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Toxic mold: phantom risk vs science
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Objective: To review the available literature on the subject of fungi (molds) and their potential impact on health and to
segregate information that has scientific validity from information that is yet unproved and controversial.

Data Sources:This review represents a synthesis of the available literature in this area with the authors’ collective experience
with many patients presenting with complaints of mold-related illness.

Study Selection:Pertinent scientific investigation on toxic mold issues and previously published reviews on this and related
subjects that met the educational objectives were critically reviewed.

Results: Indoor mold growth is variable, and its discovery in a building does not necessarily mean occupants have been
exposed. Human response to fungal antigens may induce IgE or IgG antibodies that connote prior exposure but not necessari
a symptomatic state. Mold-related disease has been discussed in the framework of noncontroversial and controversial disorde!

Conclusions: When mold-related symptoms occur, they are likely the result of transient irritation, allergy, or infection.
Building-related illness due to mycotoxicosis has never been proved in the medical literature. Prompt remediation of water-
damaged material and infrastructure repair should be the primary response to fungal contamination in buildings.
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INTRODUCTION Like a train going at full steam, even celebrities have
After millions of years of benign existence, microscopic fungal jumped on board. Entertainer Ed McMahon sued his insur-
spores are suddenly accused of causing problems. From stiflingance company for $20 million in April 2002 for the death of
home sales to precipitating concerns about alleged health probhis dog, allegedly from exposure to mycotoxiof Stachy-
lems, mold has captured media headlines. Although fungi havebotrys chartarunt The new residence of basketball star Mi-
been used for a multitude of purposes, ranging from the makingchael Jordan at the Ritz-Carlton in Washington, DC, is un-
of antimicrobial products to the making of cheese, they are now dergoing extensive renovations because of mold-related
seen as a health concern and financial burden for homeownersproblems! This hysteria does not just affect celebrities; tax
school districts, and tax payers. payers in small and large towns alike remain concerned about
In Texas, insurance companies were not concerned withthe economic and health risks of mold exposure. Recent
mold-related problems until a homeowner in Dripping Springs headlines such as “Central Classrooms Closed Due to Mold”
was awarded a $32 million settlement against Farmers Insurancén the San Angelo, TXStandard-Timeand “Mold Inside
Company in which the jury declared that the insurance companyDorm Delays Move-in at UT-San Antonio” in thidouston
acted fraudulently and in bad faith when fixing water damage in Chronicle illustrate the scope of this probleti. The net
a 22-room mansion by delaying the repair of a relatively small effect of this response to fungal-related problems has been a
water leakt The number of mold-related claims in Texas rose Staggering cost to the insurance industry, resulting in a loss of
from 7,000 in the year 2000 to 37,000 in the year 2001. On June$1.3 billion during this past year for removal and repair of
9, 2001, tropical storm Allison poured rain onto the greater mold-related damage and for settling lawstiihe response
Houston area for 2 days, resulting in massive flooding along the from the insurance industry has been simply to cut their
Gulf Coast. In Houston alone, this resulted in a 58% increase inlosses by attempting to “get out of the business” of covering
claims, which mushroomed to 2.96 claims for every 1,000 mold-related damages as illustrated by the recent decision of
households insured. the nation’s largest home insurer, State Farm Mutual Auto-
mobile Insurance Company, to eliminate coverage for mold-
related damages in 33 stafes.
*Retired, Cape Girardeau, Missouri. Medical science alone may not justify the public concern
tUniversity of California Medical Center, San Francisco, California. about mold, and one must wonder who is driving this train.
$Southwest Foundation for Biomedical Research, San Antonio, Texas. Perhaps one answer might be found in an article written by
§U_ni_fo_rmed Services University of the Health Sciences, San Angelo, T_exas. Stephanie Francis Cabhill, a staff journalist for the American
EEJY';E’SIS;Q 'grrgé;r?d Immunology, Oregon Health and Science Univer- - gy Association. In an article entitled “For Some Lawyers,
Received for publication December 31, 2002. Mold is Gold,” she states that “toxic troubles translate into
Accepted for publication in revised form March 17, 2003. millions of dollars” and that “the practice area is growing
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rapidly.” She further adds, “in the past decade, attorneys lar, including the yeasts. Yeast are single-celled organisms
have won millions of dollars in toxic mold verdicts in Texas, that reproduce by budding. As a result, yeasts produce circu-
Delaware and California.” She goes on to note that claims for lar pasty or mucoid colonies. Most fungi, including the

asbestos are fading into memory but that “with mold, it's molds, are multicelled, filamentous forms that consist of

naturally occurring and the supply is endless ... claims thread-like strands of cells termégphaethat interweave to
involving adult onset asthma or cognitive functions such as form a mycelium. The resulting colonies are generally fuzzy.
short-term memory loss can be lucrative.” Most fungi reproduce by spores that are designed for airborne

