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Abstract 69 

 70 

Non-aureus staphylococci (NAS), particularly antimicrobial-resistant NAS, have a 71 

substantial impact on human and animal health. In the current study, we investigated (1) the 72 

species profiles of NAS isolates collected from healthy broilers, farm environments, and farm 73 

workers in Korea, (2) the occurrence of antimicrobial-resistant NAS isolates, especially 74 

methicillin resistance, and (3) the genetic factors involved in the methicillin and 75 

fluoroquinolone resistance. In total, 216 NAS isolates of 16 different species were collected 76 

from healthy broilers (n = 178), broiler farm environments (n = 18), and farm workers (n = 20) 77 

of 20 different broiler farms. The two most dominant broiler-associated NAS species were S. 78 

agnetis (23.6%) and S. xylosus (22.9%). Six NAS isolates were mecA-positive carrying 79 

staphylococcal cassette chromosome mec (SCCmec) II (n = 1), SCCmec IV (n = 1), SCCmec 80 

V (n = 2), or non-typeable SCCmec element (n = 2). While two mecA-positive S. epidermidis 81 

isolates from farm workers had SCCmec II and IV, a mecA-positive S. epidermidis isolate from 82 

broiler and a S. haemolyticus isolate farm environment carried SCCmec V. The occurrence of 83 

multidrug resistance (MDR) was observed in 48.1% (104/216 isolates) of NAS isolates with 84 

high resistance rates to β-lactams (> 40%) and fusidic acid (FUS, 59.7%). Fluoroquinolone 85 

resistance was confirmed in 59 NAS isolates (27.3%), and diverse mutations in the quinolone 86 

resistance determining regions (QRDR) of gyrA, gyrB, parC, and parE were identified. These 87 

findings suggest that NAS in broiler farms may have a potential role in the acquisition, 88 

amplification, and transmission of antimicrobial resistance. 89 

250/250 words 90 

 91 

Keywords: non-aureus staphylococci; broiler; species profiles; antimicrobial resistance  92 
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Introduction 93 

 94 

Several recent studies have demonstrated that non-aureus staphylococci (NAS), 95 

including coagulase-negative staphylococci (CoNS), have a substantial impact on human and 96 

animal health (Fisher et al., 2018). Nosocomial CoNS are particularly well-known for their 97 

ability to form biofilms and acquire resistance to multiple antimicrobial agents (Nadell et al., 98 

2009; O'Gara and Humphreys, 2001; Schilcher and Horswill, 2020). It has been suggested that 99 

NAS in livestock farm environments represent a significant reservoir of antimicrobial resistance 100 

(AMR) genes, facilitating the horizontal transfer of AMR (Feßler et al., 2018; Shen et al., 2013). 101 

Methicillin-resistant Staphylococcus aureus (MRSA) has also been proposed to have acquired 102 

staphylococcal cassette chromosome mec (SCCmec) from CoNS, which normally colonize 103 

various animal hosts. 104 

The high prevalence of antimicrobial-resistant staphylococci, particularly multidrug-105 

resistant (MDR) staphylococci, in livestock animals and farm environments has become a 106 

significant hazard to food safety and public health. Although a relatively large number of 107 

studies have focused on livestock-associated MRSA (LA-MRSA) in swine and cattle farms, the 108 

prevalence of NAS and their AMR profiles in livestock farms, especially broiler farms, are not 109 

well established. Only a few recent studies have investigated the prevalence of antimicrobial-110 

resistant S. aureus in broiler farms, poultry slaughterhouses, and retail chicken meat samples in 111 

Korea (Kim et al., 2018; Lee et al., 2022). In addition, NAS species, such as S. agnetis, S. 112 

saprophyticus, S. xylosus, S. simulans, and S. lentus, have been reported as opportunistic 113 

pathogens in poultry (Boamah et al., 2017; Pyzik et al., 2019; Silva et al., 2022; Szafraniec et 114 

al., 2020). However, information on the distribution of NAS species in broiler farms and their 115 

AMR profiles is still not available in Korea.  116 
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In the present study, we analyzed the species profiles of NAS isolates collected from 117 

broiler farms, including healthy broilers, farm environments, and farm workers. In addition, the 118 

AMR profiles of the NAS isolates and the major genetic factors involved in the resistance 119 

phenotypes, especially methicillin and fluoroquinolone resistance, were examined. To the best 120 

of our knowledge, this is the first study to report the species profiles, AMR, and genetic factors 121 

associated with fluoroquinolone resistance in NAS isolates from broiler farms in Korea. 122 

  123 
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Materials and Methods 124 

