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1. Introduction

The tenacity of microorganisms persists as an important issue in various scientific 

disciplines. Whether a microorganism from an environmental source can be spread or 

be infectious depends primarily on its survival time. Survival in this context means 

the bacteria can remain viable under adverse circumstances (Roszak & Colwell, 1987). 

Although many published studies have investigated this issue, there is still 

controversy, and a remarkable knowledge gap on the transmission sources and their 

actual impact in animal husbandries (Lipsitch et al., 2002). One potential transmission 

source and reservoir of microorganisms in animal husbandries is dust (Schulz et al., 

2016). Dust in livestock buildings consists mainly of a mixture of particles from 

excrement, feed, skin, feathers and bedding material (Pearson & Sharples 1995; 

Carpenter 1986). For instance, excreted microorganisms and microorganisms from 

epithelia are typically attached as single cells or clusters to particles from digested 

feed and skin squamae, hairs and feathers (Seedorf et al., 1998). When these particles 

become airborne, microorganisms can be disseminated in the barns and emitted into 

the environment. These microorganisms can be typical animal commensals, potential 

pathogens and antibiotic resistant bacteria (Seedorf et al., 1998; Schulz et al., 2011; 

Friese et al., 2012; Schulz et al., 2012) 

Gram-positive cocci are the most widespread microorganisms in dust; and 

Enterococci are part of the usual intestinal flora of most mammals and birds (Hartung 
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& Saleh, 2007; Aarestrup et al., 2000). Enterococci are found in surroundings 

contaminated with animal excreta (Cools et al., 2001), and they possess a high 

resistance in the environment (Bradley & Fraise, 1996). The U.S Environmental 

Protection Agency suggests the genus Enterococcus as an indicator organism to study 

faecal pollution in water (Anderson et al., 2005). 

Several reports have proven the transmission of bacteria from animal to humans 

through the food chain due to unhygienic handling of animal products (Cools et al., 

2001). Among them, Enterococci always cause concern, because they are regarded as 

one of the major worldwide nosocomial infectious agents (Braga et al., 2013). 

Although Enterococci possess low pathogenicity, they can infect at-risk patients. In 

particular, infections with vancomycin-resistant Enterococcus faecium have shown an 

increasing trend in recent years (Mutters et al., 2013). They are not only intrinsically 

resistant to several common antibiotics such as cephalosporins, low-level 

aminoglycosides, or lincomycin, but also able to develop resistance to 

chloramphenicol, sulfamethoxazole, ampicillin and high-level aminoglycosides 

(Klare & Reissbrodt, 1998). It is believed that Enterococci are able to acquire 

antibiotic resistant genes and diffuse them to other species (Kühn et al., 2000). One 

study found that resistance in Enterococci was transmitted from poultry to human 

(Van den Bogaard et al., 2002). Therefore, dust in animal houses could be a pivotal 

vehicle in the transmission of antibiotic-resistant Enterococci among animals and 

from food-producing animals to humans (Brage et al., 2013). 
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It is known that Enterococci can survive for several months on dry surfaces in a 

hospital (Wendt et al. 1998; Neely & Maley, 2000). Their survival time is about three 

months under desiccation on the surfaces of farm buildings (Bale et al., 1993). In soil, 

they can be found up to 250 days after manuring (Cools, 2001). Regrettably, these 

studies all involved a limited research period. There is no report available about the 

survival time of Enterococci in dust, especially over a lengthy time span. Information 

about antibiotic resistance patterns of long-survival Enterococci also has been absent 

until now. 

Since 1980, the Institute for Animal Hygiene, Animal Welfare and Farm Animal 

Behaviour has stored more than 100 dust samples from pig, poultry and cattle barns 

under defined conditions. This is probably a unique sample collection and gives the 

opportunity to investigate the long-term tenacity of microorganisms and resistance. 

Fluoroquinolone resistant bacteria are of special interest, because this substance was 

not used in German animal husbandries before 1989 (Guardabassi et al., 2008). 

Therefore, a change could be expected in the resistance of bacteria from older dust 

samples to newer samples. These changes could probably be detected by an 

increasing minimum inhibitory concentration (MIC) and by a change in the resistance 

profile (Wiedemann & Heisig, 1999). Quantitative comparisons may help to prove the 

hypothesis that animal house dust of treated herds or flocks could be a reservoir of 

bacteria with induced resistance. 
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2. Literature Review 

2.1. Animal house dust 

2.1.1. Introduction 

The output of global swine and poultry production has doubled in the last decades, 

due to the world population’s rapidly increasing demand for food of animal origin 

(Rae & Nayga, 2010). The huge market requirement hastens the development of 

intensive farms, which are a potential source of environment-harmful airborne 

emissions, and may also cause respiratory disease in animals and stockmen working 

in such buildings (Hartung et al., 2012). As an important part of the airborne 

emissions, animal houses’ dust always causes special concern because 

microorganisms usually are attached to the dust particles (Seedorf et al., 1998).  

 

2.1.2. Sampling animal house dust 

A great amount of dust in animal buildings consists of bio-aerosols. These can be 

collected by means of sedimentation, filtration, impingement and impaction (Hartung 

et al., 2012). Sedimentation is easy to operate, but it can be influenced by the 

aerodynamic diameter or density of the dust particles (Hartung et al., 2012). Filtration 

is used extensively, with different filters chosen depending on the aims (Hartung et al., 
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2012). The shortcoming of filtration is that sampling time should be as short as 

possible because rapid desiccation on the filters shortens bacterial survival times 

(Hartung et al., 2012). Impingement is an effective method that uses special 

equipment such as the All-Glass-Impinger 30 (Ace Glass Inc., Vineland, NJ, USA) to 

sample airborne microorganisms (Hartung et al., 2012). Some limitations for outdoor 

sampling are low flow rate and low outdoor temperature (Hartung et al., 2012; 

Springorum et al., 2011). Impaction inhales air at a specific speed and then accelerates 

the particles to impact on the agar surface. It is used to sample bacteria in a short or 

medium time (Hartung et al., 2012). 

 

2.1.3. Composition of animal house dust 

The composition of animal house dust is complex. It consists mainly of feed, litter, 

animal surfaces and feces, in combination with some particles from friction against 

the floors, walls and other structure in the buildings (Hartung & Saleh, 2007). It 

contains vast amounts of microorganisms that are mainly commensals of the animals 

and that arise from litter, feces or epithelia (Seedorf & Hartung, 2002; Müller & 

Wieser, 1987). The dust could also be a carrier of zoonotic agents, animal pathogens 

and resistant bacteria (Friese et al., 2012). Due to their minute dimensions of between 

10-4 and approximately 102 µm, these dust particles can become bio-aerosols and 

remain suspended in the air for a long period (Hartung & Saleh, 2007). The dust in 
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the airborne state can unite with emitted gases, and play a role of odours-carrier 

(Hartung, 1986). The complex nature of animal house dust is also shown by the way it 

is influenced by many factors, such as air temperature, air humidity, ventilation 

intensity and stocking densities (Hartung & Saleh, 2007). Actually, dust will be 

affected not only by a different environment, but also by the same environment, 

depending on work peculiarities, type of livestock, the way animals are kept, and the 

system of farm management (Bakutis et al., 2004). An investigation of sedimentation 

dust found that up to 85% of the dust in poultry and pig houses consists of organic 

material (Hartung & Saleh, 2007). It is caused by high protein content in the feed as 

well as originating from skin, hair, feathers and claw abrasion (Hartung & Saleh, 

2007). Additionally, dust from livestock buildings contains a great amount of viable 

and non-viable microorganisms, enzymes and antibiotics (Hamscher et al., 2003; 

Hartung & Saleh, 2007). 

 

2.1.4. Microorganisms in dust 

Dust can contain plenty of viable microorganisms. In a study that covered 61 animal 

houses from England, the Netherlands, Denmark, and Germany, researchers found 

broiler houses tended to have greater total bacteria concentrations, with mean 

concentrations of 6.43 log CFU/m3, than laying hen, pig and cattle houses did 

(Seedorf et al., 1998). Furthermore, the concentrations in farm dust from all species 
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were slightly higher in the day than at night (Seedorf et al., 1998). Bakutis et al. (2004) 

also confirmed that poultry house dust had the highest concentrations of airborne 

bacteria, while that in cowsheds was much smaller. The effects of dust cannot be 

assessed simply by the concentration of microorganisms. However, abundant viable 

bacteria from dust reveal that it may be a carrier of pathogenic microorganisms 

(Hartung & Saleh, 2007), which even threaten the health of residents living nearby, 

because the bio-aerosols are emitted in the air via the exhaust ventilation (Hartung et 

al., 2012). 

 

2.1.5. Endotoxins in dust 

In addition to the concern for viable microorganisms in dust, endotoxins should not be 

neglected, because they can cause an inflammatory response with inhalation of dust 

(Bakutis et al., 2004). Endotoxins are cell wall components of dead gram-negative 

bacteria; hence, they do exist even after the death of bacteria (Bakutis et al., 2004; 

Seedorf et al., 1998). Although endotoxins are from gram-negative bacteria, their 

concentrations do not show significant correlation with the concentration of 

gram-negative bacteria (Seedorf et al., 1998). When animal house dust was compared, 

depending on the animal species, the emission rates of inhalable endotoxins showed 

the same trend as the concentration of aerial bacteria (Seedorf et al., 1998). The 

highest emission rates were found in broiler barns; cow houses had the lowest rates 
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(Seedorf et al., 1998). 

 

2.1.6. Influence of animal house dust 

The influence of animal house dust cannot be analyzed simply according to the 

concentration, because of the complex action of dust particles, gases and environment 

(Hartung & Saleh, 2007). The high concentration level of dust may reduce animals’ 

resistance and facilitate infections, especially in combination with fighting in the 

animal groups or uncomfortable climatic conditions (Parry et al., 1987; Hartung & 

Saleh, 2007). Even when the concentration is low, specific microorganisms or agents 

in the dust may cause allergic effects, toxic effects or infections (Hartung & Saleh, 

2007). It has been confirmed that several inhaled microbial agents in swine houses 

tend to cause acute systemic health effects (Zhiping et al., 1996). 
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2.2. Enterococci 

2.2.1. Introduction 

Enterococci species are gram-positive cocci in the intestinal flora of humans, 

mammals and birds (Aarestrup et al., 2000). Due to some of their characteristics, they 

are widely used in the food industry. They are used as probiotics in the food industry 

because they can produce bacteriocins (Moreno et al., 2006). Moreover, because of a 

good tolerance to low temperature, low potential of hydrogen and mild heat, 

Enterococci have also been used in the food industry as an ideal indicator of 

faecal-contamination (Banwart, 2012).  

They have been suggested as comparatively low in virulence, but they may cause 

severe clinical infections for immunocompromised individuals (Peters et al., 2003; 

Shrihari et al., 2011). Due to the wide distribution and multi-antibiotic resistance of 

Enterococci, they are continuously of concern as a nosocomial infectious agent. They 

are not only intrinsically resistant to several common antibiotics such as 

cephalosporins, low-level aminoglycosides, and lincomycin, but also able to develop 

resistance to chloramphenicol, sulfamethoxazole, ampicillin and high-level 

aminoglycosides (Klare & Reissbrodt, 1998).  

Selection pressures do not come only from human medicine, but also from animal 

husbandry, when antibiotics are applied for therapy as growth promoters (Wegener et 

al., 1999; Aaerestrup et al., 2000). Although the European Union prohibited 
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antibiotics as growth promoters from 2006, some other countries still use them 

(Castanon, 2007). They may cause an increase in the antibiotic resistance of 

Enterococci.  

 

2.2.2. Taxonomy 

Enterococcus spp. is a facultative anaerobic, gram-positive bacterium, which is 

catalase and oxidase negative, none-spore-forming (Fisher & Phillps, 2009; Public 

Health England, 2014). In the past, Enterococci were considered to belong to genus 

Streptococcus, because they could not be distinguished from other gram-positive, 

catalase negative cocci based on their phenotypic characteristics. Thiercelin first 

recognized them and used the name ‘enterocoque’ in France in 1899 (Murray, 1990; 

Fisher & Phillips, 2009). In 1906, Andrewes and Horder thought they isolated a strain 

of streptococcus that was typical for the human intestine; hence they applied the name 

‘Streptococcus faecalis’ first (Murray, 1990). For a long period, Enterococci were not 

classified into a new genus. In 1937, Sherman sorted Streptococcus species into four 

subgroups: fecal Streptococci, dairy Streptococci, viridans group, and pyogenous 

Streptococci (Klein, 2003). In 1984, Streptococcus faecium and Streptococcus faecalis 

were found to be significantly distinct from the other streptococci based on the DNA 

hybridization and 16S rRNA sequencing (Moreno et al., 2006). At present, the genus 

Enterococcus includes 56 species (Parte, 2017). Among them, Enterococcus faecalis 
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and Enterococcus faecium are the dominating species of Enterococcus spp. in humans; 

the percentage is over 90% of clinical isolates (Fraser, 2016). Enterococcus faecium is 

the most common in production animals’ gastrointestinal tracts, and Enterococcus 

mundtii and Enterococcus casseliflavus often exist in plant sources (Fisher & Phillips, 

2009).  