The purposes of this article are to objectively examine the dispersal. The latter differ in number of cells, size, shape, and
legitimate issues of concern, review the scientific literature, color® Their size may range from less tham.éh to more than
and conclude with a statement founded on evidence-basedlO0um. Spores are produced in mass. For example, one giant
science. Pertinent scientific investigation on toxic mold is- puffball produces an estimated 7 trillion spofes.
sues and previously published reviews on this and related
subjects that met the educational objectives were critically AIRBORNE LEVELS OF INDOOR FUNGI
reviewed. This review represents a synthesis of the availableOf all the bioaerosols worldwide, mold spores appear to
literature in this area with the authors’ collective experience constitute the largest portion in both indoor and outdoor
with many patients presenting with complaints of mold- environments? Under usual atmospheric conditions, concen-
related illness. trations of more than 100,000 spore&are not exceptiondk
Outdoor concentrations of fungal spores can vary widely by
geographic location and even within a geographic location
ECOLOGY OF THE MOLDS and significantly vary depending on seasonal climatic factors,
Biologic Characteristics of the Fungi including temperature changes, precipitation, humidity, pre-
Humans have coexisted with fungi for millions of years. The vailing winds, circadian patterns of darkness and sunlight,
fossil record suggests that fungi were present 559 million time of day, and degree of moistuie! Spore types that are
years ago and may have evolved even earlier. Thousands otommonly found outdoors includBasidiospores Cladospo-
different types are flourishing and absorb food from sub- rium, Ascospores Alternaria, Penicillium, and Aspergillus
stances such as soil, wood, decaying organic matter, andHowever, the range of species found outdoors can be enormous
living plants and other organismisTheir size ranges from  and entirely dependent on the effort made to identify them. The
tiny unicellular organisms invisible to the naked eye to some most common indoor fungal species &ladosporium, Penicil-
of the largest multicellular organisms. The latter were among lium, Aspergillus, Alternariaand Aureobasidium
the first fungi recognized because some of the larger fruiting  Levels of airborne indoor fungi will generally be a reflec-
structures, such as mushrooms, were large enough to be seetion of outdoor sources. Indoor levels are usually 40% to 80%
without a microscope. In Michigan, for example, the under- of outdoor levels, with similar species rankings, except when
ground portion of an individual Armillaria mushroom extends outdoor levels are low. However, a number of indoor activ-
more than 30 acres. Examples of fungi include toadstools, ities and materials can also contribute to indoor mold sources,
puffballs, truffles, yeasts, mildews, smuts, and rusts. Some ofsuch as plants, pets, and molds brought in on footwear and
these organisms are among the longest-living organisms onclothing. Contaminated air conditioners and humidifiers can
earth (ie, some lichens, a living partnership of a fungus and analso circulate indoor spores and their allergérs. addition,
alga, are thought to be more than 4,500 years old). inadequate ventilation can add to the increased burden of

The fungi are ubiquitous on earth and play an important fungal growth in the home. It has long been known that
role in the natural recycling process of decomposing organic environmental conditions, such as temperature and humidity,
matter into its constituent chemical components. They com- promote the growth of both indoor mold and house-dust mite.
prise approximately 25% of the earth’s biomass, and their Molds also serve as nourishment for thermatophagoides
value to humankind is immeasurall8ome experts estimate  speciespromoting their growth and surviv&l:}*'5The latter
there are 1.5 million fungus species, of which 100,000 have becomes important in the attribution of any clinical symp-
been specifically identified. Fewer than 100 are known to be toms that arise in the indoor setting.
primary pathogens (infectious agents) of humans and ani-
mals. The remainder are saprobic. MEASUREMENT OF INDOOR FUNGI

