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Moulds and mites, a serious allergenic threat, are present in dwelling buildings with
mycological biodeterioration. The problem becomes even more serious if among
allergenic fungi there are species which are mycotoxicogenic and cause human and
animal mycosis, such as: Aspergillus versicolor Tiraboschi and Scopulariopsis
brevicaulis Bainier. The most common mites found in buildings in temperate climates are
Dermatophagoides pteronyssinus and D. farinae.
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1. INTRODUCTION

The Lubuskie Province (Poland) is a representative area of many buildings
situated in the moderate climate zone. In this area mycological and
mycotoxicological researches were conducted in dwelling buildings infested
with moulds [24]. In over 250 flats 27 species of moulds belonging to 30 kinds
were isolated [26]. The frequency of occurrence was established for the isolated
species of moulds in the flats included in the research. For this purpose, a five
level scale (1-5) created by Piontek [23, 24] was used. Ten species of moulds
most frequently were found on the walls in the flats. Five of them were present
very often (5) and often (4). Those were respectively: Penicillium chrysogenum
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Thom, Cladosporium herbarum Link ex Gray, Mucor racemosus Fresenius,
Ulocladium chartarum Simmons and Aspergillus versicolor Tiraboschi. At the
same time, they endangered the health of the inhabitants of houses with fungal
deterioration. It does not mean though, that it is not necessary to study the other
species of moulds. Stachybotrys chartarum Hughes is an example of a highly
hazardous species, which is occasionally present in building materials
(frequency 1), but more often in air conditioners. The effects of exposure to this
fungus were lung haemorrhages and deaths of infants [9, 16].

Moulds are often present in buildings. Apart from a number of negative
effects, such as the bio-deterioration of building and finishing materials,
aesthetics of the interiors, irritating “smell”, they also deteriorate the sanitary
state of flats. They are the cause of a number of diseases affecting people and
animals. Known threats caused by moulds are: allergies, mycoses, and
mycotoxicoses [24]. The biggest mycotoxicological threat for people living in
flats infested by moulds is Aspergillus versicolor, which produces micotoxin
sterigmatocystin ST, which has neurotoxicological, immunosuppressive and
hepatocarcinogenic effects [24]. The International Agency for Research on
Cancer classified it as one of human carcinogens 2A [15]. This fungus is often
present on building materials, but does not always produce a carcinogenic
mycotoxin. Mycotoxinogenic and highly productive strains that produced
significant amounts of ST (> 500 mg kg™ biomass) were less frequently found
[25].

About 50% of moulds isolated from walls are capable of synthesizing
mycotoxins dangerous to people and animals [31]. Ten species are relatively
capable of surviving in the tissues of vertebrates and causing mycosis.
Scopulariopsis brevicaulis Bainier is one of them [26]. It is quite often found in
nail mycosis in human infections, it affects people with the impaired immunity
system. It was present in damaged skin, the lungs and the digestive system. It
belongs to BSL 2 (biosafety levels), [10, 11]. This species additionally proved to
be food for mites (Acari), [26].

A mycological analysis also gives reason for determining potential
allergological threats posed by moulds in buildings [27, 28]. From among the
most common molds found on the walls in houses there are six species which
respectively (beginning with the most common allergens) cause inflammations
in people: Penicillium chrysogenum, Aspergillus niger, Cladosporium
herbarum, Aspergillus versicolor, Alternaria alternata and Aspergillus flavus
[30]. The source of allergens in moulds are proteins. They belong to four
entirely different products of moulds, which can be dangerous to human health
[21]. Proteins cause immediate reactions within a few minutes since exposure
(allergy type 1), [6, 8] and the release of histamine without the mediation of IgE,
nonimmunological reaction — pseudoallergies [20].
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The range of deteriogenic micro-organisms encountered in houses is
wide, extending from bacteria (including actinomycetes) to yeasts, moulds and
wood-rotting and plaster fungi in the Ascomycetes and Basidiomycetes.
Consequently, indoor bioaerosols can contain a variety of deteriogenic bacteria,
yeasts and both spores and mycelial fragments of actinomycetes and filamentous
fungi. The substrates on which these deteriogenic microorganism grow include
surface coatings on the walls, wood, carpets and other soft furnishings, the soil
of potted plants and foodstuff which is damp [7].

