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Since exposure standards for molds or
mycotoxins do not exist, it isuseful to
have broad knowledge of the potential
for exposure and health effects associ-
ated with mold in the indoor environ-
ment. Headlines about “toxic molds’
have elevated the level of concern and
response for certain species of mold
that are known to produce mycotoxins.
Thisarticle is based on a previous
review of the toxic effects of molds as-
sociated with the production of myc-
otoxins, and the negative health effects
due to mycotoxin exposurein thein-
door environment. The more detailed
review wasfirst published in Applied
Occupational and Environmental Hy-
gienein 2000 (volume 15, number 10).

What isMold?

Molds belong to the broader category of
Fungi. Fungi include molds, rusts,
smuts, and mushrooms. Fungi do not
need sunlight to grow, but only require
asource of food and moisture. The pa-
per backing of gypsum board moistened
by aleaky pipeisan example of afood
and moisture source in abuilding. Fungi
reproduce typically by spores.

Health Effects

Table 1 shows the possible health ef-
fects associated with three broad groups
of fungi/molds. These associations have
been drawn from reports of toxicology
studies, case reports, and epidemiol ogi-
cal investigations.

The term “mycotoxin” isvery gen-
eral, and hereis defined as amold-pro-
duced secondary metabolite that isinju-
rious when ingested, inhaled, or comes
into contact with skin. Mycotoxins ex-
ert their effect on organismsin many
ways, including interference with cellu-
lar respiration, interference with carbo-
hydrate and lipid metabolism, and di-
rect binding with DNA and RNA. In
general, mycotoxins are complex and
relatively large molecules, and thus are
not volatile. Mycotoxins have been
shown to occur in mycelia, spores, and
the matrix in which mold grow.

Mycotoxins consist of many di-
verse compounds produced by awide
variety of molds. A single mold species
may produce several different mycotox-
ins; and conversely, different molds
may produce the same mycotoxin. My-
cotoxin production for agiven species
is dependent on growth conditions,
such as nutrient availability, tempera-
ture, and humidity.

Toxicology (Animal Inhalation)
Studies

Animal studies on inhalation of myc-
otoxin and mold spores are used as
models of human exposure and re-
sponse. They provide a mechanism for
comparing the toxicity of different
compounds. A great deal of published
research exists about mycotoxinsin
feed and foodstuffs. Since the main
route of human and animal exposure to

sensitization and immune responses such as allergic rhinitis (hayfever),

disruption of cellular function, as occurs with toxigenic effects including

Table 1

Group Health Effect

Allergic:
asthma or hypersensitivity pneumonitis

Infectious: growth of the fungus in or on the body, as with aspergillosis or
histoplasmosis

Toxic:
aflatoxin-induced cancer

Injury Insights —April/May 2003

mycotoxinsis by ingestion, the vast ma-
jority of animal research on toxicity has
been done with ingestion studies. Few
studies examine the inhalation of myc-
otoxins or toxin-producing molds.
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Studies of animals exposed to puri-
fied mycotoxins demonstrate the po-
tency of these compounds, but the evi-
dence that mycotoxins are more toxic
viainhalation exposure is unclear. Stud-
ies of intratracheal instillation of mold
spores indicate increased inflammatory
response in the lung due to the presence
of large numbers of toxic mold spores.

Inhalation studies of mycotoxinsin
animals were designed to measure acute
effects at high exposure levels. These
experimental exposure levels and the
accompanying effects do not represent
exposure to mycotoxins at chronic, low-
exposure levels from molds in indoor
settings. In addition, the applicability of
these results to human exposure in in-
door environmentsis limited due to the
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lack of comparability of the animal to
human physiology, artificial exposure
route, high exposure level, and the sub-
jective grading of the response. How-
ever, the data do show decreasing toxic-
ity with longer exposure for a given to-
tal dose, suggesting that physiological
mechanisms can reduce the effect of ex-
posure at low levels. These results sug-
gest the existence of athreshold for the
effects of mycotoxins.

