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Introduction

Fungi are ubiquitous eukaryotic organisms that are members of
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hyphae, which range from 2 to 10 um in diameter. Hyphae grow at
their tips and frequently branch, resulting in an interconnected
network called a mycelium.

Fungi reproduce by making spores by asexual or sexual pro-
cesses. Many of the structures that produce asexual spores are
called conidia, the morphologic structure of which is often used to
identify a fungus by genus and species. Fungi that lack an observ-
able sexual stage historically were referred to as Fungi imperfecti or
Deuteromycota; however, that term is no longer recognized and
should no longer be used. When fungi reproduce sexually via
meiosis, they produce 8 spores contained in an ascus or sack that
are released when the ascus is disrupted.

Fungi do not rely on photosynthesis to convert carbon dioxide
into carbohydrates as plants do. Instead, they secrete digestive
enzymes onto the outside world and then absorb nutrients, using
oxygen from the atmosphere to obtain energy. Their byproducts
consist of a complex mixture of organic compounds, some of which
consist of proteins that can induce and bind to IgE in humans' and
others that can serve as proinflammatory compounds and irritants
via non-IgE mechanisms.”

Allergenic Fungi

The taxonomy of fungi has been confusing, primarily because
identification of species traditionally has relied on visual recogni-
tion of distinct morphologic features. This confusion was
confounded by the fact that fungi can have differing morphologic
features, depending on the substrate and environmental conditions
in which they grow, whether they are in their sexual or asexual
reproductive state, and the skill and biases of the mycologist per-
forming the identification. Recently, a taxonomy based on molec-
ular DNA techniques has been agreed on by experts in the field.?

Many allergenic fungal genera are represented by 3 phyla:
Zygomycota, Ascomycota, and Basidiomycota (Table 1). The largest
group is the Ascomycota. On the basis of cluster analysis, a close
relationship has been observed between genetic fungal taxonomy
and IgE sensitization.* The IgE-based clustering divides the Asco-
mycota cluster into 2 separate clusters. The first cluster includes
genera in the classes Sordariomycetes, Leotiomycetes, and Euro-
tiomycetes and some genera from the Dothideomycetidae, whereas
the second cluster contains genera from the Pleosporomycetidae,
which is another subclass of the Dothideomycetidae. Genera from
Saccharomycetes form a third cluster in the Ascomycota phylum.
Fungi from the Zygomycota and Basidiomycota phyla form their own
IgE sensitization clusters. Given these extensive cross-reactivity
patterns, it might be possible to identify representative genera
from each class to serve as a proxy for IgE directed to the group.

Major allergens have been identified for many fungal genera
(Table 2). In addition to their ability to induce and bind to IgE, the

biologic function for most of these allergens has been determined.
A comprehensive database of fungal allergens can be found at
Allergome (http://www.allergome.org)/).

Exposure to Fungi

Fungi can be found in virtually all environments in which there
is a source of carbohydrate, moisture, and warmth. They serve arole
as saprophytes by causing decay of plant materials. Airborne spores
are typically counted using light microscopy after they are collected
on adhesive-coated surfaces. The number and diversity of airborne
fungi detected by this method may be underestimated. One study
found that as many as 86% of genera detected by DNA sequencing
were not routinely identifiable by microscopy, including some
currently unrecognized aeroallergens.’

Typical 24-hour mean outdoor spore concentrations can range
from as few as 50 spores/M> during winter to as many as 50,000
spores/M> during summer.’® In temperate regions, spores in out-
door air tend to peak in the middle to late summer and decrease
with the first hard frost in regions that experience cold winter
seasons, although they may briefly rebound during warmer pe-
riods. Xenophilic or dry air spores, such as Cladosporium and
Alternaria, peak in the afternoon hours during periods of low hu-
midity. Hydrophilic or wet air spores, such as ascospores and ba-
sidiospores (mushrooms and puffballs), tend to peak during
predawn hours, when there is high humidity. Temperature and
dew point appear to be the most important meteorologic factors
that affect the presence of spores.” A survey of outdoor fungal
genera in Tulsa, Oklahoma, identified Cladosporium, Alternaria,
Epicoccum, Curvularia, Pithomyces, Drechslera, smut, ascospores,
basidiospores, and others.®

Epidemics of asthma have been reported to be associated with
thunderstorms and increases in airborne Alternaria. In one study,
there was an increased risk of thunderstorm-related asthma (odds
ratio [OR], 9.31) if one was sensitive to Alternaria, which was even
greater if sensitive both to Alternaria and Cladosporium (OR, 64).”

Indoors, fungal spores usually are present in low concentrations
unless sources of indoor growth are present. Lacking such growth,
the indoor microbiome depends largely on dispersal from the out-
doors.'” The most common taxa found in surveys of contaminated
indoor environments include Penicillium, Aspergillus, Ascospores,
Alternaria, Periconia, Basidiospores, Stachybotrys, and Wallemia.

