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ABSTRACT
[bookmark: OLE_LINK1]The aim of this study was to investigate the presence of methicillin (mecA and mecC) and antiseptic (qacA/B and smr) resistance genes by polymerase chain reaction (PCR) in S. aureus isolated from sheep, goat, and cow milk, as well as the resistance of these isolates to various antibiotics by disc diffusion methods. In the study, 694 milk samples from 257 animals (cattle=90, sheep=60, goats=107) in farms with mastitis problems in Burdur province were collected. The milk samples were cultured on Blood agar supplemented with 5% defibrinated sheep blood aerobically for 24 hours at 37°C. The seventy five S. aureus colonies were identified by conventional bacteriological methods. A total of 60 S. aureus isolates were confirmed by detecting the S. aureus-specific nuc gene. As a result of the study, while one isolate was found to be positive for the mecA gene, the mecC gene was not detected in any of the S. aureus isolates. The presence of the qacA/B gene was detected in 3 isolates from bovine milk, and smr gene was detected in 2 S. aureus isolates (1 from sheep, 1 from bovine). The qacA/B and smr genes were not detected together in any isolate. In this study, methicillin and antiseptic resistance genes were also not detected in the same isolate. 58 of S. aureus isolates were susceptible to gentamicin and oxacillin, 56 to cefoperazone and ceftiofur, 55 to cefoxitin, 54 to amoxicillin clavulonic acid, 50 to oxytetracycline. In conclusion, the results of this study was showed that methicillin and antiseptic resistance in livestock animals is currently not a significant problem in Turkey, and no assocation between methicillin and antiseptic resistance was found. It has been concluded that the frequent use of antiseptics in human and animal health practices may lead to serious problems in the future, such as antibiotic resistance, and therefore antiseptic resistance should be monitored.
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1. INTRODUCTION
Staphylococcus aureus (S. aureus), a common component of the normal flora in humans and animals, is typically found on the skin, in the upper respiratory tract, and within the mucous membranes of the digestive and urogenital systems (Bannerman, 2003). Notably, S. aureus isolated from the external surfaces of animals is most frequently localized to the mammary skin and is commonly detected in the milk of animals affected by mastitis (Öztürk et al., 2019). Antiseptics and disinfectans, especially quaternary ammonium compounds (QAC) are usually used to stop colonization of microorganisms in milking machines, milk tanks, and the equipment used to make milk products (Ergun et al., 2017). Resistance to QAC is encoded by the qac genes (qacA, qacB, qacC (smr), qacG, qacG, qacH, and qacJ) located on plasmids (Jaglic et al., 2012), and it has been reported that they can be transferred between staphylococcal species (Nakipoğlu et al., 2012). In MRSA strains, the qacA/B gene is highly associated with disinfectant and antiseptic resistance. Because qacA/B resistance genes are carried on plasmids, the presence of these genes may also be associated with antibiotic resistance (Aykan et al., 2013). Thus, resistance to antiseptics, like resistance to antibiotics, is expected to be a significant problem in the future. The aim of this study was to determine antiseptic resistance genes (qacA/B, smr) and methicillin resistance genes (mecA, mecC) in S. aureus isolated from farm animals with mastitis problems in Burdur province of Türkiye.
2. MATERIALS AND METHODS
2.1 Samples
Six hundred and ninety four milk samples were collected from randomly selected 257 animals (cattle: 90, goat: 107, sheep:60) in different farms with mastitis problems in seven different villages  and Burdur province in located in southwest of Türkiye (Table 1). The total of area of Burdur province is 7,135 km2 and is a crossing area between Aegean, Anatolia and Mediterranean parts of Turkey. The selected animals were representing at least 25% of each farms. The teats were cleaned with 70% ethyl alcohol. After discarding the first three milking flows, the milk samples (10 ml) was collected into sterile tubes aseptically and transported under cold chain to the Department of Microbiology, Faculty of Veterinary Medicine, Burdur Mehmet Akif Ersoy University.
 
Table 1. The number of samples and farms in study
	Animals
	Farms
	Number of animals
	Number of samples
	Herd Sizes