 125 

Collection of samples 126 

 127 

All swab samples were obtained from 20 different broiler farms across eight provinces 128 

of South Korea in 2019 as previously described (Lee et al., 2022). A total of 916 swab samples 129 

were collected from healthy broilers (n = 782; cloacal and throat swabs), farm facilities (n = 71; 130 

floor, fence, drinking system, feeder pan, sewage, and ventilators), and farm workers (n = 63; 131 

hand and nasal swabs). After sampling, all swabs were transported using ice-cooled containers 132 

and processed for the isolation of NAS within 36h of sample collection. The sampling protocol 133 

was reviewed and approved by the IRB/IACUC at Chung-Ang university.  134 

 135 

Isolation and identification of NAS 136 

 137 

Isolation and culture of NAS strains from swab samples were performed as previously 138 

described, with minor modifications (Lee et al., 2022). Briefly, all swab samples were 139 

inoculated into 4.5 mL of tryptic soy broth (Difco Laboratories, Detroit, MI, USA) containing 140 

10% sodium chloride and incubated at 37℃ for 17-24 h for enrichment. Next, 15-20 µL of the 141 

pre-enriched cultures were streaked onto Baird-Parker agar (Difco Laboratories) supplemented 142 

with egg yolk and potassium tellurite (Becton Dickinson, Sparks, MD, USA) and incubated for 143 

48 h at 37℃. One or two colonies of presumptive staphylococci per sample were then selected 144 

for subsequent identification of species. The species of the NAS strains were first identified by 145 

using a matrix-assisted laser desorption ionization (MALDI)-Biotyper classification system 146 

(Bruker, Bremen, Germany) and then 16S rRNA sequencing for strains with < 2.0 scores in the 147 

MALDI-Biotyper analysis, as previously described (Yang et al., 2022). 148 
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Antimicrobial susceptibility tests 149 

 150 

To determine the AMR profiles of the NAS strains, standard disc diffusion assays were 151 

performed according to the Clinical and Laboratory Standards Institute guidelines (CLSI) 152 

(CLSI, 2020a; CLSI, 2020b) and the European Committee on Antimicrobial Susceptibility 153 

Testing (EUCAST). The 14 antimicrobial agents included in the disc diffusion assays were 154 

ampicillin (AMP, 10 µg), cefoxitin (FOX, 30 µg), penicillin (PEN, 10 units), gentamicin (GEN, 155 

50 µg), chloramphenicol (CHL, 30 µg), ciprofloxacin (CIP, 5 µg), clindamycin (CLI, 2 µg), 156 

erythromycin (ERY, 15 µg), fusidic acid (FUS, 50 µg), mupirocin (MUP, 200 µg), rifampin 157 

(RIF, 5 µg), sulfamethoxazole-trimethoprim (SXT, 23.73- 1.25 µg), quinupristin-dalfopristin 158 

(SYN, 15 µg), and tetracycline (TET, 30 µg). All antimicrobial discs were purchased from BD 159 

BBLTM (Becton Dickinson, NJ, USA), except for the MUP discs (Oxoid, Hampshire, UK). The 160 

minimum inhibitory concentrations (MICs) of vancomycin (VAN), tigecycline (TGC), 161 

linezolid (LZD), and teicoplanin (TEC) were determined using standard E-test strips 162 

(bioMérieux, France) on Mueller-Hinton agar (Difco Laboratories). Two reference strains, S. 163 

aureus ATCC29213 and S. aureus MW2, were used in antimicrobial susceptibility assays.  164 

 165 

Detection of mecA and SCCmec typing 166 

 167 

All NAS strains displaying resistance phenotypes to -lactam antimicrobial agents 168 

were subjected to polymerase chain reaction (PCR) to detect mecA gene, as previously 169 

described (Geha et al., 1994). The types of staphylococcal cassette chromosome mec (SCCmec) 170 

were then determined in all mecA-positive NAS strains using previously described multiplex 171 

PCR methods that amplify chromosomal cassette recombinase (ccr) genes and mec regulatory 172 
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elements. The combinations of ccr types and mec complexes were analyzed to assign the 173 

SCCmec types of methicillin-resistant NAS strains (Geha et al., 1994; Mendoza et al., 1998).  174 

 175 

Mechanisms of fluoroquinolone resistance in the NAS strains 176 

 177 

To detect the mutations in fluoroquinolone-resistant strains, quinolone-resistance 178 

determining regions (QRDRs) within gyrA, gyrB, parC, and parE were PCR-amplified using 179 

specific primer sets as previously described (Lee et al., 2020; Sreedharan et al., 1991; Takahashi 180 

et al., 1998; Takahata et al., 1997). The PCR products of the QRDRs were then sequenced 181 

(Bionics, Seoul, Korea), and mutations were identified using the Cluster Omega server 182 

(ebi.ac.uk/Tools/msa/clustalo/). The published sequences of S. agnetis (CP009623.1), S. 183 

chromogenes (CP046028.1), S. arlettae (AP019698.1), S. cohnii (CP027422.1), S. condimenti 184 