  

2.2.3. Identification 

2.2.3.1. Selective medium 

As mentioned above, Enterococcus species are facultative anaerobic, gram-positive 

bacteria, which are catalase and oxidase negative, and none-spore-forming. Sherman 

in 1937 noted that most species in genus Enterococcus can grow in 6.5% NaCl and at 

pH 9.6, grow at 10°C and 45°C, and survive 30 minutes at 60°C (Murray, 1990). The 

tolerance of high temperature can distinguish the genus Enterococcus from other 

closely related genera such as Streptococcus (Moreno et al., 2006). In clinical 

laboratories, bile esculin azide agar is normally used to selectively isolate Enterococci, 

due to Enterococci’s ability to hydrolyze esculin in the presence of bile (Murray, 1990; 

Manero & Blanch, 1999). Besides, the azide in a medium can inhibit the growth of 

gram-negative organisms (Facklam, 1973). Enterococci colonies are 1-2 millimetres 

in diameter, and usually larger than common Streptococci, with a wet appearance 

(Public Health England, 2014). On Bile Aesculin Azide Agar (BAA) (Oxoid 
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Deutschland GmbH, Wesel, Germany), Enterococcus faecalis and Enterococcus 

faecium, which are the two leading species of genus Enterococcus, show brown 

colonies with brown halos; meanwhile Escherichia coli and Streptococcus spp. (non 

group D) do not grow (Thermofisher.com, 2017).  

Although the culture on selective media is easy to perform, the approach has some 

limitations because certain Enterococci spp. do not grow on these media; and some 

other bacterial species, for example Streptococcus bovis, can grow and look similar to 

Enterococcus spp. (Manero & Blanch, 1999).    

2.2.3.2. Biochemical tests 

Biochemical tests can identify Enterococcus spp. at the species level, but the 

conventional method is tedious and time-consuming (Tillotson, 1982). Some 

commercial biochemical test systems are available, such as API 20 STREP strips 

(bioMérieux SA, Marcy-l’Étoile, France). The API 20 STREP has twelve cupules 

with special chemicals that may change colour after reactions (Tillotson, 1982). 

According to the colour-change, results are scored and analysed by virtue of the 

apiwebTM – API 20 STREP V7.0 software (bioMérieux, Deutschland GmbH, 

Germany). In an evaluation study, a majority of Streptococci were confirmed within 

four hours (Tillotson, 1982). Several research studies showed that most strains of 

Enterococcus faecalis, Enterococcus faecium, Enterococcus avium and Enterococcus 

durans were correctly identified (Murray, 1990).   
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However, there are some limitations in API 20 STREP tests. Firstly, strains should be 

incubated for twenty-four hours after their isolation, due to the requirement of 

inoculum size (Murray, 1990). Secondly, some bacteria with overlapping phenotypes 

or belonging to new, not yet described species are not included in the list of API 20 

STREP (Bosshard et al., 2004; Kulwichit et al., 2007). 

2.2.3.3. MALDI-TOF MS 

Matrix assisted laser desorption ionization-time of flight mass spectrometry 

(MALDI-TOF MS) is a method that is able to profile bacterial proteins and to identify 

microorganisms (Carbonnelle et al., 2011). It can separate ions in an electric field and 

detect the ratio of molecular mass (m) and the charge (z); therefore, finding the 

unique mass spectral fingerprint of a microorganism (Carbonnelle et al., 2011). 

MALDI-TOF MS was applied to the identification of microorganisms in 1975 and has 

become a routine laboratory approach to identify bacteria or yeast in recent years 

(Wieser et al., 2012). 

Compared with traditional identifying methods, MALDI-TOF MS is fast, accurate 

and easy to perform, but the initial costs of the MALDI-TOF equipment are high 

(Singhal et al., 2015). Another advantage is that it is able to get a pure identification 

from a mixed culture without enrichment or selection because it only needs a small 

amount of culture material (Wieser et al., 2012). In a report of identifying 

Enterococcus spp., MALDI-TOF MS showed a very high accuracy rate at the species 

level (Stępień-Pyśniak et al., 2017). 
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2.2.4. Distribution 

The distribution of the genus Enterococcus is extensive in nature. They not only 

inhabit the gastrointestinal tract of humans or mammal animals, but also are found in 

birds, reptiles, insects, plants, earth and water (Deibel, 1961). One species of 

Enterococci normally dominates in one specific host, but the enterococcal flora is 

influenced by age and disease processes (Morrison et al., 1997). For example, 

Enterococcus faecalis is most common in pigs, cattle, horses, goats, dogs, cats and 

rodents; meanwhile, Enterococcus faecium dominates in poultry and sheep (Devriese 

et al., 1987). Enterococci mainly inhabit the lower gastrointestinal tract, but they can 

also be found in other locations, such as the upper gastrointestinal tract, oral cavity, or 

the lower and upper genital tracts (Morrison et al., 1997). Although Enterococcus 

faecalis is common in many domestic animals, it appears to be rare in the feces of pig, 

poultry, sheep and cattle (Devriese et al., 1995). Some Enterococcus spp. such as 

Enterococcus casseliflavus and Enterococcus mundtii are infrequent in humans and 

animals, but are considered to be from plants. 

Although some Enterococcus spp. was isolated from outer environments, such as 

exterior surfaces of insects, these are not their natural habitat (Deibel, 1961). Other 

environments such as soil and water also are not a natural habitat of Enterococci, and 

their occasional isolation from these environments is thought due to contamination 

from animals or plants (Morrison et al., 1997). 
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2.2.5. Survival time  

Survival means bacteria can keep viability under adverse circumstances (Roszak & 

Colwell, 1987). The capacity to lower the endogenous metabolic rate quickly is 

regarded as a key survival factor when bacteria are under sparse nutrient conditions 

(Roszak & Colwell, 1987). 

Enterococci are able to survive in high salt concentrations, which may be a reason 

that they can survive and regrow after rewetting (Hartel et al., 2005). In a hospital 

environment, Enterococci can survive for several months on dry surfaces (Wendt, et 

al. 1998; Neely & Maley, 2000). Their survival time is more than eleven weeks under 

desiccation on the surfaces of farm buildings (Bale et al., 1993). A study about 

survival bacteria on vacuum cooked turkey showed that Enterococcus faecalis is 

cold-tolerant and only slightly reduced in numbers at 3°C within 15 days (Ingham & 

Tautorus, 1991). Cools et al. (2001) also confirmed low temperature is able to 

enhance the survival of Enterococcus spp. in soil. They can be found for up to 250 

days in soil after manuring (Cools, 2001). However, these studies were all limited to a 

research period. There is a lack of research about long-term survival time of genus 

Enterococcus exceeding one year. 
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2.2.6. Antimicrobial resistance in Enterococci 

2.2.6.1. Introduction 

Enterococci have been suggested having comparatively low virulence, but they may 

cause severe clinical infections for immunocompromised individuals (Peters et al., 

2003; Shrihari et al., 2011). Hospitals provide a potential opportunity for 

dissemination of resistant Enterococci, which are able to survive in a surrounding 

where antibiotics are used extensively (Murray, 1990). Due to the wide distribution 

and multi-antibiotic resistance of Enterococci, they are highly likely to be a 

nosocomial infectious agent.  

Enterococci reveal various mechanisms for intrinsic and acquired resistance to some 

primary classes of antibiotics in clinical use (Murray, 1990; Garrido et al., 2014). 

Intrinsic resistance means that the resistance is a common species characteristic and 

its gene exists on the chromosome (Murray, 1990), while acquired resistance is based 

on a mutation in an existing DNA or on the acquisition of a new DNA (Murray, 

1990). 

2.2.6.2. Intrinsic resistance 

Beta-lactam antibiotics. Due to the low affinity of the penicillin-binding proteins 

(PBPs), the genus Enterococcus always exhibits a low resistance to beta-lactams such 

as penicillin, ampicillin, piperacilin and imipenem (Murray, 1990; Garrido et al., 
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2014). In vitro tests showed that the resistance of Enterococcus faecalis to penicillin 

is between 10 and 100 times higher than most of the genus Streptococcus (Murray, 

1990). Enterococcus faecium is even less susceptible than Enterococcus faecalis 

(Murray, 1990). One reason for the low susceptibility of Enterococcus faecium is that 

it possesses LD-transpeptidase instead of penicillin-sensitive DD-transpeptidase 

(Garrido et al., 2014). 

Aminoglycosides. Due to a low cellular permeability, Enterococci have moderate 

inherent resistance to aminoglycosides; however, this can be overcome by combined 

use of aminoglycosides and penicillin (Garrido et al., 2014). However, this 

combination did not show synergism against Enterococcus faecium (Murray, 1990). 

High-level resistant Enterococci (MIC no less than 2000µg/ml) regularly mediate 

aminoglycosides by means of aminoglycoside-modifying enzymes such as 

phosphotransferases (APHs), acetyltransferases (AACs) and nucleotidyltransferases 

(ANTs) (Garrido et al., 2014). 

Trimethoprim-sulfamethoxazole. The activities of trimethoprim-sulfamethoxazole 

suppression in Enterococci are discrepant in vitro and in vivo (Murray, 1990). Even 

trimethoprim-sulfamethoxazole appears active in a sensitivity test; it is not effective 

clinically (CLSI, 2016). Although trimethoprim-sulfamethoxazole is a folate pathway 

inhibitor, Enterococci can acquire folate from the environment (Zervos & Schaberg, 

1985). Therefore, the wild type of Enterococci are categorised as intermediate 

(EUCAST, 2016). 
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2.2.6.3. Acquired resistance 

Tetracycline. The gene tetM that confers ribosomal protection is often found in 

tetracycline resistant Enterococci (Garrido et al., 2014). Another similar gene, tetO, 

which originates from Campylobacter spp., has been found in Enterococci as well 

(Murray, 1990).  

Rifampicin. Rifampicin resistance is regular in Enterococci, although rifampicin is 

usually not used in enterococcal infections (Andrews et al., 2000). The source of the 

resistance is believed to be that Enterococci were under rifampicin exposure when it 

was used against other bacterial infections (Garrido et al., 2014). The frequent 

mutation is the gene rpoB in the RNA polymerase B subunit (Garrido et al., 2014). 

Vancomycin. Vancomycin-resistant Enterococci (VRE) always causes researchers 

concern, because they possess intrinsic resistance to most of the other common 

antibiotics (Cetinkaya et al., 2000). The isolation of vancomycin-resistant 

Enterococcus faecium was first reported in Germany in 1987 (Reinert et al., 1999). 

VRE were found in England, France and the United States soon after, and they have 

been reported in most countries by now (Cetinkaya et al., 2000). The gene vanA and 

other genes that normally exist on a plasmid, form the mechanisms underlying 

vancomycin resistance (Cetinkaya et al., 2000).  
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2.3. Fluoroquinolones 

Nalidixic acid was the first of the synthetic quinolone antibiotics to be used clinically. 

It is a non-fluorinated agent that has been used for treatment of urinary tract infections 

since 1962 (Wolfson & Hooper, 1989). Subsequently, the new fluoroquinolone 

antibacterial agents were developed/brought to market and attracted much interest. 

Compared with nalidixic acid, the fluoroquinolone agents have much greater potency 

and a broader spectrum of activity. As one of the most potent fluoroquinolone agents, 

ciprofloxacin is effective against both gram-negative and gram-positive aerobic 

bacteria (Fisher, et al., 1989).  

Quinolones are different from many other antibiotic agents, which typically aim at the 

bacterial ribosome or the cell wall. The principal bacterial targets of the 

fluoroquinolones are the deoxyribonucleic acid (DNA) gyrase and topoisomerase IV 

(Hooper, 2001). These two enzymes are both tetrameric and made of GyrA, GyrB and 

ParC, ParE, respectively (Hooper, 2001). They are type 2 topoisomerases and play a 

key role during DNA replication (Hooper, 2001). Ciprofloxacin inhibits the enzymes 

rapidly; therefore, bacteria cannot move through the replication fork, and cell lysis 

takes place (Fisher, et al., 1989; Hooper, 2001).  