Fungi are adapted to varying moisture conditions. The types of
fungal species present often change over time, reflecting changes in
moisture as the building dries and becomes damp again. Room
types most likely to have elevated spore counts include (in
descending order) laundry rooms, bathrooms, basements, and
bedrooms, with the lowest counts being found in living rooms,
kitchens, and family/television rooms.!! The total biomass of indoor

Table 1
Taxonomy of selected allergenic fungi*®
Phylum Class Order Selected genera
Zygomycota Zygomycetes Mucorales Mucor, Rhizopus
Ascomycota Saccharomycetes Saccharomycetales Candida, Saccharomyces
Dothideomycetes Capnodiales Cladosporium
Pleosporales Alternaria, Curvularia, Bipolaris, Stemphylium, Phoma, Epicoccum
Dothideales Aureobasidium
Eurotiomycetes Eurotiales Aspergillus, Penicillium
Onygenales Trichophyton
Sordariomycetes Hypocreales Fusarium, Trichoderma, Stachybotrys
Sordariales Monilia, Neurospora, Chaetomium, Acremonium
Leotiomycetes Helotiales Botrytis
Basidiomycota Microbotryomycetes Sporidiobolales Rhodotorula
Ustilaginomycetes Ustilaginales Ustilago

2Genera in the same class tend to have substantial IgE cross-reactivity. Members of the Sordariomycetes, Leotiomycetes, Eurotiomycetes, and Dothideomycetidae classes also

exhibit substantial cross-reactivity.
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Table 2
Major allergens and their biologic activity for 4 major genera of allergenic fungi®

Genus and allergen Biologic activity

Alternaria
Alta1l Unknown
Alta?2 Protein initiation factor
Alta3 Heat shock protein 70
Alta 4 Thioredoxin
Alta 6 Enolase
Alta7 Flavodoxin
Alta 8 Mannitol dehydrogenase
Alta 10 Aldehyde dehydrogenase
Alta 13 Glutathione S-transferase
Cladosporium
Clah3 Alcohol dehydrogenase
Clah6 Enolase
Clah7 Flavodoxin
Clah8 Mannitol dehydrogenase
Clah9 Serine protease
Clah 10 Aldehyde dehydrogenase
Clah12 Heat shock protein 90
Aspergillus
Asp f 1 Mitogillin
Asp 3 Peroxisomal membrane protein
Asp f5 Serine protease
Asp f6 Mn superoxide dismutase
Asp f 11 Cyclophilin peptidyl prolyl isomerase
Asp f 12 Heat shock protein 90
Asp f 18 Serine protease
Asp f22 Enolase
Asp f 28 Thioredoxin
Penicillium
Penc2 Serine protease
Penc3 Peroxisomal membrane protein
Pen c 13 Serine protease
Pen c 18 Serine protease
Pen c 19 Heat shock protein 70
Pen c 22 Enolase
Pen c 24 Glutathione S-transferase
Pen c 30 Catalase

2Compiled from Allergome (http://www.allergome.org/).

fungi in such buildings is likely to be underestimated because most
airborne fungal material is present in the form of mycelial fragments
that cannot be easily be recognized as being fungal in origin.'?

The National Survey of Lead and Allergens in Housing was a
population-based study that measured indoor allergens in US
homes. Of the surveyed homes, 51.5% had at least 6 detectable al-
lergens, and 45.8% had at least 3 allergens that exceeded increased
levels. An increased allergen level was defined as 7 ug/g of Alta 1 for
Alternaria alternata. The most commonly found allergens detected at
increased levels were cat, dog, and Alternaria. Children with high
allergen exposure had increased odds of having asthma symptoms.'>

Fungal Constituents

According to allergen databases (http://www.meduniwien.ac.
at/allergens/allfam/), 189 fungal species are thought to produce
allergens, and these consist of 61 protein families that contain
approximately 132 allergens.'” Some allergens from the genera
Alternaria, Aspergillus, and Cladosporium are well characterized, and
some have even been purified.!> On the basis of genomewide
studies of several species, fungi appear to share a highly conserved
set of allergen orthologues. These allergens include enolases, heat
shock proteins, cyclophilins, proteases, redoxins, and disulphide
isomerases. Other allergens include peroxisomal membrane pro-
teins, acid ribosomal proteins, and alcohol dehydrogenases.!®

Fungi also produce a number of other nonvolatile metabolites,
including ergosterol, 8-glucans, and mycotoxins. Because ergosterol
is nearly unique to fungi, its measurement has been used to esti-
mate fungal load in house dust.”” Airborne ergosterol correlates

with airborne glucan; however, it is more highly correlated with
the presence of visible mold.

B-Glucans are polysaccharides found in the outer cell membrane
of fungi, higher plants, and some bacteria.'® The cell walls of grasses
and fungi contain (-1,3-p-glucan, sometimes in mixtures with
other glucans. Studies in humans suggest that there is a dose-
response relationship between exposure to airborne fungal
glucan and respiratory symptoms, itching skin, hoarseness, and
fatigue.'® Exposure to glucans has also been associated with an
increased prevalence of atopy and a decrease in forced expiratory
volume.?’