(CP018776.1), S. haemolyticus (CP035291.1), S. gallinarum (CP086207.1), S. saprophyticus 185 

(CP031196.1), S. simulans (LT963435.1), and S. xylosus (CP013922.1) were used to design 186 

QRDR-specific primer sets in each species (Table S1).  187 
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Results 188 

 189 

Profiles of NAS from broiler farms 190 

  191 

A total of 216 NAS strains of 16 different species were isolated from 916 swab samples 192 

(216/916, 23.58%) collected from broiler farms during the study period (Fig. 1A-C). Of the 216 193 

NAS strains, 148 (68.5%) CoNS strains displayed 14 different species diversities, whereas 68 194 

coagulase-variable staphylococci (CoVS) were composed of only two species of staphylococci, 195 

S. agnetis and S. chromogenes. As shown in Fig. 1A, 178/216 (82.4%) NAS strains were 196 

isolated from healthy broilers, with S. agnetis and S. xylosus being most frequently associated 197 

with healthy broilers (Fig. 1A). Similar to the profiles of NAS strains in broilers, 83.3% (15/18) 198 

of NAS strains from farm environments were S. xylosus (n = 9), S. agnetis (n = 3), and S. 199 

saprophyticus (n = 3) strains (Fig. 1B). NAS strains from farm workers were distinctive from 200 

those of broilers and farm environments in that S. epidermidis (11/20, 55%) was most prevalent 201 

in the nasal cavities of farm workers (Fig. 1C)  202 

 203 

Occurrence of mecA in NAS isolated from broilers 204 

 205 

Six methicillin-resistant NAS were identified in 216 NAS strains (3.24%) isolated from 206 

broiler farms (Table 1). All six strains were mecA-positive (Table 1) and were resistant to FOX 207 

(Table 2). Analysis of SCCmec elements in seven methicillin-resistant NAS revealed that two 208 

CoNS (S. epidermidis and S. haemolyticus) carried SCCmec V (Table 1). Two methicillin-209 

resistant S. epidermidis strains isolated from farm workers contained SCCmec II and SCCmec 210 

IV. Although two CoNS strains (S. sciuri and S. ureilyticus) were mecA-positive, the SCCmec 211 

types could not be determined using PCR because of unidentifiable ccr or mec types.  212 
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AMR profiles of NAS isolates from broiler farms 213 

 214 

All 216 NAS isolates (both CoVS and CoNS) were susceptible to RIF, VAN, LZD, 215 

TEC, and TGC (Fig. 2A and B). CoVS strains (41.2%), particularly S. agnetis strains (54.9%), 216 

showed higher levels of resistance to GEN than the CoNS strains (4.1%) (Table 2). Both CoVS 217 

and CoNS displayed relatively higher levels of resistance to FUS, AMP, PEN, TET, and CIP 218 

than to other antimicrobial agents. MDR phenotypes, which show resistance to more than three 219 

different classes of antimicrobial agents, were observed in 55.9% and 44.6% of CoVS and 220 

CoNS strains, respectively (Table 2). When the two major species of CoVS (S. agnetis and S. 221 

chromogenes) were compared for resistance, S. agnetis strains exhibited significantly higher 222 

levels of resistance to AMP, PEN, FUS, and GEN, whereas S. chromogenes showed higher 223 

resistance to CIP, CLI, and TET (Table 2). Among the four major groups of CoNS strains, S. 224 

xylosus and S. saprophyticus strains displayed higher levels of MDR than S. simulans and S. 225 

epidermidis strains. S. xylosus and S. saprophyticus strains were highly resistant to PEN (> 226 

60%), FUS (> 79.6%) and TET (> 42.9%). 227 

 228 

Mutations in the QRDRs of fluoroquinolone-resistant NAS strains 229 

 230 

Eighteen CoVS (18/68 strains, 26.5%) and 39 CoNS (39/148 strains, 26.4%) strains 231 

displayed resistance to fluoroquinolones (Table 3). All 57 fluoroquinolone-resistant NAS 232 

strains had at least one point mutation in the QRDRs of gyrA, gyrB, parC, or parE genes. As 233 

shown in Table 3, all fluoroquinolone-resistant NAS strains had the S84L mutation in gyrA, 234 

except for six strains of S. cohnii (n = 1), S. condimenti (n = 1), S. lentus (n = 3) and S. 235 

epidermidis (n = 1). Mutations in gyrB were identified in only three species of CoNS: S. sciuri, 236 

