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Abstract: The article reviews the quantitative and qualitative incidence of microscopic
filamentous fungi in dwellings, methods for their detection, mycotoxins, glucans and
volatile organic compounds produced by microscopic fungi in the indoor air of homes.
Characteristics and properties of the most important species of fungi in dwellings
(Alternaria spp.,Aspergillusspp.,Cladosporiumspp.,Fusariumspp.,Penicillium spp.,
Stachybotrysspp., andWallemia spp.) and the health problems of occupants of the
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Nobody can be content living in a dwelling with mold While the work with moldy materials is mostly sporadic
growing on walls, damp indoor air and the bad smell afnd the possible adverse effects of the microscopic fungi
mold. In such a situation people are often frustrated becaasel their toxins can be foreseen and thus the exposed
of subjective discomfort, and in some cases their healtlersons can be protected using respiratory filters, families
conditions have been adversely affected, though the origitluding infants living in homes with moldy walls are
and real cause of all their complaints are difficult to defineexposed to these noxae for a long time.

The problems connected with the presence of microscopidn Canada - an extensive questionnaire study was carried
fungi (commonly called molds) in the working environmenbut and the relations between the damp and moldy dwellings
and their effects on the health status of employees haed the occurrence of respiratory symptoms in infants and
been studied in many papers and it has been found thdtlts, was clearly confirmed. In Belgium, in connection
health conditions of people working with moldy materialsvith the worldwide oil crisis in 1970, many occupants of
can be affected. The air of working environments matyhe homes reduced room temperatures when heating, and
contain as much as %0siable germs of microscopic the houses were also poorly aired. Consequently, a sharp
filamentous fungi (MFF) and yeasts pef and a great rise in the amount of MFF in dwellings was found and the
amount of various mycotoxins. Regarding the character iofcidence of patients with allergic diseases increased [90].
the substrates with which people work, irritation of eyeSimilar conditions in home heatings were found by
nose and mouth mucous membranes were found, as wslgienists in Germany in 1992-1994 and the claims of
as serious acute and chronic damage of respiratory orgdmane occupants to treat the problems of moldy dwellings
i.e. bronchitis, allergic alveolitis “farmer’'s lung”, lungincreased [85].
mycotoxicoses and similar disorders. Some mycotoxins The aim of this review was to present a survey of
can also possess cancerogenic properties in lung tistitexature - as complete as possible - on the present problems
[14, 15, 36, 86]. of microscopic fungi in dwellings from the view point of
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public health specialists and mycologists. For this revieflower pot soilA. fumigatusA. nigerandA. flavus from

we have studied the findings and results found in owarious pad materialg\. versicolor A. fumigatusand

collection of over 13,000 papers dealing with the problefusariumsp.

of microscopic fungi, published in journals worldwide. In In the air there are a number of devitalized germs

our literature references we present only those authawhich cannot be isolateth vitro on culture medium,

who have presented - in our opinion - the most importanevertheless, they still have their allergenic and toxic

knowledge. In addition, we also include our own resulfgotentials [40].

obtained during scientific studies and expert examinations. Damp materials with an ,a(water activity) value
ranging from 0.90 (or a little less) to 0.95 are usually

QUANTITATIVE AND QUALITATIVE colonized by strains of. fumigatus Trichodermaspp.,
REPRESENTATION OF MICROSCOPIC Exophiala spp., Stachybotrysspp., Phialophora spp.,
FILAMENTOUS FUNGI IN DWELLINGS Fusarium spp., Ulocladium spp., and yeasts (especially

Rhodotorulaspp.), materials with an,avalue ranging
The amount of colony forming units of MFF (cfuilm from 0.90 to 0.85 by strains @. versicolor materials
in indoor air of dwellings differs in the reports of variouswith a, values of 0.85 and a little less, by strainsAof
authors: 3-6000, average 654 cfti/p45], <12-450000 versicolor, Eurotiumspp.,Wallemiaspp., andPenicillium
cfu/m® [33], 165-850 cfu/m [60], 100-2300 cfu/m in  (P.) spp., especiallP. chrysogenumand P. aurantio-
“moldy” dwellings [60] 500-1000 cfu/m - current griseum[80].
standard [56]. As we shall see in the following, thesg lanits need
The amount of viable and culturable microscopic fungiot always be as sharply defined as given above, as
in indoor air is very variable. Spores from the growth omicroscopic fungi are very adaptable to environmental
substrates are liberated into the air in places with higheenditions.
turbulence, during home maintenance, cleaning, dusting,

vacuum cleaning and vegetables peeling, when a door is METHODS FOR
opened, when a dog or cat enters or leaves, etc. At these DETECTION OF MICROSCOPIC FUNGI
times, the number of isolated colonies can be increased, in IN DWELLINGS

some cases even 3,000 times [33, 48, 94, 95].

The liberation of the spores into the indoor air dependslsolation techniques.Samples from the indoor air can
on the physiological properties of individual species dfe taken with various samplers. The gravitation method is
microscopic fungi colonizing the relevant home: spores sfmple, but we obtain only orientation data and the results
some fungi are formed on the air mycelium in small dropgsn be misleading [45, 56]. It is also possible to examine
of slime and are thus liberated into the air only in a lothe dust from vacuum cleaners with the dilution plate
amount, e.gAcremoniumspp., some-usarium species. method, but it is preferable to take samples directly from
Other species form tiny spores in high amounts makirige moldy localities or substrates, and to inoculate them
very fragile chains and columns elgenicillium spp., onto media aiming to prepare direct preparations on slides
Aspergillus spp. andCladosporiumspp., whereas large for the microscopic evaluation of the microstructures of
spores are formed Adternaria species. fungi.

Objects and the walls of dwellings are colonized by
numbers of various species of micromycetes accountinglsolation media. Individual species finding matching
for in different studies: 30 [7842 [45, 56] 50 [16] 52 conditions for colonization and reproduction in some
[75], and up to 56 various isolated species [33]. homes haven vitro various physiologic demands, it is

Microscopic fungi contaminate substrates matching tiberefore recommended when examining the samples to
physiologic demands on growth and reproduction afse more kinds of culture media: Sabouraud’'s agar,
respective species such as xerophilic, xerotolerar8abouraud’'s agar with higher NaCl content, or with
hydrophilic, mesophilic, thermophilic, etc. During thehigher glucose or sucrose content, DG 18 agar and others,
examination of dwellings in Belgium [90] the following all media with incorporated antibacterial antibiotics [75].
species were isolated: from kitchens and bathroomsStachybotrys chartaruroolonies grow on agar media
Cladosporium(C.) cladosporioidesC. sphaerospermum slowly, therefore their germs in dwellings may be not
Ulocladium botrytis Chaetomium globosumi\spergillus detected. Therefore, their pronounced cellulolytic activity
(A) fumigatus from wallpapersC. sphaerospermum is used and thus a 1 ml sample of dust diluted in saline is
Chaetomium sp., Doratomyces sp., Fusarium sp., inoculated into a Petri dish with sterile paper [SHje
Stachybotrys chartarunTrichodermasp.,Scopulariopsis growth of this species is observed with the naked eye or
sp., from mattresses and carpdsnicillium sp., A.  with a magnifier.
versicolor, Aureobasidium pullulansA. repensWallemia
sebj Chaetomiunsp., from window frameAureobasidium Ergosterol. Some professionals take for advantageous
pullulang C. sphaerospermumUlocladium sp., from to determine the ergosterol amount in the examined air or
cellars A. versicolor A. fumigatus Fusarium sp., from dust samples since this analytic method can also detect
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the devitalized germs of fungi. In the examined dust Mycotoxins in indoor air. Recent research has
samples from households 4-45 g ergosterol/g were foundncentrated on the alimentary intake and direct skin
However, it was found that there are great difference®ntact with these toxic fungal products. Mycotoxins
among the individual fungal species regarding thiecated inside as well as on the surface of the spores have
ergosterol content in their biomasses, égfumigatus been demonstrated. It has been found that the potency of
comprises 14 pg/g, while other fungi, ed. niger the respiratory route is higher than the alimentary. The
Cladosporiumsp. andPenicilliumsp. far less, only 2-8 pug dose of mycotoxin required to cause particular effects is
ergosterol/g of dry culture mass [2, 5]. Therefore, thiypically one order of magnitude less when administered
method for ergosterol determination in a sample is nby the respiratory tract than by ingestion [29]. Experimental