Mycotoxins are low-molecular-weight organic chemicals pro-
duced by fungi to better compete for nutrient resources by elimi-
nating growth of other microorganisms in the immediate
environment. A person must be exposed to a sufficient concen-
tration for a sufficient amount of time to experience a toxic effect.
Because of agricultural exposure, human health effects of myco-
toxins have been extensively studied.’! These effects include T-2
toxin from Fusarium, trichothecene mycotoxins from Stachybotrys,
mitogillin from Aspergillus, and others. Most mycotoxins are rapidly
metabolized and eliminated within hours after ingestion in farm
animals and humans. Although commercial fungal extracts are not
routinely assayed for mycotoxins, they are dialyzed, which should
remove mycotoxins if they are present in the source material.

Volatile metabolites are often revered to as microbial volatile
organic compounds. Such volatile compounds have a distinctive
musty or moldy odor that can serve as reliable indications of mold
growth. This odor often is transferred to clothes, leading individuals
who live in moldy houses to smell musty. Occupants of moldy
houses frequently become adapted to the smell and may be un-
aware of its presence. The direct health risk of microbial volatile
organic compounds is unclear; however, they could act as an irri-
tants in susceptible individuals.??

Fungal Sensitivity

Patients with a clinical history of fungal allergy develop symp-
toms when exposed to environments likely to have high fungal
exposure. Examples of questions to ask patients suspected of hav-
ing fungal allergy include whether symptoms are worse in old
homes or buildings, basements, or other damp environments, after
rain storms, and during raking or mowing the lawn.”*

Tests for Fungus Sensitization

Sensitization to fungi can be detected using prick**?> and intra-
dermal®® skin tests with fungal extracts or in vitro tests for specific
IgE antibodies.?* 2° Fungal extracts currently are unstandardized in
part due to variability among manufacturers and even between
batches from the same manufacturer. The performance character-
istics of diagnostic tests are not known with the exception of Alter-
naria, which has been studied in several clinical trials that used
either nasal** or bronchial?® provocation as the criterion standard
for rhinitis and asthma, respectively (Table 3). In these studies, skin
prick tests for Alternaria had high positive likelihood ratios and low
negative likelihood ratios, indicating that the test effectively
discriminated between patients with and without sensitivity for
rhinitis and asthma. Intradermal tests had positive likelihood ratios
near 1, indicating that for patients with negative skin prick test re-
sults, such tests did not provide useful information. In vitro tests had
high positive likelihood ratios, but the negative likelihood ratio was
not very low, indicating that the test is good at detecting sensitive
patients but not so good at ruling out nonallergic ones.

A recent study compared percentages of positive fungal skin
prick test results with ImmunoCAP. Skin prick testing detected
100% of patients who were sensitized to only one of Alternaria,
Candida, or Trichophyton, whereas ImmunoCAP detected 89%, 75%,
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Table 3
Performance characteristics of skin prick test, intradermal skin test when skin prick
test result is negative, and in vitro tests for specific IgE to Alternaria

Test LR+ LR— Sensitivity Specificity Standard Reference
Skin prick test 11.75 0.05 952 91.9 Nasal 24
945 002 97.8 89.7 Bronchial 25
Intradermal test 1.04 0.04 100 3.8 Bronchial 25
(negative skin
prick test result)
In vitro test 14 046 558 96 Nasal 24
15 0.2 81.1 94.6 Nasal 26
231 076 358 76 Bronchial 24

Abbreviations: LR+, positive likelihood ratio; LR—, negative likelihood ratio.

and 61%, respectively. When multiply fungus-sensitized patients
were evaluated, the in vitro tests generally detected a higher per-
centage of patients than did the skin prick tests.?”

Fungi Tests

In one study, the most common skin prick test—positive genera
among 3,248 patients with any allergy were Alternaria (12.6%) and
Candida (8.5%). When only patients with a positive skin test result
to a fungus were considered (19% of allergic patients), the most
common positive test results were for Alternaria (66.1%), Candida
(13.1%), Cladosporium (13.1%), Aspergillus (12.6%), and Trichophyton
(10.2%). In patients who were sensitized to only 1 or 2 fungi, the
most common genera consistently reactive were Alternaria and
Candida. Multiply fungus-sensitized patients reacted in descending
order to Alternaria, Candida, Cladosporium, Aspergillus, Saccharo-
myces, Penicillium, and Trychophyton.”’

This finding suggests that a limited number of skin tests with
Alternaria, Candida, Cladosporium, Aspergillus, and Trichophyton
could be used to identify patients with fungal sensitization because
most will react to one of these. Because Candida and Trichophyton
are not aeroallergens, their use in this context would be as markers
for fungal sensitization and not to diagnose Candida or Trichophyton
hypersensitivity disorders. A more extensive panel of fungi could be
tested for if it is important to identify the specific sensitization
pattern. This might be the case if immunotherapy is being consid-
ered or if evidence of an association between exposure and fungus-
induced symptoms in a patient’s environment is being sought.

