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REPRESENTATIVES of the world scientific community
met to consider the adverse health effects of contami-
nants from indoor air at the 5th International Conference
on Bioaerosols, Fungi, Bacteria, Mycotoxins, and
Human Health, held at Saratoga Springs, New York, Sep-
tember 9-12, 2003. At 5 times the size of the first Sarato-
ga Springs conference, held in 1994, this gathering com-
prised 71 8-minute scientific papers, 14 summary
papers, and a poster forum. Major topic areas were epi-
demiology; clinical case studies emphasizing neurolog-
ical, nasal, and ocular effects of mold exposure; labora-
tory signs of these effects; and remediation.
Presentations on cytotoxicity and immune issues ranged
from studies of pulmonary surfactant, to mice and rat
lung models. Environmental sampling studies of mold-
contaminated buildings included factors such as mois-
ture, relative humidity, and dust. Sampling methods var-
ied for homes and their crawl-spaces, schools, offices,
and high-rise buildings. Also considered were interac-
tions of molds and bacteria with calcareous materials
(especially gypsum), release of enzymes from mold in
indoor dust, cross-reactivity of monoclonal antibodies to
molds, and applications of the polymerase chain reac-
tion (PCR) test for identification of fungal DNA.

The increase in problems attributed to mold in build-
ings is evidenced by the fact that the U.S. Occupation-
al Health and Safety Administration (OSHA) had a 10-
fold increase in requests for mold inspections from
1999 to 2003 <DGShendell@lbl.gov>. Adverse health
effects from dampness and mold indoors are found
around the world. They are indicated by cough,
wheeze, and asthma, at odds ratios of 1.4 to 2.2. A 75%
increase in asthma occurred between 1980 and 1993 in
Finnish children. One mold product, (3-1-3-D glucan—
possibly the most important mold-related inflammatory
agent—acts like the lipopolysaccharides from gram
negative bacteria. Mold and bacteria in indoor air are
troublesome in Jordan, Brazil, and South Africa, as well
as in North America and Europe. Prevention, control,
and remediation of molds to improve indoor air quality
were discussed with regard to criteria established by the
U.S. Environmental Protection Agency (EPA), the Amer-
ican Conference of Governmental Industrial Hygienists
(ACGIH), and the city of New York. For analysis of the
economic impact of mold remediation vs. the demoli-

tion of a contaminated building, the Brown-Gibson
economic decision-making model appears useful.

Conference Sessions

Session 1: Epidemiological research. Thirty-one
teachers in a Finnish school showed an asthma rate of
26%. Their hoarseness and other respiratory symptoms
decreased after mold remediation of the building. At a
2-yr follow-up, their immunoglobulin (lg)G antibodies
to 10 molds associated with sinusitis had decreased
<ritta.patovirta@ktl.fi>. A study in Kuopio, Finland,
found that joint pain, stiffness, and morning swelling
accompanied respiratory irritation and infections in
long-term occupants of moldy buildings. Autoimmune
disease markers were 8-10 times higher than in average
Finnish citizens, and the CD4:CD8 antigen ratio was al-
tered <tuula.husman®ktl.fi>.

Session 2: Toxicology and neurological effects. Some
patients with Indoor Air Syndrome have abnormal lab-
oratory and pulmonary function tests. Associations
were found between their symptoms in musty, mold-
infested buildings and abnormal visual contrast sensi-
tivity performance, as well as deficiencies in melanocyte-
stimulating hormone (MSH) and leptin levels. Treatment
with cholestyramine, at doses sufficient to lower cho-
lesterol, appeared to reduce both MSH and leptin
<ritchieshomaker@msn.com>. Impaired visual contrast
sensitivity has been associated with exposure to other
biotoxins, such as that produced by Pfiesteria, but this
observation has not been compared with other visual
tests, such as color discrimination and visual field per-
formance <hudnell.ken@epamail.epa.gov>.

Follow-up by Gordon in 8 of 31 mold-exposed sub-
jects who underwent neurobehavioral testing showed
persistent functional defects of attention, learning, ex-
ecutive functions, short- and long-term recall, and visu-
al memory at 12-36 mo <Wayne.Gordon@mssm.edu>.

