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Abstract The investigation of bioaerosols in the

recent years has become more important both indoors

and outdoors. Due to expanding of livestock farm

capacity, raising attention is paid to this source of

emissions. The objective of the present study was to

estimate the distribution of bioaerosols in the animal

husbandry and its surroundings. Over 2 fattening

periods with different animal ages and weights, the

main emphasis was put on the total concentrations of

mesophilic bacteria and Staphylococcus spp., espe-

cially the species S. aureus. The bioaerosols were

sucked in with an AGI-30 Impinger, and nasal and

neck skinfold swab samples were collected supple-

mentary from randomly selected pigs. From the first

series of measurements, the total concentration of

mesophilic bacteria was 6.2 9 105 cfu/m3 and

dropped to 2.6 9 105 cfu/m3 with increasing growth

of the swine. The concentration of Staphylococcus

spp. was 8.8 9 104 cfu/m3 and decreased to

9.4 9 103 cfu/m3 by the end. In the empty barn, the

total concentration of mesophilic bacteria was

9.1 9 104 cfu/m3 and for Staphylococcus spp.,

1.1 9 104 cfu/m3. At the beginning of the second

series of measurements, the total concentration of

mesophilic bacteria was 6.6 9 104 cfu/m3 and

dropped to 4.4 9 104 cfu/m3 with the increasing

growth of the piglets. The concentrations of Staphy-

lococcus spp. fluctuated along the second measure-

ment series. The species Staphylococcus aureus was

detected in nasal swabs of selected swine including

MRSA. Temperature and humidity had no influence

on the concentrations of mesophilic bacteria in the

swine barn.
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1 Introduction

Animal husbandry has undergone a structural change

toward large farms in recent years. The numbers of

animals are increasing, while the number of farms

decreases. In Germany, the number of animals

increased by 5% from 2000 to 2016, but the farms

reduced by 80% (Jungbluth et al. 2017). The

bioaerosol emission increases due to the extension of
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the operating volume of the animal farms. Therefore,

the emissions not only affect the air quality but also

may impair the health of persons living near a

livestock farm. In addition, there are unavoidable,

unpleasant odors, which are considered a problem

during building approval proceedings (Schiffmann

et al. 1995; Liu et al. 2014).

Bioaerosol measurements are carried out at live-

stock farms and in the ambient air to assess health risks

as well as environmental aspects. Occupational med-

ical examinations have shown that people who are

exposed to bioaerosols, such as bacteria, fungi and

endotoxins, are more likely to suffer from health

problems, respiratory diseases, infections or allergies

(Herr et al. 1999; Radon and Nowak 2003). It is

important to keep the emissions in the barn as low as

possible in order to protect the health of farmers and

animals and comply with animal welfare directives

(VDI 4250 Part 1 2014).

Investigations inside animal housings compared

with results from bioaerosol immission measurements

in the surrounding of farms may help to assess the risk

of potential negative health outcomes for the popula-

tion in the right next neighborhood. An assessment of

this risk factor is usually done by indicator parameters

that characterize the emission of the pig farm build-

ings. The VDI standard specifies the emission factors

for the parameter’s staphylococci in particular S.

aureus, which occurs due to antibiotic resistance such

as the methicillin-resistant S. aureus (MRSA) and

intestinal enterococci, as these can act as potential

pathogens in humans and animals (VDI 4255 Part 4

2017). Friese et al. (2012) and Schulz et al. (2012)

reported the occurrence of MRSA in the exhaust air of

swine farms and confirmed its colonization in animals’

noses. Previous studies reported that the bacterial

concentrations in the barns increased with the increase

in the weight and size of the animals (Chang et al.

2001; Sowiak et al. 2011; Kim and Ko 2019). The

present study objectives had been planned to test this

expectation in a swine barn in Styria, Austria.

1.1 Aim of the study

The present study was conducted to measure bioaer-

osols in pig barns within 2 separate fattening periods in

order to determine the total concentrations of meso-

philic bacteria with the focus on Staphylococcus spp.

In addition, swab samples from nasal and neck

skinfold of selected pigs were examined to detect S.

aureus colonization.