Health Effects of Fungi

Exposure to airborne fungi is associated with morbidity in pa-
tients who have respiratory disorders, including rhinitis and
asthma. Other conditions, such as atopic dermatitis, can be exac-
erbated by cutaneous fungi, such as Malassezia species. Several
other diseases are known to be caused or triggered by exposure to
fungi, including allergic bronchopulmonary mycosis, allergic fungal
sinusitis, and hypersensitivity pneumonitis. Candida hypersensi-
tivity is controversial because the syndrome is poorly defined and
the association between Candida exposure and the condition has
not been demonstrated.

Because fungi can cause adverse health effects via IgE- or non—IgE-
mediated mechanisms,? it is not necessary for a person to be allergic to
fungi to experience symptoms after exposure. Prevention of health
effects due to fungal exposure can be separated into primary (expo-
sures that cause development of asthma in young children), second-
ary (exposure that leads to morbidity in individuals who already have
asthma), and tertiary (medications used to treat symptoms that
already are present) prevention. This review will not address tertiary
prevention.

Primary Prevention

Primary prevention is based on the assumption that exposure to
fungi increases the risk of developing an adverse health effect (eg,

sensitization and asthma) and that reducing exposure can reduce
that risk. Studies on the association between increased fungal
exposure and increased risk of developing asthma generally are
observational, which cannot be used to infer causality. Studies to
prove causality would need to randomly assign children to live in
an environment with various amounts of fungal exposure and then
observe for subsequent health effects. Although this has been done
for dust mites,”® such studies have not been performed for fungi.

A comprehensive review found sufficient evidence to conclude
that there is an association between indoor dampness (defined as
sufficient water activity on indoor substrates to support fungal
growth), fungal exposure, and increased risk of developing asthma
in allergic and nonallergic individuals.>® One study of 121 children
12 to 84 months of age who were age and sex matched with 2
control populations found that the risk of developing asthma
correlated with the amount of moisture and the presence of visible
fungi in the main living areas of the house regardless of the atopic
status. The ORs for 2 amounts of moisture damage and the devel-
opment of asthma were 2.8 (95% confidence interval, 1.4—5.4) and
4.0 (95% CI, 1.6—10.2), suggesting a dose-response between expo-
sure and increased risk.>°

Additional evidence from the Cincinnati Childhood Asthma and
Air Pollution Study provided additional evidence for an association
between fungal exposure and development of childhood asthma. In
this study, investigators found a significant relationship between
fungal levels collected in household dust during infancy and sub-
sequent development of recurrent wheeze and asthma at 1, 3, and 7
years of age.’!

Finally, a systematic review of 11 cohort and 5 incident case-
control studies found a significant relationship among fungal
exposure, dampness, visible mold and moldy odor, and the devel-
opment of asthma.>?> Given this evidence, it appears that the
amount of exposure to fungi in young children from atopic families
is associated with an increased risk of developing asthma. What is
not known is whether reducing fungal exposure would decrease
that risk.

Secondary Prevention

Once a person has developed asthma or rhinitis, exposure to
fungi can trigger symptoms regardless of sensitization. Secondary
prevention involves reducing fungal exposure to decrease the
likelihood of developing asthma and/or rhinitis symptoms. This
approach is plausible because there is a dose-response relationship
between fungal exposure and symptoms. In one study, increasing
outdoor spore concentrations was associated with increased
asthma symptoms and inhaler use and reduced evening peak flow,
particularly when certain fungi, such as Alternaria, basidiospores,
and hyphal fragments, were present.*

Indoors, an association was found among the respiratory health
of children, indoor dampness, and exposure to fungi in 15,000
homes in 30 Canadian communities. The prevalence of respiratory
symptoms was higher in homes with fungal contamination or
dampness even when controlling for other factors, including age,
sex, smoking, and type of heat®* and after adjusting for dust mite
antigens and endotoxins.>®

A quantitative meta-analyses of the 33 studies that were
reviewed by the Institute of Medicine looked at health outcomes
categories, including upper respiratory tract symptoms, wheeze,
cough, and a history of asthma diagnosis, as they related to visible
mold, dampness, and airborne spores. A statistically significant
increased risk was found between the presence of mold and
dampness and development of upper respiratory tract symptoms
(OR, 1.7), cough (OR, 1.67), wheeze (OR, 1.5), current asthma (OR,
1.56), and ever diagnosed as having asthma (OR, 1.37). In addition,
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building dampness and mold were associated with increases of 30%
to 50% in cough, wheeze, and asthma.>®

Because exposure to fungi increases the risk of having asthma
and rhinitis symptoms, the next question is whether reducing
exposure can decrease those symptoms. The best strategy for
control of exposure to indoor fungi includes a combination of in-
terventions that remove facilitative factors such as moisture,
reduce sources of growth, remove reservoirs of fungal spores and
allergens, and block pathways of dissemination from sources to
occupants.®’