always considered suitable. growth on wallpaper glue agar demonstratedAbpergillus
versicolor produced the carcinogenic sterigmatocystin,
MYCOTOXINS andPenicillium expansumreleased the nephrotoxic citrinin

and patulin with modulatory effects on phagocytosis [27].
Mycotoxins are natural products - secondary metabolité$acrocyclic trichothecenes produced IStachybotrys
of molds able to initiate a toxic response in vertebrateshartarum have been reported as etiological agents of
when introduced in small concentrations by a naturahronic health disabilities of people living in moldy
route (mouth, respiratory system or the skin). The toxawellings [21].
properties and degree of their toxicity vary depending on
the administration, chemical structure and concentration GLUCANS
[27]. The toxic effects of ingested moldy foodstuffs or
feedstuffs, usually of plant origin (crops, seeds, nuts, Glucans are polyglucose compounds which represent
dried fruits and vegetable, beans, etc.), are very differetite major structural components of fungal cell walls. The
comprising acute or chronic damage to the liver, kidneygotential role of fungal glucans, especially- 3)-R-D-
gastrointestinal tract, the heart, central nervous systqjlucans, as inducers of chronic pulmonary disease has
and the immune system. been reported. Glucans could be associated with signs of a
Aspergillus flavusandA. parasiticusstrains are able to non-specific inflammation. The water insoluble form
produce the mycotoxins aflatoxins; the hepatocarcinogeriguses a delayed response in term of decrease in
aflatoxin B1 is considered to be the most potenhacrophages and lymphocytes in the lung wall, 1-7 days
carcinogenic substance of biological origin. The carcingdfter exposure [17]. Glucan levels above 1 rgtaused
genic ochratoxin A produced by. ochraceusand symptoms of chronic bronchitis, joint pains, itchy nose,
Penicillium verrucosunstrains on stored crops can causghest tightness and heaviness in the head [77, 93]. Studies

nephropathies. demonstrated that glucan can be used as a marker for risk
Species of Fusarium and Stachybotrys produce of airway inflammation.

macrocyclic trichothecenes with potential effects on the
immune system, and proteosyntheSischartarunstrains VOLATILE ORGANIC COMPOUNDS
produce dermatotoxic and cytotoxic trichothecenes RELEASED BY MICROSCOPIC FUNGI
stachybotryotoxins and satratoxins. The fusarium |NTO THE INDOOR AIR OF DWELLINGS
trichothecenes (e.g. T-2 toxin, deoxynivalenol, diacetoxy-
scirpenol etc.) are able to cause haemorrhagic syndromesyolatile organic compounds (alcohols, aldehydes,
Some fusaria can also produce zearalenone - théters, hydrocarbons, terpenes, ketones, acids and other
mycotoxin  with  estrogenic  effect [6].Fusarium Jow molecular substances) can be the cause of
moniliforme F. subglutinans and F. proliferatum  disagreeable odour in damp homes. The present intensive
important spoilers of maize, produce fumonisins, etgvestigation of these metabolites released by microscopic
These mycotoxins are responsible for several anim@ingi revealed that there are great numbers of such
mycotoxicoses (leukoencephalomalacia in horses ag@latile compounds (VOg. Their qualities and amounts
pulmonary edema in swines) and possibly also fefre often due to environmental conditions and biological
esophageal cancer in humans [54]. properties of the producers. It was found that some of
Production of mycotoxins is dependent on watethem belong to the known carcinogens [91, , 98]
activity of substrate and heat conditions. The mycotoxirgthylhexanol, e.g., produced bw. versicolor has
with  various chemical structures (e.g. kumaringisagreeable, offensive odor [8]. In some well known
compounds like aflatoxins and sterigmatocystin, smaxinogenous strains a direct relation was found between
lactons like patulin, etc.) are relatively small organighe mycotoxin production and production of volatile
compounds (less than 1000 daltons). Detection @foducts, e.g. ketones [67]. It is proposed that volatile
mycotoxins is usually performed by thin-layerproducts of microscopic fungi be used as a new
chromatography, high-performed liquid chromatographyjuantitative characteristics in the examination of damp
and by some immunochemical, or biological analytictlomes [12]. For this purpose suitable determination
methods [7]. methods have been studied [47].
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CHARACTERISTICS AND PROPERTIES OF human health as producers of certain important mycotoxins
THE MOST IMPORTANT SPECIES OF MFF consumed with contaminated food. They are mainly
IN INDOOR AIR OF DWELLINGS various xerophilic and osmophilic species, and for most

of them the name of teleomorphic stage is preferred.
Alternaria (Nees) Wiltshire
Indoor air in dwellings. In the USA, theAspergillus
Fungi of Alternaria genus are characteristic andspp. germs were found in 9-29% and in Scotland in 74%
striking due to their dark large crosswise and lengthwisé the examined homes. In Ontario, Canada, their
septated conidia. concentration in the air of dwellings was 22 cfii/m
In general, it is thought that the amountAsipergillus
Allergic diseases In men profesionally exposed tospp. germs is higher in indoor air than outdoors at the
wood and sawdust during paper production in paper millsame time. In a home, the amount of germs is vehemently
sensitization to the antigen oAlternaria sp. and increased when the cleaning is carried out mechanically,
interstitial hypersensitivity pneumonitis and bronchitior example, when carpets are vacuum cleaned.
were found [81]. From a group of 292 patients tested for
sensitivity agains@\ltenaria iridis extract, in nine patients  Aspergillus clavatusis often associated with allergic
allergy to that antigen was recorded, nevertheless, masteolitis (hypersensitivity pneumonitis) in workers of
patients were found to be “multiallergic” suffering frommalthouses [26, 76Minimum g, value for its growth is
conjunctivitis, asthma and rhinitis [19]. It was also foun@.85.
that young atopic humans with respiratory disorders when
aged 14-19 years react in the skin testAttenaria Aspergillus fumigatusis the most important and well
allergens more often (20% positive) than when aged ovarown potential pathogen for humans with affected
30 years, and also more often than Aspergillus immunity.
Penicillium and Botrytis spp. allergens (7-11%) [43].
Altenariaspp. are usually estimated as the most importantAllergic diseases.As much as 10.8% out of asthma
fungal allergens [44]. patients had positive reactions to the extract frAm
fumigatus strain. NeverthelessA. fumigatuspossesses
Indoor air in dwellings. Altenariaspp. were found in similar biochemical structure and antigenic properties to
the indoor air of homes in the USA (24-32¥examined Penicillium glabrum (frequentany P. verrucosumvar.
places), in Canada (in 87% of examined householdgrrucosumandA. versicolor A. fumigatusspores have
0-282 cfu/mi, on the average 30 cfufjn in Ontario, the ability to be bound on lung epithelium in asthma
Canada (on the average 52 cf)nn the Netherlands (in patients, causing complications in the health status of the
8% of homes and in 25% of schools). patients [9]. In that case, the course of the patient’s
The most commonly knowAlternaria spp. metabolite disease assumes a very destructive character [43].
is tenuazonic acid, but these fungi are known to produceThis pathogen was found in the indoor air of dwellings,
over 70 various mycotoxins and phytotoxins [59]. e.g. in South California in 2.9% and in the Netherlands in
Alternaria alternatais regarded as the main cause of.5% of examined dwellings. In wallpapers of a hotel in
allergy and asthma in children aged 6-11 years [28] afihgapore its incidence was as high as 18-88%. In an air
to be a xerophilic, xerotolerant and acidophilic fungusonditioning system in Saudi Arabia this pathogen formed
The spores germinate at 25°C gat0a85, minimum @ for  11% of all fungal isolates and its concentration was 15700
mycelium growth is 0.88, minimum temperature 0°Cgfu/g dust.
optimum 20-25°C, minimum air humidity 85%, optimum When examining materials from indoor work environment
98%, for conidia formation the optimum, ds 0.90, it was found that about 70% @&f fumigatusspores are