2 Material and methods

2.1 The description of the pig barn

The barn is divided into 3 separate compartments with

a size of 112 m2 for 138 animals. Each compartment

includes 6 bays with 23 animals each. The fattening

pigs are kept on a slit floor, and the ventilation is

carried out through a porite ceiling with fresh air

supply from the south-facing eave. In the selected

swine barn, the 12-week-old piglets were housed in

with a weight of 30–40 kg and kept in the compart-

ments until they reached a slaughter weight of around

110 kg after a fattening period of 16 weeks. The

feeding is biphasic depending on the age of the

animals. After emptying, the barn was cleaned and

disinfected to be prepared for the upcoming fattening

period.

2.2 Bioaerosol measurements and animal

sampling

Ten measurements in 2 series were conducted in one

of the 3 compartments of the swine barn, and the first

five M1–M5 (series I) took place in November and

December 2018 and the second five M6–M10 (series

II) in February and March 2019. The samples were

collected once a week. Air temperature, humidity,

sampling time, number and weight of the pigs were

documented. In this study, 2 different swine herds

were investigated in series I and series II

measurements.

For each measurement, the AGI-30 Impinger (Ace

Glass Inc., Vineland, USA) with a flow rate of 12.5 L/

min (cutoff diameter: 0.31 lm) was applied for

30 min. The device was filled with 30 mL of phos-

phate-buffered saline (PBS) solution according to VDI

4257 Part 2 (2011) as a collecting medium and was set

up approximately one meter above the floor in the barn

(Fig. 1). The samples were transported in a sterile

condition for the investigation process.

In both the first and second series of measurements,

swab samples were taken from nasal and neck skinfold

of 6 randomly selected swine (S1–S6) using sterile

COPAN Transystem� cotton swabs. The
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microbiological examinations of the samples were

processed within 12 h.

2.3 Cultivation and identification

of the microorganisms

Serial dilutions of 100–10-3 were made from PBS

collected samples by AGI-30 Impinger, and 100 or

500 lL was cultivated on specific agar media accord-

ing to the instructions of the VDI guideline (VDI 4253

Part 3 2006). Subsequently, the agar plates were

incubated at 37 �C for 48 h. Tryptic Soy Agar (TSA)

was used to determine the total concentrations of

mesophilic bacteria, and the colony-forming units per

m3 (cfu/m3) of air were calculated.

For calculation of indicator parameters as staphy-

lococci, aerococci and enterococci, the selective

media are listed in Table 1.

For isolation of S. aureus from the 6 nasal and neck

skinfold of swine, samples were streaked directly onto

MAN and chromIDTM S. aureus Elite (SAIDE) agar.

Based on morphological criteria, the colonies were

subcultured on COL agar.

Subsequently, the subcultures were qualitatively

examined by means of VITEK� MS (bioMérieux,

France), a MALDI-TOF mass spectrometry system.

All identifications displaying a single result with a

confidence value of 99.9% were considered accept-

able for VITEK MS. Isolates yielding a single result

without acceptable confidence level or multiple results

or ‘‘no identification’’ results were retested (Neumeis-

ter et al. 2009; Kärpänoja et al. 2014). The retesting of

bacterial identification was done using 16SrDNA PCR

and comparing sequences with those available in the

GenBank, EMBL and DJB databases using the gapped

BLASTN 2.10.1 program through the National Center

for Biotechnology Information server (Relman 1993;

Altschul et al. 1997).

2.4 Antibiotic resistance testing and spa typing

The S. aureus identified by MALDI-TOF–MS in the

samples from nasal and neck skinfold swabs of

selected pigs were subjected to antibiotic resistance

testing according to EUCAST V9.0, 2019 guidelines.

The testing for susceptibility of bacterial strains to

antibiotics was carried out by means of the agar

diffusion test from BD BBLTM Sensi-DiscTM (BD,

USA). The tested antibiotics were penicillin (P),

cefoxitin (FOX), tetracycline (TE), clindamycin

(CC), erythromycin (E), norfloxacin (NOR), mupir-

ocin (MUP), linezolid (LZD), rifampicin (RA), fusidic

acid (FA), sulfamethoxazole and trimethoprim (SXT),

gentamicin (GM) (Mutschler et al. 2012; Fritsche

2016).