However, only few years after the first introduction of ciprofloxacin to the market, an 

increasing resistance of Enterococci was noticed (Schaberg, et al. 1992). The 

mutations are often reported in the ParC subunit of topoisomerase IV or GryA subunit 
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of the DNA gyrase (Leavis et al., 2006). The most common resistance of bacteria to 

fluoroquinolones is due to the mutations in GyrA, which transfer serine into 

tryptophan at position 83 (Fisher, et al., 1989). Because DNA gyrase is the primary 

target of fluoroquinolone agents in gram-negative bacteria, the mutation is an 

important event leading to resistance in negative bacteria (Fisher, et al., 1989; Hooper, 

2001). The proportion of spontaneous mutations of the resistance gene is minute, just 

1 in 106 to 1 in 109 (Hooper, 2001). Another mechanism of fluoroquinolone resistance 

is the alteration in drug permeation. Fluoroquinolones are so small that bacteria have 

difficulty in keeping them from crossing the cytoplasm membrane (Hooper, 2001). 

However, when endogenous efflux systems actively pump agents out from the 

cytoplasm, resistance may exist due to the low-level agents’ accumulation (Hooper, 

2001). 
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3. Goals and objective 

1. Investigation of the survival of bacteria from up to 36 years old dust samples from 

farm animal houses 

2. Investigation of the survival of fluoroquinolone resistant and non-resistant 

Enterococci from the dust samples 

3. Identification of Enterococci from dust samples to the species level and testing 

their MIC values of fluoroquinolones and their antimicrobial resistance profile 

4. Investigation of fluoroquinolone resistant Enterococci that were collected before 

fluoroquinolone was used in German livestock husbandry 

5. Analyzing relations between the antibiotic susceptibility patterns of long-survival 

Enterococci and the age of dust samples 
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4.1. Abstract 

Dust from livestock buildings is a potential transmission source and reservoir of 

microorganisms in animal husbandries. The Enterococci, as a potential infectious 

agent, are ordinary intestinal flora of most mammals and may contaminate 

surroundings with animal excreta. However, there is a lack of studies about their 

survival time in dust from farm animal housing. One hundred and thirty-five dust 

samples collected from various livestock buildings and stored up to 36 years were the 

focus of the present study. Selective media, the API biochemical test and 

MALDI-TOF MS were used to isolate and identify surviving Enterococci. The oldest 

isolate of Enterococcus faecium originated from a 35-year-old dust sample taken from 

a pig barn. It can be hypothesised that isolates survived in the samples without cell 

division. Potential pathogens could survive for years in livestock buildings when dust 

is not removed completely by hygienic measures. 

Key words: Enterococcus, survival, dust, livestock 
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4.2. Introduction 

The tenacity of microorganisms is still an important issue in various scientific fields. 

Whether a microorganism from an environmental source can be spread or be 

infectious depends on its survival time. Survival in this context means bacteria can 

maintain viability under adverse circumstances (Roszak & Colwell, 1987). Although 

many investigations have been published on this issue, there are controversial 

discussions and a remarkable knowledge gap regarding the transmission sources and 

their role in animal husbandries (Lipsitch et al., 2002). A potential transmission source 

and reservoir of microorganisms in animal husbandries is dust (Schulz et al., 2016). 

Dust in livestock buildings mainly consists of a mixture of particles from excrement, 

feed, skin, feathers and bedding material (Pearson & Sharples 1995; Carpenter, 1986). 

Excreted microorganisms and microorganisms from epithelia, for instance, are 

typically attached as single cells or clusters to particles from digested feed and skin 

squamae, hairs and feathers (Seedorf et al., 1998). When these particles become 

airborne, microorganisms can be disseminated in barns and emitted into the 

environment. Among these microorganisms, typical animal commensals, potential 

pathogens and antibiotic resistant bacteria can be found (Seedorf et al., 1998; Schulz 

et al., 2011; Friese et al., 2012; Schulz et al., 2012). 

Gram-positive cocci are the most widespread microorganisms in dust and Enterococci 

are ordinary intestinal flora of most mammals and birds (Hartung & Saleh, 2007; 

Aarestrup et al., 2000). Enterococci can contaminate surroundings with animal 
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excreta (Cools et al., 2001) and they have a good tolerance to low temperature and 

mild heat (Murray, 1990). The U.S. Environmental Protection Agency suggests genus 

Enterococcus as an indicator organism to study faecal pollution in water (Anderson et 

al., 2005). 

Several reports prove the transmission of bacteria from animal to humans through the 

food chain due to unhygienic handling of animal products (Cools et al., 2001). Among 

them, Enterococci are always causing for concern because they are regarded as one of 

the leading worldwide nosocomial infectious agents (Braga, et al., 2013). Although 

Enterococci just have low pathogenicity, they can infect at-risk patients, 

vancomycin-resistant Enterococcus faecium in particular showing an upward trend in 

recent years (Mutters et al., 2013). Another anxiety is that Enterococci are able to 

acquire antibiotic resistance genes and diffuse them to other species (Kühn et al., 

2000). A study mentions that resistances in Enterococci are transmitted from poultry 

to humans (Van den Bogaard et al., 2002). Therefore, dust in animal houses could be a 

pivotal vehicle in the transmission of antibiotic resistant Enterococci among animals 

and from food-producing animals to humans (Brage et al., 2013). 

In a hospital environment, Enterococci can survive over several months on dry 

surfaces (Wendt, et al. 1998; Neely & Maley, 2000). They were proved to survive 

eleven weeks under desiccation on the surfaces of farm buildings (Bale et al., 1993). 

Research on survival bacteria on vacuum cooked turkey showed that Enterococcus 

faecalis is cold tolerant and only slightly reduced in number at 3°C within 15 days 
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(Ingham & Tautorus, 1991). Cools et al. (2001) also confirmed that low temperature is 

able to enhance the survival of Enterococcus spp. in soil. They can be found up to 250 

days in soil after manuring (Cools, 2001). However, these studies were all restricted 

to a research period. There is no report about the survival time of Enterococci in dust, 

especially over a longer period of time. 

Therefore, the present study was conducted to investigate the long-term survival of 

Enterococci in a collection of dust samples from various livestock buildings stored up 

to 36 years. Due to the growth of bacteria during storage of the samples was unlikely 

(Schulz et al. 2016), results may deliver new insights into the survival of enterococcal 

cells. As growth controls showing that cultivation of bacteria from the stored dust is in 

general possible, the total viable count of mesophilic bacteria was carried out.	
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4.3. Material and Methods 

Dust samples 

One hundred and twenty-five dust samples were collected by sedimentation from 

farms in Northern Germany from 1980 to 2009. Sixty of these samples were taken 

from five pig barns, fifty-nine samples from eight poultry barns and six samples from 

a cattle barn. Samples were taken as parts of various studies and were not in any strict 

chronological order. Twenty dust samples were collected from one pig barn annually 

between 1980 and 1999. Additionally, forty samples from four other pig barns were 

taken between 2000 and 2009. Twelve samples from two poultry barns were sampled 

from 1992 to 1997. A further forty-seven samples originated from six barns sampled 

between 2003 and 2009. Six samples from a cattle barn were from 2005. 

Sedimentation dust samples were collected as described by Schulz et al. (2016). 

Samples were transferred to sterile glass cylinders, sealed with sterile corks and stored 

in an air-conditioned room at 4°C in the dark. 

Additionally, ten pooled dust samples collected in the previous two years were 

included in the study. Five of them derived from a broiler barn in 2015; the other five 

samples were from a pig barn from 2016. Dust was transferred by sterile brushes to 

sterile bags from different dusty surfaces in a barn. After being transported to the 

laboratory, samples were stored in a similar manner as the older samples.  

Total Viable Count of Aerobic Mesophilic Bacteria  
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Dust suspensions were prepared as described by Schulz et al. (2016). Aliquots (0.1 

mL, 0.1 mL of a ten-fold dilution and 0.1 mL of a hundred-fold dilution) were plated 

in triplicate on Tryptone Soya Agar (TSA) (Oxoid Deutschland GmbH, Wesel, 

Germany). Plates were kept at 37°C for forty-eight hours. The buffer used to prepare 

the dust suspensions was plated as a negative control. The total number of bacteria 

colonies was counted after 48 hours incubation time. 

Isolation, Quantification and Identification of Enterococci 

Enterococci colonies were acquired by means of Bile Aesculin Azid Agar (BAA) 

(Oxoid Deutschland GmbH, Wesel, Germany). The same aliquots from the original 

suspensions were plated on BAA. The buffer was used as negative control as well. 

Enterococcus faecalis (DSM20478) and Enterococcus faecium (DSM2918) were 

streaked on BAA as a growth control. Plates were incubated at 37°C for 48hours. 

Presumed Enterococci colonies were 1-2 millimetres in diameter and normally larger 

than common streptococci, wet in appearance, brown with brown or black halos on 

BAA (Public Health England, 2014; Thermofisher.com, 2017). Through observation, 

all presumed Enterococci colonies were counted after 48 hours.  

Two supposed Enterococci colonies of every cultivable sample were randomly 

selected and streaked on Columbia Agar with sheep blood (COLSB) (Oxoid 

Deutschland GmbH, Wesel, Germany) if possible and afterwards incubated at 37°C 

for 24 hours. Enterococcus faecalis (DSM20478) and Enterococcus faecium 

(DSM2918) were used as growth controls as well. Isolates having the same 
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appearance as growth controls and which were catalase- and oxidase-negative were 

streaked out on COLSB and inoculated 24 hours at 37°C. Afterwards, API® 20 

STREP biochemical test strips were inoculated in accordance with the manufacturer’s 

protocol (bioMérieux SA, Marcy-l’Étoile, France). After 24 hours of incubation, 

results were analysed using the apiwebTM – API 20 STREP V7.0 software 

(bioMérieux, Deutschland GmbH, Germany). When the probability of identification 

to species level was more than 90%, the result was seen as confirmed. All confirmed 

bacteria were harvested and stored in a minus 80°C refrigerator for later use for the 

Matrix assisted laser desorption ionisation-time of flight mass spectrometry test 

(MALDI-TOF MS). All isolations were incubated on CLOSB at 37°C overnight, 

afterwards being analysed by Bruker MALDI Biotyper (Bruker Daltonics, Billerica, 

USA) in accordance with the manufacturer’s protocol.  

Statistical Analyses 

Statistical analyses were performed by means of SAS 9.3 (SAS Institute Inc., Cary, 

NC, USA). One hundred and thirty-five dust-samples were divided into seven 

sampling periods. The geometric mean of the colony-forming unit per gramme dust 

(CFU/g) in every sampling periodwas calculated as the amount in each period varied 

and three of the periods only had five samples each. A correlation analysis was 

performed to analyse influences between the frequency of positive samples on BAA 

and the geometric mean of CFU/g. When p < 0.05, it was considered statistically 

significant. 
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4.4. Results 

Visible colonies on media 

All one hundred and thirty-five dust-samples showed bacterial growth on TSA. The 

proportions of samples having potential Enterococci colonies on BAA after 24 hours 

and 48 hours incubation, were 73.3% (99/135) and 83.0% (112/135), respectively. All 

dust samples (see Table 1) were divided into seven groups depending on the sampling 

date (see Table 1 which also lists the housed animals). Figure 1 shows the relative 

frequency of positive samples on BAA after 24 hours and 48 hours incubation. They 

are both significantly influenced by sampling periods (p < 0.05). 

Colony-forming unit per gramme dust (CFU/g) of samples 

The total viable colony counts on TSA varied considerably. The discrepancy of 

different samples was between 4.3×104 and 6.7×109 CFU/g after 48 hours cultivation. 

The difference was more than one hundred thousandfold. On the BAA, the CFU/g of 

every sample varied considerably as well. The maximum was approximately 7.9×107 

CFU/g. Meanwhile, twenty-three samples had no colony on BAA. Figure 2 depicts 

the geometric mean CFU/g of every sampling period after two days cultivation. The 

CFU/g with TSA and BAA both showed significant influence on concerning the 

sampling periods (p < 0.05). 

Identification of Enterococcus spp. 
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One hundred and twenty-four presumed Enterococci colonies were randomly selected 

from BAA and then streaked on COLSB. After 24 hours of incubation at 37°C on 

COLSB, colonies of ninety-four isolates were similar in appearance to the growing 

control. They were grey, round, 0.5-2 millimetres in diameter, α or γ haemolysis, 

catalase and oxidase negative. The other thirty isolates were considered as 

non-Enterococci.  

Ninety-four isolates were taken for the API® 20 STREP biochemical test. Forty 

isolates did not yield satisfactory results because they were deemed to mix more than 

one species or they could not be identified at all. Fifty-four isolates were identified as 

belonging to three genera: Leuconostoc spp., Aerococcus spp. or Enterococcus spp. 

Forty-nine isolates were confirmed at species level. Among them, one-third of the 

isolates (38.3%, 36/94) were considered as Enterococcus spp. 

For comparison, the 54 isolates identified by API 20 STREP were analysed by 

MALDI-TOF MS tests. The results did not match exactly with the biochemical test. 

Thirty-nine isolates (72.2%, 39/54) had consistent results. Six isolates were identified 

as Leuconostoc spp. in the biochemical test, but not as such by the MALDI-TOF MS. 