minimum air humidity 90%, optimum up to 99%. able - due to their size - to penetrate into the trachea and
primary bronchi and less than 1% into alveoli [57].
AspergillusMicheli The best known toxic metabolites Af fumigatusare

mainly fumigaclavin A, B, C, and D, spinulosin and
Regarding the health conditions of the occupants whosemorgenous toxins, e.g. verruculogen. Some rarely
dwellings have moldy walls, it is important to pay speciasolated strains produce kojic acid, sterigmatocystin and
attention to the speciés. clavatusand A. fumigatusto various unknown toxins affectind\rtemia salina and
the species from the groupsnigerandA. versicolor but  Bacillus megateriunNRRL 1366, chicken embryos and
rarely to other fungi of that genus. other organisms. From 4Gpores of theA. fumigatus
Another group of theAspergillusfungi found in raw SRRC - 2006 strain an amount of 9.89 ng of
food materials and victuals forms an important and largamigaclavin A was isolated [55]. In five out of eight
part of microbial population in dwellings. Till now it is fumigatus strains isolated from the indoor work
not known whether they could invade the human organvironment in a sawmill, fumigaclavin C and
tissues as parasites, or whether they could be harmfulvierruculogen were found [46]. The investigation was
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conducted in connection with the assumed lung mycosisAspergillus versicolohas an antigenic structure similar
in workers. In the filtrate from mycelium and medium théo that of Penicillium glabrum(frequentany [20]. After
presence of the hemolytic toxin was demonstratedn inhalation ofA. versicolorspores, laboratory rats after
containing large protein amount and traces of saccharidage month exposure showed granulomatous lesions in
[100]. lung tissue, localized mainly near to the bronchi [89].
Minimum temperature for mycelium growth is 10-12°C,
optimum 37° to 43°C, minimum relative air humidity Indoor air in the dwellings. A. versicolorwas found
85%, optimum 98% and for conidia formation minimumin the indoor air of homes in London, in Central Scotland,
90%, optimum 98-99%. Minimum yavalue for A. and in the Netherlands (in 9 of 11 examined homes, in
fumigatusgrowth is 0.94 and for sporulation 0.95. No32% of all examined homes and in 50% of examined
spore germination at 4-8°C was observed, optimusthools). It formed 16-27% of isolates in homes in Turin
germination temperature is 25°C and optimum watend 11.5% of isolates from moldy wallpaperA.
activity is 0.94. Optimum pH value of the environmenversicolor was found also in dust in dwellings in Saudi
for A. fumigatuganges from 3.0-8.0. Arabia (15000 cfu/g and 7.66% of all isolates). This
fungus is placed among the primary wall colonizers at
Aspergillus niger. Aspergillus species, characteristic 25°C in dwellings [25] and was also found in dust from
with their striking black pigmentation of the colonies, arenattresses.
classified within a largé\. niger group. In most papers A. versicolor spores germinate in 12-20 days in
describing the isolation of such strains they are presentependence on the temperature and the pH values of
simply asA. niger However, in that case it is difficult to substrates and at thg aalues ranging from 0.75-0.81.
differentiate which species were involved in the activitfhe g, values reported for this species are within the
described below in the indoor environment and in theange 0.78-0.98, minimum growth temperature is 6—9°C,
pathologic process. and optimum temperature is 25-27°C.
Most of the relevant papers deal with the production of
Indoor air in dwellings. The A. niger isolates were toxic and carcinogenic sterigmatocystin Ay versicolor
described in homes in London and Central Scotland, [86]. The amount of toxinogenic strains is rather high. We
Plzen (Czech Republic) (0.71-1.88% of all isolates) and counted arithmetically the number of tested strains and
in Egypt (15% of all isolates). They were found in Sauditrains producing sterigmatocystin described in 14 papers
Arabia in the dust from an air conditioning system (10608nd found that there were 256 strains tested of which 191
cfu/g and 7.93% of all isolates) and in dust fron{74%) produced this toxin under various laboratory
dwellings (8600 cfu and 4% of all isolates), in homes inonditions. From the 16 strains Af versicolorisolated in
California (in 19% of homes, on the average 2.9 ctu/mthe Czech and Slovak Republics sterigmatocystin was
maximum 59 cfu/rf), in Canada (in 6% of homes), inproduced by 11 (68.7%) strains [96].
Ontario, Canada, (on the average 7 cfivnResults
presented in another paper describe the presenée of CladosporiumLink ex Fries
niger in the dust from Canadian homes in 50% of all
examined samples in amount of 0.7 £ Bfu/g. In the Cladosporiumspecies (their older, but no more correct
Netherlands it was found in 4.5% of homes. name is Hormodendrumspecies) are often found in
The fungus is acidophilic, the minimum pH value ofvarious materials by laboratories engaged in environmental
1.5 is suitable for mycelium growth, optimum pH is 4.4-mycology. Colonies are not formed on media with a low
7.5, maximum 9.8. Minimum temperature is 6-8°CpH value 3.5.
optimum 35-37°C, maximum 45-47°C. Minimum air
humidity is 88—-89%, optimum 96—-98%, and minimugn a Allergic diseaseslt has been reported that 0.7% out of
value is 0.85. Minimum humidity for conidia formation is292 or 2.9% out of 2916 examined patients were allergic
92-95%, optimum 96-98%. Conidia germinate only ito C. herbarumallergens, but most of the patients were
temperatures exceeding 10°C. multiallergic [10, 19]. Atopic infants are the most
A. niger strains are known to be producers of mangensitive patients againGtadosporiumspp. allergens, in
enzymes and other metabolites [48h the well known skin tests positive reactions were found even in 42%
toxic metabolites belong the malforming, A,, By, B,, C  children aged up to four years. With increasing age, the
and oxalic acid. Strain No. 75/1, isolated in connectiopositive reactions showed decreasing tendency [43].
with an intoxication of a horse from fodder produced 8.37
mg oxalic acid/ml liqguid medium. In the spores Af Indoor air in dwellings. In general it is thought that
niger strain (SRRC 2005) aurasporon C (0.114 u%/1@ladosporiumspp. occur more often in the outdoor air
spores) was detected [65lowever, the papers describingthan indoors. Cladosporium spp. were found within
the incidence of toxic strains are full of contradictionshomes in the USA (70% of examined sites) [51], in
which may be due to the imprecise identification of th€anada (in all homes in an amount ranging from 12—
isolates, as mentioned above. 4637, on an average 437-456 cfynil8], in Saudi
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Arabia (in dust in the concentration of 10000 cfu/gthese species from the medical point of view. However,
forming 10% of all isolates) [78Cladosporiumspp. in  the Fusariumspecies belong to important agens causing
the air incidence in the indoor air of dwellings in Scotlanthycoses in humans [37], and to important producers of
(15% of all isolates on average) was dependent on thgycotoxins harmful to health. Trichothecenes, zearalenon,
mechanical carpet cleaning. During vacuum cleaning, infamonisins, belong to the best known toxins.
distance of 0.3 m from the vacuum cleaner, the concentration
of Cladosporiumspp. in the air increased from 12 cfu to Indoor air in the dwellings. Positive findings of
79000 cfu/m and after 90 minutes dropped to 789 cfu/m Fusarium spp. were made in US homes (in 2-6% of
At a distance of 2 m from the vacuum cleaner, the originakamined sites) [51], in South California (in 25% from 68
amount of 24 cfu/rhincreased to 18000 cfufrand after examined dwellings with a maximum of 47 cfd/and
90 minutes it dropped to 506 cfufii83]. minimum 4.5 cfu/m) [45], in homes in Scotland (in 10%