Interventional studies have found that remediation®® or
removal®® from damp buildings can reduce asthma symptoms in
adults. In addition, reduced exposure leads to decrease controller
and reliever medication use in asthmatic patients and reduces
rhinitis symptoms,*® decreases overall respiratory symptoms,**?
and reduces conjunctivitis and symptoms of allergic rhinitis.*>

In one prospective trial, 62 children with asthma living in moldy
homes were randomly assigned to receive household repairs that
focused water infiltration, removal of water-damaged building ma-
terials, and repairs to the heating, ventilation, and air conditioning
system. A mold score revealed a significant decrease at 6 and 12
months only in the intervention group. That group experienced a
decrease in symptom-days and fewer exacerbations, including
emergency department visits and hospitalizations.** Although it is
possible that reductions in nonfungal exposures could account for
this result, the interventions in this study did not result in a decrease
in exposure to dust mite, cockroach, mouse, rat, or endotoxin.

Interventions

Because fungal growth depends on the presence of moisture and
a carbon source, the most effective strategy for reducing and pre-
venting growth is to control the amount of moisture present. This
would eliminate moist microclimates, which can encourage fungal
growth that may spread within what would otherwise be a rela-
tively mold-free environment. Reductions in pediatric asthma
morbidity have occurred with remediation focused on reduction of
home moisture sources.**

The 2009 World Health Organization report on damp buildings
and fungi reviewed this topic extensively and concluded that the
presence of dampness when combined with fungal contamination
can contribute to health problems.*> The 3 primary sources of
moisture in an indoor environment include intrusion, condensa-
tion, and leakage. Moisture from one of these 3 mechanisms in
combination with an appropriate substrate can provide sufficient
resources for indoor fungi to grow.

Intrusion refers to ingress of water from the outside, usually
through holes or cracks in foundations, roofs, improperly installed
windows, and other orifices and even through porous materials,
such as concrete by a wicking action. Condensation occurs when
surfaces are colder than the dew point as can occur with cold water
pipes, concrete basement walls during the summer, and even toilet
tanks full of cold water. Indoor sources of humidity include respi-
ration, cooking, showers, and other activities in which water is
involved. Leakage refers to uncontrolled water escape from pipes
(both supply and drain), faucets, or reservoirs, such as water
heaters.

Given sufficient moisture, many building materials, including
wood, drywall ceiling tiles, and jute backed carpet, can serve as a
nutrient source for fungal growth.*> Some building materials, such
as plaster, brick, cement, and fiber glass, do not support fungal
growth unless they become coated with nutrient materials.

To remove fungi from nonporous surfaces, such as shower walls,
hypochlorite (bleach)—containing products can denature and
destroy protein allergens.*® In one study, soap and water alone
effectively reduced surface fungal contamination in showers;

however, regrowth occurred after several weeks. Use of a dilute
bleach solution with a detergent prevented this regrowth.*” For
porous surfaces, fungal growth often penetrates deep into the
substrate so cleaning generally is not effective. Extensively
contaminated building materials therefore need to be replaced to
reduce adverse health effects.

The National Asthma Survey found an association between
asthma in children and humidifier use,*® the health effects of which
have been termed “humidifier fever.”*® Proper maintenance or
avoidance of cool mist or ultrasonic humidifiers is essential to
prevent such effects. Another common concern is whether house
plants can contribute to fungal growth. In one study, a modest
numbers of undisturbed house plants did not promote fungal
growth.*°

The main indoor reservoir for fungal contaminants is carpeting.”’
Frequent vacuuming can reduce fungal spore levels in dust’’;
however, replacement of carpeting with other types of flooring
appears to be more effective.”* Air filtration was recently reviewed
by Sublett et al,”* who reported positive results in 8 of 18 trials with
2 trials for fungi demonstrating reduced symptom and medication
scores.

Toxic Mold Syndrome

The diagnosis of toxic mold syndrome is surrounded by a great
deal of controversy. A study of 65 patients who claimed to have the
syndrome reported symptoms that included rhinitis (62%), cough
(52%), headache (34%), respiratory symptoms (34%), central ner-
vous system symptoms (25%), and fatigue (23%). Only 53% of these
patients were skin reactive to a panel of fungi.”> Another study of a
series of 32 indoor mold exposed patients using questionnaires and
medical record reviews found that a few had fungal allergy,
although a significant number had asthma symptoms. Exposures
included Stachybotrys chartarum, Aspergillus, and Penicillium.”®

Controversy regarding this syndrome has revolved around
exposure to Stachybotrys chartarum, the so-called toxic mold or
black mold. This hydrophilic fungus tends to grow on water-
damaged, cellulose-based materials and is a marker for damp en-
vironments. Stachybotrys toxicity has been linked to ingestions in
sheep,”” and in animal models it produces changes in respiratory
epithelium, especially in developing lungs.’® A review of myco-
toxins in buildings concluded that the amount of exposure to
humans was insufficient to cause significant health effects.””