	Cattle
	Burdur
	15
	60
	15

	Cattle
	Bucak
	21
	84
	37

	Cattle
	Bucak
	16
	64
	30

	Cattle
	Bayindir
	12
	48
	25

	Cattle
	Bayindir
	12
	48
	12

	Cattle
	Karacaören
	14
	56
	20

	Sheep
	Halebi
	12
	24
	38

	Sheep
	Halebi
	12
	24
	39

	Sheep
	Burdur
	12
	24
	45

	Sheep
	Burdur
	12
	24
	35

	Sheep
	Bayindir
	12
	24
	20

	Goat
	Burdur
	16
	32
	85

	Goat
	Müslümler
	16
	32
	47

	Goat
	Müslümler
	15
	30
	25

	Goat
	Soğanlı
	12
	24
	66

	Goat
	Soğanlı
	12
	24
	90

	Goat
	
Örtülü
	12
	24
	30

	Goat
	Burdur
	12
	24
	34

	Goat
	Burdur
	12
	24
	25



2.2 Isolation and Identification of S. aureus
Milk samples were inoculated onto blood agar (Merck, Germany) containing 5-7% defibrinated sheep blood and MacConkey agar (Merck, Germany). The petri dishes were incubated aerobically at 37C for 24 hours. The colonies were identified as S. aureus using conventional bacteriological methods, including colony morphology, Gram staining, catalase, coagulase and DNase tests (Öztürk et al., 2019). Isolates identified as S. aureus by biochemical methods were further confirmed by PCR targeting the nuc gene (Aksakal et al., 2022).
2.3 Antibiotic susceptibility tests
Antimicrobial susceptibility of S. aureus isolates was performed by using disc diffusion methods. Amoxicillin-clavulanic acid (30µg, Oxoid, UK) cefoperazone (30µg, Oxoid, UK), penicillin G (10IU, Oxoid, UK) cefquinom (30µg, Oxoid, UK) ampicillin-sulbactam (10 µg, Oxoid, UK), cefoxitin (30µg, Oxoid, UK), oxytetracycline (30µg, Oxoid, UK), ceftiofur (30µg, Oxoid, UK), gentamicin (30µg, Oxoid, UK) and oxacillin (1 µg, Oxoid, UK) discs were used in test and the results were evaluated according to Clinical and Laboratory Standards Institutes (CLSI) guidelines (CLSI, 2013).
2.4 DNA Isolation
Genomik DNA was extracted from S. aureus isolates were made using a commertial DNA extraction kit (Nucleogene Genomic DNA Extraction Kit, NGE001, Türkiye) according to kit procedure. The supernatants containing genomic DNA were stored in -20C until use for PCR.
2.5 PCR method for nuc, mecA, mecC, qacA/B and smr genes
Methicillin and antiseptic resistance of S. aureus were detected using mec genes (mecA, mecC) and qac genes (qacA/B and smr) by PCR. The primers used for PCR amplification are shown in Table 2. The PCR amplification was performed in a 25 μl reaction mixture (5l target DNA, 12,5 μl PCR mastermix (Thermo Scientific, USA), 5,5 μl nuclease free water, 1 μl primer F (100pmol) and primer R(100pmol). 
Table 2. Primers, DNA sequences of genes and DNA sizes using in PCR
	Primer
	Primer sequences
	DNA products (bp)
	Referance

	nuc
	5’-GCGATTGATGGTGATACGGTT-3’
5’-AGCCAAGCCTTGACGAACTAAAGC-3’
	279 bp
	Aksakal et al.  (2022)

	mecA
	5’-CCT AGT AAA GCT CCG GAA-3’
5’- CTA GTC CAT TCG GTC CA-3’
	314 bp
	Ardic et al. (2006)

	mecC
	5’-GAAAAAAAGGCTTAGAACGCCTC-3’
5’-GAAGAT CTTTTCCGTTTTCAGC-3’
	138 bp
	Stegger et al. (2012)

	qacA/B
	F-5’-CCTTTTAATGCTGGCTTATACC-3’
R-5’-AGCCKTACCTGCTCCAACTA-3’
	220 bp
	Akin et al. (2020)

	smr
	5’-GGCTTTTCAAAATTTATACCATCCT-3’
5’-ATGCGATGTTCCGAAAATGT-3’
	249 bp
	Akin et al. (2020)