In dwellingsCladosporiunspp. are regarded as secondargf all examined homes) [33] and in the Netherlands (in
wall colonizers after the primary ones such as theé% of homes) [75].
Penicillium species and\. versicolor[25]. It was found The Fusarium incidence in a dwelling is proof of
that only 0.6% of airborne spores®@fadosporiumare of humidity in the environment [87].
such a size, that they can penetrate into the terminal
bronchi and alveoli in humans [74]. Penicillium Link

Cladosporium cladosporioideis a producer of many  Fungi of thePenicillium genus are a very important
enzymes [23]. Since it was isolated also from glycerg@roup of micromycetes regarding the economy and health
water solution used for photographic purposes, it wag humans. They produce mycotoxins whose presence
found in an experiment that it can grow even in a mediuand activities spoil food raw materials and victuals, as
containing as much as 45% glycerol, but in highewell as other components of human environment, some of
concentrations no growth was observed [55]. This speciggem being also potential pathogens [3&ntification of
is considered to be xerophilic, xerotolerant, but alsisolated strains is very complicated, thus the mycologists
psychrophilic. It is able to reproduce even on frozen meit practice - when identifying the isolated colonies - must
[22]. Minimum @, value for spore germination is 0.86be satisfied with a simple classification of the isolates into
(but also 0.815), for linear mycelium growth 0.88 and fothe Penicilliumgenus, when a more detailed identification
sporulation 0.90 at 25°C, but thg walues are influenced is not necessary for special monitoring or research.
by the pH value of the environment [32, 53]. Colonies of
this species can grow at room temperature and also at 30+ndoor air in the dwellings. Germs ofPenicillium spp.
35°C. were isolated in homes in the USA (in 26-51% out of

examined places), in South California (in 91% of 68

Cladosporium herbarumis a world-wide known examined dwellings, at the maximum concentration in the
fungus occurring mainly on plants and plant materials ammir 4737 spores/f on an average 168 spore¥min
present also in soil, food and other environments. Th@&anada (the concentration in indoor air was on an average
species was found in dwellings in the Netherlands (ib08 cfu/nd, in dust 8.1 x 1Dcfu/g), in homes in central
11% of all examined dwellings), in London, OntarioScotland (in 95% of all examined homes, 34% of all
Canada (in the average concentration of 96 Cfirnair isolates), in dust from dwellings in Saudi Arabia (17% of
and 1.9 x 1bcfu/g in dust), and in dust of dwellings inall isolates, at the concentration of 23500 cfu/g), and in
Saudi Arabia (10200 cfu/g and 5.4% of all isolat€s). homes in the Netherlands (in 11% of all examined
herbarumhas the ability to reproduce on frozen meat. Atomes).

-2°C it grows as early as after one month in the form of In indoor work environment at maize storing, 11% of
colonies with a diameter of 1 mm, at -5°C after fouviable Penicillium spp. spores were of such a size that
months [22]. This is a xerophilic and xerotolerant fungusthey were able to form a deposit only in the upper part of

Minimum air humidity for mycelium growth is 85— the respiratory tracts, 13.2% in the pharynx, 18.9% in
86%, optimum 95-96%, minimum for conidia formationtrachea and primary bronchi, 33.5% in secondary bronchi,
88-89%, optimum 96-98%, for conidia germinatiorl7% in terminal bronchi and 3.6% in alveoli [30].
minimum 88%. The fungus belongs to the fenol degradatingln Germany, 148Penicilliumspp. strains [49] isolated
micromycetes. At 25°C the,avalue for germination is from victuals and fodder were tested for the ability of
0.85, whereas for linear mycelium growth and sporulatiomycotoxin production. Of these, 829 (55.9%) produced

0.90, but also 0.75 [24, 53]. the following mycotoxins on malt wort agar:
cyclopiazonic acid (226 isolates), S-toxin (164), penicillic
Fusarium Link et Fries acid (140), patulin (82), brevinamid A (63), citrinin (63),

penitrem A (62), xantomegnin (61), PR toxin (55),
Fusariumspecies were known mainly as phytopathogengriseofulvin (43), ochratoxin A (39), rugulozin (30),
fungi which is why not enough attention has been paid t@rrukulogen TR (19), roquefortin (15), fumitremorgen
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B (14), citreoviridin (7), viridicatumtoxin (3), erythroskyrin  In dwellings,S. chartumis classified as a tertiary wall
(1), islandotoxin (1) and luteoskyrin (1). colonizer that follows after the primary colonizers

Penicillium spp. strains grow in thg,avalues ranging Penicillium species and. versicolorand after secondary
from 0.80-0.90. Minimum,avalue forPenicillium expansum Cladosporium species. The fungus grows well on all
growth at 25°C is 0.85. Minimum growth temperature fomaterials rich in cellulose and decomposes them. In
this species is -3°C, optimum 25-26°C, maximum 33ibraries it can cause a partial decay of paper, and has
35°C. Optimum air humidity for conidia formation is 95-been found also on paintings.

97%, optimum pH value is 4.4-7.5. On the bread crust The experts recommend that during the cleaning off of
surface the fungus can grow only when the crust has 22%¥ewths of this fungus in homes and workplaces the
humidity. workers should wear breathing masks and protective
clothings, since the arising spore dust irritates aggressively
Stachybotrys chartarum the skin and respiratory organs [11].
S. chartarumstrains produce toxic trichothecenes, e.g.

