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Prevalence of microfungi in Finnish cow barns and some aspects
of the occurrence of Wallemia sebiand Fusaria
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Objectives The occurrence of microfungi in the air and in feeding and bedding materials was studied on
32 Finnish dairy farms.

Methods Air samples for determining viable and total spore concentrations were collected on membrane
filters and with a cascade impactor. Genera of mesophilic, xerophilic, and thermophilic fungi were identified in
four culture media. Total spore counts were done with the aid of an epifluorescence microscope. To identify
fungal flora in agricultural materials, feeding and bedding material samples were also taken from the farms.
Results The airborne spore concentrations varied for viable mesophilic, xerophilic, and ther mophilic fungi
from 10 to 107 colony-forming units per cubic meter, and for total spores from 10° to 107 spores per cubic meter.
Aspergillus, Penicillium, Cladosporium, Absidia species, Wallemia sebi and yeasts were the predominant fungi
in the air, as well as in the material samples.

Conclusions 1In general, the airborne spore concentrations were high although the variation in the concentra-
tions of different fungal groups was large between the farms. Along with using new growth media, two fungi
whose prevalence was earlier poorly known in Finland were detected. W sebi proved to be the most abundant
xerophilic fungi in the air and hay samples, while Fusarium spp were very common in grain and straw but rare

in air.
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It is well-known that exposure to actinomycete and fun-
gal spores can cause different respiratory symptoms and
diseases among farmers. The airborne microbial concen-
trations and composition of microbial flora have been
widely studied in agricultural work environments. In
farm buildings, viable spore concentrations have been
reported to vary between 10% and 10’ colony-forming
units (cFu) - m™ depending on the type of farming (dairy,
pig, or poultry farming) and phases of work (1-—=8). In
the studies, the species Aspergillus (eg, A glaucus group
and A fumigatus), Penicillium, Cladosporium, Rhizopus,
Mucor, Paecilomyces, Alternaria, Absidia, Botrytis, and
Scopulariopsis and yeasts have been observed to be the
most common airborne fungi. Fungal spores originate
from different sources in the agricultural environment.
Laboratory and experimental studies have indicated that
the same fungal species that are identified in hay, grain,
straw, silage, wood shavings, and sawdust are also de-

tected in the air samples collected during the handling of
the same materials (6, 9—15).

Traditionally, viable spore concentrations in work
environments have been determined with sampling and
counting methods based on the cultivation of micro-
organisms under certain conditions (eg, collection with
slit samplers or cascade impactors). For highly contami-
nated occupational environments, the use of viable count-
ing techniques has been criticized because of the short
sampling times, a risk of overloaded agar plates, and a
consequent large variability in concentrations between
samples (6, 11, 16). In addition, viable spores or cul-
turable spores, as a matter of fact, represent only a small
part of the total airborne spores. However, both viable
and dead spores can cause Symptoms among occupants.
Therefore, in recent years, direct epifluorescence, scan-
ning electron and light microscope counting techniques
have been developed for making the total spore count
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(5,6, 11, 17). However, the identification of micro-
organisms seems to be a problem with these methods,
because it is solely based on differences in spore size,
shape, and surface ornamentation. Thus cultivation is
still the most reliable practice to identify fungal flora. On
the other hand, the recovery of different species is strong-
ly affected by growth media. Through the selection of
various media, new aspects of the prevalence of fungal
species can be revealed or even previously unknown
species can be detected.

In Finland, the prevalence of airborne fungi in agri-
cultural work environments has usually been investi-
gated from air samples collected with a cascade impactor
using malt-glucose-rose Bengal (HAGEM) agar for
mesophilic and thermophilic fungi and 10% sodium chlo-
ride-malt extract (NaCI-MALT) agar for xerophilic fun-
gi. Total spore concentrations have been previously re-
ported only in a few studies (5, 18). In the present work,
in addition to cascade impactor sampling, both viable
and total spore concentrations were determined in cow
barns with the CAMNEA (collection of airborne micro-
organisms on nucleopore filters, estimation and analysis)
method on the basis of filter sampling and the analysis of
spores through cultivation and direct counting with an
epifluorescence microscope (17). In addition to the tradi-
tionally used growth media, fungi were also cultivated
on 2% malt extract (MALT) and dichloranglycerol
(DG18) agars. Furthermore, the origin of different fun-
gal genera was clarified by isolating fungi from feeding
and bedding materials used in the cow barns.