House dust mites are regarded as the main cause of allergies in housing

all over the world [2], whereas in mouldy flats the danger of allergies increases,
because besides mites (Acari), bacteria and nematodes (Nematoda), moulds are
also quite often present. The most abundant and most often reported mites found
in dwelling buildings in temperate climates are Dermatophagoides
pteronyssinus and D. farinae (Acari, Astigmata, Pyroglyphidae). In most studies
on domestic mites in houses, also in Poland [12, 13, 32, 33, 34], samples have
usually been obtained from beds, carpeted floors and upholstered furniture as
the three main types of indoor micohabitats of these acarines [2]. It should be
emphasised, that natural and/or possible sources of different domestic mites in
house dust are still not quite known [35].
Recent research proved that among 77 species of moulds present in houses in
the area of the Lubuskie province in Poland a few more species are food for
mites. Therefore research concerning the coexistence of mites and moulds on
the walls in buildings was conducted.

2. METHODS AND MATERIALS

2.1. Place of sampling

In houses fungi were obtained from the inner surfaces of building barriers with
visible mouldiness: parts of walls, ceiling tiles, plasters, plasterboards, plaster
panels, finishing materials (paints, wallpapers, binders, floorings, building
paper) and others. Methods used in the research and presented in this paper are
described in detail by Piontek [24].

2.2. Sampling

Samples were taken directly from the place where moulds were present onto
surfaces with four nutrient media (two synthetic media, Cz, SNA and two
natural media MEA and PDA, using Petri dishes).
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2.3. Cultures of moulds for taxonomic research

Samples were incubated in a cultivating room covered with a white sheet in a
room temperature of 18°-22° C with the diurnal rhythm of day and night. Clean
(axenic) cultures were isolated from the mixed initial cultures by passaging onto
two media: Czapek — Doxa (Cz) and malt agar (MEA). The time of passaging
the cultures and observation of the species isolated took about 21 days.
Furthermore, the cultured strains of moulds were then examined and identified
in order to determine their taxonomical rank.

2.4. ldentification of moulds

Species of moulds were determined by macroscopic and microscopic
examination on the basis of their morphological and physiological features
according to [31]. The colonies on the Petri dishes were observed
macroscopically with a binocular (stereomicroscope). The moulds on the Petri
dishes and in microscopic preparations were observed microscopically with a
Nikon TMS microscope.

2.5. Acarological analysis

Mites were mounted in a Hoyer medium on slides, and the species and life
stages were determined with the aid of an Axioscope 2 Zeiss compound
microscope.

3. RESULTS

There are associations of moulds on mouldy walls in houses (rarely single
species, monoculture). Apart from moulds, there are also bacteria, mites and
nematodes, which are frequently present. A sort of biological membrane
(trophic microchain) is formed with consecutive levels of succession. All mites
belong to Tyrophagus putrescentiae (Acari, Astigmata, Acaridae). A total of 29
mite specimens were found, including 19 females, 5 males and 5 tritonymphs.
This storage and domestic mite is fungivorous and many species of moulds are
their food. Dead organisms, their excrements and exuviae, on the other hand,
supply fungi with organic substances [22]. In the mycological research
conducted in the Lubuskie Province by Piontek [24] in flats, such a
protocooperational system (interspecies interaction) was present in flats
moulded for a longer period of time (years) between mites and ten species of
moulds: Acremonium strictum, Aspergillus niger, Botryotrichum piluliferum,
Chaetomium elongatum, Epicoccum nigrum, Penicillium aurantiogriseum, P.
chrysogenum, Rhizopus stolonifer, Trichotecium roseum, Ulocladium botrytis.
Recently such interaction was observed with two further species: Cladosporium
herbarum and Scopulariopsis brevicaulis, [26]. Among the twelve species of



The occurence of mites (acari) on walls infested with moulds in dwelling houses 167

moulds mentioned three species: Penicillium chrysogenum  Thom,
Cladosporium herbarum Link ex Gray and Aspergillus niger van Tieghem are
classified as allergenic fungi (according to Schata et al. [30]. Those species are
at the same time most frequently present on inner building barriers of houses.
Six species of moulds belong to BSL 1 category (biosafety levels — classification
of biosafety of fungi potentially pathogenic for humans and animals):
Penicillium chrysogenum Thom, Cladosporium herbarum Link ex Gray,
Aspergillus niger van Tieghem, Acremonium strictum W.Gams, Ulocladium
botrytis Preuss, Rhizopus stolonifer (Ehrenberg ex Link) Lind i.e. fungi which
cause coincidental, superficial, noninvasive or light infections. One of the
twelve species mentioned in Table 1, Scopulariopsis brevicaulis Bainier is the
biggest mycological threat, it belongs to the BSL 2 category, whereas five
species of moulds are capable of synthesizing dangerous mycotoxins:
Penicillium chrysogenum Thom, Aspergillus niger van Tieghem, Chaetomium
elongatum Czerepanova, Penicillium aurantiogriseum Dierckx, Trichotecium
roseum Link ex S.F.Gray.