Fungi require a continuous source of water, oxygen, and Fungal spores that are produced outdoors become widely
organic material and a suitable temperature for growth and dispersed and consequently can access most homes. For most
development. They lack chlorophyll, the pigment that allows genera, the highest numbers of fungi in the outdoor air are
plants to make their own food. Fungi obtain nutriment by found during summer and auturffhiMechanical ventilation
releasing digestive enzymes that break down food outsideand air conditioning may modify this access by permitting
their bodies. They then absorb the dissolved food through windows to remain closed but may also become harbingers of
their cell walls, which contain chitin, the same material that mold growth if not properly maintained. Since outdoor levels
forms the exoskeleton of insects. Most fungi exist as fila- can vary substantially in a short interval of time (ie, minutes
ments composed of long chains of cells. A few are unicellu- or hours), comparisons with indoor concentrations during
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similar periods have inherent pitfals!’ This issue is mag- AIRBORNE CONCENTRATIONS OF FUNGI IN
nified when dealing with relatively low concentrations of WORK SETTINGS
fungi measured by a small number of samples. In many One reason for doubt about the role of indoor fungi in many
assessments of airborne concentrations of indoor fungi, onlyreported symptom clusters is the absence of scientific evi-
1 or 2 outdoor samples are collected. It is rare that one or dence for adverse health effects in occupational settings with
more noncomplaint control homes are simultaneously extremely high ambient concentrations of fungi. In sawmills,
checked to provide an expected baseline for the geographicairborne concentrations have been reported as high as
area and season of the year. 1,500,000 CFU/M?? A study of differences in air concentra-
Indoor sampling for fungi is affected by variables too tions on farms with and without adverse health effects re-
numerous to detail in this brief review. There is no currently vealed an average exposure concentration of 120,000,000
standardized collecting method that combines continuousspores/rd in the control farms where there were no com-
volumetric sampling with reliable and complete identification plaints2® Daily spore levels associated with adverse health
of all fungal types:!’ Therefore, depending on the type of effects were at least 10 times greater (ie, 1,200,000,000
technique used, reports on atmospheric fungal spores alwayspores/r#). Indoor concentrations in spawning sheds on
give incomplete information. Nearly all indoor environments mushroom farms have been reported as high as 100,000
will contain some fungi. When assessing indoor air sampling spores/ra2* Commercial composting activities have yielded
data, one should have a comparable number of samples takeairborne concentrations of more than 8,000,000 spofegisn
from proximal outdoor sites against which one can compare in commercial and residential dwellings, there are no stan-
to indoor sampling. dards for airborne concentrations of fungi in the occupational
Sometimes bulk or surface samples are collected rathersetting. Although there are occasional reports of hypersensi-
than air samples. Concentrations of fungi detected in bulk tivity pneumonitis in these work facilities, there are no re-
samples of building materials that are not directly exposed to ports of “brain damage” or other nonspecific mold-related
indoor ambient air (eg, space between siding and sheet rockdisorders that are currently being alleged in indoor environ-
insulation material, wallboard) are not necessarily indicative ments with comparatively modest airborne levels.
of what inhabitants may be breathing. In postulating exposure, a
reasonable pathway to the breathing zone of the occupant musNONCONTROVERSIAL DISEASES CAUSED BY
be apparent. It has been estimated that 70% of homes have mol1OLD
growing inside the walls. Some fungal spores require only There are 3 noncontroversial categories of disease caused by
movement of air for dispersal (eBenicilliumandAspergillu3. fungi: infection, allergy, and ingestion toxicity. All 3 have
Other species, such & chartarumyequire some mechanical clearly identified, well recognized, objective clinical and
disturbance, such as water, animals brushing against the growthpathologic effects that can be shown by physical examina-
or renovation or building activities. tion, laboratory testing, and microscopic tissue examination.
Sampling approaches are not standardized, but the inter-They are not merely subjective (ie, symptomatic only). Fur-
pretation of the significance of any sampling data are even thermore, allergy, infection, and ingestion toxicity are each
more problematic. There are also no uniform numeric stan- specific to particular fungal species.
dards for indoor airborne or surface fungi. There are more Allergy to Fungi

tmh_atm 'ﬁ?hseus%gsesmisq(:ge“r']g:[' I:g;enrg rlr?orr]g'(r:nonjrl'fatﬁgt Lr’]g'for'Mold allergy affects only a portion of the population. It
iyt ugg guicel imp y usually leads to asthma but is not believed to be a common

uniform agreement or scientific support to sustain any given - P
.~ cause of allergic rhinitis. Rarely, fungal exposure produces
level of CFU/n% as acceptable for human health. These guide- hypersensitivity pneumonitis.

lines have been published on the basis of consensus only.
Even more important is the fact that there is no known Atopy
dose-response relationship between a specific ambient fungalAtopy is a symptom complex that consists of asthma, allergic
concentration and any human health effégdove all, since rhinitis, atopic dermatitis, and allergic gastroenteropathy.
fungi are continuously encountered both indoors and out- These 4 diseases are mediated by IgE antibodies, although the
doors, there is generally no way to ascribe any adverse healthmanifestations need not be present in the same patient. There
effect to any specific indoor exposure. is a clear but complex genetic predisposition. The environ-
Several recent reviews concluded that average concentramental allergen reacts with specific IgE antibodies that oc-
tions of fungi in indoor ambient air varies seasonally and cupy receptor sites on the mast cell or basophil, thereby
geographically®?' For 85 homes with airborne concentra- releasing or activating mediators of inflammation on the
tions reported as total spore counts, the average ranged frontarget organ.
68 to 2,307 sporesfirfor the indoor air and 400 to 80,000 Sensitization to fungi in atopic allergic disease was first
spores/mi in outdoor ambient aif? Gots et a* found that recognized more than 70 years ago. Allergens from spores,
ambient air in 820 residences without any health complaints mycelia, and other fungal particles may induce IgE antibod-
averaged 1,252 CFUfiand the associated average outdoor ies. Individual fungal species may produce up to 40 distinct
level was 1,524 CFU/fn allergens, although cross-reactivity among species is com-
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mon. Atopic disease caused by airborne fungi is almost Allergic bronchopulmonary aspergillosis (ABPA) is a
exclusively confined to atopic asthma. Other dominant in- complication in some patients with atopic asthma or cystic
haled allergens are pollens, house-dust mite, and animalfibrosis. Aspergillus fumigatuspores are trapped in thick
dander, and these more common allergies often accompanybronchial mucus, leading to specific IgE and IgG antibodies
mold allergy within the same patient. and T-cell sensitization. The most common allergen is Asp f
The diagnosis of mold allergy requires the demonstration 1, which is produced within the mycelium only after spore
of IgE antibody to relevant allergens by skin testing or in germination. The disease is a noninfectious, immunologic
vitro tests using methods such as the radioallergosorbent testpronchial inflammation. Symptoms are cough, wheezing,
but only in the context of a compatible history. sputum, fever, weight loss, pulmonary infiltrates, and mucous
Nonatopic diseases, also mediated by IgE antibodies, areplug expectoration. The course is one of remissions and
urticaria, angioedema, and anaphylaxis. The mechanism ofexacerbations, resulting in progressive central bronchiectasis
disease is the same as in atopy, except that the target organ ignd interstitial fibrosis, deteriorating pulmonary function,
the dermal vasculature or the systemic circulation, and therewhich is potentially fatal.
is no known genetic predisposition. The relevant allergens are . The minimal essential criteria for the diagnosis of ABPA
primarily foods and drugs. Mold allergens are not recognized zre a5 follows: (1) asthma, (2) central bronchiectasis, (3) total
as a cause of these diseases except for anaphylaxis due t@arym IgE level of more than 1,000 ng/mL, (4) a positive
subcutaneous injections of fungal antigens given for immu- \yheal-and-flare skin test result fo fumigatusand (5) serum
notherapy® N _IgE and/or IgG antibodies téspergillus Other features
Hypersensitivity pneumonitis (HSP), also known as extrin- {15 may be present are a sputum culturefofumigatus
sic allergic alveolitis, is a chronic disease of the peripheral expectoration of mucous plugs containing the organism, a
airways and interstitium, which may progress to pulmonary positive Arthus skin test result té. fumigatus and a