The MALDI-TOF MS also confirmed thirty-six isolates as belonging to the genus 

Enterococcus spp., but six isolates among them were considered to classify into 

different species. Therefore, thirty-six isolates (29.0%, 36/124) were finally 

confirmed as Enterococcus spp. from presumed colonies. These are shown in Table 2. 
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4.5. Discussion 

A retrospective study by Schulz et al. (2016) used the same sample set of 

sedimentation dust from poultry and pig farms as this research. The volume of 41 

samples was too small to process, but the water activity (aw) of 78 samples was 

measured, revealing an average aw (standard deviation) of 0.567 (0.035) in pig farm 

dust, and 0.599 (0.038) in poultry barn dust (Schulz et al. 2016).  It was lower than 

0.65, the minimum growth requirement of xerophilic spore, for instance 

(Ponizovskaya et al., 2011). The aw-requirement of Enterococci was not reached. The 

minimum aw for Enterococcus faecalis growth was at least 0.928 at 26°C and it had to 

increase when the temperature dropped (Li & Torres, 1993). Besides, the genus 

Enterococcus grows at temperature between 5 and 50°C (Fisher & Phillips, 2009). 

The dust samples in our study were sealed and stored in the dark at 4°C; hence, the 

growth of aerobic mesophilic bacteria was supposed to be inhibited during storage.  

Figure 1 shows that the relative frequency of bacterial growing on BAA media was 

inversely proportional to the sampling age. The frequency of detection correlated well 

with the sampling periods. It could be expected that storage time reduced the 

cultivability of bacteria on BAA medium. The growth after 24 hours incubation 

increased more than that after 48 hours. The dust samples prior to 1990 showed no 

colony on BAA on the firstday of incubation (Table 1). Nevertheless, Enterococcus 

spp. could be identified after 48 hours (Table 2). This suggests that presumed 

Enterococci from old dust samples grow slower. Therefore, for quantification, 
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presumed Enterococci colonies were counted after two days of incubation. Figure 2 

shows the geometric mean CFU/g on TSA and BAA. The samples were divided into 

seven sampling periods like in Figure 1. Figure 2 shows that the more recent 

dust-sampling period tended to have higher CFU/g with both TSA and BAA. This is 

consistent with the study by Schulz et al. (2016) and can be explained by the loss of 

cultivability in older samples. Furthermore, the clear differences between the counts 

on the media in Figure 2 suggest that only a small part of bacteria (approx. 0.4% to 

3.4%) can form potential colonies on BAA agar. This was expected because the azide 

in the selective media can inhibit the growth of gram-negative organisms (Facklam, 

1973) and the Enterococci are able to hydrolyse esculin in the presence of bile 

(Murray, 1990; Manero & Blanch, 1999). The Staphylococcus spp., which 

predominates among cultivable bacteria in animal house dust (Hartung & Saleh, 

2007), was suppressed by bile (Thermofisher.com, 2017). 

Various species and enormous amounts of bacteria in dust made it difficult to 

accurately classify the bacteria. In our study, less than 30% (36/124) of suspected 

Enterococci on BAA were proved right on the level of genus. However, identified 

bacteria all belonged to the order Lactobacillales (lactic acid bacteria). A 

classification of the Enterococcus spp. proved difficult because others of this order 

also appeared. Aerococcus viridian, for instance, which is widely found in dust and 

animals, has similar phenotypic characteristics to Enterococci (Zhou et al., 2013). 

Simply relying on catalase and oxidase tests, they are difficult to distinguish before 



4.	Long-term	survival	of	Enterococci	in	dust	samples	from	
livestock	buildings	

	 36	

performing API tests. Although the selective medium has obvious shortcomings, it is 

a cost-effective compromise. Combining catalase and oxidase tests offers an 

opportunity to differentiate the Enterococci from all growing bacteria. 

According to the results of the API 20 STREP biochemical test, most of the isolated 

Enterococci were Enterococcus faecium (32/36). MALDI-TOF MS acknowledged 

this prevalence as well (30/36). The reason for this is because Enterococcus faecium 

is one of the most common isolates in the gastrointestinal tract of production animals 

(Fisher & Phillips, 2009). Five isolations of Enterococcus hirae identified by 

MALDI-TOF were all from the same one pig farm. Enterococcus hirae was first 

identified in young chickens (Bourafa et al., 2015). It is rare in humans but is a usual 

pathogen in mammals and birds (Savini et al., 2014). Enterococcus casseliflavus is 

commonly found in plants (Fisher & Phillips, 2009). The isolate may originate from 

organic materials such as feed in dust.  

In the API tests, five isolates were identified as Leuconostoc spp.. However, these 

isolates could not have been identified using MALDI-TOF MS. Kulwichit et al. (2007) 

found that API systems have limitations in identifying Leuconostoc spp. as well. This 

is not only because some bacteria with overlapping phenotypes are not included in the 

list of API 20 STREP, but also the API system may give a false-positive result in the 

leucine arylamidase (LAP) and arginine dihydrolase (ADH) test (Kulwichit et al., 

2007). 

MALDI-TOF MS has a very high accuracy rate of identifying Enterococcus spp., 
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even at species level (Stępień-Pyśniak et al., 2017). The API system identified isolates 

accurately as belonging to the genus Enterococcus spp. Thirty-six isolates were 

considered as genus Enterococcus and this was by MALDI-TOF MS. At species level, 

83% (30/36) Enterococcus spp. were consistently identified in API analyses and 

MALDI-TOF MS. Both methods are considered useful for identifying Enterococcus 

spp., MALDI-TOF MS showing a higher accuracy at species level. 

Several previous studies on long-term survival of Enterococci mainly focused on a 

nosocomial environment over a period of only a few months (Noskin, et al. 1995; 

Bonilla, et al. 1996; Wendt, et al. 1998; Neely & Maley, 2000). Our research proves 

for the first time that Enterococci can survive over a long period of time in 

sedimentation dust that was collected from animal farms. One isolate of Enterococcus 

faecium was kept viable more than 35 years in a pig farm dust sample. In the dust 

gathered from a broiler barn in 1994, cultivatable Enterococci were isolated. The 

composition of dust may have an influence on the survival of bacteria. However, 

storage in complex organic environments and under dry and cold conditions enabled 

an unexpected long-term survival of bacteria that commonly colonise in the gut of 

animals and humans. It is also proved that other species of the genus (Enterococcus 

hirae) can keep viable for over 26 years. Rapidly reducing the endogenous metabolic 

rate is a major survival strategy when bacteria face sparse nutrient conditions (Roszak 

& Colwell, 1987). Enterococci have a good tolerance to high salt concentrations 

(Fisher & Phillips, 2009) and the sedimentation process may allow Enterococci to 
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adapt to dryness. Enterococci possess a specific mechanism, namely that the 

membrane is more stable near the minimal growth temperature (Fisher & Philips, 

2009). The aforementioned reasons explain why Enterococci can survive a long time 

in dust. 

The tenacity of potential pathogens may prevail for years in livestock buildings when 

dust is not removed completely by hygienic measures. The dust could be a carrier of 

various microorganisms including potential pathogens, maintaining their significant 

genetic information such as pathogenicity and antibiotic resistance for a long time. 

Therefore, dust in animal houses should be removed thoroughly. Furthermore, 

hygienic measures to avoid the transmission of animal house dust by people, vehicles 

or air during the housing of farm animals are recommended. 
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4.7. Tables and Figures 

Table 1. Distribution of dust samples which have visible colonies on TSA and BAA 

 
Sampling period 1 2 3 4 5 6 7 

Year 
1980- 
1984 

1985- 
1989 

1990- 
1994 

1995- 
1999 

2000- 
2004 

2005- 
2009 

2015- 
2016 

Total no. of samples 5 5 17 5 25 68 10 

After 
24 

hours 

No.of positive 
samples when 

using TSA 
(housed 
animals) 

5 
(pigs) 

5 
(pigs) 

17 (5 
pigs, 12 
poultry) 

5 
(pigs) 

25 (5 
pigs, 20 
poultry) 

68 (6 
cattle, 

35 pigs, 
27 

poultry) 

10 (5 
pigs, 5 

poultry) 

No.of positive 
samples when 

using BAA 
(housed 
animals) 

0 0 
9 (2 

pigs, 7 
poultry) 

3 
(pigs) 

20 (3 
pigs, 17 
poultry) 

57 (3 
cattle, 

27 pigs, 
27 

poultry) 

10 (5 
pigs, 5 

poultry) 

Relative 
frequency of 

positive samples 
on BAA 

0 0 0.53 0.6 0.8 0.84 1 

After 
48 

hours 

No.of positive 
samples when 

using BAA 
(housed animals) 

3 (pigs) 2 (pigs) 
12 (3 

pigs, 9 
poultry) 

5 (pigs) 
22 (5 

pigs, 17 
poultry) 

58 (3 
cattle, 28 
pigs, 27 
poultry) 

10 (5 
pigs, 5 

poultry) 

Relative 
frequency of 

positive samples 
on BAA 

0.6 0.4 0.71 1 0.88 0.85 1 
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Table 2. Results of API biochemical tests and MALDI-TOF MS 

Housed 

animals 

Sampling period 

 

Results from  

API 20 STREP 

Results from  

MALDI-TOF MS 

Pigs Jan. 1980 Leuconostoc spp. unreliable identification 

Pigs Jan. 1980 Leuconostoc spp. unreliable identification 

Pigs Aug. 1981 Enterococcus faecium Enterococcus faecium 

Pigs July 1982 Aerococcus viridans  unreliable identification 

Pigs July 1982 Leuconostoc spp. unreliable identification 

Pigs July 1982 Leuconostoc spp. unreliable identification 

Pigs July 1982 Aerococcusviridans unreliable identification 

Pigs Aug. 1984 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1984 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1988 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1988 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1988 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1988 Enterococcus faecium Enterococcus faecium 

Pigs July 1989 EnterococcusDurans Enterococcus hirae 

Pigs Aug. 1992 Enterococcus faecium Enterococcus faecium 

Pigs Aug. 1993 Enterococcus faecium Enterococcus faecium 

Poultry Feb. 1994 Enterococcus faecium Enterococcus faecium 

Pigs May 1994 EnterococcusDurans Enterococcus hirae 

Pigs July 1995 Enterococcus faecium Enterococcus faecium 

Pigs July 1996 Enterococcus faecium Enterococcus faecium 

Pigs July 1997 Enterococcus faecium Enterococcus hirae 

Pigs July 1998 EnterococcusDurans Enterococcus hirae 

Pigs Aug. 1999 EnterococcusDurans Enterococcus hirae 

Pigs Mar. 2000 Leuconostoc spp. unreliable identification 

Poultry Sept. 2003 Enterococcus faecium Enterococcus faecium 

Poultry Jan. 2004 Enterococcus faecium Enterococcus faecium 

Poultry Feb. 2004 Enterococcus faecium Enterococcus faecium 
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Poultry Feb. 2004 Enterococcus faecium Enterococcus faecium 

Poultry June 2004 Enterococcus faecium Enterococcus faecium 

Pigs Feb. 2005 Enterococcus faecium Enterococcus faecium 

Pigs Feb. 2005 Enterococcus faecium Enterococcus faecium 

Cattle Feb. 2005 Enterococcus faecium Enterococcus faecium 

Cattle June 2005 Enterococcus faecium Enterococcus faecium 

Cattle Aug. 2005 Enterococcus faecium Enterococcus faecium 

Pigs Mar. 2009 Enterococcus faecium Enterococcus faecium 

Pigs Mar. 2009 Enterococcus faecium Enterococcus faecium 

Pigs Mar. 2009 LactococcusLastis Aerococcusviridans 

Pigs Mar. 2009 AerococcusViridans Aerococcusviridans 

Pigs Mar. 2009 AerococcusViridans Aerococcusviridans 

Pigs Apr. 2009 Enterococcus faecium Enterococcus faecium 

Pigs Apr. 2009 AerococcusViridans Aerococcusviridans 

Pigs May 2009 AerococcusViridans Aerococcusviridans 

Pigs May 2009 Enterococcus faecium Enterococcus faecium 

Pigs June 2009 Enterococcus faecium Enterococcus faecium 

Pigs June 2009 AerococcusViridans unreliable identification 

Pigs June 2009 AerococcusViridans Aerococcusviridans 

Poultry Sept. 2015 Enterococcus faecium Enterococcus casseliflavus 

Poultry Sept. 2015 Enterococcus faecium Enterococcus faecium 

Poultry Sept. 2015 Enterococcus faecium Enterococcus faecium 

Poultry Oct. 2015 Enterococcus faecium Enterococcus faecium 

Pigs Jan. 2016 AerococcusViridans Aerococcusviridans 

Pigs Feb. 2016 AerococcusViridans Aerococcusviridans 

Pigs Mar. 2016 AerococcusViridans Aerococcusviridans 

Pigs June 2016 AerococcusViridans Aerococcusviridans 
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Figure 1. Relative frequency of positive samples on BAA 
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Figure 2: Geometric mean of CFU/g after 48 hours incubation 
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5.1. Abstract 

The Enterococci, as a potential infectious agent, are ordinary intestinal flora of most 

mammals and may contaminate surroundings with animal excreta. They are not only 

intrinsic resistant to several common antibiotics, but also able to develop resistances. 