Materials and methods

The study was carried out on 32 dairy farms, of which 16
were situated in Ostrobothnia and 12 in eastern, 2 in
northern and 2 in central Finland. The barns were built in
1870—1991, and 15 buildings had been repaired during
the last 18 years. Twenty-one barns were equipped with
a mechanical exhaust ventilation system, and the rest had
natural ventilation. The number of milking cows varied
from 6 to 24. All of the farms used dried hay and grain,
and in addition 31 farms used silage for feeding the
cattle. On 30 farms, bedding materials, usually dried
straw but on some farms also dried hay, peat, wood
shavings and sawdust, were used.

The samples were collected on the farms in January-
April 1993. In each barn, one filter sample (polycar-
bonate filter, diameter 37 mm, pore size 0.4 wm, Nucle-
pore Corporation, Pleasanton, USA) at the flow rate of
2.01- min™' and two series of six-stage cascade impactor
samples (model 10—800, Andersen Inc, Atlanta, USA)
at a flow rate of 28.3 1 - min~! were taken at the height of
1.5 m on a feeding passage as the farmers worked. The
sampling times varied between 1.5 and 4 h for the filter
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samples and 42 and 106 s for the impactor samples. The
corresponding air volumes were 177—531 1 and 20—
50 1, respectively. One of the impactor samples was col-
lected during or after the handling of dried hay, and the
other was taken after the handling of bedding or other
feeding materials. Filter sampling was started 15—
60 min before the first impactor sampling, and it ended
not later than 30 min after the second impactor sampling.

Viable and total spore concentrations from the filter
samples were analyzed with the CAMNEA method de-
scribed in detail elsewhere (17). Mesophilic and ther-
mophilic fungi were cultivated on MALT agar and incu-
bated at 25°C for 5~—7 d and at 40°C for 3—4 d, respec-
tively. Xerophilic fungi were cultivated on DG18 agar
(19) and incubated at 25°C for 5—7 d. Both media con-
tained 100 mg -1-' of chloramphenicol to prevent the
growth of bacteria. To count the total number of spores
with the CAMNEA method, the suspended particles from
the filter samples were stained with acridine orange, and
spores were counted with an epifluorescence microscope
(17) without any separation of the fungal and actino-
mycete spores.

The impactor samples were collected on MALT and
HAGEM (20) agars for mesophilic fungi, NaCI-MALT
agar (21) for xerophilic fungi, and HAGEM agar for
thermophilic fungi. The HAGEM and NaCI-MALT agars
contained 35 mg - 1-' of streptomycin to inhibit the
growth of bacteria, The plates for different fungal types
were incubated as has already been described. The viable
spore counts were calculated by the positive hole correc-
tion method to take account of the probability that more
than one spore was impacted into the same point on a
collection medium (22). In both the filter and impactor
samples, yeasts were counted separately, and fungal
genera were identified with a light microscope. Viable
spore concentrations were presented as colony-forming
units (cFu) per cubic meter and the total spore concentra-
tions as spores per cubic meter.

The feeding and bedding material samples that were
handled during the air sampling were also collected on
each farm. Fungal flora was identified from 41 hay,
26 grain, 21 straw, 10 silage, 8 sawdust or wood shaving,
and 4 peat samples. The samples were weighed and
homogenized in dilution water (1 g- 1" of peptone,
0.01% of Tween80 detergent) and shaken for 1 h. From
each, a dilution series was prepared, and suspensions
were plated on MALT agar for mesophilic and ther-
mophilic fungi and on DG18 agar for xerophilic fungi. In
addition, a subsample of each material was strewn as
such on agars to avoid a dilution effect and to determine
also the fungal genera that are not predominant in the
samples. The plates were incubated as mentioned previ-
ously. Only the composition of the fungal flora was
recorded, but the spore concentrations were not deter-
mined from the samples.