fibrosis. It is an allergic disease_ caused by inhalation of decline in serum IgE level with prednisone therapy. Other
allergen on airborne organic particles. Most reported cases

are occupational, but there are reports of HSP as a result offungl may also be involved.
home contamination. Most of these reports are based onAllergic Fungal Rhinosinusitis
single case reports. Fungal spores have been implicated in &llergic fungal rhinosinusitis was first described in 1976, but
few cases, usually as part of a mixed aerosol with bacteriathe definition and diagnosis of the condition have not yet
and other microorganisms. been clearly established. The prevalence and the specific
The disease exists in 3 overlapping stages with character-fungi that cause the disease vary geographically. Dematia-
istic pathologic features. The acute stage features a mononuceous fungi, such aé. fumigatus(which may accompany
clear cell pneumonitis, the subacute phase is characterized byABPA) and Bipolaris spicifera,are commonly involved, es-
an interstitial granulomatous inflammation, and the chronic pecially found in the southwestern United States. The clinical
phase is characterized by interstitial fibrosis. Both sensi- presentation is typically described as one of recurrent hyper-
tization and elicitation of the disease require inhalation of trophic sinusitis in an atopic patient. The fungus may be
large quantities of an organic antigen. The immunopatho- cultured from nasal or sinus mucus, and there is a positive
genesis is a pan-immune response that involves both locakyheal-and-flare skin test result to the organism. Nasal poly-
and systemic sensitization. The cellular response is of posis is common, total serum IgE level may be elevated,
primary importance in the pathogenesis of all forms of this eosinophils and lymphocytes are present in mucosal inflam-
disease. The humoral response, which involves all immu- mation (allergic mucin), and hyphae are occasionally found
noglobulin isotypes, may be pathogenetic in the acute jn the inspissated mucus. Recurrences are common despite
phase. An intense IgG antibody response detectable bysyrgery and systemic glucocorticoids. Thus, the disease has
precipitating antibodies may be useful to identify the caus- features of both infection and allergy. Neither ABPA nor

ative antigen, but they are not disease specific. =~ gjiergic fungal rhinosinusitis has been associated with spe-
Acute farmer’s lung, a form of HSP, shares many clinical jfic indoor exposure to fungi.

features with organic dust toxic syndrome (ODTS), such as . ) )

chills, malaise, myalgia, dry cough, dyspnea, headache, andnfection with Fungal Toxins

nausea after a heavy organic dust inhalation exposure. How-Fungal infections may be localized to the skin and mucous
ever, ODTS differs from acute HSP in several respects. The membranes, or they may be systemic. In either of these forms,
chest x-ray film does not show infiltrates, hypoxemia does infection may occur environmentally in certain locations that
not occur, previous sensitization to antigens in the organic breed pathogenic fungi. The more common infectious fungi are
dust is not required, and there are no significant sequelae those that cause histoplasmosis, coccidioidomycosis, blastomy-
such as the recurrent attacks and the pulmonary fibrosis thatcosis, paracoccidioidomycosis, sporotrichosis, and penicilli-
may be seen with chronic HSP. ODTS is thought to be causedosis.ActinomyceteéNocardia, Actinomycgswhich are bac-

by endotoxin inhalation (ie, a toxic, not allergic, disease) and teria with morphologic characters in common with fungi,
is much more common than farmer’s luffg. may also cause infection.
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Opportunistic infections occur in immunosuppressed pa- fungi as the presumed cause of illness in water-damaged
tients (eg, in patients with acquired immunodeficiency syn- homes and office buildings. In some cas€sadosporium,
drome?’ patients with cance® or patients taking immuno-  Penicillium, Aspergillusand Alternaria species or combina-
suppressant drugs). They also occur in patients with diabetestions of them are invoked. Unlike the well recognized and
alcoholism, and neutropenia and those receiving broad-specnoncontroversial disease states, these conditions are not spe-
trum antibiotics or corticosteroids. The fungi that commonly cifically alleged to be caused by an individual mold species.