Therefore, dust in livestock buildings could be a reservoir for long survival 

Enterococci and a pivotal vehicle in transmission of antibiotic resistant Enterococci. 

In this study, one hundred and thirty-five dust samples collected from various 

livestock buildings and stored up to 36 years. Sixty-six isolates of Enterococcus 

faeciums were isolated from them. The oldest one was gotten from dust collected in 

1981. The antimicrobial sensitivity test of sixteen antibiotics was performed: 

tigecycline, tetracycline, chloramphenicol, daptomycin, streptomycin, tylosin tartrate, 

quinupristin/dalfopristin (synercid), penicillin, linezolid, kanamycin, erythromycin, 

ciprofloxacin, vancomycin, lincomycin, gentamicin and trimethoprim- 

sulfamethoxazole. Enterococcus faecium are considered to survive about 30 years and 

keep resistance in dust. The antibiotic susceptibility patterns of these long-surviving 

Enterococci in animal house dust varied depending on sampling age and animal origin. 

Some antimicrobial-resistant percentages rose or dropped along with time. The ban of 

related antibiotics as growth promoters seemed to cause a decline of resistance. 
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5.2. Introduction 

Enterococci are major gram-positive cocci in the intestinal flora of humans, mammals 

and birds (Aarestrup et al., 2000). They have been suggested as comparatively low 

virulence, but they may cause severe clinical infections for immunocompromised 

individuals (Peters et al., 2003; Shrihari et al., 2011). Due to the wide distribution and 

multi-antibiotic resistance of Enterococci, they are continuously concerned as an 

infectious agent. They are not only intrinsic resistant to several common antibiotics 

such as cephalosporins, low-level aminoglycosides, lincomycin, but also able to 

develop resistances to chloramphenicol, sulfamethoxazole, ampicillin and high-level 

aminoglycosides (Klare & Reissbrodt, 1998).  

In addition to selection pressure in human medicine, the diffusion of antibiotic 

resistance in bacteria is contributed by the application of antibiotics in animal 

husbandry for therapy or as growth promoters (Wegener et al., 1999; Aaerestrup et al., 

2000). Although the European Union prohibited antibiotics as growth promoters from 

2006, some other countries still use them (Castanon, 2007). In the last decades, over 

one million tons of antimicrobial agents flow into the biosphere (Prescott, 2000). 

There are a great amount of antibiotic resistant bacteria that survive in hospital 

environment or animal houses (Wendt et al., 1998; Schulz et al., 2016).  

It has been known that animal houses dust plays a key role in the spread of pathogen. 

It could be a pivotal vehicle in transmission of antibiotic resistant Enterococci among 
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animals and from food-producing animals to humans (Braga et al., 2013). Especially, 

vancomycin resistant Enterococci (VRE) have been found from turkey environmental 

dust in the southwest of Germany (Sting et al., 2013). However, there is lack of report 

about antibiotic resistance of long survival Enterococci and their changes in last 

decades. 

Since 1980, the Institute for Animal Hygiene, Animal Welfare and Farm Animal 

Behaviour has stored more than 100 dust samples from pig, poultry and cattle barns 

under defined conditions. This is probably a unique sample collection and gives the 

opportunity to investigate the resistances of long-survival Enterococci. 

Fluoroquinolone resistant bacteria are of special interest, because this substance was 

not used in German animal husbandries before 1989 (Guardabassi et al., 2008). 

Therefore, a change could be expected in the resistance of bacteria from older dust 

samples to newer samples. These changes could probably be detected by an 

increasing minimum inhibitory concentration (MIC) and by a change in the resistance 

profile (Wiedemann & Heisig, 1999). Quantitative comparisons may help to prove the 

hypothesis that animal house dust of treated herds or flocks could be a reservoir of 

bacteria with induced resistance. 
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5.3. Materials and Methods 

Origins of Dust Samples 

One hundred twenty-five dust samples were collected by sedimentation from 1980 to 

2009 in Northern Germany. They were from five pig houses, eight poultry barns and a 

cattle barn. Samples were taken as parts of various studies and are not in strictly 

chronological order. Sedimentation dust samples were collected as described by 

Schulz et al. (2016). After sampling, dust samples were moved to sterile glass 

cylinders. The cylinders were sealed and stored in an air-conditioned room at 4°C in 

the dark.  

Additionally, ten pooled dust samples collected in the last two years were included 

into the study. Five of them were from a broiler barn in 2015; the other five samples 

were from a pig barn in 2016. Dust was transferred by sterile brushes into sterile bags 

from different dusty surfaces in a barn. After being transported to the laboratory, 

samples were stored in a similar manner as the older samples. 

Isolation of Enterococcus faecium 

Dust suspensions were prepared as described by Schulz et al. (2016). Aliquots (0.1 ml, 

0.1 ml of a tenfold dilution and 0.1 ml of hundred-fold dilution) were plated in 

triplicate on Bile Aesculin Agar (BAA) (Oxoid Deutschland GmbH, Wesel, Germany) 

and BAA supplemented with 4mg/L ciprofloxacin (BAACIP) (CIP: Sigma-Aldrich 
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Chemie GmbH, Steinheim, Germany). The buffer used to prepare the dust 

suspensions was plated out as a negative control. Enterococcus faecium (DSM 2918) 

was streaked on BAA, as a growth control. Plates were incubated at 37°C for 48hours. 

Presumed Enterococci colonies appeared 1-2 millimeters in diameter and normally 

larger than common streptococci, wet in appearance, brown with brown or black halos 

on BAA and BAACIP (Public Health England, 2014; Thermofisher.com, 2017). 

Two supposed Enterococci colonies of every cultivable sample were randomly 

selected and streaked on Columbia Agar with sheep blood (COLSB) (Oxoid 

Deutschland GmbH, Wesel, Germany) if possible and afterwards incubated at 37°C 

for 24 hours. Enterococcus faecium (DSM 2918) was used as growth controls as well. 

Isolates have the same appearance with the growth control and which were catalase- 

and oxidase-negative were streaked out on COLSB and inoculated 24 hours at 37°C. 

Then, API® 20 STREP biochemical test strips were inoculated by means of the 

manufacturer protocol (bioMérieux SA, Marcy-l’Étoile, France). After 24 hours of 

incubation, results were analyzed by virtue of the apiwebTM – API 20 STREP V7.0 

software (bioMérieux, Deutschland GmbH, Germany). When the probability of 

identification to species level was more than 90%, the result was regarded as 

confirmed.  

Antimicrobial susceptibility 

Antimicrobial sensitivity test was performed by a microdilution method for all 
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isolates of Enterococcus faecium. The code of microdilution commercially prepared 

panels is CMV3AGPF (Thermo Fisher Scientific Inc., Waltham, USA). Fifteen 

antibiotics were tested: tigecycline, tetracycline, chloramphenicol, daptomycin, 

streptomycin, tylosin tartrate, penicillin, quinupristin/dalfopristin (synercid), linezolid, 

kanamycin, erythromycin, ciprofloxacin, vancomycin, lincomycin and gentamicin. 

The dilution ranges are shown in Table 2.  

Due to the absence of trimethoprim-sulfamethoxazole in the prepared panel, its 

sensitivity was taken separately. Trimethoprim and sulfamethoxazole (Sigma-aldrich, 

co., St. Louis, USA) dissolved in methanol and then was mixed in sterile broth in the 

rate 1:19. After doubling dilution, trimethoprim-sulfamethoxazole suspension was 

added in blank panels. The ranges are included in Table 2 as well. 

For accurate results of tigecycline and vancomycin sensitivity, Enterococci broth 

suspension was fresh prepared (EUCAST, 2016) and all panels were incubated in 

37°C for twenty-four hours (CLSI, 2016). Enterococcus faecium (DSM 2918) was as 

a quality control. Results were read with help of the VIZION® system (TREK 

Diagnostik Systems Ltd., West Sussex, UK). According to the Clinical and 

Laboratory Standards Institute (CLSI), tiny buttons of growth were ignored, when 

reading minimum inhibitory concentration (MIC) of chloramphenicol, erythromycin, 

linezolid and tetracycline (CLSI, 2016). 

Breakpoints were adopted from CLSI (2016), when available. Three aminoglycosides 
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(gentamicin, kanamycin and streptomycin) were only tested for high-level resistance 

and their breakpoints were based on National Antimicrobial Resistance Monitoring 

System Animal Isolates (NARMS) of United States Department of Agriculture 

(NARMS, 2016). Breakpoints for lincomycin and tylosin were established from 

NARMS as well (NARMS, 2016). Breakpoints for tigecycline and 

trimethoprim-sulfamethoxazole were set up from the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST, 2016). They were indicated in Table 

2.  

Statistical Analyses  

All isolates were from BAA or BAACIP. They are divided into two groups depending 

on isolation media of origin. Chi-square test was used to analyse the media of origin 

had possible influences on various antibiotic resistance. When p < 0.05, it is 

considered statistically significance. 
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5.4. Results 

Isolation of Enterococcus faecium 

Sixty-six isolates of Enterococcus faecium were isolated from the dust samples. 

Thirty-two isolates were from BAA and the other thirty-four isolates were from 

BAACIP. Sampling age and their origin was shown in Table 1. 

Antimicrobial susceptibility 

MICs distribution for sixteen antimicrobial agents of Enterococcus faecium was 

shown in Table 2. Enterococci isolates were displayed depending on animal species. 

High-level resistance to kanamycin and streptomycin exited, but none of them was 

high-level resistant to gentamicin. Antimicrobial resistance was not observed in 

vancomycin and linezolid. A high percentage of Enterococcus faecium was resistant 

to lincomycin, erythromycin, penicillin, ciprofloxacin and synercid. The percentage of 

lincomycin and ciprofloxacin resistance was even over ninety in isolates that isolated 

from poultry barns dust. Resistant breakpoint of daptomycin was not applied. Only 

twenty percent of isolates was susceptible to it. 12% (8/66) of isolates were resistant 

to Trimethoprim-sulfamethoxazole. Seven resistant isolates were from pig farm and 

the other one was gotten from a broiler barn. 

Except for daptomycin, the Table 3 indicates the resistant percentage to each 

antibiotic and the isolation media. The analysis shows only penicillin-resistance is 
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related with media origin (p < 0.05). Isolates from BAACIP were trend to be resistant 

to penicillin. 

Discrepancy based on sampling age and animal origin 

Dust samples in this study were collected since 1980. Time span of isolated 

Enterococcus faecium was over thirty years. Due to the change of veterinary 

antimicrobials usage during this period, antibiotic resistance patterns may vary in 

animal environment bacteria. 66 isolates of Enterococcus faecium were divided into 

four groups according to dust sampling age: 1980-1989, 1990-1999, 2000-2009, 2015 

(Table 4).  

Thirty-seven isolates of poultry Enterococcus faecium were isolated from four species’ 

house dust: broiler, laying hen, turkey and duck. With a view to the difference of 

housing environment, they were separately shown antimicrobial resistance in Table 5. 

Twenty-four broiler’s isolations and three turkey’s isolations had higher percentage 

and more antimicrobials resistance than Enterococci from layers and duck. 

Antimicrobial multi-resistance  

Table 6 revealed distribution of antimicrobial multi-resistant Enterococci. One isolate 

had 11 antimicrobial agents multi-resistance. Enterococcus faecium were classified on 

the basis of sampling age or animal origin. Over ninety percentage of Enterococcus 

faecium isolated from 1990-1999 were resistant to five or more antimicrobials. The 
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percent in 1980-1989 and 2000-2009 exceeded 70% and 60% separately. Percentage 

of five and more antimicrobials resistant Enterococcus faecium in pig and poultry is 

close. They were both nearly 70%. If we contrast seven and more antimicrobials 

resistance, the proportion in poultry was about 60%, compared with only 31% in pig. 

Figure 1 indicates the frequencies of the number of antibiotics isolates were resistant 

to. All isolates were resistant to two and more antibiotics in the fifteen agents. Nearly 

70% (46/66) of isolates were five or more antibiotics resistant. Two isolates of 

two-antibiotics-resistance were from pig and laying hen barns separately. One isolate 

from a pig farm was eleven multi-antimicrobial resistant.  
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5.5. Discussion 

BAA and BAACIP were used to identify Enterococcus spp. from dust samples 

because fluoroquinolone resistant Enterococci are of special interest. These dust 

samples were collected from animal barns from 1980 to 2016. During this period, 

fluoroquinolone (enrofloxacin) was first introduced in German animal husbandries in 

1989 (Guardabassi et al., 2008). Only few years after the ciprofloxacin, one of 

fluoroquinolone, was available for commercial purpose, increasing resistance of 

Enterococci had been noticed (Schaberg et al., 1992). 