Observations in 65 mold-exposed patients, compared
with 202 non-mold-exposed community controls,
showed deficient balance, reaction time, blink reflex la-
tency, color discrimination, visual field performance,
and grip strength. These physiological impairments were
accompanied by decreased problem-solving, recall
memory, vocabulary, attention, concentration, and per-

538 Archives of Environmental Health



ceptual motor performance, as were found by Gordon.
In 8 of 8 patients restudied after 1 yr, functions had
worsened, again confirming Cordon. Functions in
23 children in the studied families also decreased
<Kilburn@usc.edu>.

Session 3: Health assessment and case studies. Chil-
dren in Finland who occupied a mold-contaminated
school building suffered from asthma and/or allergy and
had higher IgG antibodies than nonallergic children.
Their lymphocytes exhibited less spontaneous prolifera-
tion, and their eosinophilic cationic protein response
was stronger <atiilika@sun3.oulu.fi>.

A mouse model, subjected by tracheal aspiration to
extracts or cultures of Metarhizium anisopliae, Stachy-
botrys chartarum, and Penicillium chrysogenum
showed increased protein, leukocytes, interleukin (IL)-
5, and lactate dehydrogenase in bronchopulmonary
lavage fluid. Doses of 100 ng of P. chrysogenum were
equal in effect to doses of 10 ng of S. chartarum and M.
anisopliae <Ward.Marsha@epamail.epa.gov>.

One fraternal twin, from a family living in a house
contaminated with Stachybotrys chartarum and As-
pergillus versicolor, A. niger, and A. fumigatus, died at
18 months of respiratory failure. Autopsy showed hemo-
siderosis, with Aspergillus found by PCR matching of
DNA in environmental sampling and in lung samples.
Staining revealed antibodies to mycotoxin T-2 and afla-
toxin in lung, liver, and brain. The surviving twin had
mycotoxins in serum by enzyme-linked immunosorbent
assay (ELISA) testing <drordog©earth link.net>.

Respiratory illnesses and shortness of breath, difficul-
ty concentrating, and memory loss were found in occu-
pants of a Nevada building <jcraner@drcraner.com>.
These symptoms were not explained by allergic rhinitis,
asthma, hypersensitivity pneumonitis, or somatization
disorder, but seemed building-specific. From 425 adults
and 176 children referred for moisture-related symp-
toms, Johanning found low sensitivity, but high speci-
ficity, for 6 fungal IgG and 2 fungal IgE liters. Among the
adults, 59% had lower CD3 and 51% had higher than
normal CD4:CD8 ratios. Findings in children were 48%
and 1.6%, respectively <eckardtjohanning@fungal
researchgroup.com>.

Session 4: Experimental research. Inflammatory re-
sponses toward specific organic material in mold and
bacteria include antibodies and cell activation (which
produces cytokines, nitrous oxide, and hydrogen perox-
ide), and cytotoxicity, but responses lack specific con-
necting links. Eye and upper respiratory irritations are
common symptoms from mold exposure, and molds
may emit volatile organic compounds (VOCs) <maya-
ritta.hirvonen@ktl.fi>. Nasal lavage fluid parameters did
not differ among 62 healthy women exposed to alpha
terpene and d-limonene at 150 ppb plus ozone for 3 hr,
to clear air, and to the agents alone <lambach@eohsi

.rutgers.edu>. Molhave found ocular effects in 36 other
volunteers to be equally inconclusive <lm@mil.au.dk>.

In a different group exposed in 3 mold-contaminated
indoor environments, nasal lavage showed increased
concentrations of nitrite, IL-6, and tumor necrosis factor
alpha (TNF-ct) <lm@mil.au.dk>.

In mouse macrophages, exposures to metabolites of
Stachybotrys chartarum (e.g., atranones B+E, satratoxin
G), microbial toxins (i.e., sterigmatocystin, citrinin, and
ochratoxin A), and the actinomycete Streptomyces cali-
fornicus were synergistic for cytotoxicity. TNF-a and IL-
6 were elevated, and S. californicus was bound to nu-
clear DNA <Kati.Huttunen@ktl.fi>.

Exposure of rabbit alveolar type II cells in culture to
spores of 2 strains of Stachybotrys chartarum inhibited
phospholipid synthesis via conversion of choline phos-
phate to CDP choline (cytidyldiphosphocholine)
<thomas.rand@stmarys.ca>.

Rand et al. found, with intratracheal exposures of
mice to spores of Stachybotrys chartarum strains JS 58-
17 (high satratoxin) andJS58-06 (no satratoxin), and to
Cladosporium cladosporioides at varied doses, that
fewer than 30 spores of 5. chartarum had an effect
equal to > 3,000 spores of C. cladosporioides, although
responses to JS 58-17 exposure via tracheostomy. The
inflammatory effects of J58-06 spores were less than
those of JS 58-17, but more severe than from other fungi
such as Penicillium <ixy@po.cwru.edu>.