nuc gene: First reaction for amplification were performed 10 min at 95°C. Reaction mixtures were subjected to 45 cycles (45 sec for 94°C, 30 sec at 55°C and 45 sec at 72°C). A final elongation step at 72°C for 7 min was applied a thermal cycler (Biorad, T100, Germany).
mecA and mecC genes: The first denaturation was performed at 5 min at 95°C. Reaction mixtures were performed 30 cycles (2 min for 95°C, 30 sec at 54°C and 30 sec at 72°C). A final elongation step at 72°C for 5 min was applied a thermal cycler.
qacA/B and smr genes: The initial denaturation step at 94°C’de 3 min was  followed by 23 cycles of denaturation at 94°C for 45 sec, annealing at 56°C for 45 sec, and extension at 72°C for 1 min. A final extension step was performed at 72°C for 10 min.
S. aureus 25923 (nuc+), S. aureus 27R (mecA+), S. aureus NCTC 13552 (mecC+) strains were used as positive control. Positive control strains for qacA/B and smr obtained in previous studies were used in this study. The PCR products were separated by electrophoresis (Serva, UK) in a 1.5 % agarose gel, stained with Safe Dye (Jena Bioscience, Germany), and visualized under UV light (Edas 290, Kodak, USA).
3. RESULTS
3.1 Bacterial isolation and identification
In this study, 196 Gram-positive cocci were isolated from 694 milk samples. These bacterial agents were identified by conventional bacteriological methods as Corynebacterium spp. (n=18), Trueperella pyogenes (n=3), Staphylococcus aureus (n=75), coagulase-negative staphylococci (CNS) (n=61), Staphylococcus spp. (n=13), and Streptococcus spp. (n=47). Sixty of S. aureus isolates were confirmed to be S. aureus by using primers specific for the nuc gene. 
3.2 Antimicrobial susceptibility test
The antibiotic susceptibility of 60 isolates confirmed as S. aureus using the nuc gene was evaluated by disc diffusion method and zone diameters were measured according to CLSI (2013) reference values. Accordingly, 58 (96.67%) of S. aureus isolates were susceptible to gentamicin and oxacillin, 56(93.33%) to cefoperazone and ceftiofur, 55(91.66%) to cefoxitin, 54(89.99%) to amoxicillin clavulonic acid, 50 (83, 33%) to oxytetracycline. However, 24 (39.99%) S. aureus isolates were resistant to cefquinome, 21(34.99%) to penicillin, 9(14.99%) to ampicillin sulbactam and 7 (11.66%) to oxytetracycline.  
3.3 Resistance profiles to methicillin and antiseptics of S. aureus isolates
Methicillin resistance of S. aureus isolates were investigated using specific primers (mecA and mecC genes) coding methicillin resistance. The mecA gene was detected in one S. aureus isolate (1.33%) obtained from cattle milk samples. This gene was not detected in isolates from sheep and goat. Additionally, the mecC gene was not found in any of the isolates in this study.
In this study, specific primers for the qacA/B and smr genes were used to determine the antiseptic resistance of 60 S. aureus isolates. The presence of qacA/B gene was determined in 3 (4%) isolates from bovine milk, while this gene was not detected in isolates obtained from sheep and goat milk. The smr gene was detected in 2 (2.67%) isolates (1 from sheep and 1 from bovine). Neither the qacA/B nor the smr genes were detected together in any isolate. However, methicillin and antiseptic resistance genes were not found together in any isolate in this study.
4. DICUSSION
In the present study, we investigated the distribution of methicillin resistance and antiseptic resistance genes in S. aureus isolates obtained from milk samples of livestock animals in Türkiye. Mastitis is a significant disease causing serious economic losses in dairy farming worldwide. Although S. aureus is the most commonly isolated pathogen in mastitis cases in cattle, sheep, and goats, other bacteria such as coagulase-negative staphylococci (CNS), Streptococcus spp., Enterococcus spp., Trueperella pyogenes, Pasteurella spp., Pseudomonas spp., Mycoplasma spp., Bacillus spp., and Corynebacterium spp. have also been reported (Ebrahimi et al., 2007; Sevinti & Şahin, 2009; Büyükcangaz et al., 2013; Gökhan & Gülaydın, 2020). In present study, similar to the findings of the researchers, staphylococci were pathogens isolated most frequently and S. aureus was the most frequently isolated agent. Additionally, CNS, Streptococcus spp., T. pyogenes, and Corynebacterium species were also isolated.
Conventional bacteriological methods and molecular techniques are frequently used for the identification of S. aureus. Some researchers have reported differences in the performance of phenotypic tests and recommended that at least three phenotypic tests should be employed for accurate identification (Kateete et al., 2010). Molecular identification of S. aureus is typically carried out by detecting the presence of the femA and nuc genes by PCR (Unal et al., 1992; Turutoglu et al., 2009; Ozturk et al., 2019; Nalça & Gülhan, 2021; Aksakal et al., 2022). Several studies have indicated that the nuc gene is species-specific for S. aureus and has been widely used for its identification (Gökdağ & Çiftçi, 2021; Nalça & Gülhan, 2021; Aksakal et al., 2022; Roshan et al., 2022). In the present study, out of 75 isolates identified as S. aureus by conventional methods, 60 (80%) were confirmed by detection of the nuc gene. These results supports that there may be discrepancies in the performance of phenotypic tests. 