Ciprofloxacin was chosen as a representative of fluoroquinolone, because it is a 

common choice for human bacterial diseases and it is closely related with 

enrofloxacin that was extensive use in animal husbandry (Guardabassi et al., 2008). 

This study showed high percentage of ciprofloxacin-resistance (83.3%). This might 

be related to the fact that over half of Enterococcus faecium (34/66) were isolated 

from BAACIP. However, the percentage still nearly reaches 60% (19/32), when only 

isolates from BAA were considered. Ten isolates from poultry barns dust were 

isolated from BAA. Only one of them was categorised as intermediate, while the 

other nine isolates were resistant to ciprofloxacin. In the dust collected before 1989, 

seven isolates of Enterococcus faecium were isolated from BAA. Five of the isolates 

were ciprofloxacin-resistant. Because of the first introduction of enrofloxacin in 

German animal husbandries was in 1989 (Guardabassi et al., 2008), 

ciprofloxacin-resistant Enterococci isolated from dust in 1980-1989 had most 
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probably acquired their resistance elsewhere, for instance in other countries, or they 

possessed intrinsic resistance. 

High-level resistant breakpoints were used for aminoglycosides, because Enterococci 

can keep aminoglycosides from penetrating the bacterial cell membrane; thus, they 

have low-level intrinsic resistance (Zimmermann et al., 1971; EUCAST, 2016). 

Although high-level resistance against gentamicin was not found, nearly one third of 

Enterococcus faecium was high-level resistant to kanamycin and streptomycin. This 

might result from wide and long-term usage of aminoglycosides in Europe (EMA, 

2014). Aminoglycosides-resistant Enterococci were detected only from pig and 

broiler environment dust. The data from Table 4 indicated the percentage of 

aminoglycosides-resistant Enterococci had slight rise in the past decades.  

Due to serious nosocomial infections, VRE invariably cause researchers’ concern. As 

early as 1987, VRE had been isolated in Germany (Lütticken et al., 1988). Some 

European countries, such as Sweden and Netherlands, early had reports about VRE 

from farm animal (Stobberingh et al., 1999; Nilsson et al., 2009). Recently, Sting et al. 

(2013) found VRE from turkey environmental dust in the southwest of Germany. 

However, all Enterococci isolates in this study were sensitive for vancomycin. Their 

MICs of vancomycin were lower than the susceptible breakpoint. This might be 

related to the prohibition in 1995 in Germany of avoparcin, which causes 

cross-resistance with vancomycin, as an antimicrobial growth promoter (Maasjost et 

al., 2015).  
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Lincomycin faced a high percentage of resistant Enterococci, especially which were 

from poultry farm dust. Thirty-six isolates of Enterococci isolated form broiler, layers 

and turkey houses’ dust were all resistant to lincomycin. The percentage is consistent 

with other research (Maasjost et al., 2015).  

Resistance against erythromycin was remarkable in this study. In the four sampling 

periods, the percentage of erythromycin-resistance Enterococci was all over 60% 

(Table 4). The percentage of resistance against tylosin, another macrolides, reached 92% 

in 1990-1999 and then dropped to 37% in 2000-2009 (Table 4). This might result 

from the reducing selective pressure since the ban of tylosin as a growth promoter at 

the end of 1998 in the Europe Unions (Wegener et al., 1999). 

Synercid was the first antibiotic for human VRE infections with good clinical effect 

(Wegener et al., 1999). Virginiamycin and quinupristin/dalfopristin (synercid) are all 

streptogramins. Due to ‘Precautionary Principle’, virginiamycin was inhibited as an 

antibiotic growth promoter at the same time with tylosin (Casewell et al., 2003). Even 

though total resistant percentage was over 70% (Table 2), fortunately, the proportion 

fell rapidly after the ban of virginiamycin (Table 4). 

Over 70% of Enterococcus faecium was resistant to penicillin. It was general 

agreement with a study about Enterococcus faecium isolated from poultry poultry 

production environments in the United States (Hayes et al., 2004). This may be due to 

an induced intrinsic, low-level resistance of Enterococcus faecium to penicillin 
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(Maasjost et al., 2015). Another reason was that over half of isolates grew on 

BAACIP and penicillion resistance is associated with ciprofloxacin resistance (Adela 

et al., 2004). It is in agreement with the statistical analysis of this study. 

Although chloramphenicol-resistant percentage was less than 20%, it was obviously 

higher than other studies in Germany (Peter et al., 2003; Maasjost et al., 2015). 

Chloramphenicol was forbidden for the use in farm animals in Europe in 1994 

(Maasjost et al., 2015), but the percentage of resistance showed a slowly rising in our 

study (Table 4). 

Linezolid had been allowed for clinical use in human in Europe since 2001 (Seedat et 

al. 2006). Although linezolid can be used in dogs, it should be considered in rare case 

(Wijesekara et al., 2017). The first linezolid-resistant VRE was found in Germany in 

2004 (Halle, et al., 2004). In this study, no linezolid-resistant Enterococcus faecium 

was detected from animal house dust. All MICs of Enterococci were in intermediate 

area (Table 2). 

Eight isolates of Enterococci showed trimethoprim-sulfamethoxazole resistance. They 

were mainly from pig farm dust (7/8). Even though trimethoprim-sulfamethoxazole 

appeared to be effective in sensitivity test, they are not effective clinically (CLSI, 

2016). It is because trimethoprim-sulfamethoxazole is a folate pathway inhibitor, but 

Enterococci can acquire folate from the environment (Zervos and Schaberg, 1985). 

All Enterococci in the study were resistant to two or more antimicrobials (Table 6). 
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Approximately 60% of isolated from poultry farm dust was resistant to seven and 

more antimicrobials, compared with only 31% from pigs. Only one Enterococcus 

faecium isolate was resistant against eleven antimicrobials. It was isolated from pig 

farm dust that was sampled in 2005. Three Enterococcus faecium isolates were 

resistant against ten antimicrobials. One of them was isolated from pig farm dust; two 

isolates were from turkey house dust. Three Enterococci isolates, which originated 

from turkey environment, all showed high multiple-resistance. The other one was 

resistant to eight antibiotic agents. It was known that up to ten different classes of 

antibiotic agents were used in every raising cycle of turkeys (Maasjost et al., 2015). 

The fact enhances a high level of multi-resistant bacteria in turkey feeding 

environment. Enterococcus faecium from broiler barns had significantly higher 

multi-antimicrobiotical resistance than that from laying hen farms. This fact is also 

described in other research (Schulz, 2016). 

This study shows the antibiotic susceptibility patterns of long-survival Enterococci in 

animals’ houses dust. They have discrepancy depending on sampling age and animal 

origin. Some antimicrobial-resistant percentages rise or drop along with time. The ban 

of related antibiotics as growth promoters seems to cause decline of resistance. Due to 

the limited number of Enterococci in the study, statistical analysis may be deviated. 

Five ciprofloxacin-resistant Enterococcus faecium isolates were isolated from pig 

farm dust that collected before the introduction of fluoroquinolone. They are 

considered to survive about 30 years and keep resistance. Therefore, dust in livestocks 
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buildings can be reservoir of antibiotics-resistant bacteria and should be removed 

thoroughly. In the future research, their fluoroquinolone-resistant genes should be 

found and selection pressure of antibiotics can be analysed. 
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5.7. Tables and Figures 

Table 1. Sampling age, medium types and animal species which Enterococci faecium 

from 

Sampling time Number of isolates (animal species origin) 

32 isolates from BAA 34 isolates from BAACIP 

1981 1 (pig)  

1984 2 (pig)  

1988 4 (pig)  

1992 1 (pig)  

1993 1 (pig)  

1994 1 (broiler) 6 (broiler) 

1995 1 (pig)  

1996 1 (pig)  

1997 1 (pig)  

2003 1 (duck)  

2004 3 (broiler); 1 (turkey) 2 (turkey) 

2005 2 (pig); 3 (cattle) 6 (pig); 10 (broiler); 
9 (laying hen) 

2009 5 (pig) 1 (pig) 

2015 4 (broiler)  

Total 19 (pig); 8 (broiler); 
3 (cattle); 1 (turkey): 

1 (duck) 

7 (pig); 16 (broiler); 
9 (laying hen); 2 (turkey) 
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Table 2. MIC distribution for sixteen antimicrobial agents of Enterococcus faecium  

Antibiotic1 Species 
(No.) 

Number of E. faecium with a MIC (µg /ml) of %  of 
resistance 0.12 0.25 0.5 1 2 4 8 16 32 64 128 256 512 1024 2048 4096 

Aminoglycosides2 

Gentamicin3 

Pig(26)           26      0  
Po.(37)           37      0 0 
Ca.(3)           3      0  

Kanamycin3 

Pig(26)           8 5 7 1 5  23.1  
Po.(37)           6 16 4  11  29.7 27.3 
Ca.(3)           1 1   1  33.3  

Streptomycin3 

Pig(26)             18 1  7 30.8  
Po.(37)             27   10 27.0 27.3 
Ca.(3)             3    0  

Glycopeptides 

Vancomycin 
Pig(26)    17 7 2           0  
Po.(37)    19 18            0 0 
Ca.(3)    1 1 1           0  

Lincosamides 

Lincomycin3 

Pig(26)    4  2  20         76.9  
Po.(37)    1    36         97.3 87.9 
Ca.(3)      1  2         66.7  

Lipopeptides 

Daptomycin5 

Pig(26)    2 1 3 14 6         NA  
Po.(37)     2 5 15 14 1        NA NA 
Ca.(3)       2 1         NA  

Macrolides 

Erythromycin 
Pig(26)  4    1 8 13         80.1  
Po.(37)  9 3 1   4 20         64.9 71.2 
Ca.(3)   1    1 1         66.7  

Tylosin3 

Pig(26)     4 2 7 4  9       34.6  
Po.(37)     2 7 6 1  21       56.8 47.0 
Ca.(3)      1  1  1       33.3  

Oxazolidinones 

Linezolid 
Pig(26)      26           0  
Po.(37)      37           0 0 
Ca.(3)      3           0  

Penicillins 

Penicillin 
Pig(26)     3 1 5 4 13        65.4  
Po.(37)     1 2 2 1 31        86.5 77.3 
Ca.(3)      1  1 1        66.7  

Phenicols 
Chlorampheni- 
col 

Pig(26)       4 17 4 1       19.2  
Po.(37)        31 3 3       16.2 16.7 
Ca.(3)        3         0  

Quinolones 

Ciprofloxacin 
Pig(26)   1 4 5 4 12          61.5  
Po.(37)     1 2 34          97.3 83.3 
Ca.(3)      1 2          100  

Streptogramins 
Synercid 
(Quinupristin 
/Dalfopristin) 

Pig(26)    4 3 9 7 3         73.1  
Po.(37)    2 7 5 16 2 2 3       75.7 72.7 
Ca.(3)    2   1          33.3  

Tetracyclines 

Tetracycline 
Pig(26)    12      14       53.8  
Po.(37)    9  1   2 25       73.0 65.2 
Ca.(3)       1  2        66.7  

Tigecycline4 

Pig(26) 12 11 3              0  
Po.(37) 10 18 7 2             5.4 3.0 
Ca.(3)  3               0  

Folate Pathway  
Inhibitors 

Trimethoprim4 

/Sulfamethox- 
azole 

Pig(26)  12 5 2   7          26.9 
12.1 Po.(37)  32 4    1          2.7 

 Ca.(3)  1 2              0 

1 Breakpoints are adopted from CLSI (2016), when available;  
2 Breakpoints for all aminoglycosides are high-level resistance;  
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3 Breakpoints are established by NARMS (2016);  
4 Breakpoints are based on EUCAST (2016);  
5 Only a susceptible breakpoint is confirmed;  

The range of Trimethoprim/Sulfamethoxazole is shown as the trimethoprim concentration. 

Unshaded areas show the span of the broth microdilution panels. Single vertical bar indicates 

a susceptibility breakpoint; double vertical bars are breakpoints for resistance. 

