
Mycotoxins and Building-Related 
Illness 

To the Editor: Building-related ill­
nesses include a variety of recognized 
disease entities that are characterized by 
objective clinical findings potentially 
related to specific exposures in the 
indoor environment. 1 Examples include 
allergic rhinitis, asthma, hypersensitivity 
pneumonitis, Legionnaire's disease, 
and humidifier fever.2-4 A number· 
of microorganisms, including many 
species of bacteria and fungi, are well 
established as potential etiologic agents 
of building-related illnesses; these ill­
nesses may be classified as being aller­
gic, infectious, or related to a toxic or 
inflammatory reaction.5 The recent arti­
cle by Hodgson et al (Hodgson MJ, 
Morey P, Leung W, et al. Building-asso­
ciated pulmonary disease from exposure 
to Stachybotrys chartarum and 
Aspergillus versicolor. J Occup Environ 
Med. 1998;40:241-249) addresses the 
issue of whether exposure to mycotoxins 
in an indoor environment is related to ill­
ness among building occupants. We 
agree with the authors that this is an 
important public health issue, but we 
disagree with the authors' conclusions 
that a "mycotoxin-induced effect is the 
most likely explanation" of the health 
problems discussed in the article. 

We recognize the difficulties of per­
forming adequate clinical and epidemi­
ologic evaluations of large groups of 
people, particularly in a setting such as 
that described by Hodgson et al. 
However, because of the lack of objec­
tive evidence supporting an increased 
prevalence of pulmonary illness 
among building occupants, the lack of 
any information demonstrating actual 
exposure to mycotoxins, and the limit­
ed evidence from the literature sug­
gesting that mycotoxins are related to 

illness in the indoor environment, in 
our opinion the authors' conclusion 
that a mycotoxin-induced effect is the 
most likely explanation for the 
observed pulmonary findings among 
building occupants in this study should 
be questioned. 

Published accounts concerning 
human health effects related to potential 
exposure to mycotoxins have been case 
reports involving agricultural settings 
and/or the ingestion of contaminated 
foodstuffs.6-9 The relevance of these 
case reports to fungal growth in the 
indoor environment is unclear. Stach­
ybotrys chartarum, one of the fungi 
identified by Hodgson et al, is one of 
many fungi that produces a class of 
mycotoxins called trichothecenes.10,11 

Reports of stachybotryotoxicosis 
(mycotoxicosis related to Stachybotrys 
exposure), occurring in animals and 
humans, have come primarily from 
Eastern Europe and Russia, in areas 
where stachybotryotoxicosis was 
enzootic in horses. 10·12 Human illnesses 
were reported to include dermatitis, 
bloody rhinitis, cough, and severe upper 
respiratory tract irritation. Cases of 
stachybotryotoxicosis related to occu­
pational exposure have been reported to 
occur among workers at farms, cotton­
seed oil plants, grain elevators, and 
facilities used for reprocessing moldy 
grain, malt grain-processing facilities, 
textile mills using plant fibers, and 
bindertwine factories. 10 In those reports, 
the illnesses were characterized as a 
"general intoxication," including a vari­
ety of chest and upper respiratory tract 
symptoms and fever, as well as dermati­
tis and (in some cases) leukopenia. 
Recovery was reported to be rapid after 
cessation of exposure, and re-exposure 
resulted in much more serious seque­
lae. 10 These cases of mycotoxicosis, 
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concerning persons in agricultural or 
industrial environments, may have 
involved exposures to fungi and their 
products in concentrations that can be 
assumed to be much higher than those 
experienced by persons in most indoor 
environments. 

Several studies are frequently cited 
(by Hodgson et al and other investiga­
tors) as evidence that adverse health 
effects or symptoms are related to 
indoor exposure to mycotoxins. 13-16 

None of these studies provide any 
objective evidence of clinical illness 
clearly related to mycotoxin exposure. 
One cited study16 reported findings 
from a group of persons working in a 
water-damaged office building contam­
inated by Stachybotrys. The primary 
finding was that, compared with work­
ers in another building, persons in the 
building contaminated with Stachybo­
trys reported an increased prevalence of 
lower respiratory tract, dermatologic, 
eye, and constitutional ("flu-like") 
symptoms. Also, there were statistically 
significant differences between work 
locations in results of tests for white 
blood cell count, the proportion of 
mature T-lymphocyte cells (CD3%), 
and natural killer cell count. However, 
persons working in the most heavily 
contaminated areas (basements) had 
elevated cell counts and percentages, 
compared with those working on anoth­
er floor of the same building. In addi­
tion, the clinical significance of the 
reported laboratory differences (such as 
CD3% of 75.66, 72.9, and 73.65 among 
controls, ground-floor occupants, and 
basement occupants, respectively) is 
unclear. Antibody testing of occupants 
of the problem building revealed no evi­
dence of increased exposure to any spe­
cific fungi. No exposure to mycotoxin 
was demonstrated. 