cause infections under these conditions @endida, Cryp- ~ Many of these patients report fatigue, cognitive difficulties,
tococcus, Aspergillus, FusariumndMucor. Many more rare  and problems with memory, and some are asymptomatic.
examples exist, each specific to a particular fuEungal  They usually have no physical findings, pathologic features,

infections can be localized to unusual sites, such as theor laboratory evidence of disease. There is no plausible
central nervous system, or disseminated with metastatic dis-pathogenic mechanism of diseaSe chartarunis the fungus

ease in any organ or serosal surface, bone, joints, tissuémost commonly implicated in nonspecific symptom com-
abscesses, and lymph nodes. plexes.

Fungi Toxins Infection

All fungi, in common with other microorganisms, produceé No human cases of infection caused Bjachybotryshave
and liberate an array of chemicals that are necessary for theitheen reported to date.

survival, nourishment, and propagation under a range of

conditions, as well as many waste products or “secondaryAllergy _ _
metabolites.” The biosynthesis of these chemicals depends orin 1980, Kozak et & cited the case of a 4-year-old, asthmatic
and therefore varies with the age of the hyphae, available boy whose asthma improved when he was removed from his
nutrients, and physical environment. Each chemical is termedhome.Stachybotrysvas found in a water-damaged bedroom
a toxin when it can be shown to have a particular adverse carpet but not in air samples. Althougiachybotrysllergy
physiologic effect on another living organism (animal, plant, was suspected as the cause of his asthma, no allergy testing
or other microorganism) under appropriate conditions of ex- was reported’

posure. Mycotoxi_ns are a group of the se_cqndary metabo'iteSHypersensitivity Pneumonitis

that share chemical structure characteristics. All have rela—.l.here is no case of HSP caused Byachybotrysin the

tively low molecular weights (approximately 300 to 500 Da) published literature. Because an unusually high level of in-

and ring structures. haled antigen is required in its pathogeneSischybotrysas
Toxic Effects Caused by Ingestion a cause of this disease would be most unlikely, considering
Mushroom poisoning is a well recognized example of inges- the extremely low airborne levels &tachybotryspores in

tion of a toxin produced by a mold. In the 1930s, horses in the homes or buildings, even where there are obvious sources of
Ukraine that were fed contaminated barley, corn, and wheatthe fungus identified on water-damaged surfaces. There are
stored under winter snow developed alimentary bleeding, rare cases of HSP caused by other molds, usually identified
hemorrhage in other visceral organs, ulcerations, agranulocy-as single case reports in an industrial setting in which the
tosis, and death. Cases in humans that resulted from ingestiompatient is exposed to extremely high concentrations of the
of grains contaminated withusariumandStachybotrysvere specific allergen.

reported in Japan and Russia and referred to as “alimentary.

toxic aleukia.” At the time of these observations and later, a TOX'C_'ty by In_halatlon .
similar disease occurred in some of the local farmers in '€ first published report of disease alleged to be caused by

contact with mold-contaminated hay or straw. inhalation ofStachybqtry$pores .appe'ared in 1985 in which
Mycotoxicosis is an important worldwide veterinary dis- 2 members of a family and their maid were subject to “re-
ease that affects other large farm animals as well, such asturring cold and flu symptoms, sore throats, diarrhea, head-
sheep, cows, swine, deer, and calves. The condition in ani-aches, _fatlgue, d_ermatltls, intermittent focal alopecia, and
mals typically follows a heavy rainfall and is often charac- 9eneralized malaise,” even though the results of repeated
terized by hemorrhage in other visceral organs. Since themedical examinations were negative for dise&itachybot-
1940s, however, no additional human case reports or epidemJYs atra (chartarun) was cultured from air, and an unde-
ics have been published, although it remains a threat to farmscribed “crude test” was said to show the presence of myco-
animals. In addition, elevated rates of some human cancerd0oxin. An ethanol extract db. atra-containing debris from an
have been reported in developing countries related to inges-air duct was fatal when injected into weanling rats and adult

tion of mycotoxins. mice, but there were no appropriate controls. The authors
concluded nevertheless that the family illness was caused by

CONTROVERSIAL DISEASES OR CONDITIONS airborne trichothecenes froStachybotrys!