NA: not applicate 

Po. means Pourtry; Ca. means Cattle 
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Table 3. Antibiotic resistance of Enterococcus faecium isolated from BAA and 

BAACIP 

Antibiotic* 
  

Number (%) of 
resistant isolates 

from BAA  

Number (%) of 
resistant isolates 
from BAACIP 

Total number 
(%) of resistant 

isolates 
Aminoglycoside
s (for high-level 
resistance) 

Gentamicin 0 0 0 
Kanamycin 5(15.6%) 13(38.2%) 18(27.3%) 

Streptomycin 6(18.8%) 12(35.3%) 18(27.3%) 
Glycopeptides Vancomycin 0 0 0 
Lincosamides Lincomycin 27(84.4%) 31(91.2%) 58(87.9%) 

Macrolides 
Erythromycin 27(84.4%) 20(58.8%) 66(71.2%) 

Tylosin 15(46.9%) 16(47.1%) 31(47.0%) 
Oxazolidinones Linezolid 0 0 0 
Penicillins Penicillin 20(62.5%) 31(91.2%) 51(77.3%) 
Phenicols Chloramphenicol 5(15.6%) 6(17.6%) 11(16.7%) 
Quinolones Ciprofloxacin 21(65.6%) 34(100%) 55(83.3%) 
Streptogramins Synercid 24(75.0%) 24(70.6%) 48(72.7%) 

Tetracyclines 
Tetracycline 18(56.3%) 25(73.5%) 43(65.2%) 
Tigecycline 0 2(5.9%) 2(3.0%) 

Folate Pathway 
Inhibitors 

Trimethoprim/ 
Sulfamethoxazole 4(12.5%) 4(11.8%) 8(12.1%) 

*Total number of antimicrobials was fifteen (removed daptomycin) 
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Table 4. Number and percentage of resistant Enterococcus faecium in different period 

Antibiotic* 
  Number of resistant E. faecium (percentage) 

Number 7 12 43 4 
Period 1980-1989 1990-1999 2000-2009 2015 

Aminoglycosides 
(for high-level 
resistance) 

Gentamicin 0 0 0 0 
Kanamycin 0 1(8.3%) 16(37.2%) 1(25.0%) 

Streptomycin 1(14.3%) 4(33.3%) 11(25.6%) 2(50.0%) 
Glycopeptides Vancomycin 0 0 0 0 
Lincosamides Lincomycin 7(100%) 12(100%) 35(81.4%) 4(100%) 

Macrolides 
Erythromycin 7(100%) 11(91.7%) 26(60.5%) 3(75.0%) 

Tylosin 1(14.3%) 11(91.7%) 16(37.2%) 3(75.0%) 
Oxazolidinones Linezolid 0 0 0 0 
Penicillins Penicillin 5(71.4%) 11(91.7%) 33(76.7%) 2(50.0%) 
Phenicols Chloramphenicol 0 1(8.3%) 9(20.9%) 1(25.0%) 
Quinolones Ciprofloxacin 5(71.4%) 7(58.3%) 40(93.0%) 3(75.0%) 
Streptogramins Synercid 7(100%) 12(100%) 27(62.8%) 2(50.0%) 

Tetracyclines 
Tetracycline 1(14.3%) 10(83.3%) 30(69.8%) 2(50.0%) 
Tigecycline 0 1(8.3%) 1(2.3%) 0 

Folate Pathway 
Inhibitors 

Trimethoprim/ 
Sulfamethoxazole 0 1(8.3%) 6(14.0%) 1(25.0%) 

*Total number of antimicrobials was fifteen (removed daptomycin) 
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Table 5. Antimicrobial resistance of Enterococcus faecium isolated from different 

poultry houses dust 

Antibiotic* 
  Number of resistance (percentage) 

Number 24 9 3 1 
Species Broiler Layer Turkey Duck 

Aminoglycosides 
(for high-level 
resistance) 

Gentamicin 0 0 0 0 
Kanamycin 10(41.7%) 0 1(33.3%) 0 

Streptomycin 8(33.3%) 0 2(66.7%) 0 
Glycopeptides Vancomycin 0 0 0 0 
Lincosamides Lincomycin 24(100%) 9(100%) 3(100%) 0 

Macrolides 
Erythromycin 19(79.2%) 1(11.1%) 3(100%) 1(100%) 

Tylosin 17(70.8%) 1(11.1%) 3(100%) 0 
Oxazolidinones Linezolid 0 0 0 0 
Penicillins Penicillin 22(91.7%) 7(77.8%) 3(100%) 0 
Phenicols Chloramphenicol 3(12.5%) 0 3(100%) 0 
Quinolones Ciprofloxacin 23(95.8%) 9(100%) 3(100%) 1(100%) 
Streptogramins Synercid 20(83.3%) 5(20.8%) 3(100%) 0 

Tetracyclines 
Tetracycline 18(75.0%) 5(20.8%) 3(100%) 1(100%) 
Tigecycline 1(4.2%) 0 1(33.3%) 0 

Folate Pathway 
Inhibitors 

Trimethoprim/ 
Sulfamethoxazole 1(4.2%) 0 0 0 

*Total number of antimicrobials was fifteen (removed daptomycin) 
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Table 6. Number of antimicrobials that Enterococcus faecium show resistance 

Number* of 
Antimicrobials 

Number (%) of E. faecium 
Divided by sampling age Divided by animal species 

n=7 n=12 n=43 n=4 n=26 n=37 n=3 
1980-1989 1990-1999 2000-2009 2015 Pig Poultry Cattle 

0               
1               
2     2(4.7%)   1(3.8%) 1(2.7%)   
3 2(28.6%)   7(16.3%) 1(25.0%) 5(19.2%) 4(10.8%) 1(33.3%) 
4   1(8.3%) 7(16.3%)  2(7.7%) 5(13.5%) 1(33.3%) 
5 4(57.1%) 1(8.3%) 4(9.3%) 1(25.0%)  7(26.9%) 3(8.1%)   
6   3(25.0%) 2(4.7%)   3(11.5%) 2(5.4%)   
7   3(25.0%) 12(27.9%)   5(19.2)  9(24.3%) 1(33.3%) 
8 1(14.3%) 2(16.7%) 5(11.6%) 2(50.0%) 1(3.8%) 9(24.3%)   
9   2(16.7%)       2(5.4%)   

10     3(7.0%)   1(3.8%) 2(5.4%)   

11   1(2.3%)  1(3.8%)   

*Total number of antimicrobials was fifteen (removed daptomycin) 
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Figure 1. Frequencies of antimicrobial resistance in Enterococcus faecium isolates 
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6. Discussion 

6.1. The regrowth of Enterococci in dust samples 

A retrospective study by Schulz et al. (2016) used the same sample set of 

sedimentation dust from poultry and pig farms as this research did. The volume of 41 

samples was too small to process, but the water activity (aw) of 78 samples was 

measured, revealing an average aw (standard deviation) of 0.567 (0.035) in pig farms’ 

dust, and 0.599 (0.038) in poultry barns’ dust (Schulz, et al. 2016). It was lower than 

0.65, the minimum growth requirement of xerophilic spores (Ponizovskaya et al., 

2011). The aw requirement of Enterococci seems to be higher than 0.65, as the 

minimum aw for Enterococcus faecalis growth was at least 0.928 at 26°C, and had to 

increase when the temperature was lower (Li & Torres, 1993). Besides, the genus 

Enterococcus grows at 5 to 50°C (Fisher & Phillips, 2009). The dust samples of our 

study were sealed and stored in the dark at 4°C; hence, the growth of Enterococci was 

supposed to be inhibited during storage.  

The results on TSA showed all samples included viable bacteria after one day of 

incubation. The relative frequency of positive samples by using BAA was inversely 

proportional to the sampling age. It can be expected that storage time reduced the 

cultivability of bacteria on BAA medium. The growth after 24 hours of incubation 

increased more significantly than the results after 48 hours (Figure 1 in Study 1). The 

dust samples before 1990 showed no colony on BAA on the first day of incubation, 
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but eight Enterococcus spp. could be identified after 48 hours in five pig farms’ 

samples. Therefore, for quantification, presumed Enterococci colonies were counted 

after two days of incubation.  

The samples were divided into seven groups depending on sampling periods. The 

geomean CFU/g of every group was calculated because the amount in each period 

varied and three periods had only five samples. The CFU/g on TSA and BAA both 

showed an increasing trend with the decreasing age of the samples (Figure 2 in Study 

1). This is consistent with the study by Schulz et al. (2016) and can be explained by 

the loss of cultivability in older samples.  

Furthermore, the clear differences between the counts on the media in Figure 2 (Study 

1) suggest that only a small part of the bacteria (approx. 0.4% to 3.4%) can form 

potential colonies on BAA agar. This could have been expected because the azide in 

the selective medium can inhibit the growth of gram-negative organisms (Facklam, 

1973) and the Enterococci are able to hydrolyze esculin in the presence of bile 

(Murray, 1990; Manero & Blanch, 1999). The Staphylococcus spp., which 

predominates among cultivable bacteria in animal house dust (Hartung & Saleh, 

2007), was suppressed by bile (Thermofisher.com, 2017). 
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6.2. Limitation and accuracy of selective media, biochemical tests and 

MALDI-TOF MS 

Various species and enormous amount of bacteria in dust made the limitation of the 

selective media become prominent. In our study, less than 30% (36/124) suspected 

Enterococci on BAA were proved right on the level of genus. Several bacteria species 

possess the ability to disturb the analysis. Aerococcus viridans, which are widely 

found in dust and animals, have similar characteristics to Enterococci (Zhou et al., 

2013). Simply relying on catalase and oxidase tests, they are difficult to discriminate 

before API tests. Although the selective medium has obvious shortcomings, it is a 

compromise with regard to economy. The combination with catalase and oxidase tests 

offers an opportunity to reduce the scope from all growing bacteria. 

According to the results of API 20 STREP biochemical test, most of the isolated 

Enterococci were Enterococcus faecium (32/36). MALDI-TOF MS acknowledged the 

dominant role as well (30/36). This result was expected, as Enterococcus faecium is 

the most common Enterococcus in production animals’ gastrointestinal tracts (Fisher 

& Phillips, 2009). Five isolations of Enterococcus hirae, identified by MALDI-TOF, 

were all from the one single pig farm. Enterococcus hirae was first identified in 

young chickens (Bourafa et al., 2015). It is rare in humans, but a usual pathogen in 

mammals and birds (Savini et al., 2014). Enterococcus casseliflavus, isolated from a 

poultry barn’s dust sample, is common in plants (Fisher & Phillips, 2009). The 

isolation may be related to organic materials in dust.  
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In the API tests, five isolates were considered as Leuconostoc spp. However, they 

were not confirmed in MALDI-TOF MS. Kulwichit et al. (2007) found API systems 

have limitations in identifying Leuconostoc spp. as well. This is not only because 

some bacteria with overlapping phenotypes are not included in the list of API 20 

STREP, but also because its ability to metabolize leucine arylamidase (LAP) and 

arginine dihydrolase (ADH) is not congruent with clinical tests (Kulwichit et al., 

2007). 

MALDI-TOF MS has a very high accuracy rate in identifying Enterococcus spp., 

even at the species level (Stępień-Pyśniak et al., 2017). The API system accurately 

identified the genus Enterococcus in our study: 36 isolations were considered as 

genus Enterococcus and they were all backed by MALDI-TOF MS. At the species 

level, 83% (30/36) of the Enterococci were consistent in API analyses and 

MALDI-TOF MS. Five isolates were identified as Enterococcus hirae by 

MALDI-TOF, but they were considered as Enterococcus durans or Enterococcus 

faecium by biochemical tests. 
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6.3. Long-term survival of Enterococci in farm dust samples 

Though several studies have been conducted on the survival of Enterococci, they 

focused mainly on nosocomial environments and the time span was merely a few 

months (Noskin, et al. 1995; Bonilla, et al. 1996; Wendt, et al. 1998; Neely & Maley, 

2000). This research firstly proved Enterococci could survive a long time in 

sedimentation dust that was collected from animal farms. One isolate of Enterococcus 

faecium remained viable for more than 35 years in a pig farm dust sample. In the dust 

gathered from a broiler barn in 1994, surviving Enterococci were isolated. It was also 

shown that species of the genus (Enterococcus hirae) could stay viable for 26 years. 

Rapidly reducing the endogenous metabolic rate is major survival ability when 

bacteria are under sparse nutrient conditions (Roszak & Colwell, 1987). Enterococci 

have good tolerance to high salt concentrations (Fisher & Phillips, 2009) and the 

sedimentation process may allow Enterococci to adapt to dryness. A specific 

mechanism in Enterococci is that the membrane is more stable near the minimal 

growth temperature (Fisher & Philips, 2009). 