MRSA infections are an increasing problem in humans and animals in worldwide. MRSA exhibits resistance to many antibiotics, and leads to difficulties in treatment (Unal et al., 1992). The detection of the mecA and mecC genes by PCR is widely used to identify methicillin resistance in S. aureus isolates (Chambers, 1997). Numerious studies have investigated methicillin resistance in S. aureus isolates obtained from cattle, goat, and sheep milk (Büyükcangaz et al., 2013; Ünal, 2013; Ozturk et al., 2019; Sayın et al., 2016). In the present study, the mecA gene was detected in only one (1.33%) S. aureus isolated from cattle milk. This rate is considerably lower than those reported in other studies conducted in Burdur (Pehlivanoğlu &Yardımcı, 2012). Similarly, in another study from Burdur (Ozturk et al., 2019), the mecA gene was detected in only one S. aureus isolate. Although the isolation rate of MRSA from cattle milk appears low, it remains a public health concern due to its zoonotic potential. The absence of MRSA in goat and sheep milk samples suggests that these animals are not currently significant reservoirs of MRSA in the Burdur province.
The mecC gene has been detected in S. aureus isolated from the milk of mastitic animals in various parts of the world (Gindonis et al., 2013; Paterson et al., 2014; Alves et al., 2020). However, the studies on the presence of mecC in Turkey are limited (Kılıç et al., 2015; Dogan et al.,2016; Cıkman et al., 2019; Ceylan et al., 2022). These researchers have reported the detection of the mecA gene in cattle milk samples, but none have identified the mecC gene. Only a few studies in Türkiye, have focused on the mecC gene in S. aureus isolated from milk and dairy products of farm animals (Sayın et al., 2016; Taban et al., 2021). Doğan et al. (2016), reported the absence of mecC in S. aureus isolates from the Burdur province. These findings suggest that MRSA isolates carrying the mecC gene do not currently pose a public health treat in this region. However, considering that the mecC gene was initially identified in S. aureus isolates from livestock, the potential for its transmission from farm animals to humans remains a concern.
Incorrect antibiotic selection, unconscious and frequent use of antibiotics in the treatment of S. aureus infections, contrubutes significantly to the development of antimicrobial resistance. MRSA infections, which can be hospital-acquired, community-acquired and livestock-associated, are observed worldwide and pose a serious public health threat (Gindonis et al., 2013; Sancak, 2011). Early and accurate diagnosis of MRSA is crucial for  effective treatment. The frequent emergence of antibiotic resistance in S. aureus isolates highlights the importance of performing antibiotic susceptibility testing to guide appropriate treatment strategies. In this study, 24 out of 60 S. aureus isolates were resistant to cefquinome, 21 to penicillin, 9 to ampicillin-sulbactam, 7 to oxytetracycline, 6 to amoxicillin-clavulanic acid, 3 to ceftiofur, 2 to oxacillin, 1 to cefaperazone and 1 to cefoxitin. Cefquinome resistance was the most frequently observed among the isolates. Consistent with previous findings, a high level of resistance to penicillin was also detected (Unal, 1992). The resistance to amoxicillin clavulanic acid, tetracycline and oxacillin was determined in this study, too. Antibiotic susceptibility and resistance rates of S. aureus isolates against to various antibiotics have been found to be different in the previous studies and performing antibiotic susceptibility tests before treatment can improve therapeutic success. 
Qac genes are responsible for the development of resistance to antiseptic agents  such as povidione-iodine, chlorhexidine, quaternary ammonium compounds (Nakipoğlu et al., 2012). Among these the qacA/B gene is highly associated with biocide resistance, while the smr gene is also commonly investigated in studies examining biocide resistance genes. Animal studies, have reported the detection of qacA/B and smr genes at different rates (Wong et al., 2013; Ergun et al., 2017; Cantekin et al., 2019; Qu et al., 2019; Akın et al., 2020; Kotb & Gafer, 2020; Saidi et al., 2021). Akın et al. (2020) reported the presence of qacA/B genes in 18.8% of S. aureus isolates from milk and cheese samples, and smr genes in 2.2% of isolates from chicken carcass in Türkiye. Ergun et al. (2017) detected the presence of qacA/B and smr genes in 3 of 36 Staphylococcus spp. isolated from cattle with mastitis in Burdur, qacA/B in 6 of 47 isolates from Hatay, and qacA/B in 7 and smr in 2 of 200 Staphylococcus spp. isolates from Van province. Cantekin et al. (2019) found qacA/B in 1 of 30 S. aureus isolates from Hatay, while smr was not detected in any isolates. In the present study, qacA/B genes were detected in 3 of 60 S. aureus isolates, while smr gene was determined in 2 of 60 isolates. The variation in detection rates of these resistance genes among S. aureus isolates may be associated with factors such as animal species, geographic location of the studies, types and duration of antiseptic and disinfectant use, and dilution rates. In this study, methicillin and antiseptic resistance genes were also not detected in the same isolate.                      
5. CONCLUSION
In conclusion, the results of this study indicates that methicillin and antiseptic resistance in livestock animals is currently not a significant problem in Turkey, and no assocation between methicillin and antiseptic resistance was found. However, the use of widespread, prolonged and randomly of antiseptics in veterinary area, may lead to serious problems, including the development of antibiotic resistance.
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