In another cited study, 14 five occu­
pants of a home reported a variety of 
symptoms, including cold and flu 
symptoms, sore throats, diarrhea, 
headaches, dermatitis, patches of hair 
loss, and fatigue. The clinical desc17p­
tions of the illnesses were incomplete, 
and no medical diagnostic information 
was presented. In the home, a cold­
air return duct and an area of wood 
fiberboard were contaminated with 
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Stachybotrys. When the mold was 
cleaned up, the family members' 
symptoms reportedly resolved. The 
authors inferred that mycotoxins from 
the mold were responsible for the 
symptoms. Even if some or all of the 
reported symptoms were related to the 
occupants' presence in the home, it is 
just as reasonable to infer that an aller­
genic response to the fungi ( or some 
other [unidentified] factor[s]) were 
responsible for some or all of the 
reported symptoms. 

In 1994, an investigation of 10 cases 
of acute pulmonary hemorrhage and 
hemosiderosis among infants was 
reported.17•18 A case-control study deter­
mined that case patients were more like­
ly to be male, more likely to have a close 
relative who also coughed up blood 
while living in the same home, and more · 
likely to live in a home in which a 
guardian reported water damage during 
the six-month period preceding the ill­
ness.19 Air sampling revealed that the 
quantity of fungus , including Stachybo­
trys atra (chartarum) , was higher in the 
homes of the case infants than in those 
of controls. 18 No systematic evaluation 
of water damage in these homes was 
reported. The air sampling was done 
using an "aggressive" sampling strategy 
(purposely stirring up potential contam­
inants in the homes),20 which is unlike­
ly to be representative of actual expo­
sures to fungi. The investigators pre­
sented limited evidence indicating the 
presence of mycotoxins in ceiling tiles 
and wall coverings. 

In the current study, Hodgson et al 
have limited ability to "describe the 
spectrum of disease" among occupants 
of the subject buildings. The use of sev­
eral undefined case definitions makes 
interpretation of the reported symptoms 
and pulmonary function tests difficult. 
Lack of data concerning comparison 
groups also limits interpretation and 
raises the question of whether the com­
parison groups were appropriate. The 
authors report that 17 of 47 self-select­
ed individuals had some clinical evi­
dence of pulmonary disease, but they 
do not report results of similar testing 
among "unexposed" office workers. 
The authors compare symptoms among 
occupants of the building of concern 

with those of occupants of other build­
ings but do not provide adequate infor­
mation to compare response rate, 
demographic factors , smoking status, 
or job duties between the occupants of 
the study and comparison buildings. 
These factors are known to influence 
the prevalence of reported symptoms 
among building occupants.21.22 In addi­
tion, without some means of assessing 
exposure at the level of the individual 
or groups of individuals, we have no 
way of knowing whether the reported 
symptoms are related to mycotoxin 
exposure. The results of this study's 
limited antibody testing add no support 
to the hypothesis that the building's 
occupants had biologically significant 
exposure to fungi. 

It is our personal opinion that there 
is currently no clear evidence docu­
menting that mycotoxins cause health 
effects among building occupants. The 
presence of excessive fungal growth in 
a building is an indicator of inadequate 
building design, construction, and/or 
maintenance. The basis for, timing of, 
and extent of the remediation of a con­
taminated building are beyond the 
scope of this discussion; important fac­
tors to consider regarding remediation 
would include the extent of building 
contamination, the fungal biodiversity, 
and the frequency and severity of doc­
umented health effects among building 
occupants. Persons who have symp­
toms potentially related to an indoor 
environment should be clinically eval­
uated and, if indicated, removed from 
exposure to the offending agent(s) 
until that exposure is reduced or elimi­
nated. If fungal exposure is thought to 
be a'- factor, close follow-up with the 
treating clinician and others will likely 
be needed as there are currently no 
"acceptable" limits of fungal growth in 
the indoor environment;23 given that 
fungi are ubiquitous, all potential 
sources of fungal exposure (including 
the home) would also need to be eval­
uated. It is clear that health problems 
potentially related to the indoor envi­
ronment, including those potentially 
associated with exposure to fungi or 
fungal products, need further evalua­
tion using appropriate environmental, 
medical, and epidemiologic tools.24 
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The Authors Reply: We appreciate the 
opportunity to respond to the com­
ments of Drs Page and Trout about our 
recent outbreak investigation. We are 
relieved that they consider this a major 
public health issue, although we are 
unsure whether they mean moisture in 
the built environment, the potential 

adverse health effects of mycotoxin 
exposure in buildings, or something 
else. They do appear to recognize the 
constraints that physicians and epi­
demiologists encounter as they manage 
patients with disease in an envirol}­
ment that requires negotiations with 
employers for access, negotiations 
with employers and insurers for cost 
reimbursement, and negotiations with 
patients around disease, a very differ­
ent situation from that encountered in 
NIOSH hazard evaluations. 