 

 

 



6.	Discussion	

	 85	

6.4. The susceptibility of isolated Enterococcus faecium to antibiotic 

agents 

Fluoroquinolone. The examined dust samples were collected from animal barns from 

1980 to 2016. During this period, fluoroquinolone (enrofloxacin) was first introduced 

in German animal husbandries in 1989 (Guardabassi, et al., 2008). Ciprofloxacin was 

chosen as a representative of fluoroquinolone because it is a common choice for 

human bacterial diseases and is closely related to enrofloxacin, which has been used 

extensively in animal husbandry (Guardabassi, et al., 2008). Our study showed a high 

percentage of ciprofloxacin-resistance (83.3%). This might be related to the fact that 

over half of Enterococci faecium (34/66) were isolated from BAACIP. These isolates 

are ciprofloxacin-resistant. However, the percentage still nearly reached 60% (19/32), 

when only isolates from BAA were considered. Ten isolates from poultry barns’ dust 

samples were isolated from BAA. Only one of them was categorised as intermediate, 

while the other nine isolates were resistant to ciprofloxacin. In the dust collected 

before 1989, seven isolates of Enterococcus faecium were isolated from BAA. Five of 

the isolates were ciprofloxacin-resistant. Because the first introduction of 

enrofloxacin in German animal husbandries was in 1989 (Guardabassi, et al., 2008), 

ciprofloxacin-resistant Enterococci isolated from dust in 1980-1989 had most 

probably acquired their resistance elsewhere, for instance in other countries, or they 

possessed intrinsic resistance.  

Aminoglycosides. High-level resistant breakpoints were used for aminoglycosides, 
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because Enterococci can keep aminoglycosides from penetrating the bacterial cell 

membrane; thus, they possess a low-level intrinsic resistance (Zimmermann et al., 

1971; EUCAST, 2016). Although high-level resistance against gentamicin was not 

found, nearly one-third of Enterococcus faecium was high-level resistant to 

kanamycin and streptomycin. This might result from wide and long-term usage of 

aminoglycosides in Europe (EMA, 2014). Aminoglycoside-resistant Enterococci were 

detected only from swine and broiler environment dust. The data in Table 4 (Study 2) 

indicated that the percentage of aminoglycoside-resistant Enterococci had increased 

slightly over the past decades.  

Vancomycin. Due to serious nosocomial infections, VRE invariably are a cause of 

concern to researchers. As early as 1987, VRE had been isolated in Germany 

(Lütticken et al., 1988). Some European countries, such as Sweden and the 

Netherlands, early reported about VRE from food animals (Stobberingh et al., 1999; 

Nilsson et al., 2009). Recently, Sting et al. (2013) found VRE from turkey 

environmental dust in the southwest of Germany. However, all Enterococci isolates in 

this study were sensitive for vancomycin. Their MICs of vancomycin were lower than 

the susceptible breakpoint. This might be related to the 1995 prohibition in Germany 

of avoparcin, which causes cross-resistance with vancomycin, as an antimicrobial 

growth promoter (Maasjost et al., 2015). 

Lincomycin. Lincomycin faced a high percentage of resistant Enterococci, especially 

from poultry farm dust. Thirty-six isolates of Enterococci isolated from broilers, 
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layers and turkey houses’ dust were all resistant to lincomycin. This percentage is 

consistent with other research (Maasjost et al., 2015).  

Macrolides. Resistance against erythromycin was remarkable in this study. In the 

four sampling periods, the percentage of erythromycin-resistant Enterococci was all 

over 60% (Table 4 in Study 2). The percentage of resistance against tylosin, another 

macrolide, reached 92% in 1990-1999 and then dropped to 37% in 2000-2009 (Table 

4 in Study 2). This might result from the reduced selective pressure after the ban of 

tylosin at the end of 1998 as a growth promoter in the Europe Unions (Wegener et al., 

1999).  

Synercid. Synercid was the first antibiotic for human VRE infections, with good 

clinical effects (Wegener et al., 1999). Virginiamycin and quinupristin/dalfopristin 

(synercid) are all streptogramins. Due to the ‘Precautionary Principle’, virginiamycin 

was banned as an antibiotic growth promoter at the same time as tylosin (Casewell et 

al., 2003). Even though the total resistant percentage was over 70% (Table 2 in Study 

2), fortunately, the proportion fell rapidly after the ban of virginiamycin (Table 4 in 

Study 2). 

Penicillin. Over 70% of Enterococcus faecium was resistant to penicillin. This is in 

agreement with a study on Enterococcus faecium isolated from poultry production 

environments in the United States (Hayes et al., 2004). This may be due to an induced 

intrinsic, low-level resistance of Enterococcus faecium to penicillin (Maasjost et al., 

2015). Another reason was that over half of the isolates grew on BAACIP, and 
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penicillin resistance is associated with ciprofloxacin resistance (Adela et al., 2004).  

Chloramphenicol. Although the chloramphenicol-resistant percentage was less than 

20%, it was obviously higher than in other studies in Germany (Peter et al., 2003; 

Maasjost et al., 2015). Chloramphenicol was forbidden for use in farm animals in 

Europe in 1994 (Maasjost et al., 2015), but the percentage of resistance showed a 

slow rise in our study (Table 4 in Study 2). 

Linezolid. Linezolid has been allowed for clinical use in humans in Europe since 

2001 (Seedat et al. 2006). Although linezolid can be used in dogs, it has to be 

considered in rare case in veterinary medicine (Wijesekara et al., 2017). The first 

linezolid-resistant VRE was found in Germany in 2004 (Halle et al., 2004). In this 

study, no linezolid-resistant Enterococcus faecium was detected from animal house 

dust. All MICs of Enterococci were in the intermediate area (Table 2 in Study 2). 

Trimethoprim-sulfamethoxazole. Eight isolates of Enterococci showed 

trimethoprim-sulfamethoxazole resistance. They were mainly from pig farm dust 

(7/8). Even though trimethoprim-sulfamethoxazole appeared to be effective in 

sensitivity tests, it is not effective clinically (CLSI, 2016). This is because 

trimethoprim-sulfamethoxazole is a folate pathway inhibitor, but Enterococci can 

acquire folate from the environment (Zervos & Schaberg, 1985). 
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6.5. Multi resistance of Enterococcus faecium 

All Enterococcus faecium in our study were resistant to two or more antimicrobials. 

Approximately 60% of isolates from poultry farm dust were resistant to seven and 

more antimicrobials, compared with only 31% from pigs. Only one Enterococcus 

faecium isolate was resistant against eleven antimicrobials. It was isolated from pig 

farm dust that was sampled in 2005. Three Enterococcus faecium isolates were 

resistant against ten antimicrobials. One of them was isolated from pig farm dust; two 

isolations were from turkey house dust. Three Enterococci isolates, which originated 

from turkey environment, all showed high multiple-resistance. The other one was 

resistant to eight antibiotic agents. It is known that up to 10 different classes of 

antibiotic agents are used in every raising cycle of turkeys (Maasjost et al., 2015). 

This fact enables a high level of multi-resistant bacteria in turkey feeding 

environment. Enterococcus faecium from broiler barns had significantly higher 

multi-antimicrobial resistance than that from laying hen farms. This fact is also 

described in other research (Schulz et al., 2016). 
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6.6. Outlook 

For the first time, these studies revealed a high tenacity of pathogens, especially 

Enterococci, over decades of dust from livestock buildings under certain storage 

conditions. Even though the defined storage conditions were not totally comparable to 

farm conditions, the studies showed that dust could be a carrier to maintain various 

pathogens, and also their antibiotic resistance, for a long time. The antibiotic 

susceptibility patterns of these long-surviving Enterococci in animal house dust varied 

depending on sampling age and animal origin. Some antimicrobial-resistant 

percentages rose or dropped along with time. The ban of related antibiotics as growth 

promoters seemed to cause a decline of resistance. Due to the limited number of 

Enterococci in the study, statistical analysis may deviate. Five ciprofloxacin-resistant 

Enterococcus faecium isolates were obtained from swine farm dust that was collected 

before the introduction of fluoroquinolone. They were considered to have survived 

about 30 years and keep resistance. In future research, their fluoroquinolone-resistant 

genes should be examined and more details on the selection pressure of antibiotics 

should be derived. 
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7. Summary 

Mengda Liu 

Dust from livestock buildings as reservoirs for long term survival of 
bacteria 

 

The tenacity of microorganisms persists as an important issue in various scientific 

disciplines. Whether a microorganism from an environmental source can be spread or 

be infectious depends primarily on its survival time. It has known one potential 

transmission source and reservoir of microorganisms in animal husbandries is dust.  

The Enterococci, as a potential infectious agent, are ordinary intestinal flora of most 

mammals and may contaminate surroundings with animal excreta. Because of a good 

tolerance to low temperature, low potential of hydrogen and mild heat, Enterococci 

have been used as an ideal indicator of faecal-contamination. It is known that 

Enterococci can survive for several months on dry surfaces in a hospital. In soil, they 

can be found up to 250 days after manuring. Regrettably, these studies all involved a 

limited research period. There is no report available about the survival time of 

Enterococci in dust, especially over a lengthy time span. Information about antibiotic 

resistance patterns of long-survival Enterococci also has been absent until now. 

Since 1980, the Institute for Animal Hygiene, Animal Welfare and Farm Animal 

Behaviour has stored more than 100 dust samples from pig, poultry and cattle barns 

under defined conditions. Selective medium, the API biochemical system and 
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MALDI-TOF MS were used to isolate survival Enterococci. The oldest isolate of 

Enterococcus faecium originated from a 35 years dust sample of a pig barn. Due to 

the storage condition, it can be hypothesized that isolates survived in the samples 

without cell division. The studies showed that dust could be a carrier to maintain 

various pathogens, and also their antibiotic resistance, for a long time. The antibiotic 

susceptibility patterns of these long-surviving Enterococci in animal house dust varied 

depending on sampling age and animal origin. Some antimicrobial-resistant 

percentages rose or dropped along with time. The ban of related antibiotics as growth 

promoters seemed to cause a decline of resistance.  

Therefore, dust in animal houses should be removed thoroughly. Furthermore, 

hygienic measures to avoid the transmission of animal house dust by people, vehicles 

or air during the housing of farm animals are recommended. 
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8. Zusammenfassung 

Mengda Liu 

Staub aus Stallgebäuden als Reservoir für das langfristige Überleben  

von Bakterien 

 

In verschiedenen wissenschaftlichen Disziplinen ist die Tenazität von 

Mikroorganismen von großer Bedeutung. So hängt die Verbreitung, aber auch die 

Infektiosität, von Mikroorganismen in der Umwelt im Wesentlichen von der 

Überlebenszeit in dieser ab. Als ein möglicher Übertragungsweg und potentielles 

Reservoir für Mikroorganismen in Tierhaltungen ist Staub schon länger bekannt.   

Enterococci, als fakultativ pathogene Bakterien, gehören zur intestinalen Normalflora 

von Säugetieren und finden sich auch in der Umwelt durch fäkale Kontamination 

wieder. Wegen ihrer hohen Toleranz gegen niedrige Temperaturen, Trockenheit und 

geringe Hitze werden Enterococci als ideale Indikatoren für fäkale Verschmutzungen 

genutzt. Es ist beschrieben, dass Enterococci mehrere Monate auf trockenen 

Oberflächen in Krankenhäusern überlebten. Im Erdboden wurden sie bis 250 Tage 

nach Düngung nachgewiesen. Diese Studien bezogen sich allerdings immer nur auf 

kurze Untersuchungszeiträume. Über die Überlebenszeit Enterococci in Staub, 

insbesondere über längere Zeiträume, war bislang nichts bekannt. Des Weiteren 

fehlten bisher Studien über das Vorkommen von Antibiotikaresistenzen in Enterococci, 
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welche einen längeren Zeitraum überlebt hatten. 

Am Institut für Tierhygiene, Tierschutz und Nutztierethologie wurden sein 1980 mehr 

als 100 Staubproben von Schweine-, Geflügel- und Rinderställen unter defininierten 

Bedingungen eingelagert. Zum Nachweis lebensfähiger Enterococci wurden selektive 

Medien, das biochemische API-Identifikations-System sowie MALDI-TOF MS 

verwendet. Das älteste Isolat von Enterococcus faecium stammte aus einer 35 Jahre 

alten Staubprobe aus einem Schweinestall. Aufgrund der Lagerbedingungen kann 

angenommen werden, dass die Isolate ohne Zellteilungen überlebt haben. Die 

Untersuchungen zeigten, dass Staub Träger verschiedener Pathogene, und auch ihrer 

Resistenzen, über sehr lange Zeiträume sein kann. Die Resistenzprofile dieser 

langlebigen Enterococci-Isolate aus Stallstaub unterschieden sich je nach Probenalter 

und Tierart. Das Vorkommen bestimmter Resistenzen stieg oder fiel im zeitlichen 

Verlauf. Das Verbot von Antibiotika aus denselben Wirkstoffklassen bedingte 

wahrscheinlich einen Rückgang der analysierten Resistenzen.  

Daraus folgernd ist festzuhalten, dass Staub aus Tierställen gründlich entfernt werden 

sollte. Darüber hinaus sollten Hygiene-Maßnahmen durchgeführt werden, welche der 

Übertragung von Stallstaub in der Tierhaltung durch Personen, Gerätschaften oder 

Luft vorbeugen. 
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