In the scientific literature there exist some synonymsatratoxins, verukarins, roridins and others. The toxic
for this species. For instance, some mycologists use timetabolites stachybotryotoxins-trichothecenes are concentrated
nameS. alternansand others. atra It is interesting that in the cells of the fungus [68], they are produced in
the first strain of this species was isolated from paper apdialides, conidia, conidiophores and the toxin diffuses
described in Prague, in the Czech Republic. into the medium. Strains start producing the toxins on

In workers handling contaminated substrates such sisaw as early as after four days, with a maximum after 2—
hay and straw, conjunctivitis, inflammation of mucou8 weeks. S. chartarum grows at pH 3.0-9.8, with
membranes of respiratory ways, skin irritation, bleedingptimum at pH 5.6-6.0, and at temperature 2.5-40°C,
from the nose, and in some more serious cases eweith optimum at 20-25°C. At 60°C the spores die in 10
leucopenia [64] were found. Chronic intoxication alseninutes. Minimum @ value for growth and toxin
suffered by the occupants of a house where the giroduction is 0.94. On 2% malt agar the minimuyn a
conditioning system and wet ceiling were contaminatedalue at 12°C is 0.91 and at 25°C 0.93. The spores are
with S. chartarum and in indoor air there were foundhighly resistant against drying. The fungus abundantly
spores of that species [11. study was carried out on multiplies and produces satratoxins G and H on
unusual incidence of acute lung hemosideroses in infamtallpapers and plasters with 84—100% humidity [61].
aged six weeks to six months in Cleveland, Ohio, USA. Based on a great number of studies it was concluded
One child died, and the only common sign was that &lat the trichothecene toxins are produced by nearly two
those families lived in dwellings contaminated wih thirds of all strains, and that strains from various countries
chartarumgerms. produce the same toxins. However, sometimes it is

Among othersMemnoniella echinatatrains were also enough to enrich the culture medium with glucose or
isolated from the environment, and it was found, that thesther components for the non-toxic strain to be converted
metabolites were highly cytotoxic. It was also proved thatto a toxic one [3, 4, 31, 34].
the M. echinatastrains produce trichothecenous mycotoxins:
trichodermol and trichodermin. The authors [35] reported Wallemia seb{Fr.) v. Arx
that the germs of that species can sometimes grow
together with theS. chartarumstrains. Massive incidence This fungus was described for the first time by Cordon
of spores of that species was also found in the indoior 1829 asTorula epizoa Later on, it was described as
work environment which had been accidentally floodedSprendonema epizouamd also agVallemia ichthyphaga
The employed staff (53 persons) suffered from symptoms
of toxic damage to lower part of lung tissue, skin and eyesAllergic diseases18% of 74 examined asthma patients
irritations and chronic weakness. Also, a statisticalljjad allergic reactions against the extract prepared\Wom
significant damage of the immune system, especially e€bi[79].

T-lymphocytes was found [41].
Indoor air in dwellings. Positive findings were

Allergic diseases.Asthma attacks of a four year oldreported from the indoor air of dwellings in the
boy were caused by. chartarumscattered from a moldy Netherlands. The source of the germs in the indoor air can
carpet [45]. be the dust from mattresses which contained these fungi

in concentration of 0.5 x $@fu/g [52].

Indoor air in dwellings. Positive isolation findings  SinceW. sebiis a very strong xerophilic species, the
were recorded in 3% of 68 examined homes in Soufitesence of its germs cannot always be proved when
California, USA (maximum 52 sporesinon average 0.3 using mycologic media. Special media like malt agar with
spores/m), in 13% of 47 examined homes in London, ir64% sucrose are recommended for its isolation.

4% samples from Central Scotland, and in one out of 50The toxicity of W. sebistrains was comparable in bio-
examined dust samples in Canadian homes. experiments with that of citrinin and penicillic acid [99].
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At 20°C and @ value 0.69 the spores germinate on &fluenced by the personality of the patient and because in
glucose or fructose medium in 46 days, at 30°C gnd some groups of atopic humans a clear relation between
value 0.79 in 9 days. Optimum growth is at 20°C apd dhe spore count in the air and the reaction of the patients
value 0.93-0.99, at 30°C ang w@alue 0.85-0.95, and at could not be proved [13, 43]. From the mycologists’ point
34°C and @ value 0.87. Minimum ,avalue at 22°C is of view there are problems in preparing a high quality

0.75 [97]. antigen test set to prove allergy in the patient.
HEALTH PROBLEMS IN OCCUPANTS OF B. Health Problems with Unclear Etiology. Some
“MOLDY” DWELLINGS authors revealed that in occupants of “moldy” dwellings

there is a higher incidence of bronchitis, sore throat,

A. Allergy. Vital and devitalized spores of fungi in theconcentration difficulties, back-aches, irritation of eyes
indoor air of houses are important aeroallergens and mouth cavity, feeling of weakness, etc. [73, 80].
genetically determined humans. In dwellings occupied bealth symptoms were also associated with increased
children suffering from asthma significantly greater sporamounts of Epicoccum spp., Aureobasidiumspp. and
counts ofCladosporiumspecies andPenicillium species yeasts in dwellings [87Health problems in occupants of
were found [50].In some case studies an evidenhomes where spores @tachybotrys chartarunwere
relationship between the presence of the fungus faund have been described above.
dwellings and allergic reactions of their occupants was An occupant of a “moldy” dwelling is exposed in that
found. After cleaning the contaminated sites, or when tlvironment not only to microscopic fungi but also to a
occupants moved into a new home, the symptonmumber of various volatile compounds released from
disappeared [82]. furniture, carpets, various paints and other materials. The

It was found that allergic alveolitis (hypersensitivitymechanism of the potential pathological effects of MFF
pneumonitis) was caused Benicillium expansunfg6], and their toxins on lung tissue in healthy humans has not
andRhodotorula rubrg[83]. Kannyet al.[42] found that been yet been made sufficiently clear.
the cause of eczema and respiratory disorders in a 25 yed8ome pathologic symptoms or subjective difficulties in
old female student was her hypersensitivity against tleecupants of homes or people working in moldy
antigens of micromycetes growing on the walls of hesontaminated environment have been described above,
home, i.eFusariumsp.,Cladosporiunsp.,Pullularia sp., however, for estimating the micromycete effects in the
Rhizopussp. andPenicillium species. An explicit relation indoor home environments, it is necessary to take into
was found in Japan between the summer hypersensitivitynsideration the results of the experiments conduoted
pneumonitis and the presence Tfichosporonspp. in vitro or on laboratory animals. Thus, it was found that
homes of the patients [1, 58, 88, 101, 1&Juffmanet 47% of the examined strains isolated from the dwellings
al. [43] revealed that atopic humans suffer from acuteere cytotoxic against human embryonal diploide
symptoms of fungal asthma when they inspire a grefifbroblasts from lung tissue [84]. The known toxic
number of spores. An adverse situation appears wheretabolites of MFF, e.g. trichothecenes and sterigmato-
mucous membrane of the epithelium of the respiratooystin, and extracts from some strains, cease the moving
tract of sensitive person is systematically colonized witbf cilia of tracheal mucous membranes in organ cultures
fungi, whose cells possess the ability to penetrate into them one day old chickens and thus affect the self-
deeper parts of lung tissue and to produce protease igleaning ability of these membranes [39, 69, 70, 71, 72].
depository niche. These authors also found that sensitizatiotranasal application of 1 x 40spores of satratoxin
with fungal antigens is dependent on the person’s age,educing Stachybotrys chartarum strain  causes
most humans with positive skin tests to the antigens ifflammatory reactions in the lung tissue of experimental
micromycetes are persons in the younger age categorimice together with exudative processes in alveoli and
An increasing mortality among asthmatic patients wdsronchi. These disorders could be classified as lung
observed at the time when a statistically significant highenycotoxicosis [62]. The damage in the lung tissue after
number of fungal spores was found in the air [92]. inspiring A. versicolorspores in rats has been presented