S. simulans, and S. xylosus strains. Among the four point mutations in gyrB (S567A, A512R, 237 
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E490G, and S494T), the S567A mutation was most frequently identified in fluoroquinolone-238 

resistant CoNS, especially in S. xylosus. Although the S80L mutation was most frequently 239 

observed in fluoroquinolone-resistant NAS strains, particularly in S. agnetis and S. 240 

saprophyticus strains, high levels of heterogeneity were observed in parC mutations of S. 241 

epidermidis, S. gallinarum, and S. xylosus strains (Table 3). In contrast to mutations in gyrA, 242 

gyrB, and parC, which were identified in multiple species of fluoroquinolone-resistant NAS, 243 

the T379K mutation in parE was detected only in S. simulans strains. 244 

  245 
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Discussion 246 

 247 

Staphylococci are normal flora on the skin and mucous membranes of poultry and other 248 

livestock animals. However, some staphylococci can cause opportunistic infections in poultry 249 

and food poisoning in humans (Lee et al., 2022; Mekhloufi et al., 2021; Silva et al., 2022). 250 

Although recent studies have demonstrated the important role of CoNS and non-aureus CoPS 251 

in the transmission of antimicrobial resistance between livestock animals and humans (Huebner 252 

and Goldmann, 1999; Silva et al., 2022), limited data are available on the prevalence and 253 

species profiles of NAS, as well as their AMR resistance profiles.  254 

 255 

Overall, the prevalence rates of CoVS and CoNS among the 216 NAS strains collected 256 

from broiler farms were 31.5% (68/216) and 68.5% (148/216), respectively (Table 1). Previous 257 

studies conducted in Korea (Lee et al., 2020) and other countries (Marek et al., 2016; Osman et 258 

al., 2016; Pyzik et al., 2019) also reported higher prevalence of CoNS compared with CoVS in 259 

broiler and retail chicken meat. In a study by Awan and Matsumoto (1998), 77/79 260 

staphylococcal isolates from broilers that showed signs of illness were CoNS, such as S. 261 

simulans, S. lentus, and S. cohnii. These results suggest that NAS strains, especially various 262 

species of CoNS strains, are colonizing healthy broilers and farm environments, causing 263 

opportunistic infections in broilers. In this study, although only two species of CoVS, S. agnetis 264 

and S. chromogenes, were detected, 14 different species of CoNS were identified (Table 1 and 265 

Fig. 1A-C). The most frequently isolated species of NAS from healthy broilers were S. agnetis 266 

(26.4%), S. xylosus (21.3%), and S. simulans (15.2%) (Fig. 1A). Frequent occurrence of S. 267 

agnetis (3/18, 16.7%) and S. xylosus (9/18, 50.0%) were also observed in the farm environment 268 

(Fig. 1B). Recently published studies by our group and others reported that various NAS strains 269 

present in retail chicken meat (Martins et al., 2013; Osman et al., 2016; Yurdakul et al., 2013). 270 
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In particular, the overall detection rate of NAS in retail chicken was 45.3% in Korea, and the 271 

most frequently detected NAS species in retail chicken meat samples were S. agnetis (19.4%) 272 

and S. saprophyticus (19%) (Lee et al., 2020), suggesting S. agnetis may have transmitted from 273 

broiler farms to retail chicken meat. Although the most common NAS species in the nasal 274 

cavities of farm workers in this study were S. epidermidis (11/20, 55.0%) and S. lugdunensis 275 

(2/20, 10.0%), a few strains of NAS species identified in broilers, such as S. agnetis (n = 1), S. 276 

xylosus (n = 2), and S. saprophyticus (n = 1), were also isolated from the broiler farm workers 277 

(Fig. 1C). These NAS species have been shown to be mainly associated with local and chronic 278 

infections in broiler chickens and other poultry (Marek et al., 2016; Szafraniec et al., 2020). It 279 

has been reported that S. agnetis and S. xylosus have various virulence factors involved in host 280 

cell adherence, immune evasion, and toxin biosynthesis, which contribute to the persistence 281 

and pathogenesis of staphylococci in poultry (Szafraniec et al., 2020). S. agnetis has been 282 

associated with bacterial chondronecrosis, endocarditis, and septicemia in broiler chickens 283 

(Szafraniec et al., 2020). Moreover, exfoliative toxin genes, which contribute to the scalded-284 

skin syndrome in humans, have been found in S. agnetis and S. chromogenes strains from 285 

poultry (Ladhani et al., 1999). These findings suggest that NAS species in broiler farms, 286 

especially CoVS species, may be a potential health hazard for broilers and a potential source of 287 

chicken meat contamination in Korea. 288 

 Recently, methicillin resistance in NAS strains, especially methicillin-resistant CoNS 289 

strains, has been reported in livestock farms and in foods of animal origin (Mahato et al., 2017). 290 

Analysis of the SCCmec types of the six mecA-positive NAS strains revealed that two CoNS 291 

(S. epidermidis and S. haemolyticus) from broilers or the surrounding environment carried 292 

SCCmec V, which is typically associated with methicillin-resistant staphylococci originating 293 

from livestock and companion animals (Back et al., 2020; Lee and Yang, 2020). In contrast to 294 