For further characterization of S. aureus isolates,

spa typing was performed as described by Zhang et al.

(2005) and Ruppitsch et al. (2006).

3 Results

Two series of measurements were done (series I, series

II). The first one (M1–M5) took place at the end of a

fattening period; in the second measurement series

(M6–M10), the stable air was investigated at the

beginning of a fattening period.

Fig. 1 Measurement location (�Köck)
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3.1 Barn occupancy during the measurement

series I and II

In series I (M1–M5), the swine steadily gained weight

and the number of animals decreased in the fact that

some animals had already reached the slaughter

weight and were taken away (Table 2). M5 was done

in the empty barn, but cleaning and draining of liquid

manure had not yet taken place. In series I, the

humidity was around 60% at temperatures between

20 �C and 21 �C. In series II, the temperature was

between 24 �C and 25 �C and the humidity reached

60% in the barn.

3.2 Quantitative analysis

The total concentrations of the mesophilic bacteria,

Staphylococcus spp. and Aerococcus spp. of series I

and II, are listed in Table 3. In the first series of

measurements, a higher number of different genera

were found than in the second series of measurements,

whereas Enterococcus spp. could only be detected in

the second series. Enterococci is not shown in the

table or in the figures.

3.2.1 Series I measurements

The concentrations of mesophilic bacteria decreased

from 6.2 9 105 (M1) to 2.6 9 105 cfu/m3 (M3)

during series I as the weight of the animals increased

and then rose again in the M4 to 105 cfu/m3. M5 was

done in the empty uncleaned barn with total concen-

trations of mesophilic bacteria of 9.1 9 104 cfu/m3.

The concentrations of Staphylococcus spp. decreased

from 8.8 9 104 (M1) to 9.4 9 103 cfu/m3 (M3) with

the increasing weight of the animals. At M4, the

concentrations of Staphylococcus spp. increased again

to 3.1 9 104 cfu/m3. The Staphylococcus spp.

achieved a concentration of 1.1 9 104 cfu/m3 at M5.

The concentrations of Aerococcus spp. decreased from

3.3 9 105 (M1) to 4.1 9 104 cfu/m3 (M2) as the

weight of the animals increased. The concentrations

increased at M3 and M4 from 1.2 9 105 to

4.2 9 105 cfu/m3. The last measurement M5 in the

empty barn shows concentrations of Aerococcus spp.

of 1.6 9 104 cfu/m3. Standard error of measurements

of mesophilic bacteria concentrations is also shown in

Fig. 2.

3.2.2 Series II measurements

The total concentrations of mesophilic bacteria at the

beginning of the measurements increased from

Table 1 Incubation parameter and bacterial spectrum of culture media

Culture media Temp (�C)/Time (h) Spectrum

Tryptic soy agar ? Cycloheximide (TSA) 37/48 Total mesophilic bacteria

Mannitol salt agar (MAN) 37/48 Staphylococcus spp.

Columbia CNA agar with 5% sheep blood ? Colistin/Nalidixic Acid (CNA) 37/48 Gram-positive bacteria

MacConkey agar (MC) 37/48 Gram-negative bacteria

chromIDTM S. aureus Elite agar (SAIDE) 37/48 Staphylococcus aureus

Slanetz/Bartley agar (SL) 37/48 Enterococcus spp.

Bile Aesculin Azide Agar (BAA) 44/2 Intestinal enterococci

Table 2 Animal/weight in

series I and II

measurements (M1–M10)

Series I Series II

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

Animal No 115 115 106 105 / 138 138 138 137 137

Weight (kg) 114 117 120 123 / 42 46 55 60 65
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6.6 9 104 (M6) to 1.1 9 105 cfu/m3 (M7) and then

dropped to 2.7 9 104 cfu/m3 (M9) during the follow-

ing 2 measurements. At M10, the total concentrations

of mesophilic bacteria increased again to

4.4 9 104 cfu/m3. The concentrations of Staphylo-

coccus spp. show fluctuation, increased from M6 to

M7 and dropped at M8 and then rose again within the

last 2 measurements. The concentrations of Aerococ-

cus spp. show fluctuations; the highest concentration

was 1.1 9 105 cfu/m3 at M7, and the lowest was

2.3 9 104 cfu/m3 at M8. Standard error of

measurements of mesophilic bacteria concentrations

is also shown in Fig. 3.