ATTRIBUTED TO MOLDS Subsequently, epidemiologic studies have been performed

Many controversial human case reports exist in which symp- on workers in several office buildings that had sustained
tom complexes are alleged to invol&achybotrysand other water damagé*® Subjects were limited to those seen in an
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occupational health clinic or by volunteering and were not At least 100 cases of acute idiopathic pulmonary hem-
randomly selected. The diagnoses were obtained from aorrhage with or without hemosiderosis in whi&tachy-
health complaint questionnaire, which elicited numerous spe-botryswas present within the home have been reported in
cific and nonspecific symptoms. Physical examinations were infants in the United States during the past 5 years. In
not reported. Typically, the workers had numerous health several cases, the organism was also recovered from the
complaints, especially neuropsychological and upper respira-patient’s lung3’-*®* However, the presence of the organism
tory tract symptoms. Fungi, includin§tachybotrys were is not proof of causality.

recovered on bulk samples of water-damaged materials, bUtToxic Effects by Contact

only trace quantities oBtachybotrysspores, if any, were There is one report of fingertip skin inflammation in 3 women
recovered from air samples. The investigators concluded that . P 'ingertip ; ;
some workers had experienced an allergic or immunotoxic handling moldy hortlculturg pots cont:_;\mlnateq W'Fh black
disease from “toxigenic’S. atraor other “atypical” fungi. masses oStachybotrys conidiChaetomium peritheciand
A geographic cluster of 10 cases of acute pulmonary hem- other fungi. Painful inflamed efflorescences at the fingertips
orrhage or hemosiderosis occurred among infants from 1 to 8\WEre described. Although a mycotoxin was postulated as the
cause, no tests were performed to determine the etiologic

months of age living in a localized inner-city area of Cleve- . . . o
land, Ohio, between January 1993 and December ¥bde agent or the mechanism (allergic or irritant contact dermatitis,
! ! ntoxicity, or infection). Surprisingly, these women handled

disease was successfully treated in the hospital but recurred i Lots that released up to 7,500 conidia per cubic meter of air,

5 of the infants shortly after they returned home. One infant . s
died. Based on epidemiologic evidence of severe water dam_although none of them _r_eported respiratory or systemic dis-
; ease under these conditiofis.

age from flooding, resulting in fungal indoor growth in the
homes of the patients, the illness was believed to be caused

by mycotoxins from inhaledStachybotrys Environmental NONSPECIFIC HEALTH EFFECTS OF HOME

tobacco smoke was the only other risk factor identified in the DAMPNESS

infants’ homes. Between 1993 and 1998, a total of 37 infants Epidemiologic studies from several worldwide geographic
had been diagnosed as having idiopathic pulmonary hemor-locations have shown a significant difference between respi-
rhage in metropolitan Cleveland, with 12 deaths, including 7 ratory tract symptoms in childréf?and adult$“*living in
originally diagnosed as sudden infant death syndrome. Thirty damp homes and a similar population living in dry homes.
of these infants lived in a limited area of older housing, with Nafstad et af! in a case-control study of 251 cases of
water damage and household exposur&tatraand other Norwegian children younger than 2 years with bronchial
fungi. Because adults and older children in the household obstruction and their matched paired controls, found that
were unaffected, these investigators postulated that the rapdampness of the home increased the risk of bronchial ob-
idly growing lungs of young infants were vulnerable to the struction independent of exposure to house dust mites.
toxigenic mold.S. atraand the closely related funghéem- Brunekreef et df studied 4,625 8- to 12-year-olds living in
noniella echinataecovered from these homes were believed 6 US cities by questionnaire only and concluded that self-
to be responsible for these cases because of their potential toseported dampness in the home is a predictor of symptoms of

produce highly toxic trichothecene mycotoxiis. the respiratory tract. Waegemaekers étstlidied 185 homes
Although the Cleveland experience has been widely dis- with 519 occupants in The Netherlands by questionnaire. In
cussed and is responsible for an intense searcistachy- damp homes, respiratory symptoms were more prevalent in

botrysassociated disease elsewhere, especially in homes anadults and children, whereas other health complaints were
workplaces with water intrusion from roof or foundation more prevalent in children. Culturable fungal measurements
leaks, 2 expert panels appointed by the US Centers forperformed on 36 selected homes considered damp by the
Disease Control and Prevention recently found serious flawsoccupant had mean concentrations of 214 CFWompared

in the studies and concluded that the evidenceStachybot- with 91 CFU/n% in dry homes. Dales et “lstudied 14,800

rys as the cause of pulmonary hemorrhage in the infants wasadults from Canada by questionnaire only, concluding that
not proved. Specifically, sampling of cases and control homesexposure to home dampness and mold may be a risk factor for
differed and was not standardized; there was no case defini-self-reported respiratory disease. Airborne mold concentra-
tion of the disease; some of the data were skewed by ex-tions were not measured.