Resuils

The viable fungal spore and total spore concentrations
measured on 32 farms are presented in table 1. The
viable spore concentrations varied from 10% to 10°
cFu - m= for mesophilic, 10>—107 cFu-m™ for
xerophilic and 10'—10° cFu - m= for thermophilic fun-
gi, depending on the method and growth media. Total
spore concentrations were 10°—107 spores - m=. The
prevalence of the main fungi in the air samples is shown
in table 2. The most common fungi were Aspergillus spp,
especially the A glaucus group and A fumigatus, Penicil-
lium spp, Cladosporium spp, yeasts, Acremonium spp,
Wallemia sebi, Absidia spp, Paecilomyces spp and Mu-
cor spp. Other fungal genera that were present in < 54%
of the air samples and comprised < 4% of fungi were
Acremoniella, Alternaria, Arthrobotrys, Aureobasidium,
Botrytis, Dimargaris, Eurotium, Fusarium, Geotrichum,
Gliomastix, Gonatorhodiella, Humicola, Hyalodendron,
Monascus, Monocillium, Neosartorya, Olpitrichum, Pa-
pularia, Phialophora, Phoma, Rhizopus, Scopulariopsis,
Staphylotrichum, Trichoderma, Trichothecium, Verticil-
liun, and Wardomyces.

The occurrence of fungi in the feeding and bedding
materials is presented in table 3. Some fungal genera,
such as Penicillium, Aspergillus, Cladosporium, Rhizo-
pus, Absidia and yeasts, were detected in nearly all of the
material samples. On the other hand, some fungi oc-
curred the most abundantly in certain materials, like

Table 1. Viable spore concentrations of mesophilic, xerophilic
and thermophilic fungi and total spore concentrations in the
air of 32 cow barns measured with CAMNEA (collection of
airborne microorganisms on nucleopore filters, estimation
and analysis and cascade impactor methods. (GM = geometric
mean, cFu = colony-forming unit, MALT =2% malt extract
agar, HAGEM = malt-glucose-rose Bengal agar, DG18 =
dichloran-glycerol agar, NaGI-MALT = 10% NaCl-malt extract
agar)

Spore concentration
(cFu or spores - m-%)

Fungal group

Number GM Minimum Maximum
of
samples
Mesophilic fungi
CAMNEA/MALT 32 57-10¢ 65-10% 1.7.108
Impactor /MALT 64 1.3.10¢ 500 31.10°
Impactor/HAGEM 64 2.0-10¢ 200 35.108
Xerophilic fungi
CAMNEA/DG18 32 33.10° 11.10¢ 14.10°
Impactor/NaCl-MALT 64 4.0-10¢ 12.10°0 4.9.10°
Thermophilic fungi
CAMNEA/MALT 32 540 30 15108
Impactor/HAGEM 64 470 20 9.1.10¢
Total spores
CAMNEA 32 47.10¢ 56-10° 4.0.107
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Fusarium spp in grain and straw, W sebi in hay, Paecilo-
myces spp, Aureobasidium spp, and Trichoderma spp in
wood shavings and sawdust, and Trichoderma spp in
peat.

Discussion

A large variation in spore concentrations was observed
between the air samples regardless of the sampling and
counting methods. The spore concentrations varied from
102-fold to 103-fold for mesophilic and xerophilic fungi

Table 2. Prevalence of the predominant fungi in viable spore
concentration (%) and among air samples (%) collected from
cow barns. (CAMNEA = collection of airborne microorganisms
on nucleopore filters, estimation and analysis, MALT = 2%
malt extract agar, HAGEM = malt-glucose-rose Bengal agar)

Fungi In concentration In samples
group or genera
CAMNEA
Mesophilic fungi
Aspergillus 48 91
Penicillium 34 100
Cladosporium 7 63
Acremonium 5 34
Yeasts 4 66
Xerophilic fungi
Wallemia sebi 43 97
Aspergillus 25 100
Penicillium 23 97
Cladosporium 5 78
Absidia 1 19
Thermophilic fungi
Aspergillus 36 50
Absidia 14 38
Penicillium 11 16
Pascilomyces 7 16
Yeasts 2 6
Impacior
Mesophilic fungi
Penicillium 33/422 87/98¢
Aspergillus 32/28¢ 76/708
Yeasts 14/7¢ 83/88°
Sterile mycelia 12114 76/78¢
Cladosporium 5/8 65/67¢
Xerophilic fungi
Aspergillus 39 94
Penicillium 38 83
Sterile mycelia 10 55
Cladosporium 8 80
Yeasts 3 47
Thermophilic fungi
Aspergillus 23 53
Yeasts 20 50
Sterile mycelia 20 55
Penicillium 16 33
Mucor 8 36

2 The two values represent the results obtained with the MALT and
HAGEM media, respectively.
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Table 3. Prevalence of different fungal genera in the feeding and bedding material samples (%) used on 32 farms. The
superscripts refer to the literature references in which the same fungi were detected in the materials or in the air during the

handling of the materials.