Table 1. Moulds present on inner surfaces of building barriers together with mites
according to the frequency of their presence in rooms [according to Piontek (24)].

No. Species of moulds occurrence in houses
1. Penicillium chrysogenum Thom 5
2. Cladosporium herbarum Link ex Gray 5
3. Aspergillus niger van Tieghem 3
4. | Acremonium strictum W.Gams 3
5. Ulocladium botrytis Preuss 3
6. Chaetomium elongatum Czerepanova 2
7. Rhizopus stolonifer (Ehrenberg ex Link) 2
Lind
8. Botryotrichum  piluliferum Saccardo et 1
Marchal
9. Epicoocum nigrum Link ex Link 1
10. | Penicillium aurantiogriseum Dierckx 1
11. | Scopulariopsis brevicaulis Bainier 1
12. | Trichotecium roseum Link ex S.F.Gray 1

4. DISSCUSION

Many species of moulds can pose all the dangers or only those selected and
described above. Aspergillus flavus and A. fumigatus can cause allergies of the
respiratory system, lung diseases, so called aspergilloses and can produce
carcinogenic mycotoxins. Similar effects are caused by a number of fungi of the
Penicillium order. Also, some species of Fusarium and Mucor produce
micotoxins and cause allergies [29].
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Inhaling large amounts of spores and parts of mycelia influences human
health. It can not be expected that in the case of visible moulds on the walls
there will be no health problems among the inhabitants, including allergic
diseases such as: bronchial asthma (mould asthma), allergic alveolitis (alveolitis
allergica, extrinsic allergic alveolitis, hypersensivity pneumonitis), allergic
rhinitis and sinusitis, atopic conjunctivitis, organic dust toxic syndrome
(ODTS), chronic fatique-like syndrome [19]. Allergens of moulds concentrated
in poorly aired rooms are a serious danger to people with an atopic disease [3].
It is known that fungal spores of the Aspergillus, Cladosporium and Penicillium
order present in humid buildings can cause asthma and/or rhinitis among atopic
inhabitants. Over 10% of people suffer from atopic diseases (hay fever, atopic
asthma). Atopy is a genetic inclination for an increased synthesis of class IgE
antibodies in comparison to antigens common in the environment (e. g. moulds
and mites) [21].

T. putrescentiae belongs to the storage mites which are common
inhabitants of dust of different stored agricultural products and are responsible
for profession-related allergies among farmers, as well as causing sensitisation
among bakers and grain workers [1, 17, 36]. These mites may also be a source
of exposure to allergens in dwellings. A CRIE analysis of the T. putrescentiae
extract utilizing sera from 24 farmers from the USA exposed because of their
profession identified 14 allergens [1]. Immunoblotting using sera of the farmers
identified a 16-kDa protein as a major IgE-binding component of T.
putrescentiae extract (allergen Tyr p 2) [1, 17]. This allergen shows more than
50% sequence identity with Lep d 2 of L. destructor and about 40% with
allergens of Dermatophagoides spp. [4]. The number of allergens actually
identified in extracts of T. putrescentiae was comparable to the number that was
identified in the extracts of the house dust mites Dermatophagoides spp. [1, 2,
4,14,17, 18, 36].

5. CONCLUSIONS

Experiments on animals proved that the respiratory system distributes toxins
quite effectively. Their inhalation causes a systemic toxic effect more
effectively than their permeation per mouth or peritoneum [5]. Since a large
amount of spores inhaled with air causes allergies, it is worth connecting
mycotoxiticy and allergenicity of moulds, and it is worth continuing the initiated
researches on the coexistence of mites and moulds in dwelling houses.
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WYSTEPOWANIE ROZTOCZY (ACARI) NA SCIANACH PORAZONYCH
GRZYBAMI PLESNIOWYMI W BUDOWNICTWIE MIESZKANIOWYM

Streszczenie

W budownictwie mieszkaniowym z biodeterioracja plesniowa znajduja si¢ grzyby
plesniowe i roztocze stanowigc powazne zagrozenie alergogenne. Problem jest o wiele
grozniejszy jezeli wsrod grzyboéw alergogennych sa gatunki mikotoksynotworcze
i wywolujace grzybice u ludzi i zwierzat jak Aspergillus versicolor Tiraboschi oraz
Scopulariopsis  brevicaulis  Bainier. Najczgéciej — wystgpujacymi  roztoczami
w budownictwie sg Dermatophagoides pteronyssinus i D. farinae.