We have presented only a few out of a large amount albove.
data published in the scientific literature on allergy to Other experiments were carried out in connection with
fungi. The data show that there is a close relationshipdoor work environment [36], however, the identified
between the presence of germs of microscopic fungi sétrains and mycotoxins are only rarely found in large
the indoor air of dwellings and allergic symptoms in somamounts in homes: aflatoxins and D-secalonic acid.
patients. Nevertheless, most of the patients suffer from

“multiallergy”, with allergic reactions also against other CONCLUSIONS
environmental components. Evaluation of this problem is
an important task for clinical allergology. Nearly all studies presented in the literature point to the

The relatioship between the fungal antigens and tlfiact that there are certain relations between the presence
allergic patients is so complicated and considerabbf germs of filamentous fungi in the indoor home



Microscopic fungi in dwellings and their health implications in humans 9

environment and the health status and comfort of thel3. Dill I, Niggemann B: Domestic fungal viable propagules and
occupants of the dwellings sensitization in children with IgE mediated allergic diseaBesliatr

. . . . . Allergy Immunoll996,7, 151-155.
There are allergic reactions in the form of differing 14 puiewicz J: Bacteria and fungi in organic dust as potential

intensity of rhinitis, asthma, hypersensitivity pneumonitigealth hazardAnn Agric Environ Med997,4, 11-16.
in adu|ts, but especia”y in children of lower age Categories,15. Dutkiewicz J, Pomorski ZJH, Sitkowska J, Krysinska-Traczyk E,

; R orska C, Prazmo Z, Cholewa G, Wojtowicz H: Airborne
as well as various ill health problems of mostly unknowhkicroorganisms and endotoxin in animal houS§rana1994,33, 85-90.

etiology, such as fr?q.uer_]t bronchitis, chronic cough, 16. Ebner MR, Haselwandter K, Frank A: Indoor and outdoor
mucous membrane irritations, and others. The latt@kidence of airborne fungal allergens at low- and high-altitude alpine

especially disorders are at present the subjects of intenstggronmentsMycol Resl992,96,117-124.

; ; 7. Fogelmark B, Goto H, Yuasa K, Marchat B, Rylander R: Acute
studies and regarded as caused by intracellular ap'?u monary toxicity of inhaled beta-1,3-glucan and endotofigents

extracellular toxic metabolites of some MFF. . Actions1992.35, 50-56.
As presented in our survey, various species of 18. Fradkin A, Tobin RS, Tarlo SM, Tucic-Porretta M, Malloch D:
microscopic fungi colonize the walls and objects igpecies identification of airborne molds and its significance for the

; ; ; ; ; tection of indoor pollutio’APCA J1987,37, 51- 53.
dwellings and are liberated into the air depending on thé‘ﬁl& Frost A: Frequency of allergy to Alternaria and Cladosporium in

physiologic properties. The fungi may be xerophilicy specialist clinicallergy 1988,43,504-507.
xerotolerant, osmophilic and hydrophilic. Some of their 20. Fuhrmann B, Roquebert MF, van Hoegaerden M, Strossberg AD:

spores are easily liberated into the indoor air, some |dgununological differentiation of Penicillium specigSan J Microbiol

. : : ,35, 1043-1047.
SO; some are tiny while others are Iarge and can be cau 1. Fungal Contamination in Public Buildings: A Guide to

on the mucous membranfes of thg UDper.rESpiratory t@cﬂgeognition and ManagementFederal-Provincial Committee on
There are species of microscopic fungi whose toxicitgnvironmental and Occupational Health, Ottawa, Ontario, Canada 1995.

after intake together with contaminated food is well 22 Gill CO, Lowry PD: Growth at sub-zero temperatures of black

; ; P . spot fungi from meat] Appl Bact1982,52,245-250.
known and intensive, nevertheless the toxicity agam%? 23. Gilliam M, Prest DB, Lorenz BJ: Microbiology of pollen and bee

various StrUCtureS.O_f respiratory organs .has not as .)H?éad: a taxonomy and enzymology of molisidol 1989,20, 53-68.
been cleared. Toxicity of further metabolites and strains 24. Goto S, Takayama K, Shinohara T: Effect of temperature, water

colonizing dwellings against the respiratory organs hastivity and the vapor of ethanol and acetic acid on growth of wine cellar

- olds.J Inst Enol Vitic Yamanashi Uni\989,24,1- 6.
also not yet been sufficiently cleared, but all found dafd 25. Grant C, Hunter CA, Flannigan B, Bravery AF: The moisture

point to the fact that the tissue of human respiratof¥quirements of moulds isolated from domestic dwellingsernat
organs can be seriously affected by the microscopic furgjodeter1989,25,259-284.
and their toxins in the indoor environment of dwellings. ~ 26- Grant IWB, Blackadder ES, Greenberg M, Blyth W: Extrinsic
alveolitis in Scottish maltworkerBrit Med J1976,1, 490-493.
27. Gravesen S, Frisvad JC, Samson RMcrofungi. Munksgaard,
REFERENCES Copenhagen 1994.
28. Halonen M, Stern DA, Wright AL, Tasussig LM, Martinez FD:
1.Ando M, Arina K, Yoneda R, Tamura:Mapanese summer-type Alternaria as a major allergen for asthma in children raised in a desert
hypersensitivity pneumonitis - geographic distribution, home environme@vironmentAm J Respir Crit Care Met997,155,1356 -1361.
and clinical characteristics of 621 casém Rev Respir Di$991,144, 29. Hendry, KM, Cole EC: A review of mycotoxins in indoor dir.
765-769. Toxicol Environ Health38, 1993, 161-182.
2. Axelsson B-O, Saraf A, Larsson L: Determination of ergosterol in 30. Hill RA, Wilson DM, Burg WR, Shotwell OL: Viable fungi in
organic dust by gas chromatography - mass spectrodé@tyomatograph —corn dustAppl Environ Microbiol1984,47,84-87.
1995,666,77-84. 31. Hintikka E-L: Stachybotryotoxicosis as a veterinary problem. In:
3.Bata A, Harrach B, Vanyi A, Lepom P: Macrocyclic trichothecen&odrick JV, Hesseltine GW, Mehlman MMycotoxins in Human and
toxins produced bgtachybotrys atracta Vet Hungal 988,36,221-227. Animal Health 277 - 284. Gustav Fischer Verlag, Stuttgart 1978.
4.Bata A, Téren J, Lasztity R: Production of T-2 toxin and related 32. Hocking AD, Miscamble BF, Pitt JI: Water relations of
trichothecenes on different med#cta Vet Hungai984,32,147-152. Alternaria alternata Cladosporium cladosporioidesCladosporium
5.Bermingham S, Maltby L, Cooke RC: A critical assessment of tHehaerospermumCurvularia lunataand Curvularia pallescensMycol
validity of ergosterol as an indicator of fungal biomadgcol Res1995, Res1994,98,91-94.