Fungus Percentage frequency in samples
Grain Silage Straw Hay Peat Wood
(N = 26) (N=10) (N=21) (N =41) (N=4) bedding
(N=8)
Mesophilic or thermophilic
Absidia 154 20 33 49 — 131
Acremonium 48.10 10 108 56.9 — —
Alternaria glo.14 — 514 171314 — —121
Aspergi//us 126,11,13, 14 2014 106,11,13,14 546,9,13—15 — 506,11,12,14
Aureobasidium 121 — — 21315 — 501214
C/adOSPOfiUm 886,10,14 3014 866,13,14 716,9.13.14 J— 1312.14
Fusarium 770 20 90 17 — —
MUCOr ‘[26,13,14 — 14 106,13,14 56,13,14 —_ 612,14
PaeCi/OmyCES 5,13, 14 N 6,13, 14 26,13,14 50 3811,12,14
PeniCi//iUm 586,10,11,13,14 5014 336,11,13. 14 786 9,13—15 100 866,11,12,14
Rh/ZOpUS 656.14 10 146.11,13, 14 226,13.14 25 506.12.14
Tn'choderma 6,14 10 —6,13,14 176 9,13,14 R 506,12,14
Ulocladium 4 — — 5 — —
Yeasts 8113,14 6014 5713,14 5613,14 J— 8612,14
Xerophilic
Absidia 38™ 20 141 151 —_ 131
Acremonium 8 —H 10 — —_ —
Asperg/'/lus 3511.13.14 "1 2411,13,14 2013~15 25 3811.12.14
A' g/augus 5811,13,14 4014 5211.13.14 9513—15 25 6311,12,14
Cladosporium g2 20 951,14 56114 — 131214
Eurotium — — — 215 — 13
Monascus 8 — 10 5 — —
Neosartorya — — —_ 2 — —
Penicillium 77111314 501 57184 73115 100 10011214
Phoma 8 — 10 —15 — —_—
Wallemia sebi —5.1 — 338 88s — 13
YeaStS 5813, 14 3014 4813,14 3413, 14 50 3812.14

and even from 10°-fold to 10*fold for thermophilic fun-
gi. The smallest variation (100-fold) was found for the
total number of spores. Although the sampling was car-
ried out under similar conditions on each farm, the re-
markable variability can be explained by various factors,
such as differences in the microbiological quality of feed-
ing and bedding materials, in work manners and devices,
and in ventilation equipment and efficiency in the farm
buildings between the farms and in the viability of air-
borne spore between the fungal species.

The geometric means indicated that the xerophilic
spore concentrations were higher and thermophilic spore
concentrations lower than those of mesophilic fungi. In
general, the viable spore concentrations in the barns were
at the same level as those measured under corresponding
conditions in previous studies (3, 5, 6, 18). Viable spores
have been estimated to comprise about 1—25% of the
total spore concentration, depending on the sampling and
counting methods and the sampling sites and conditions
(5, 6, 18). In some cases, however, the viability percent-
age of airborne fungal spores has been as high as 98%
(11). In our study, viable fungal spores consisted of about
1—10% of the total spore concentrations. However, this
estimation is inaccurate because the total number of fun-
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gal and actinomycete spores was not counted separately
and the spore concentrations of viable actinomycetes
were not quantified.

The use of a cascade impactor is recommended up to
the spore concentration range of 10*—10° cFu - m>. At
higher concentrations, the efficiency and accuracy of the
method deteriorate because of overgrowth of the agar
plates and the limitation of a sampling time (16). In our
study, the spore concentrations sampled with an impac-
tor were approximately in the recommended range. How-
ever, one filter sample with a long sampling time gave,
on the average, higher spore concentrations than two
short-term impactor samples although the impactor sam-
ples were taken under conditions in which the spore
concentration was assumed to be at its highest. It should
also be noted that the results measured with these two
methods are not totally comparable because of different
sampling times. Spore concentrations determined with
the CAMNEA method describe long-term exposure well,
while impactor sampling can be used to indicate short-
term peak values provided that spore concentrations are
in the recommended range.