Glucan added to office dust increased the IL-8 and
eosinophil cationic protein (ECP) (C-reactive protein)
responses of 36 human subjects, with greater response
noted in those hyperresponsive to histamine <ts@mil.
au.dk>.

Session 5: Assessment methods and field findings. Vi-
able fungi constitute only 1% of the fungal biomass in
indoor air. Sampling should include both personal and
stationary sampling to help characterize the particular
"cloud" surrounding each individual. Comparison of
mold counts in dust from 68 intact ("healthy") homes
vs. 145 water-damaged homes showed a 7 times greater
level of phylloplane molds, mainly Cladosporium, in
the damaged homes <aino.nevalaien®ktl.fi>.

With Mycobacterium tuberculosis complex as the
model, air samples obtained in gel traps mounted hori-
zontally and vertically were combined with PCR and
KY18 and KY75 primers specific for Mycobacterium
spp., including M. tuberculosis, M. bovis, and M. afri-
canum. Inasmuch as air, adhesive, and contact petri
dishes were complementary as sampling methods, this
technique can be recommended for the assessment of
molds and Legionella pneumophilia. Another ap-
proach, in which home dust was evaluated as the catch-
ment for microbials, showed correlation with the de-
gree of water damage <microvital@qc.aira.com>.

In a Berlin study of 25 homes, 5 sampling methods
were compared: (1) microbial growth from vacuumed
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dust samples collected over a 7-day period, (2) air sam-
pling with a 2-stage Anderson cascade impaction de-
vice, (3) petri dishes for sedimentation samples, (4) con-
tact samples, and (5) analysis of microbial VOCs
(MVOCs) on thermal desorption tubes, by gas chro-
matography/mass spectrometry. Elevated levels of As-
pergillus and Penicillium species characterized moldy
vs. nonmoldy homes, with the best results being ob-
tained from carpet dust sampling and other long-term
collection methods. Most of the MVOCs were not spe-
cific molds <Hans,scheibinger@medizin.fu-berlin.de>.

Comparison of molds enumerated in indoor air, out-
door air, and in pulsed air in high-volume air condi-
tioners detected indoor mold and revealed leaks, errors
in cleaning, and other defects in heating, ventilation,
and air conditioning (HVAC) systems. Other microbials
yield similar results and, when graphed as hexagonal
centriles of concentrations at 25°C and 37°C in out-
door, indoor, and pulsed air, aid in identifying the like-
lihood of human illness <bprezant@prezant.com> or
<C.Chasseur@iph.fgov.be>. Another device—the fun-
gal spore source strength tester (FSSST)—assists in
analysis of vacuum-collected samples. A bioaerosol
sampler connected to the FSSST outlet aerosolized
spores from surfaces contaminated with mold <sivasus
@ucmail.uc.edu>.

Comparisons of bacterial and fungal loads by culture,
from samples collected with an impaction sampler,
showed Staphylococcus hemolyticus and Micrococcus
tutens as the most common in indoor air. Penicillium
was the common indoor mold in winter, and Cladospo-
rium in summer (in Italy) <carraro@mfn.unipssuc.it>. In
Marseilles, a Protimeter Survey Master device was used
to measure relative humidity in walls, for comparison
with direct microscopic identification of molds. High
humidity correlated with the identification of Stachy-
botrys chartarum <denis-andrecharpin@mail.ap-hm.fr>.

Baseline data for MVOCs in buildings without visible
mold are being collected in Denmark and Germany,
and are correlated with moisture, intense use, mold,
construction, and air-handling equipment. Sampling
methods—including spore counts, frequency, and mi-
crobial identification techniques—vary widely. Inas-
much as there is no consensus, it was advised that at
least 2 sampling methods be used to characterize in-
door air spaces <Reinhard.keller@hygiene.ukl.mc-
lucbeck.de>. New sampling methods are under devel-
opment. <Annal.Pasanen@uku.fi>.