3.3 Qualitative analysis

One hundred and sixty-six strains were identified by

MALDI-TOF–MS and 16SrDNA PCR of which 94

strains were identified as Staphylococcus species.

Table 3 The concentration of bioaerosols of series I (M1–M5) and II (M6–M10)

Measurements (M) Total mesophilic bacteria cfu/m3 Staphylococcus spp. cfu/m3 Aerococcus spp. cfu/m3

M1 6.2 9 105 8.8 9 104 3.3 9 105

M2 3.3 9 105 2.0 9 104 4.1 9 104

M3 2.6 9 105 9.4 9 103 1.2 9 105

M4 7.3 9 105 3.1 9 104 4.2 9 105

M5 9.1 9 104 1.1 9 104 1.6 9 104

M6 6.6 9 104 6.6 9 103 3.1 9 104

M7 1.1 9 105 1.2 9 104 1.1 9 105

M8 4.9 9 104 1.2 9 103 2.3 9 104

M9 2.7 9 104 2.7 9 103 9.3 9 103

M10 4.4 9 104 2.7 9 103 2.9 9 104

Fig. 2 Total concentrations of mesophilic bacteria, Staphylococcus spp. and Aerococcus spp. of series I
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3.3.1 Series I identification

Aerococcus viridans and S. pasteuri were the most

common identified mesophilic bacterial species

(n = 103) in the barn. No S. aureus species have been

detected in the pigpen air (Fig. 4).

3.3.2 Series II identification

The largest proportion of investigated mesophilic

bacterial colonies (n = 63) counted as A. viridans, S.

pasteuri and S. cohnii. Additionally, intestinal ente-

rococci (Enterococcus hirae) were detected in 8% (5

isolates), and no S. aureus species were found in the air

of the piglet’s barn (Fig. 5).

Fig. 3 Total concentrations of mesophilic bacteria, Staphylococcus spp. and Aerococcus spp. of series II

Fig. 4 Identification of mesophilic bacteria in series I (n = 103)
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Table 4 lists the mesophilic bacterial genera

including the respective number of identified species

of the 2 measurement periods, series I and II.

3.4 Swine nasal/neck skinfold swabs

In series I, S. aureus colonization was detected in the

nose of one adult swine (S4), whereas S5 and S6 were

tested negative. The spa typing revealed in a spa type

t034 and resistance testing showed a methicillin-

sensitive S. aureus (MSSA) with resistance to peni-

cillin and tetracycline. In series II, S. aureus colo-

nization was determined in the noses of 2 piglets (S1,

S2) and in the neck skinfold of a third animal (S3). The

result of spa typing shows that S1 and S2 were both

carriers of spa type t011. Antibiotic resistance testing

resulted in a MRSA S. aureus in S1 and a MSSA in

animal S2. For S3, also spa type t011 was identified in

the swine neck skinfold as MSSA. The 3 isolates (S1–

S3) revealed resistance to penicillin, tetracycline,

clindamycin and erythromycin. The assessment of

antibiotic resistance is described in Table 5.

4 Discussion

Contrary to the expectation of the initial hypothesis of

the present study that mesophilic bacterial concentra-

tion increases with increasing weight and size of the

pigs, there was no such continuous increase seen in the

investigated barn. In order to explain this fluctuation

of mesophilic bacteria concentrations in the barn air,

other factors such as measurements after daily feeding

sessions, farm keeper work in the barn or pig selection

for slaughtering could have had an impact on the

results. Kim and Ko (2019) performed measurements

in forced ventilated pig farms with a 6-stage cascade

impactor and calculated a mean concentration of

1.2 9 104 cfu/m3. Their findings showed that the total

concentration of mesophilic bacteria increased with

the size and weight of the pigs and there was no

fluctuation like we recorded in the present study.