The composition of the most common airborne
mesophilic and thermophilic fungi, as well as of the



fungi that occurred to a minor extent, agrees well with
the composition reported for fungal flora in the air of
cow barns in previous works (3, 5, 6). Aspergillus, Peni-
cillium, and Cladosporium were the main fungal genera
in all of the samples. Aspergillus spp, especially the
members of the A glaucus group, have been previously
reported to be the most predominant xerophilic fungi in
the air of Finnish cow barns (3). The same result was
also obtained in this study when NaCl-MALT agar was
used as the growth medium. However, the results ob-
tained with DG18 agar revealed that W sebi occurred
even more abundantly than Aspergillus spp, comprising
almost half of the xerophilic spore concentrations (ie, a
magnitude of 10°—105cFu - m™. W sebi has been previ-
ously found in viable and total spore concentrations of
107 cFu or spores - m~ in the air of a barley elevator (11).
On the other hand, the fungus was observed only in 6%
of the air samples collected from 79 Swedish farms (6).
DGI18 agar was used in the former study, but not in the
latter one. Because DG 18 agar favors the growth of slow-
ly growing fungi, such as W sebi, and inhibits the growth
of fast growing genera, it is recommended for enumer-
ating xerophilic fungi from dried, low-moisture food-
stuffs and from the air in occupational environments
where fast growing fungi (eg, Eurotium spp (A glaucus,
imperfect state) are present (19, 23). W sebi may be an
important fungus as an aspect of health effects, because
its spores are small (2.5—3.5 um in diameter) and they
usually occur in spore aggregates of less than three spores
in the air (11, 24). Thus airborne spores of W sebi can
easily reach the alveolar region of the lung.

In the impactor samples, more different mesophilic
and thermophilic fungal genera were detected on MALT
agar (N =22) than on HAGEM agar (N = 16). Fungal
genera, such as Fusarium, Phoma, Gliomastix, Scopu-
lariopsis, Botrytis, Aureobasidium, Papularia, Dimarga-
ris, Acremoniella, Olpitrichum, Wardomyces, Eurotium,
and Arthobotrys, were identified only on MALT agar.
Correspondingly, Monocillium spp and Staphylotrichum
spp were found only on HAGEM agar. In the case of
xerophilic fungi, approximately the same number of fun-
gal genera was detected on DG18 agar (N =11) as on
NaCl-MALT agar (N=12). As for W sebi, DG18 agar
seemed to be a suitable medium for Ascomycetes. In
addition, the prevalence of yeasts and sterile mycelia
was higher in the impactor samples than in the filter
samples. However, generalizations should be avoided in
this case, because the effects of the sampling methods
and the growth media on the composition of fungal flora
cannot be separated.

The same fungal genera were predominant both in
the air of the cow barns and in the feeding and bedding
materials handled during the air sampling. Table 3 shows
that similar fungal flora were detected in the materials in
this study as presented in the literature. The results indi-
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cate that dried hay is the main source of W sebi spores.
The same finding was also obtained in a Swedish study
(6). However, according to a paper reported in the United
States, W sebi did not belong to the main fungi in dried
hay (15).

The results also show that Fusarium spp were very
common in grain and straw; 77—90% of the samples
contained the fungus. A high prevalence of Fusaria
(> 85% of the grain samples studied) was also detected
in an earlier Finnish report (10). However, the spores of
Fusarium spp were only found in concentrations of 10?
cFu - m™ in 34% of the air samples. A possible reason
for this finding is that Fusarium conidia are not neces-
sarily easily released into the air. It has been stated that
the discharge of Fusarium conidia is favored by cold air
with a high humidity, and conidia typically occur in
short-term and explosive peaks in the air (25). In addi-
tion, particularly macro-conidia, as large spores (15—
90 um x 2—7 um), settle rapidly in the air (24). Further-
more, the identification of Fusaria can be difficult be-
cause only a few growth media favor the sporulation of
the fungus (24). However, the detection of Fusaria in
agricultural environments is important because Fusarium
species may have a significant role as an allergen source
and mycotoxin producer (26, 27).

Concluding remarks

The present work indicated that relatively high fungal
spore concentrations (up to 107 spores - m=) with a large
variability and a wide spectra of fungal species origi-
nated from feeding and bedding materials in Finnish cow
barns. With two sampling and counting methods, dif-
ferent information can be obtained on exposure to micro-
fungi. Cascade impactor sampling with the cultivation
method can be used to indicate short-term exposure to
airborne spores of different fungal species, while filter
sampling combined with the determination of both via-
ble and total spore concentrations is a useful tool for
evaluating total exposure to fungi during periods of sev-
eral hours in highly contaminated environments. The
study also revealed that W sebi is a very abundant fungus
in hay and in the air of cow barns, while Fusarium spp
are common in grain and straw but are not necessarily
frequent in the air.
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