Case Reports
Although case reports cannot be used to
determine acausal link between envi-
ronmental agent and a health outcome,
they sometimes can be used to identify
factors that need further investigation
concerning their connection to symp-
toms or disease. Only afew reports ex-
ist regarding the possible effects of low
to moderate mycotoxin exposuresinin-
door settings. Several additional case
reports from agricultural settings de-
scribe the apparent effects of high expo-
sure levels. From the studies examined
for this review, acommon finding was
that symptoms ended upon removal
from exposure, and did not reoccur
when high-level exposureswere
avoided.

In two case reports, outbreaks are
reported to be associated with
Stachybotrys. Other case reports do not
relate an association with a particular
mold species. The health effectsin
these case reports may be associated
with mycotoxins, toxins produce by
bacteria (as opposed to molds), other
bioaerosol constituents, or a combina-
tion of these components. The contri-
bution of each compo-

dependent on the degree of growth,
how much it is disturbed, effectiveness
of ventilation, and the required expo-
sure pathway from the affected areato
occupants.

In general, case reports indicate
that exposuresto high levels of air-
borne molds and/or bioaerosols were
associated with acute clinical illness,
likely duein part to mycotoxins. How-
ever, no single mold variety was con-
sistently implicated in these cases.

Epidemiological Investigations
There are few epidemiological investi-
gations of inhaled mycotoxins and dis-
ease inindoor air settings. Although
some purport to show an association
between inhaled mycotoxins and health
effects, the evidence islimited and gen-
eraly insufficient to support this con-
clusion.

The evidence for health effectsin
indoor air from mycotoxins associated
with S. chartarumwas recently re-
viewed. In 1994, the issue of mycotox-
insinindoor air received national me-
dia attention after the U.S. Centersfor
Disease Control and Prevention (CDC)
reported association of S. chartarumin
homes with infants diagnosed with in-
fant idiopathic pulmonary hemorrhage
and hemosiderosis (IPH). However, the
CDC hasrecently published a summary
of internal and externa reviews of the
investigation that conclude that the as-
sociation between IPH and exposure to
S. chartarum “was not proven.”

Summary
Health-based exposure standards for
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molds and mycotoxins do not yet exist.
Whilethereis evidence of health ef-
fectsin animals and humans after high
levels of inhalation exposure or direct
contact with mycotoxins, current pub-
lished research does not provide com-
pelling evidence that exposure at the
levels expected in most mol d-contami-
nated indoor environmentsislikely to
result in measurable health effects (see
the Table 2 summary).

Whileit is generally agreed that ac-
tive mold growth indoorsis unsanitary,
the point at which mold contamination
becomes a threat to health is currently
unknown.

Whether mold such as Sachybotrys
should be treated differently than other
molds, when considering clean up or
sampling and exposure issues, isalso a
controversial subject. Clean-up and re-
pair of mold-contaminated buildingsis
often conducted using ashestos abate-
ment-like methods and clearance sam-
pling. These procedures are often trig-
gered, and sometimes buildings are
evacuated, because Sachybotyrs has
been found in the building; the extent of
contamination or exposure potential is
not often considered prior to initiating
abatement procedures. The information
about health effects and exposure in the
current scientific literature does not
warrant the use of such conservative
measures for mold remediation based
on the presence of a particular species
of mold. Instead, the available dataindi-
cate that evacuation and immediate
clean-up is needed, regardless of the va-
riety identified, if contaminationinin-
door environmentsis extensive.

nent to cases of reported
illnessisstill in need of
further study.

Other historical case
reports indicate that di-
rect contact with
Sachybotrys contami-
nated straw resultsin
health effects. It isun-
likely, though not impos-
sible, that these extreme
exposure conditions
would occur due to sur-
face mold growth in the
indoor working or home
environment. Exposures
to airborne molds from
surface contaminantsis

Case Reports

Investigations

Epidemiological

Table 2. Summary of Studies
Types of Studies
Animal Inhalation

Study Function Limitations
help create models of « lack of comparability of the animal to human
human exposure and physiology

response, provide a
mechanism for
comparing the toxicity

help identify factors that
need further investigations
in human exposure

provide a more scientifically
rigorous method for directly
observing the effects of
exposure

« artificial exposure route

« unnaturally high exposure levels

« subjective grading of the response
of different compounds

« cannot determine a causal relationship between
exposure and response

« few examine exposures in an indoor setting

» most do not relate an association to a particular
mold variety

* too few epidemiological studies conducted
* among studies conducted, the data are
inadequate to support study claims
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