There is ample evidence that mois­
ture in buildings is associated with dis­
ease. One formal study attempt esti­
mated that the etiologic fraction of 
asthma attributable to moisture in the 
home was at least 25%. 1 For reasons 
outlined in the manuscript, many 
researchers believe a major portion of 
that problem is unrelated to type I 
allergy, at least in residential airways 
symptoms. The recent report on 
NIOSH investigations identified an 
association of moisture and respiratory 
symptoms2 in the workplace. Although 
it is tempting to implicate type I aller­
gy, the few attempts to document an 
ass9ciation have either failed3.4 or sug­
gested that the explained fraction is 
trivially small.5 Over 25% of asthma 
reported to the occupational disease 
surveillance activities in Departments 
of Health in Massachusetts and 
Connecticut now represent building­
related asthma. The problem is 
encountered by practicing physicians 
far more frequently than the peer­
reviewed literature implies, where in a 
single outbreak, 6 asthma was attributed 
to below-grade moisture incursion in a 
municipal building. 

Most scientists recognize that case 
reports and outbreak investigations 
cannot provide generalizable knowl­
edge, as the population to which they 
may be extrapolated is controversial. 
The purpose of such reports is general­
ly to make the medical and scientific 
community aware of discussions, theo­
ries, and concerns they should be aware 
of, could keep their eyes open for, and 
perhaps recognize again if encountered 
elsewhere. The first systematic evi­
dence on immunological effects of 
moisture will appear soon, 7 although 
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even that paper raises far more ques­
tions than it answers. The exciting 
work on airborne dust exposure, myco­
toxins, and mechanistic implications in 
Dr Dearborne's laboratory in 
Cleveland is well known to scientists 
who follow the field and is likely to 
address some of Dr Trout's concerns. 
These provide exciting models of how 
scientists might investigate both out-
breaks or clusters and exposure. . 

Our own investigation was ·con-' 
ducted under severe constraints. 
Although we were initially invited in 7 

at the request of several judges, fund­
ing for the project (approximately 
$12,000) came from the administration 
and the workers' compensation carrier. 
Four phases were laid out as fairly 
standard approaches to epidemics, 
including interviews with suspected 
"index cases," a questionnaire survey, 
a clinical medical screening protocol, 
and a formal case-control study. As 
part of the work, we (the local physi­
cians, the insurer, and the administra­
tion) agreed upon a set of management 
criteria for patients that were dissemi­
nated to employees and their physi­
cians. On the basis of the initial med­
ical interviews, the increased preva­
lence of symptoms in the questionnaire 
survey, and obvious physiologic 
abnormalities in the screening proto­
col, we were convinced that something 
was worth investigating. The insur­
ance carrier was unwilling to fund a 
cross-sectional study using rhinometry 
before and after work or nasal smears 
(or eosinophils. By the time our nego­
tiations with the insurer, institutional 
review board clearance, and logistical 
constraints were resolved, many 
employees/patients were removed 
from work, three months after our first 
visit. As reported in the manuscript, at 
least one possible reason for the nega­
tive results in the case-control study 
may be that exposure had stopped for 
many of the subjects. Doing investiga­
tions such as this out of state poses 
some problems for clinicians. 

We considered type I allergy an 
unlikely explanation for the lung func­
tion abnormalities because of the lack 
of association between immunoglobu­
lin E (lgE) antibodies and either symp-
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toms or physiologic changes. Lynch et 
al described an outbreak of hypersensi­
tivity pneumonitis in which only 10% 
of subjects had abnormal chest x-rays, 
data of which we were unaware when 
we did this study and wrote the manu­
script. 8 We considered hypersensitivity 
pneumonitis an unlikely event because 
of the lack of association between IgG 
antibodies and either symptoms or 
physiologic changes. Don Milton has 
recently suggested that an endotoxin 
itself might be an explanation; we found 
no source of water aerosol and consider 
airborne endotoxins an unlikely phe­
nomenon in this outbreak. Either of 
these are legitimate hypotheses, though 
with less evidence, in our view. 

At present, NIOSH building inves­
tigations generally do not attempt to 
identify, as they have at least some­
times in the past, objective measures 
of disease, as at least markers of group 
differences, including physiologic 
testing such as spirometry or single­
breath carbon-monoxide diffusing 
capacities9 or immunologic mark­
ers. 10•11 Cooperation between the 
NIOSH Health Hazard Evaluation 
team, with greater field epidemiology 
flexibility and laboratory depth, and 
local practitioners, who may have 
access to patieµts with convincing evi­
dence of poorl¥ characterized disease 
and emerging syndromes, may lead us 
all to characterize occupational dis­
ease more effectively. This may 
require rethinking the specific roles 

we each play, identifying legal con­
straints that might impede information 
flow and sharing, and addressing 
issues of respect for the different 
strengths we bring to problems. Dr 
Trout has willingly recently participat­
ed in such a mixed investigational 
venture, with exciting productivity for 
both sides. 

Michael Hodgson, MD, MPH 
David Miller, PhD 
Bruce Jarvis, PhD 

Eileen Storey, MD, MPH 
Division of Occupational and 

Environmental Medicine 
University of Connecticut 

Health Center 
Farmington, Conn. 
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