99,479-484. 33. Hunter CA, Grant C, Flannigan B, Bravery AF: Mould in
6.Betina V: Mycotoxins. Chemical, Biological and Environmentalbuilding: the air spora of domestic dwellingstern Biodeter1988,24,
AspectsElsevier, Amsterdam 1989. 81-101
7.Betina V: Chromatography of Mycotoxins. Techniques and 34.Jarvis BB, Lee Y-W, CoOmezoglus SL, Yatawara CS:
Applications Elsevier, Amsterdam, 1993. Trichothecene produced I8tachybotrys atrérom eastern Européppl

8.Bjurman J, Kristensson J: Volatile production Bgpergillus ~ Environ Microbiol1986,51,915-918. o
versicolor as a possible cause of odor in houses affected by fungi. 35. Jarvis BB, Zhou Z, Jiang J, Wang S, Sorenson WG, Hintikka EL,
Mycopathologial992,118,173-178. Nikulin M, Parikka P, Etzel RA, Dearborn DG: Toxigenic molds in

9.Bromley IMJ, Donaldson K: Binding ofspergillus fumigatus Wwater-damaged buildings: dechlorogriseofulvins  frdemnoniella
spores to lung epithelial cells and basement membrane proteigshinataJ Nat Productd996,59,553-554.
relevance to the asthmatic lufignorax1996,51,1203-1209. 36. Jesenska AMicromycetes in Foodstuffs and Feedstufisevier

10. Buisseret PD: Seasonal allergic symptoms due to fungal spor&893.

Br Med J1976,2, 507-508. 37. Jesenska Z: Fusarium and fusarioses (In Slovagidemiol

11. Croft WA, Jarvis BB, Yatawara CS: Airborne outbreak of\ikrobiol Immunol1994,43,142-145. _ o _
trichothecene toxicosig&tmospheric Environmen986,20, 549 -552. /38. Jesenska Z: Conditionally pathogenic penicillia (In Slovk).

12. Dewey S, Sagunski H, Palgrem U, Wildeboer B: MicrobiaMikrobiol Inf L€k1996,2,210-212. _ o
volatile organic compounds: a new approach in assessing health risk by39. Jesenska Z, Bernat D: Effect of mycotoxins on in vitro movement
indoor mould?Zbl Hyg1995,197,504-515. of tracheal cilia from one-day-old chick&olia Microbiol 1994,39 155-

158.



10 Pieckovéa E, Jesenska Z

40. Johanning E, Yang CS (Ed$-ungi and Bacteria in Indoor Air 63. Noorderuliet PF: Food enzymes - uses and safityobiologie
Environments. Health Effects, Detection and Remediatibfsunt - Aliments - Nutritior1983,1, 1-18.

Sinai, Eastern New York Occupational Health Program 1995. 64.0zegovic L, Pavlovic R, Milosev B: Toxic dermatitis,

41. Johanning E, Biagini R, Hull D, Morey P, Jarvis B, Landsbergisonjunctivitis, rhinitis, pharyngitis and laryngitis in fattening cattle and
P: Health and immunology study following exposure to toxigenic fundiarm workers caused by mold contaminated straw (stachybotryotoxicosis
(Stachybotrys chartarumin water-damaged office environmertt  ?).Veterinarya (Sarajeva}971,20,263-267.

Arch Occup Environ HIt1996,68,207-218. 65. Palmgren MS, Lee LS: Separation of mycotoxins - containing

42. Kanny G, Becker S, de Hauteclocque C, Moneret-Vautrin DAsources in grain dust and determination of their mycotoxin potential.
Airborne eczema due to mould allergyontact Dermatitis1996,35,  Environ Hith Perspective4986,66,106-108.

378. 66. Park H-S, Jung K-S, Kim SO, Kim SJ: Hypersensitivity

43. Kauffman HF, Tomee JFC, van der Werf TS, de Monchy JGRyneumonitis induced bRenicillium expansunn a home environment.
Koeter GK: Review of fungus-induced asthmatic reacthm.J Respir  Clin Exp Allergy1994,24,383-385.

Crit Care Med1995,151,2109-2116. 67. Pasanen A-L, Lappalainen S, Pasanen P: Volatile organic

44. Kim Y, Suzuki K, Kitao S, Takagi I, Shunkichi B: Clinical metabolites associated with some toxic fungi and their mycotoxins.
review of nasal allergy due to funguscta Otolaryngol (Stocki)995,  Analyst1996,121,1949-1953.

Suppl. 525 105-107. 68. Pasanen A-L, Nikulin M, Toumainen M, Berg SY, Parikka P,

45. Kozak PP, Gallup J, Cummins LH, Gillman SA: CurrentlyHintikka E-L: Laboratory experiments on membrane filter sampling of
available methods for home mold surveys. Il. Examples for probleairborne mycotoxins produced ®yachybotrys atr&orda.Atmospheric
homes surveyednn Allergy1980,45,167-176. Environ1993,27A, 9-13.

46. Land CJ, Hult K, Fuchs R, Hagelberg S, Lundstrdm H: 69. Pieckova E, Jesenskad Z: The effect of chloroform - extractable
Tremorgenic mycotoxins fromAspergillus fumigatusas a possible secondary metabolites of filamentous fungi on the movement of
occupational health problem in sawmillppl Environ Microbiol1987,  respiratory tract cilia of one-day-old chicks in vitféolia Microbiol
53,787-790. 1995,40, 123-127.

47. Larsen TO, Frisvad JC: Comparison of different methods for 70. Pieckova E, Jesenskd Z: Ciliostatic effect of fungi on the
collection of volatile chemical markers from fungiMicrobiol Methods  respiratory tract ciliary movement of one-day-old chickens in vitro.
1995,24,1354-1440. Folia Microbiol 1996,41,517-520.

48. Lehtonen M, Reponen T: Every activities and variation of fungal 71. Pieckova E, Jesenska Z: Ciliostatic activity in day-old chicks
spore concentrations in indoor dintern Biodeter Biodegrad993,31, indicates microscopic fungi toxicity in vitrédAnn Agric Environ Med

25-40. 1997,4, 35-36.
49. Leistner L: Toxigenic penicillia occurring in feeds and foods: a 72. Pieckova E, Jesenskd Z: The effect of chloroform extracts of
review.Food Technol Australid984,36,404-406. micromycete biomass on the movement of tracheal cilia in one-day old
50. Li C-S, Hsu L-Y, Chou C-C, Hsieh K-H: Fungus allergens insidehickensin vitro. Czech Mycol 997,50, 57-62.
and outside the residences of atopic and control childeh. Environ 73. Pirhonen 1, Nevalainen A, Husman T, Pekkanen J: Home
Med1995,50, 38-43. dampness, moulds and their influence on respiratory infections and
51. Lumpkins ED, Corbit SL, Tiedeman GM: Airborne fungi survey.symptoms in adults in FinlanBur Respir J1996,9, 2618-2622.
I. Culture-plate survey of the home environmértn Allergy1973,31, 74. Rantio-Lehtiméki A: Evaluation the penetration of Cladosporium
361-370. spores into the human respiratory system on the basis of aerobiological
52. Lustgraaf BVD: Seasonal abundance of xerophilic fungi ansampling resultsAllergy 1989,44, 18-24.
house-dust mites (Acarida: Pyroglyphidae) in mattress Qestologia 75. Reenen-Hoekstra, van, ES, Samson RA, Verhoeff AP, van
(Berlin) 1978,36,81-91. Wijnen JH, Brunekreef B: Detection and identification of moulds in

53. Magan N, Lacey J: Effect of temperature and pH on wat@®utch houses and non-industrial working environme@tsana 1991,
relations of field and storage fungirans Br Mycol So€984,82,71-81.  30,418-423.