Sowiak et al. (2011) reported that the concentrations

of microorganisms were significantly higher in case of

small herds, the type of bedding system, manual feed

distribution and natural ventilation of barns. Chang

et al. (2001) investigated pigpens and found similar

concentrations of mesophilic bacteria of 105 cfu/m3 at

the end of the fattening period. By comparing different

bioaerosol sampling methods, it was confirmed that

the AGI-30 Impinger was the sampling device of

choice for viable bacteria in pigpens (Thorne et al.

1992).

Due to the high level of liquid manure which was

kept over the entire fattening period under slit floor,

mesophilic bacteria were also detected in the

uncleaned empty barn measurement in series I (M5).

In the air of emptied and cleaned barns, the concen-

trations of mesophilic bacteria were lower than of

1.8 9 103 cfu/m3 (Martin et al. 1996; Bilić et al.

2000).

The total concentrations of mesophilic bacteria and

Staphylococcus spp. in measurement series I of the

hogs were one order of magnitude higher than that of

Fig. 5 Identification of mesophilic bacteria in series II (n = 63)
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the piglets in series II. This may be explained by the

larger body surface of adult animals which may

release more bacteria into the surrounding air. This

indicates that the concentrations of Staphylococcus

spp. in the barn air increase with increasing weight and

size of the animals. Gärtner et al. (2017) reported a

mean concentration of 2.0 9 105 cfu/m3 for Staphy-

lococcus spp., whereas the present study measured a

concentration of 8.8 9 104 cfu/m3 in series I. The

emission levels of Staphylococcus spp. were higher in

the exhaust air of forced ventilation farms than inside

the barn air. Other studies focused on the detection of

S. aureus in the exhaust air of pig farms but did not

mention the total number of the genus Staphylococcus

(Friese et al. 2012).

At present time, Aerococcus spp. are not considered

as indicator parameters for emissions from pig farms.

However, in the present study, aerococci (Aerococcus

viridans) were the most frequently identified species

besides staphylococci. Martin et al. (2007) and White

Table 4 Number of

identified mesophilic

bacteria genera and species

of series I and series II

Genera and species No. of isolates

Series I Series II

Staphylococcus

Staphylococcus arlettae 1 1

Staphylococcus chromogenes 1 –

Staphylococcus cohnii 2 –

Staphylococcus cohnii ssp. cohnii 12 11

Staphylococcus epidermidis 1 1

Staphylococcus haemolyticus 1 3

Staphylococcus hyicus 1 –

Staphylococcus pasteuri 30 15

Staphylococcus saprophyticus 4 3

Staphylococcus warneri 4 3

Streptococcus

Streptococcus mitis/Streptococcus oralis 4 –

Streptococcus parasanguinis 1 –

Streptococcus salivarius ssp thermophilus 1 –

Streptococcus vestibularis 1 –

Aerococcus

Aerococcus viridans 30 19

Micrococcus

Micrococcus luteus 1 1

Corynebacterium

Corynebacterium confusum 2 –

Corynebacterium glutamicum 1 –

Citrobacter

Citrobacter amalonaticus 2 –

Rothia

Rothia dentocariosa 2 –

Rothia mucilaginosa 1

Enterococcus

Enterococcus hirae – 5

Neisseria

Neisseria flava/perflava/subflava 1 –

Total number of isolates (n) 103 63
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et al. (2019) also identified A. viridans in the

stable dust as one of the most abundant species.

Another study showed that overall skin and nasal

microbiota was rich of Aerococcus species (Strube

et al. 2018).

The qualitative results of the present study show

that in both series of measurements S. pasteuri, S.

cohnii subsp. cohnii and A. viridans were the most

commonly detected mesophilic bacteria. These results

are confirmed by Martin et al. (1996) and Rich (2005).

Roque et al. (2016) identified S. cohnii subsp.

urealyticus and S. aureus as the most common

mesophilic bacteria in the air of pigpen using a

cascade impactor. S. cohnii was one of the most

frequently identified Staphylococcus species in this

study as well as subspecies S. cohnii subsp. cohnii.

Predicala et al. (2002) performed measurements in 2

different ventilated pig farms using impactor and

filtration methods and found that staphylococci were

70% of total mesophilic bacteria in the air which is

similar to the results of the present study. Kim (2017)

reported that the predominant airborne mesophilic

bacteria in swine houses were Staphylococcus spp.,

Micrococcus spp. and Brevibacillus spp. However, the

study by Vestergaard et al. (2018) found that pig

stables have significantly lower airborne mesophilic

bacterial diversity than farmer’s homes.