SCCmec V in broiler-associated NAS and S. aureus (Lee et al., 2022) strains, the two strains of 295 
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S. epidermidis from farm workers harbored SCCmec II or SCCmec IV, which has been 296 

predominantly found in clinical S. epidermidis isolates from human patients (Barbier et al., 297 

2010). Similar to previous studies, which reported heterogeneity of SCCmec elements in 298 

methicillin-resistant NAS isolates (Rolo et al., 2017), SCCmec types of the two mecA-positive 299 

CoNS strains, one S. sciuri and one S. ureilyticus strain, could not be determined because of 300 

non-typeable ccr/mec genes. Although the prevalence of SCCmec elements in NAS isolates in 301 

this study was much less than that of S. aureus in a previously reported study (2.8% vs. 21.5%) 302 

(Lee et al., 2022) these results indicate that diverse species of NAS may contribute to the 303 

transmission of SCCmec elements among staphylococci.  304 

It is estimated that approximately 20% of all antibiotics sold in the livestock industry 305 

are used for poultry in Korea (Lim et al., 2014). In particular, -lactams, fluoroquinolones, and 306 

tetracyclines have been extensively used to prevent and treat staphylococcal infections in 307 

poultry. Correlating to the administration of antibiotics in poultry, relatively high levels of 308 

resistance to AMP, PEN, CIP, and TET were identified in both CoVS and CoNS strains (Fig. 309 

2A and B), indicating that the administration of antibiotics facilitated the occurrence of AMR, 310 

including the NAS strains in this study. Although FUS has not been listed as a major antibiotic 311 

used in poultry farms in Korea, the highest levels of resistance have been identified in several 312 

species of CoVS and CoNS, particularly in S. agnetis (90.2%), S. xylosus (79.6%), and S. 313 

saprophyticus (95.0%) (Table 2). Previously, it was reported that certain species of NAS, such 314 

as S. agnetis, S. saprophyticus, S. cohnii, and S. ureilyticus, frequently carry fusD and fusF for 315 

intrinsic resistance to FUS (Chen et al., 2015; O'Neill et al., 2007). The frequent occurrence of 316 

antimicrobial-resistant NAS strains, especially MDR strains displaying resistance phenotypes 317 

to the antibiotics commonly used in poultry farms, indicates that NAS strains from poultry 318 

farms can serve as important reservoirs for AMR.  319 
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Frequent occurrence of quinolone resistance has been reported in LA-MRSA and NAS 320 

isolates through point mutations in the QRDRs of the two essential enzymes, DNA gyrase and 321 

topoisomerase IV (Takahashi et al., 1998; Takahata et al., 1997). In this study, all 57 322 

fluoroquinolone-resistant NAS strains possessed one or more point mutations in the QRDRs of 323 

gyrA, gyrB, parC, or parE genes (Table 3). In line with previous studies in S. aureus and CoNS 324 

(Lee et al., 2022; Takahashi et al., 1998), mutations at codon 84 of gyrA ( S84L and S84F) and 325 

codon 80 of parC (S80L, T80I, S80I, and S80V) were most frequently found in 326 

fluoroquinolone-resistant NAS strains. In addition to the S84L mutation, nine different amino 327 

acid substitutions were identified in QRDRs of gyrA in CoNS strains. High level of 328 

heterogeneity in QRDRs of parC was also observed in CoNS strains, especially S.epidermidis, 329 

S. gallinarum, and S. xylosus strains. Although none of the fluoroquinolone-resistant CoVS 330 

strains had mutations in gyrB and parE, S. sciuri, S. simulans, and S. xylosus carried mutations 331 

in the QRDRs of gyrB and parE (Table 3). While S. sciuri and S. xylosus strains had S567A 332 

mutation in gyrB, S. simulans strains had A512R, E490G, and S494T mutations in gyrB. As 333 

shown in Table 3, only S. simulans strains carried the T379K mutation in parE. Although the 334 

T379K mutation has not been previously described, several other mutations in parE have been 335 

found in S. aureus (Fujimoto-Nakamura et al., 2005) and Streptococcus pneumoniae (Jones et 336 

al., 2000) in association with quinolone resistance. Further studies are required to determine 337 

whether the newly identified mutations in gyrB and parE can act synergistically with gyrA and 338 

parC mutations to further enhance quinolone resistance in CoNS strains. 339 

In conclusion, our results suggest that (1) there is a relatively high degree of species 340 

diversity in NAS isolates, especially CoNS isolates, collected from broiler farms; (2) frequent 341 

occurrence of MDR in NAS isolates with high resistance to β-lactams, fluoroquinolones, and 342 

fusidane was observed; and (3) fluoroquinolone resistance in broiler-associated NAS isolates 343 

was mainly caused by various mutations in the QRDRs of gyrA and parC.  344 
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 475 

Table 1. SCCmec types of methicillin-resistant NAS strains isolated from broiler farms 476 