Mycotoxin exposure has been the subject of much fungus-
related litigation and speculation, often involving ill-defined
illness in the absence of a generally accepted, defined condition.
The Institute of Medicine report on damp spaces and health re-
ported “insufficient evidence to determine an association between
mycotoxin exposure and a number of other reported health effects,
including gastrointestinal problems, fatigue, neuro-psychiatric
symptoms and skin problems.”®® This was also the conclusion of
the World Health Organization panel on mold and dampness.*®

Conclusion

Fungi serve a role as saprophytes by growing on decaying plant
materials. In doing so, they exhibit complex physiologic features.
Some of the byproducts of fungal metabolism are allergens that can
trigger symptoms in sensitized individuals. On the basis of cluster
analysis, patterns of IgE sensitization appear to closely match
fungal taxonomy.

Fungi clearly can cause sensitization (production of specific IgE)
and clinical allergy. Skin prick and in vitro tests can effectively
identify patients with Alternaria sensitivity, whereas skin prick
tests can rule out such sensitivity. Other fungi have not been sub-
jected to the same type of analysis, so it is not clear whether these
diagnostic tests would provide the same information.
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The known health effects of fungal exposure include an
increased risk of developing asthma in young children from atopic
families and increased symptoms of asthma and rhinitis in in-
dividuals who already have these conditions. Interventional studies
have found that a multifaceted series of interventions aimed at
reducing indoor moisture, removing contaminated building mate-
rials, and reducing reservoirs can reduce fungal exposure suffi-
ciently to reduce symptoms in affected individuals. This implies a
causal relationship between exposure to fungi and morbidity and
provides a rationale for environmental interventions to reduce it.

The most important interventions to reduce fungal exposure
involve efforts to reduce moisture and dampness in indoor envi-
ronments, including intrusion, condensation, and leakage. Removal
of contaminated building materials is also important along with
removal of reservoirs, including carpeting and dust.

Although there are still controversies that surround the role of
fungal exposure toxic mold syndrome, the Institute of Medicine
report on damp spaces and health found insufficient evidence for an
association between mycotoxin exposure and adverse health effects.
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Authors’ response

We thank the authors for submitting their commentary on our
article. The authors found, similar to our study and others, that most
people were unable to use the inhalation device correctly on initial
attempt. The number of patients who could demonstrate correct
use has varied from 5.7% to 38% in previous reports."”> When studies
have focused specifically on health care professionals, as the current
one does, the numbers have increased to 5% to 69%, depending on
the group examined.® The current report is particularly interesting
because of the use of a device that objectively measures perfor-
mance of each user: the Aerosol Inhalation Monitor (Vitalograph
AIM). We believe that measuring rate of flow is especially helpful
because this is a challenging evaluation to make with the naked eye.
Furthermore, examining synchronization between actuation of the
inhaler and inhalation by the user and the length of breath hold is
also important because it has been previously reported that
metered-dose inhaler users frequently make errors in these steps.
Unfortunately, the Aerosol Inhalation Monitor does not assess
whether the user exhales to functional residual capacity or residual
volume before actuating the canister, but that step can be evaluated
reasonably well by simple observation. We believe this is a critical
step to assess because 66% of incorrect users (61% of all participants)
in our original study failed to perform this step.*

Of additional interest is the finding that correct use was
increased from 18.3% to 46.9% with a single educational session.
This finding is encouraging, especially because previous studies
have reported mixed results of education in improving inhalation
device technique.””” Two unanswered questions remain in our

Disclosures: Authors have nothing to disclose.
Funding: This study was supported by a grant from the Oliver Center for Patient
Safety and Quality Healthcare at the University of Texas Medical Branch.

Response to “Mold Allergy Revisited”

I am writing in response to the article entitled “Mold Allergy
Revisited” in the February 2014 issue of the Annals of Allergy, Asthma
& Immunology.' | wish to question a number of assertions that are
either unsupported or based on very tenuous scientific reports.
Children with a high fungal allergen exposure in the home are
said to have an increased risk of developing asthma symptoms.?
This study implies that fungal exposure in the home may promote
asthma symptoms. Only 7 allergens were studied. Alternaria was the
most common allergen found to exceed accepted levels and the only
fungal allergen studied. Other allergens included cockroach, cat and
dog dander, house dust mite (Der f 1 and Der p 1), and mouse.
Among atopic individuals, high allergen burden was significantly
associated with current asthma as assessed by questionnaire only.
Outdoor levels of Alternaria were not measured. It is well known
that if mold sensitivity contributes to the development of asthma, it
is far more likely to be the result of exposure to outdoor mold.’
The authors state that there is a dose-response relationship
between exposure to airborne fungal glucans and respiratory
symptoms, itching skin, hoarseness, and fatigue. They cite a review
article by Douwes.* This review relies heavily on an earlier study by

Disclosures: Dr Bardana performs worker’s compensation evaluations for the States
of Oregon, Alabama, Idaho, and Washington.
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minds: whether users retain the ability to use the device properly
over time and whether additional educational sessions would
result in even more users achieving the ability to use the device
correctly. These are important areas for future research.