Session 6: Field findings (cont.) and mycology. The
EPA sponsored a nationwide study of TOO office build-
ings, from 1994 through 1998. This Building Assess-
ment Survey and Evaluation (BASE) study has produced
a Microsoft Excel database that compares physical con-
ditions with sampling for chemical and biological
agents <DGShendell@1b1.gov>. One analysis of these
data revealed that Cladosporium, Alternaria, Epicoc-

cum species (CAE) and Penicillium/Aspergillus were
higher outdoors in BASE buildings, whereas in water-
damaged buildings Penicillium/Aspergillus was 7 times
higher indoors but CAE ratios were near baseline. In 10
North Carolina homes with central HVAC systems,
crawl-spaces were important reservoirs of mold
<thomas010@mc.duke.edu>.

An interactive model for spore equilibrium in a build-
ing considers infiltration, exfiltration, and entrainment,
after assuming that all spores are either airborne or set-
tled <jbanta@restcon.com>.

High-rise buildings are a special case in regard to
water intrusions because they contain shafts for eleva-
tors, plumbing, and ventilation, as well as stairwells.
Often, water runs into the elevator shaft. Negative pres-
sures between the elevator shaft and the floors are
stronger near the bottom of the shaft, gradually becom-
ing positive up the stack of floors. Fungi found were
mainly Penicillium and Aspergillus <etchrom®aol.
com>.

Real-time measurements of particles aerosolized
from cultures of Aspergillus versicolor—sampled at 1
wk and at 2 mo and grown in malt extract agar—
showed bimodal distributions of particles 1.26-1.99
u,m in diameter (representing spores) and 0.07-0.13 u,m
(representing fragments), with a minimal concentration
at 0.32-0.50 u.m. These distributions should aid in the
development of better techniques for field sampling of
fungal fragments <chosh@ucmail.uc.edu>.

Microparticles of fungi pass through slits in buildings,
easily becoming airborne and remaining in the air, from
which they are readily inhaled into the lung alveoli.
Growth and aerosolization were important determi-
nants of the liberation of protein-containing particles
before mold growth was visible <amm@ami.dk>.

The bioactive substances cereulide and valinomycin
(toxic ionophoric antibiotics), from streptomycetes and
bacilli isolated from water-damaged buildings, were
found to inhibit boar sperm motility, depolarize mito-
chondria in boar sperm cells, and damage plasma
membranes. Fifty percent of bacterial isolates had such
cytotoxic activity. Building materials from an indoor
wall contaminated with Streptomyces contained 33 ng
of valinomycin <mirja.salkinoja-solanen@helsinki.fi>.

Session 7: Assessment/mycology. Gypsum added to
nutrient medium (2% plain malt extract agar) improves
mold growth and enhances spore production. Relative
rates of sporulation will be examined in the future
<anna-mari.pessi@utu.fi>.

Streptomycetes grow at pH from 4 to 11.5. Isolates
grown at pH 4 increased the lethality of spores. Strep-
tomyces californicus and Stachybotrys sp. are frequent-
ly found growing together on moist inner wall surfaces.
5. californicus stimulates production of nitrous oxide
and cytokines, and causes death of mouse macro-
phages; Stachybotrys produces potent mycotoxins.
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When cultured together, their biomass is increased (as
estimated from fatty acid methyl ester content) and cy-
totoxicity and inflammatory triggering are enhanced
<Piia.Penttinen©ktl.fi>.

Quantitative PCR analysis of molds produces accu-
rate speciation and numbers and appears useful for
finding masked species in the fungal biomass. Primer
and probe sequences have been published, and the
database is growing <haugland.rich@epamail.epa.
gov>. The brown wood rot fungus, Meruliporia incras-
sate, can be identified quantitatively by using real-time
PCR <klin@Stlinc.com>. Airborne Cryptococcus neo-
formans isolated from trees and soil of Vancouver Is-
land, British Columbia, accounted for human, cat, and
porpoise cases of fungal infection—a first for a temper-
ate climate <kbarlett@interchange.ubc.edu>. IgG anti-
bodies in people who lived near a composting site
did not differ significantly from those of individuals re-
mote from the site, and thus did not serve as a bio-
marker for actinomycetes <Caroline.herr@hygiene.
med.unigiessen.de>.

Session 8: Assessment/mycology (cent). Monoclon-
al antibodies against Aspergillus versicolor showed
cross-reactivity to related Aspergillus, Penicillium, Al-
ternaria, and Stachybotrys species, and demonstrated
sharing of epitopes and different amounts of antigen per
spore. Therefore, this method is not suggested for recog-
nition of genera of molds <zvf9@cdc.gov>. A substan-
tial effort to characterize 192 clones of fungi from mois-
ture-damaged buildings by using PCR showed large
proportions of chimeric products. Although PCR com-
pliments other procedures for identification of fungi, the
size, coverage, and reliability with the existing se-
quence databases mean that this procedure must wait
on the development of large databases and more spe-
cific methods <mviikari@operoni.helsinki.fi>.