54. Marasas WFO: Fumonisins: history, world-wide occurrence and 76. Reynolds HY: Hypersensitivity pneumonitis. Correlation of
impact.In: Jackson Let al. (Eds): Fumonisins in Food1-27. Plenum cellular and immunologic changes with clinical phases of disease.

Press, New York 1996. 1991,169,S129-S130.
55. Meyers AJ, Jr.: Contamination of aqueous glycerol solution by 77. Rylander R: Airborne (@ 3)-beta-D-glucan and airway disease
Cladosporium cladosporioideblycologial988,80, 732-734. in a day-care center before and after renovatiaoh Environ Health

56. Miller JD, Laflamme AM, Sobol Z, Lafontaine P, Greenhalgh R1997 52, 281-285.
Fungi and fungal products in some Canadian housé=n Biodeter 78. Saad RR, EI-Gindy AA: Fungi of the house dust in Riyadh, Saudi

1988,24,103-120. Arabia.Zbl Mikrobiol 1990,145,65-68.

57. Millner PD, Bassett DT, Marsh PB: Dispersal Agpergillus 79. Sakamoto T, Urisu A, Yamada M, Matsuda Y, Tanaka K, Torii S:
fumigatusfrom sewage sludge compost piles subjected to mechanicudies on the osmophilic funggallemia sebis an allergen evaluated
agitation in open ai\ppl Environ Microbiol1980,39, 1000 -1009. by skin prick test and radioallergosorbent tést. Arch Allergy Appl

58. Mizobe T, Yamasaki H, Doi K, Ando M, Onoue K: Analysis ofimmunol1989,90, 368-372.
serotype-specific antibodies Teichosporon cutaneurtype | and type Il 80. Samson RA, Flannigan B, Flannigan ME, Verhoeff AP, Adan

in patients with summer-type hypersensitivity pneumonitis WithDCG, Hoekstra ES (Eds.Health Implications of Fungi in Indoor
monoclonal antibodies to serotype-related antibodies to serotype-relatasl/ironmentsElsevier, Amsterdam 1994.
polysaccharide antigensClin Microbiol1993,31,1949—1951. _ 81. Schlueter DP, Fink JN, Hensley GT: Wood-pulp worker's
59. Montemurro N, Visconti A: Alternaria metabolites - chemical andlisease: a hypersensitivity pneumonitis caused by Alterdarialntern
biological data. InChetkowski J, Visconti A (Eds.): Alternaria. Biology, Med1972,77,907-909.
Plant Diseases and MetaboliteB}9-557. Elsevier, Amsterdam 1992. 82. Senkpiel K, Kurowski V, Ohgke H: Investigation of fungal
60. Nevalainen A, Pasanen A-L, Niininen M, Reponen T, Kalliokoskgontamination of indoor air in homes of selected patients with asthma
P, Jantunen MJ: The indoor air quality in Finnish homes with molgronchiale Zbl Hyg1996,198,191-203.
problemsEnviron Intern1991,17,299-302. 83. Siersted HC, Gravesen S: Extrinsic allergic alveolitis after
61. Nikulin M, Pasanen A-L, Berg S, Hintikka E-Stachybotrys exposure to the yeaRhodotorula rubraAllergy 1993,48, 298 -299.
atra growth and toxin production in some building material and fodder 84, Smith JE, Anderson JG, Lewis CW, Murad YM: Cytotoxic
under different relative humiditieg\ppl Environ Microbiol1994,60,  fungal spores in the indoor atmosphere of the damp domestic
3421-3424. ) _ o ) environmentFEMS Microbiol Lett1992,100,337-343.
62. Nikulin M, Reijula K, Javis BB, Hintikka E-L: Experimental lung  85. Sobottka A, Thriene B: Sanitation programmes for living spaces
mycotoxicosis in mice induced IStachybotrys atralnt J Exp Pathol  and health risk involvedoxicol Lett1996,88, 365-368.
1996,77,213-218.



Microscopic fungi in dwellings and their health implications in humans 11

86. Sorenson WG, Simpson J, Dutkiewicz J: Yeasts and yeast-like 95. Verhoeff AP, van Wijnen JH, Brunekreef B, Fischer P, van
fungi in stored timberntern Biodeterl991,27, 373-382. Reenen-Hoekstra ES, Samson RA: Presence of viable mould propagules

87. Su HJ, Rotnitzky A, Burge HA, Spengler JD: Examination ofn indoor air in relation to house damp and outdoorAdiergy 1992,47,
fungi in domestic interiors by using factor analysis: correlations ang3-91.
associations with home factofgpl Environ Microbiotl 992,58, 181-186. 96. Vesely D, Vesela D, JesenskaA&pergillus versicolomoulds

88. Sugita T, Nishikawa TS, Shinoda T, YoshidaAiido M: A new  producing sterigmatocystin (In Slovak}s Hyg 1981,26,104 -108.
speciesTrichosporon domesticurisolated from the house of a summer-  97. Wheeler KA, Hocking AD, Pitt JI: Effects of temperature and
type hypersensitivity pneumonitis patient in Japdn.Gen Appl water activity on germination and growth Wfallemia sebiTrans Br
Microbiol 1995,41,429-436. Mycol Soc1988,90, 365-368.

89. Sumi Y, Nagura H, Takeuchi M, Miyakawa M: Granulomatous 98. Wilkins K, Larsen K: Variation of volatile organic compounds
lesions in the lung induced by inhalation of mold spokdschows  patterns of mold species from damp buildinGeemospherd 995,31,
Archiv1994,424,661-668. 3225-3236.

90. Summerbell RC, Staib F, Dales R, Nolard N, Kane J, 99. Wood GM, Mann PJ, Lewis DF, Reid WJ, Moss MO: Studies on
Zwanenburg H, Burnett R, Krajden S, Fung D, Leong D: Ecology cd toxic metabolite from the mouldVallemia Food Additives
fungi in human dwellings] Med Vet Mycol992,Suppl. 1,279-285. Contaminant4990,7, 69-77.

91. Sunesson AL, Nilsson CA, Andersson B, Blomquist G: Volatile 100. Yokota K, Shimada H, Kamaguchim A, Sakaguchi O.: Studies
metabolites produced by two fungal species cultivated on buildingm the toxin of Aspergillus fumigatusVIIl. Purification and some
materials Ann Occup Hyd.996,40,397-410. properties of hemolytic toxin (Asp.-hemolysin) from culture filtrate and

92. Targonski PV, Persky VW, Ramekrishman V: Effect ofmycelia.Microbiol Immunol1977,21,11-22.
environmental molds on risk of death from asthma during the pollen 101. Yoshida K, Ando M, Sakata T, Araki S: Environmental

seasonJ Allergy Clin Immunoll995,95, 955-961. mycological studies on the causative agents of summer-type
93. Thor J, Rylander R: Airways inflammation and glucan in dypersensitivity pneumonitisl Allergy Clin Immunol1988, 81, 475-
rowhouse areaddm J Respir Crit Care Met998,157, 1798-1803. 483.

94. Verhoeff AP, van Reenen-Hoekstra ES, Samson RA, Brunekreef 102. Yoshida, K, Ando M, Sakata T, Araki S: Prevention of
B, van Wijnen JH: Fungal propagules in house dust. I. Comparison sfimmer-type hypersensitivity pneumonitis: Effect of elimination of
analytic methods and their value as estimators of potential exposufeichosporon cutaneunfrom the patients homeArch Environ Hith
Allergy 1994,49, 533-539. 1989,44,317-322.