477 
NAS (n = isolates) 

mecA 

positive (%) 
mec gene ccr gene 

SCCmec 

type 
Isolated from 

CoVS (68)      

S. agnetis (51) - - - -  

S. chromogenes (17) - - - -  

      

CoNS (148)      

S. arlettae (2) - - - -  

S. cohnii (5) - - - -  

S. condimenti (1) - - - -  

S. epidermidis (15) 3 (20) 

B A2B2 Ⅳ worker 

A A2B2 Ⅱ worker 

C2 C Ⅴ broiler 

S. gallinarum (12) - - - -  

S. haemolyticus (1) 1 (100) C2 C Ⅴ environment 

S. lentus (5)      

S. lugdunesis (2)      

S. saprophyticus (20) - - - -  

S. sciuri (1) 1 (100) A - NT broiler 

S. simulans (27) - - - -  

S. ureilyticus (3) 1 (33.3) - C NT broiler 

S. warneri (5) - - - -  

S. xylosus (49) - - - -  

NAS, non-aureus staphylococci; CoVS, coagulase-variable staphylococci; CoNS, coagulase-

negative staphylococci; SCCmec, staphylococcal cassette chromosome mec; NT, non-typeable 
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Table 2. Antimicrobial resistance profiles of NAS strains isolated from broiler farms 478 

Species (No of isolates) 

Number (%) of isolates resistant to: 

AMP FOX PEN CHL CIP CLI ERY FUS GEN MUP RIF SXT SYN TET VAN TEC LZD TGC 
MDR 

(%) 

CoVS (68)                    

S. agnetis (51) 
29 

(56.9) 
0 

28 

(54.9) 

6 

(11.8) 

11 

(21.6) 

1 

(2) 

1 

(2) 

47 

(90.2) 

28 

(54.9) 

1 

(2) 
0 0 0 

9 

(17.6) 
0 0 0 0 

30 

(59) 

S. chromogenes (17) 
5 

(29.4) 
0 

5 
(29.4) 

5 
(29.4) 

7 
(41.2) 

8 
(47.1) 

3 
(17.6) 

0 0 0 0 0 0 
6 

(35.3) 
0 0 0 0 

8 
(47) 

CoVS Total 
34 

(50) 
0 

33 

(48.5) 

11 

(16.2) 

18 

(26.5) 

9 

(13.2) 

4 

(5.9) 

47 

(69.1) 

28 

(41.2) 

1 

(1.5) 
0 0 0 

15 

(22.1) 
0 0 0 0 

38 

(55.9) 
                    

CoNS (148)                    

S. arlettae (2) 
2 

(100) 
0 

2 
(100) 

2 
(100) 

1 
(50) 

1 
(50) 

2 
(100) 

2 
(100) 

0 0 0 0 0 
2 

(100) 
0 0 0 0 

2 
(100) 

S. cohnii (5) 
1 

(20) 
0 

2 

(40) 

5 

(100) 

1 

(20) 

3 

(60) 

3 

(60) 

5 

(100) 
0 0 0 0 0 

4 

(80) 
0 0 0 0 

5 

(100) 

S. condimenti (1) 0 0 0 0 
1 

(100) 
0 0 0 0 0 0 0 0 

1 

(100) 
0 0 0 0 0 

S. epidermidis (15) 
9 

(60) 
3 

(20) 
9 

(60) 
0 

1 
(6.7) 

1 
(6.7) 

3 
(20) 

6 
(40) 

2 
(13.3) 

2 
(13.3) 

0 
2 

(13.3) 
0 

3 
(20) 

0 0 0 0 
4 

(26.7) 

S. gallinarum (12) 
12 

(100) 
0 

12 

(100) 

2 

(16.7) 

8 

(66.7) 

8 

(66.7) 

8 

(66.7) 

2 

(16.7) 
0 0 0 0 0 

9 

(75) 
0 0 0 0 

8 

(66.7) 

S. haemolyticus (1) 
1 

(100) 

1 

(100) 

1 

(100) 

1 

(100) 

1 

(100) 

1 

(100) 

1 

(100) 
0 0 0 0 0 

1 

(100) 

1 

(100) 
0 0 0 0 

1 

(100) 

S. lentus (5) 0 0 0 
3 

(60) 
3 

(60) 
1 

(20) 
3 

(60) 
5 

(100) 
0 0 0 

1 
(20) 

0 
1 

(20) 
0 0 0 0 

4 
(80) 

S. lugdunensis (2) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

S. saprophyticus (20) 
3 

(15) 
0 

12 
(60) 

1 
(5) 

6 
(30) 

3 
(15) 

8 
(40) 

19 
(95) 

0 0 0 
1 

(5) 
0 

11 
(55) 

0 0 0 0 
13 

(65) 

S. sciuri (1) 
1 

(100) 