Rana S. Bonds, MD*

Ashish Asawa, MD*

Aasia I. Ghazi, MD'

*University of Texas Medical Branch
Galveston, Texas

fAllergy and Asthma Specialists
Dallas, Texas

rsbonds@utmb.edu
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the same author that measured the levels of extracellular poly-
saccharides of Aspergillus and Penicillium species in house dust by an
enzyme immunoassay as a marker for fungal exposure. The asso-
ciation between these levels and home dampness and respiratory
symptoms in children was then assessed. Although the extracellular
polysaccharides in house dust were actually measured, the respi-
ratory symptoms and resident-reported home dampness were
extrapolated from a questionnaire, which is a major limitation of
this study and many other studies that are relied on in this review.’
In fact, the authors of this review state that the currently available
epidemiologic data do not permit conclusions to be drawn regarding
the presence (or absence) of an association between environmental
(1-3)-6-p-glucan exposure and specific adverse health effects. It is
also not clear from the available evidence which specific immuno-
logic mechanisms underlie the presumed health effects.”

Another referenced study is said to support the assertion that
volatile organic compounds could act as irritants in susceptible
individuals.® However, the study cited does not address fungal
volatiles exacerbating respiratory symptoms. Instead, it is a study to
identify chemicals responsible for the odor that was traced to a
pentachlorophenol used as a wood preservative in frame homes.

With respect to investigating fungal sensitization, the authors
appear to marginalize the use of skin testing with fungal extracts by
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emphasizing that with the exception of Alternaria, the performance
characteristics of other fungal allergens are not known. It would
have been preferable to make a statement supporting the practical
utility of puncture skin testing and/or in vitro testing to identify
clinically relevant sensitization to fungal allergens as long as their
limitations are considered.’ I agree with the observation that in-
tradermal testing with fungal allergens is not likely to provide
useful information.” A previous study has recommended a combi-
nation of epicutaneous skin tests and specific serum IgE levels to
more accurately diagnose fungal allergy.®

The authors state that fungi can cause adverse health effects via
IgE- or non—IgE-mediated mechanisms and individuals need not be
allergic to experience symptoms. This concept is said to be sup-
ported by the work of Chen et al.” However, the article by Chen et al
extols the glucans as potent immunologic activators and does not
address or assess any health effects. The article by Mendell et al'® is
cited to support the contention that dampness and mold induces
respiratory and other health effects. This review concludes that its
findings should be considered provisional “until the production of
quantitative summary estimates of risk ratios based on a more
thorough consideration of all available findings.” This is not a
compelling scientific effort because most of the studies considered
are cross-sectional or retrospective in nature. Many of the epide-
miologic studies on dampness, mold, and health used self-declared
reports (questionnaires) to assess exposure or health effects with
significant potential for reporting bias. The study by Pekkanen
et al'! is cited to support a dose-response relationship between
moisture and fungal exposure and increased risk for developing
asthma.!’ This is a poorly designed study with an inappropriate
definition of atopy and use of a questionnaire on health and risk
factors for asthma with significant potential for reporting bias.

Finally, toxic mold syndrome is discussed by the authors by
describing its symptoms as reported by Edmondson et al.'” The
study by Edmondson et al reports on 65 individuals presenting to a
clinic with this alleged condition. The source of these patients (ie,
random, physician referred, attorney referred, and so on) is not
revealed. Mycotoxins were not measured in any instance. Home
environmental surveys were performed by different industrial
hygienists. The authors admit that the cause of patient symptoms
was unclear but some may have been allergic. The other article
cited describes mold-attributed symptoms that appeared to mimic
a symptom complex of self-described symptoms referred to as sick
building syndrome (another clinical nonentity). The methods in
this study depended on medical record reviews and follow-up
questionnaires. Mycotoxins were not measured.'>

Author’s response

I appreciate the effort that was put into the letter regarding our
recent review article “Mold Allergy Revisited.”' The author clearly
is very passionate about the topic; however, | disagree with many of
his assertions.

The first comment relates to a study by Salo et al.? This study
used data obtained by the National Survey of Lead and Allergens in
Housing. Samples were obtained from homes and were assayed
for allergens, including Alternaria (the only allergen usually
measured in most studies as a proxy for mold). Patients also were
surveyed about whether they had asthma or allergies. Multivari-
able logistic regression identified a number of factors that corre-
lated with disease when other factors were accounted for. Mold
and moisture-related problems were found to independently

Disclosures: Author has nothing to disclose.

The subject of mold-induced health effects continues to
engender public fear fueled by distorted media coverage and
myriad mold websites that promote the epidemic of health effects.
This has contributed to litigation that often is based on unproven,
pseudoscientific premises. The specialty of allergy and immunology
should be at the forefront of efforts to curb and correct this situa-
tion. The article by Portnoy and Jara, although well intended, uses a
number of studies that are provisional or poorly designed to
generate statements that can be interpreted as scientific fact by the
uninitiated.