tremely high outlying values; and the diseases was not be- Zock et af® found that self-reported mold exposure was
lieved to be consistent with idiopathic pulmonary associated with asthma symptoms and bronchial responsive-
hemosiderosis because of the acute onset, limited age rangeajess in adults in 38 centers from the European Community
and absence of iron deficiency. There were concerns aboutHealth Survey and was stronger in subjects sensitized to
guantitation of water damage and the clinical significance (vs Cladosporium.

contamination) of the exposure measurementStathybot- Sensitivity to other fungi and nonfungal allergens was not
rys or its toxins. It was concluded that “a possible association reported, and nonspecific factors related to dampness were not
between acute pulmonary hemorrhage ... and [mold] expo- excluded. Several similar studiés'®have shown a relationship
sure ... was not provers” between damp homes and respiratory tract symptoms. None of
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these epidemiologic studies have been validated by actual meainfections of many types may occur in immunocom-
surements of humidity and airborne mold analyses. promised patients. Patients may develop tuberculosis,
atypical mycobacterium infection®neumocystis carinii
PHYSICIAN EVALUATION pneumonia, and other atypical pneumonias that may prove
When confronted with a patient who has a clinical presenta- difficult to distinguish from hypersensitivity pneumonia
tion that suggests that an indoor mold contamination may be and idiopathic interstitial lung disea8&>s2
playing a role in causing or aggravating a respiratory tract  phenotyping the patient as atopic vs nonatopic gives in-
disorder, one must approach these evaluations with well sight as to the possible mechanism (allergic vs irritant). This
defined methods to arrive at an appropriate decision. Table 1may be helpful for long-term prognosis, since the atopic
details a practical approach to diagnosing a suspected bU“d'patient may continue to experience symptoms from outside
ing-related illness? _ , _exposure and the irritant-induced symptoms should resolve
The history is the most important source of information o, remediation or moving from the environment. If the pa-
during these evaluatiot8Date of onset, worsening of Symp- tient complains of lower respiratory tract symptoms, prebron-
toms, persistence of symptoms, improvement with long pe- chodilator and postbronchodilator spirometry is important to

{koed:uosufclgg d(lérr)]\}i?oarvnvgﬁrz)r,e aSTJd egst?\?ébsat;gntgr?]gﬁiué?uéosdetect both obstructive and restrictive disorders. When the
P 99 ymp results of chest x-ray examination and computed tomography

The home environmental history must be detailed, including of the chest are abnormal, a pulmonary specialist and/or

information concerning odors, visible mold growth, roof and infectious disease specialist should be consulted regardin
plumbing leaks, outside water, air conditioning problems, P 9 9

basement conditions, inside animals and birds, and generaPrQnChQSCOpy’ bronch_lal washmg_s, and_ pos_3|ble Fransbron-
daily use pattern of the home (temperature settings, plants, i@l biopsy. Supportive serologic testing, including total
use of humidifiers, vaporizer&) Workplaces must be eval- S€rUm immunoglobulins, total IgE, rheumatoid factor, anti-
uated in the same detail as the home with considerationshuclear antibody titer, sedimentation rate, C-reactive protein,
toward exposure to associated chemicals, dusts, fumes, an@nd complete blood cell count with differential, is useful in
particulate matter. Medical history and review of systems defining the inflammatory and immunologic status of the
may provide additional clues to discern the origin, includ- Patient. Screening serum precipitins as performed by standard
ing drugs, treatments, and other system complaints. A commercial laboratories are of limited valtfe??
physical examination is unlikely to be helpful in determin- ~ Environmental surveys can be performed by the patient, a
ing if the disorder is environmentally induced or caused by family member, or a contractor and consist of 3 important
other mechanisms, but it is essential to provide objective components: smell, visualization, and culture collection and
evidence of disease. analysis of samples:52 The environmental history com-

If a deep-seated mycosis is suspected, an infectiousmonly gives strong clues as to where one should find a
disease specialist should be consulted. Systemic fungalcontaminatiort?

Table 1. Practical Approach to Diagnosing a Suspected Building-Related lliness

Evaluation Components

Comprehensive medical history Duration and nature of symptoms, home environment, workplace
history, medical history, and family history

Physical examination

Exclusion of more common infectious causes Systemic fungal infections in immunocompromized patients,
tuberculosis, atypical mycobacterium infections, and Pneumocystis
carinii pneumonia

Determination of whether the patient is atopic vs nonatopic Skin testing to seasonal and perennial allergens, mold panel,
corresponding serologic testing, or prebronchodilator and
postbronchodilator spirometry

Chest x-ray film or high-resolution computed tomogram of chest Determine if pulmonary findings are consistent with hypersensitivity
pneumonitis and require additional evaluation
Supportive testing, including serological testing for specific IgG, Hypersensitivity pneumonitis screen (precipitating antibodies) and
IgE, or IgA to fungi including Stachybotrys consideration of humoral and cell-mediated immune system
evaluation
Environmental assessment Walk-through observation, sampling to document exposure from

suspect sources, and measurement by a qualified professional of
known perennial allergens