1 

(100) 

1 

(100) 
0 

1 

(100) 
0 

1 

(100) 

1 

(100) 
0 0 0 

1 

(100) 
0 

1 

(100) 
0 0 0 0 

1 

(100) 

S. simulans (27) 
3 

(11.1) 
0 

3 

(11.1) 

3 

(11.1) 

5 

(18.5) 

6 

(22.2) 

6 

(22.2) 
0 

1 

(3.7) 
0 0 

3 

(11.1) 
0 

3 

(11.1) 
0 0 0 0 

5 

(19) 

S. ureilyticus (3) 0 
1 

(33.3) 
0 

2 
(66.7) 

0 
1 

(33.3) 
1 

(33.3) 
3 

(100) 
0 0 0 0 0 

1 
(33.3) 

0 0 0 0 
2 

(66.7) 

S. warneri (5) 
5 

(100) 
0 

5 

(100) 
0 0 0 

1 

(20) 

1 

(20) 
0 

1 

(20) 
0 0 0 

1 

(20) 
0 0 0 0 

1 

(20) 

S. xylosus (49) 
18 

(36.7) 
0 

35 

(71.4) 

12 

(24.5) 

11 

(22.4) 

2 

(4.1) 

4 

(8.2) 

39 

(79.6) 

3 

(6.1) 
0 0 0 0 

21 

(42.9) 
0 0 0 0 

20 

(40.8) 

CoNS Total 
55 

(37.2) 

6 

(4.1) 

82 

(55.4) 

31 

(20.9) 

39 

(26.4) 

27 

(18.2) 

41 

(27.7) 

83 

(56.1) 

6 

(4.1) 

3 

(2.0) 
0 

8 

(5.4) 

1 

(0.7) 

59 

(39.9) 
0 0 0 0 

66 

(44.6) 

TOTAL (216) 
89 

(41.2) 

6 

(2.8) 

115 

(53.2) 

42 

(19.4) 

57 

(26.4) 

36 

(16.7) 

45 

(20.8) 

130 

(60.2) 

34 

(15.7) 

4 

(1.9) 
0 

8 

(3.7) 

1 

(0.5) 

74 

(34.3) 
0 0 0 0 

104 

(48.1) 

AMP; Ampicillin, FOX; Cefoxitin, PEN; Penicillin, CHL; Chloramphenicol, CIP; Ciprofloxacin,, CLI; Clindamycin, ERY; Erythromycin, FUS; Fusidic acid, GEN; Gentamicin, MUP; Mupirocin, RIF; Rifampin, 

SXT; Trimethoprim-sulfamethoxazole, SYN; Quinupristin-dalfopristin, TET; Tetracycline, VAN; Vancomycin, TEC; Teicoplanin, LZD; Linezolid, TGC; Tigecycline, MDR; multi-drug resistance 
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Table 3. Point mutations identified in the QRDRs of gyrA, gyrB, parC, and parE genes in fluoroquinolone-resistant NAS strains 479 

480 
NAS species 

No. of FQ-resistant 

isolates (%) 

Mutations in QRDRs 
Total No. 

gyrA  gyrB  parC  parE  

CoVS 

S. agnetis (51) 11 (21.6) 
S84L  -  S80L  -  10 

S84L  -  S80L, Y56H  -  1 

S. chromogenes (17) 7 (41.2) 
S84L  -  -  -  6 

S84L  -  R87I, S89T  -  1 
            

CoNS 

S. arlettae (2) 1 (50) S84L  -  T80I  -  1 

S. cohnii (5) 1 (20) S84F, V158A  -  -  -  1 

S. condimenti (1) 1 (100) S84F  -  -  -  1 

S. epidermidis (15) 1 (6.7) S28E, V29C, S84F  -  Q81K, D81H, G107A, S108R, I109L  -  1 

S. gallinarum (12) 8 (66.7) S84L  -  Y56F, Y74F, S80I, G92D    8 

S. haemolyticus (1) 1 (100) S84L  -  -  -  1 

S. lentus (5) 3 (60) 
T172A  -  S80V  -  1 

T172A  -  S80L  -  2 

S. saprophyticus (20) 6 (43.8) S84L  -  S80L, R96C  -  6 

S. sciuri (1) 1 (100) S84L, T172A  S567A  S80I  -  1 

S. simulans (27) 5 (18.5) 

S84L  A512R  -  T379K  1 

S84L, D105N, A119F  -  -  T379K  1 

S84L, A132S, A173S  A512R  -  T379K  1 

S84L, A132S  E490G, S494T  -  T379K  1 

S84L, A132S, A173S  E490G, S494T  -  T379K  1 

S. xylosus (49) 11 (22.4) 

S84L  S567A  F160L, V165I, Y195F, I209V  -  10 

S84L  S567A  

D148H, F160L, L164W, V165I, S168N, 

D178H, G185R, V187L, Y194F, K207T, 

Y208S, I209V, D213G 

 -  1 

NAS, non-aureus staphylococci; CoVS, coagulase-variable staphylococci; CoNS, coagulase-negative staphylococci; FQ, fluoroquinolone; QRDRs, quinolone resistance determining 

regions. 
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Figure legends 

 

 

Fig. 1. Profiles of non-aureus staphylococci (NAS) isolated from broilers (A), farm 

environments (B), and farm workers (C) in Korea. A total of 216 NAS isolates of 16 different 

staphylococcal species were collected from broiler farms in Korea. 
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Fig. 2. Antimicrobial resistance profiles of NAS isolates from broiler farms in Korea. 