Emil J. Bardana, Jr, MD, MACP
Lake Oswego, Oregon
bardanaem@comcast.net
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predict such health outcomes. It is true that only 7 allergens were
studied, but so what? The investigators had to measure a finite
number of things, and this is what they measured. Alternaria was
the most common allergen found, which tends to boost the
assertion that is associated with health problems. This indoor
exposure was independently associated with disease. Outdoor
exposure could be associated too, but that was not the point of the
study. I should point out that a systematic review and meta-
analysis of early exposure studies® concluded that dampness
and fungi in homes are determinants of developing asthma. The
evidence clearly suggests that early exposure to fungi is associated
with later sensitization and development of disease. As I
mentioned in the review article, causality cannot be inferred from
such observational data, so I do not know if the exposure is
causing the disease.
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The review by Douwes* looked at 21 articles that studied §-(1->
3)-p-glucan exposure and associated health effects. Exposure was
measured using the limulus lysate or enzyme-linked immunosor-
bent assay in schools, homes, offices daycare centers, and a variety
of occupational settings. Study designs included epidemiologic
studies, a case study, and human challenge studies. Health effects
found to be associated with exposure included cough, pulmonary
function, and throat and nose irritation, and some studies did not
find any changes. The 4 human challenge studies found that
exposure led to nose and throat irritation, reduced forced expira-
tory volume in 1 second, tumor necrosis factor « secretion, and
decreased blood lymphocytes. A few of these studies relied on
questionnaires, but others involved direct observation of responses.
What the author actually concluded was that there is an association
between exposure and airway inflammation and symptoms. What
he acknowledged was that results are mixed so an association with
specific symptoms cannot be identified. This lack of specificity il-
lustrates caution on the part of the author but does not negate the
fact that these studies generally reveal an association.

The article by Gunschera et al’ describes identification of
chloroanisoles as being responsible for musty odors in houses.
These are produced in response to microbial activity, particularly in
areas with increased dampness, and are one of many types of
volatile organic compounds that produce such odors. Given suffi-
cient exposure, such compounds can serve as irritants; however,
this particular study did not find sufficient concentrations in the
homes to cause health effects, so perhaps this was not the best
study to illustrate the point.

I am puzzled by the statement that skin testing with fungal
extracts are marginalized in this review. It is true that the perfor-
mance characteristics of skin testing with fungal extracts other
than Alternaria are not known. How would making a vague state-
ment about using other fungal extracts as long as their limitations
are considered improve this review? Instead, we included a table
with the known data related to Alternaria skin testing, which could
be useful. These results could be generalized to other extracts, but I
do not have an evidence basis for doing that. In addition, I seriously
question the validity of using combined skin and specific IgE tests
to accurately diagnose fungal allergy. The study by O'Driscoll et al®
cited by the correspondent looked at sensitization using skin and
IgE tests but did not perform challenges to determine which pa-
tients were actually allergic to these fungi. This approach makes it
impossible to draw conclusions regarding the true performance
characteristics of these tests.

We cited the article by Mendell et al’ to support the assertion that
fungal exposure is associated with health effects. This was a systematic
review of studies related to health effects of dampness and fungal
exposure and was intended to extend the review that the Institute of
Medicine performed in 2003.2 The authors found 103 studies that met
the inclusion criteria that evaluated 16 health outcomes. Statistically
significant associations with dampness and mold exposure were
found for asthma exacerbations, cough, wheeze, upper respiratory
tract infections, development of asthma, current asthma, ever-
diagnosed asthma, bronchitis, allergic rhinitis, and eczema. In addi-
tion, exposure to the fungal metabolites ergosterol, endotoxin, and (-
p-glucans were associated with asthma and wheeze. The author’s
conclusion was that there is sufficient evidence of an association be-
tween indoor dampness—related factors and measures related to fungi
with a wide range of respiratory or allergic health effects.

The point is that if individual studies are looked at in isolation,
the evidence is not strong for any health-related assertions. That is
why meta-analyses of systematic reviews are performed. The
combined strength of evidence provides the statistical rigor to draw
conclusions that individual studies are unable to achieve. The re-
view by Sauni et al° is an excellent example of this. This Cochrane
systematic review included 8 randomized clinical trial studies and
concluded that remediation of homes with fungal contamination
reduced asthma-related symptoms, which basically implies cau-
sality between fungi and health effects. The study by Kercsmar
et al'® cited in the review article was included in that review.

We cited the study by Edmondson et al'' for historical purposes
because it described the phenomenon of toxic mold syndrome. The
details of that study were of no interest to us because our conclu-
sion was that there is no evidence that exposure to fungi causes this
phenomenon. This conclusion is also supported by the World
Health Organization'? and the Institute of Medicine.®

I agree that the subject of mold-induced health effects continues
to engender public fear and that media coverage is distorted. I also
agree that litigation often is based on unproven, pseudoscientific
premises. Even so, denying what we do know about the association
between exposure to fungi and risk of developing or triggering
health effects will not ameliorate those concerns. Instead, it would
be better to recognize what we do know, identify what we do not
know, and work together to answer some of these important
questions.

Jay M. Portnoy, MD
Children’s Mercy Hospital
Kansas City, MO 64108
jportnoy@cmh.edu
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