Measurement of total symptom scores In and out of the environment
Prebronchodilator and postbronchodilator measurement of In and out of the putative home or workplace every 2-3 hours while
spirometry awake and correlate with environmental exposure measurement
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Environmental avoidance challenge techniques for nonspe-of accessible components with a water and bleach solution,
cific symptoms, chronic coughs, and asthma-like symptoms resulting in the resolution of the “ sick building syndrome” in
are difficult to establish cause-and-effect relationships due to a high-security facility’® In another example, in a new build-

a lack of objective measurements. Since the mechanisms ofing in which visible fungal growth was present and in which
these complaints are probably allergic or irritant, only a short an outbreak of allergic respiratory disease existed, all visibly
period (3 to 5 days) out of a causative environment is neededcolonized materials were discarded and all fine dust on inte-
for symptoms to resolve or stabilize. On reentering the caus-rior surfaces was removed by vacuuming and damp wiping to
ative environment, symptoms recur usually within 24 hours. clean the contaminated ar®aThe literature concerning
Environmental avoidance challenge techniques for patientscleanup and remediation needs to be further developed, since
with idiopathic interstitial lung disease or classic HSP are much of what is recommended is empiric and not based on

much easier procedures to perform because of objectivescientific studies. The contentious issues relate to how exten-
markers. These procedures may confirm causative environ-sjyve the cleanup should be.

ment within 2 weeks in most cas&dnhalational challenges ,
to specific antigens are usually not necessary in the clinical Environmental Assessment _ o _
setting. Determining the specific antigen may prove difficult A Visual inspection is the most important initial step in
because most contaminated environments have multiple fungiidentifying a possible contamination problem. The extent of
that would require multiple challenges. Knowing the specific any water damage and mold growth is determined by the
cause does not alter the remediation attempts. visual inspection and will help to determine the remedial
After remediation has been completed, the patient should Strategies? The investigation should include an inspection of
remain at a precontamination baseline. Recurrence of symp-the HVAC system, particularly damp filters, but also an
toms implies ineffective remediation or an incorrect diagno- €xamination for damp conditions that exist elsewhere in the

sis, and further investigation may be necessary. system and an examination for overall cleanliné€Seiling
tiles, gypsum wallboard (sheet rock), paper, and other cellu-

ASSESSMENT AND REMEDIATION OF FUNGI IN lose-containing surfaces should be given special attention.

THE INDOOR ENVIRONMENT There are no widely accepted quantitative standards or

Prompt remediation of contaminated material and infrastruc- guidelines for the presence of fungi in indoor air. Published
ture repair is the primary response to fungal contamination in standards are determined by baseline data (rather than health
buildings. Emphasis should be placed on preventing con- effects data). These data are numerical comparisons, indoor-
tamination through proper building and heating, ventila- outdoor comparisons, or a combination of both. Quantitative
tion, and air-conditioning (HVAC) system maintenaffce  standards and guidelines range upward from less than 100
and prompt repair of water damagfeOther specific de-  CFU/n® (total fungi) as the upper limits for noncontaminated
tailed recommendations for residential and commercial indoor environments. Major concerns with the existing

properties ar.e.availalbfé. _ guantitative standards and guidelines are the lack of any
Many fungi in addition toS. chartarum(eg, species of  connection to human dose-response data, reliance on short-
Aspergillus, Penicillium, Fusarium, Tricodermand Mem- term grab samples that are analyzed only by culture, and

nonielld) can produce potent mycotoxins. Many of these the absence of standardized protocols for data collection,
mycotoxins are shared among species, and they are idenanalysis, and interpretatid#.
tical to mycotoxins produced bg. chartarum For this -
reasonS. chartarumcannot be treated as uniquely toxic in Reémediation
indoor environment&s The presence of mold, water damage, or musty odors should
Although there is evidence of a relationship both between be addressed immediately. In each instance, any source of
very high levels of inhalation and direct contact with myco- Water incursions should be stopped and the extent of water
toxin-containing fungi and adverse health effects, the currentdamage determined. Water-damaged materials should be
literature does not provide compelling evidence that expo- dried and repaired or discardéd.
sures expected in most mold-contaminated indoor environ- The essential step is to remove water from the environ-
ments are likely to result in measurable health effécts. ment® In all situations, the underlying cause of the water
Research involving the identification and isolation of specific accumulation should be corrected or fungal growth will recur.
fungal toxins in the environment and in humans is needed Any initial water incursion should be stopped and cleaned
before a more definitive link between health outcomes and immediately. An immediate response (within 24 to 48 hours)
mycotoxins can be madé. and thorough cleanup, drying, and/or removal of water-dam-
There are only a few articles that describe health effects aged materials will prevent or limit mold growth. If the
both before and after remediation. For example, remediationsource of water is elevated humidity, leading to condensation
efforts that addressed the contamination of the HVAC system then relative humidity should be maintained at levels below
involved the hiring of a dedicated mechanic to implement a 60% to inhibit mold growttf!
HVAC preventive maintenance program that included the The New York City Department of Health has issued
regular replacement of all HVAC air filters and the cleaning suggested guidelines for the evaluation and the remediation
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of fungi in indoor environment®. These guidelines divide
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