In the present study, E. hirae was detected only in

series II. Novais et al. (2013) detected Enterococcus

spp. in samples collected at pig farms and Liu et al.

(2018) suggested Enterococcus spp. as indicator

bacteria for investigations of contaminated barn

materials. Nevertheless, only a small percentage of

the cultivable airborne Gram-negative bacteria

survive in the environment (Zucker et al. 2000;

Schmithausen et al. 2018).

In the present study, no S. aureus or MRSA strain

was detected in the barn air, but identified spa types

from the pig swab samples correspond to the results of

Friese et al. (2012). In contrast, low prevalence of

MRSA was found in the air of pig farming commu-

nities in Sri Lanka (Kalupahana et al. 2019). Some

studies show increased spread of S. aureus and MRSA

in the stable air with increasing herd size, as well as on

the animals’ skin. On the contrary, the study of

Madsen et al. (2018) obtained the highest concentra-

tions of S. aureus and MRSA in a weaner piglet stable,

during high-pressure cleaning of an empty stable, and

the lowest were found in a stable with sick pigs. Angen

et al. (2017) concluded that the nasal MRSA contam-

ination level of human is positively correlated with the

air level of MRSA and not to the physical contact with

pigs.

According to the antibiotic resistance, all S. aureus

strains of the swab samples were identified as MSSA

and only one animal was MRSA carrier. The spa

typing revealed spa types t034 and t011. The t034 is

very common in pigs and exists as either methicillin-

resistant S. aureus (MRSA) or methicillin-sensitive S.

aureus (MSSA). The spa type t011 is considered as a

typical swine MRSA. The nasal swabs of the present

study correspond to t011 and t034, whereas Agersø

et al. (2012) reported spa type of t011, t034, t1451,

t2876, t2974. In the report of Davies (2015), 33 spa

types were detected. In 4 pig slaughterhouses, Ivbule

et al. (2017) identified 15 different spa types among all

MRSA isolates.

Table 5 Spa typing and susceptibility testing of S. aureus from nasal swabs

Swabs (S) Spa type P FOX TE CC E NOR GM MUP LZD RA FA SXT

S1 t011 R R R R R S S S S S S S

S2 t011 R S R R R S S S S S S S

S3 t011 R S R R R S S S S S S S

S4 t034 R S R S S S S S S S S S

Results of susceptibility testing have been done according to EUCAST V9.0, 2019 guidelines. The resistance (R) to antibiotics is

marked with bolded entries

S1, S2, S4: nasal swabs, S3: neck skinfold swab

P penicillin, FOX cefoxitin, TE tetracycline, CC clindamycin, E erythromycin, NOR norfloxacin, MUP mupirocin, LZD linezolid, RA
rifampicin, FA fusidic acid, SXT sulfamethoxazole and trimethoprim, GM gentamicin, S susceptible, R resistant
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The S. aureus strains tested in this study showed

resistance to Penicillin, Tetracycline, Clindamycin

and Erythromycin. In addition to the aforementioned

resistances, Cefoxitin resistance indicates a MRSA

strain (Fernandes et al. 2005). According to the

Austrian Agency for Health and Food Safety (AGES),

Tetracyclines are among the most frequently admin-

istered antibiotics in pig farming. Less than 0, 1 tonnes

of Cefoxitin were used in 2017 and could therefore

explain the rare resistance of the tested S. aureus

strains in the present study (Fuchs and Fuchs 2018).

5 Conclusion

The present study provides quantitative and qualita-

tive microbial information of bioaerosols in a pig barn

during 2 fattening periods.

There was a fluctuation of mesophilic bacteria concen-

trations in the barn air. The concentrations of Staphylo-

coccus spp. increased during pig growth. S. aureus was

found in nasal and neck skinfold swap samples of pigs but

not in the barn air, and only onewas testedMRSApositive

with spa type t011. In future, investigations shouldbe done

for more herd groups with different pig numbers over

whole fattening periods in order to obtain more reliable

results and to evaluate the fluctuations of microorganism

concentrations in the barn air.
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