The fungal enzymes N-acetyl-p-D glucosaminidase
and N-acetyl glucosidase are likely associated with
lung damage from fungi. Both are found in dust, and
differences may be the result of large particle sizes in
dust that settles to the floor vs. airborne dust. Results
from culture-based and PCR panel methods differed,
with more species found by PCR, thus these methods
did not correlate <czk4@cdc.gov>.

Session 9: Transitional countries. In Durban,
South Africa, 30% to 40% of 6 hospital buildings
were damp and had carbon dioxide levels exceeding
1,000 ppm in some indoor areas. Half of staff members
were stressed, and 32.5% had allergies. Many fungi
were found, including 8 Aspergillus species, Cladospo-
rium, and Fusarium. Skin testing of staff showed
that 18% reacted to dust mites and 10% to molds
<Gqalenin@nu.ac.za>.

Microbial exposures judged by biochemical mark-
ers—ergosterol for fungal biomass, 3-hydroxy acids for
lipopolysaccharide, and muramic acid for bacterial bio-

mass—differed greatly in dust samples from schools in
Sweden, Jordan, and Poland <loay.wady©mmb.lu.se>.

Session 10: Remediation. Remediation standards
were discussed in regard to guidelines set forth by the
city of New York, the EPA, and ACGIH for bioaerosol as-
sessment and control. The EPA mold remediation guide-
lines for schools and commercial buildings were con-
sidered to be adequate for consumers, regulators, and
the media, but not specific enough for remediation con-
tractors. Items addressed were: (1) moisture surveys, (2)
information on restorative drying, (3) employee training,
(4) inspection procedures and cross-contamination, (5)
cleaning procedures, (6) remediation/abatement levels
and, (7) professional judgment. For example, phyllo-
plane fungi, normally more abundant outdoors, should
dominate the flora of remediated buildings. Construc-
tion dust may overwhelm and render unreliable the
sampling of air for mold <mjuinni@nni.com>.

The "electronic nose" (Cyranose®320) was evaluated
for use in indoor air quality assessment and was found
not to be useful in detecting hidden mold in buildings
<stewilso@ttacu.tty.edu>.

Fan coils of an HVAC system were the source
of contamination in 1 condominium. Swab samples
and a Reuters centrifugal sampler with Rose Ben-
gal agar strip showed Aspergillus versicolor and
helped in the selection of units for remediation
<kwhite@jacqueswhitford.com>.

For those faced with the knotty problem of
whether, and how, to remediate a mold-contaminat-
ed building—by removing and replacing the HVAC
system, or by demolishing the building itself—mod-
eling with the Brown-Gibson economic decision pro-
cedure is useful in determining a course of action
<michael-larranga@ttu.edu>.

Session 11: Prevention and control. Trends were ex-
amined which showed a 10-fold increase in requests for
inspections for mold from 1999 to 2003, and a 3-fold
increase in building inspections performed. The build-
ings microbial database, developed by Forintek Canada
Corp., includes more than 700 articles in tabular form
<adnan@van.fornitek.ca>. Large high-rise buildings are
complex structures and are often difficult to character-
ize. Ventilatory design has a significant impact on
schools. For example, mold growth was enhanced in a
New England school building when the central ring of
air conditioned classrooms was surrounded by a ring
without air conditioning, leading to condensation of
moisture on inner walls <BBarry@eheinc.com>.

Summary

Risk assessment of bioaerosols indoors has been
summarized in terms of human health effects (e.g., al-
lergy, infection, and irritation), but neurotoxicity has
been a topic of heated debate <fseif@esceng.com>.
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However, this debate has been resolved rather clearly
by evidence presented at this conference (and at the
21st Annual International Symposium on Man and His
Environment in Health and Disease, Dallas, Texas,
June 2003) which showed that neurotoxicity, as well
as pulmonary and immune dysfunction, can result
from exposure to molds in the indoor environment.

Toxicity is apparent, and confirming studies are being
published.

For more information regarding the conference, visit
<http://www.bioaerosol.org/index.html>. For details on
the research summarized herein, please contact the pre-
senting authors via their e-mail addresses. This refer-
ence system should aid in the dissemination of infor-
mation that is current but not yet published.
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