
port for this concept has also been noted in
immunotherapy studies with pollen extracts in
which better effects were refined preparations as
opposed to crude extracts.>> > Fungi also contain
considerable amounts of high molecular weight
(above 100,000 d) nonallergenic materials, which
could further compound this problem.

CONCLUSIONS AND RECOMMENDATIONS

In spite of these limitations, clinical and anec-
dotal evidence suggest that many patients with
broad patterns of wheal and flare skin reactivity to
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crude fungal extracts and bronchial asthma or
rhinitis experience improvement after empirical
immunotherapy with fungal allergens. Several
controlled studies**® tend to bear this out.

Considering all of the above observations col-
lectively, it would seem prudent that immunother-
apy in mold-sensitive patients might be reserved
for those who demonstrate documented symp-
toms (rhinitis or asthma) after natural exposure
during periods when high concentrations of fun-
gal allergens are present in the atmosphere.
These patients should demonstrate IgE antibody
to well-characterized and standardized fungal al-
lergens by in vitro or in vivo techniques (i.e., IgE
skin test, RAST, ELISA, etc.), and there should
be an inability to control symptoms by conven-
tional pharmacotherapy or avoidance.

The use of fungus extract mixtures, which in-
clude species to which patients may not be reac-
tive, should be avoided. In addition, the practitio-
ner should keep in mind that diagnosis of IgE-
mediated sensitivity and immunotherapy to most
fungi requires further study and poses many un-
solved problems. Among these are the facts that
accurate information on the degree of exposure is
often not available and that clinical effects of
injecting complex mixtures of fungal metabolites
are largely unknown. For these reasons, alterna-
tives to irnmunotherapy should always be consid-
ered, including avoiding or minimizing exposure.
Home and workplace areas should be kept as free
as possible of fungal growth by maintaining a
clean and dry environment. One of the most
useful preventive measures that patients can take
to reduce allergic symptoms to fungi is dehumid-
ification. It is important to keep dehumidifiers
free of contamination. Air-conditioning a home or
office may reduce exposure to outdoor fungi and
reduce indoor relative humidity. Air purifiers
have not been demonstrated to be of great use in
the management of mold allergy. If patients per-
sist with questions about purchasing air cleaning
devices, it is probably prudent to recommend
cleaners with high efficiency, such as high effi-
ciency particulate air filters, and to advise them to
consider renting a device for several months to
determine effectiveness before actual purchase.

Mold-sensitive patients who are farmers or who
mow lawns, rake leaves, or do similar yard work
are known to have exacerbation of symptoms,
probably primarily related to fungus spore expo-
sure, although disturbed pollen particles, algae,
insect fragments, or related allergens may also be
involved. When major exposure to fungal aller-
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gens and similar dust allergens is anticipated, it is
wise to advise patients to use simple filter masks,
which often prove effective in reducing exposure
to molds, while they are performing such ac-
tivities.
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