Antimicrobial resistance phenotypes of CoVS (A) and CoNS (B) isolates are shown.  

AMP, ampicillin; FOX, cefoxitin; PEN, penicillin; CHL, chloramphenicol; CIP, ciprofloxacin; 

CLI, clindamycin; ERY, erythromycin; FUS, fusidic acid; GEN, gentamicin; MUP, mupirocin; 

RIF, rifampicin; SXT, trimethoprim-sulfamethoxazole; SYN, quinupristin-dalfopristin; TET, 

tetracycline; VAN, vancomycin; TEC, teicoplanin; LZD, linezolid; TGC, tigecycline. 

R, resistant; I, intermediate; S, susceptible 
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Table S1. Primers for non-aureus staphylococci QRDR detection 

Target 

genes 
Primer name Sequence (5'→3') 

Amplicon 

size(bp) 

gyrA 

gyrA-F AATGAACAAGGTATGACACC 
368 

gyrA-R GCGATACCTGATGCACCATT 

PCR condition: 95℃ 5 min + 28× (95°C 30 sec + 50°C 30 sec +72°C 40sec) + 72°C 5 min 

gyrB 

gyrB-agnetis-F AGTGACACGTCGTAAGTCGG 
612 

gyrB-agnetis-R TGAAGCATCGCACGGTTTTC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-arlettae-F TGGCTCGTGTCATTGTCGAA 
790 

gyrB-arlettae-R GTCGCATACACTGCGTTGTC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-

chromogenes-F 
GAAACACGGGGACCCTCAAT 

545 
gyrB-

chromogenes-R 
TTCGGATATGGGCACCATCG 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-cohnii-F 
AAA AAG CGC GTG AAG TGA 

CA 
696 

gyrB-cohnii-R 
GGT TCT CAA CAA CAT CGC 

CC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 52℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-condimenti-

F 

CTG CCG GAG GGT CTA CAA 

AA 
534 

gyrB-condimenti-

F 

TAT CCG CTT CAA TCG CGT 

CT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-epidermidis-

F 

CAG CAT TAG ACG TTT CAA 

G 
250 

gyrB-epidermidis-

R 

CCA ATA CCC GTA CCA AAT 

GC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 55℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-

haemolyticus-F 

ACG TGA AGT GAC ACG TCG 

TA 
410 

gyrB-

haemolyticus-F 

ATC CCG CTT CGA TTA GTG 

GT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 52℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-lentus-F AGAGCTCGTCTAGCAGCGAA 
681 

gyrB-lentus-R CGTTTCGTCAGCTTCTATCGC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-

saprophyticus-F 

GAA GTC ACG CGC CGT AAA 

TC 
528 
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gyrB-

saprophyticus-R 

CGA CCA TTT TGG CGT TGG 

TT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-gallinarum-

F 

AGT GAC ACG TCG TAA GTC 

GG 
567 

gyrB-gallinarum-

R 

TGA TCC GCG TTC ATC TCA 

CC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-sciuri-F 
TAT CGT TGA GGG TGA CTC 

TGC 426 

gyrB-sciuri-R TTC GGC GTT GAG CTA AGT TCT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

gyrB-xylosus-F 
GGC AGA GAC TCG GAA ACA 

CA 
442 

gyrB-xylosus-R 
CCC ACA ATT GGT CTG CGT 

TC  

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

 

Target 

genes 
Primer name Sequence (5'→3') 

Amplicon 

size(bp) 

parC 

parC-agnetis-F TTACCTGATGTACGCGACGG 
922 

parC-agnetis-R GTCGACCTTCACTGATCGCT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-arlettae-F ACCCGATGTACGTGATGGTT  
257 

parC-arlettae-R ATAGCTGCTGCAGGGTCATT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-

chromogenes-F 
CGT CGG GGA TGT CAT TGG AC 

162 
parC-

chromogenes-R 
GTA TAA CGC ATC GCA GCA GG 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 50℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-cohnii-F 
TTG GCG ACC GAT TTG GTA 

GAT 309 

parC-cohnii-R TAG CTG CTG CTG GAT CGT TA 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 52℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-condimenti-

F 
AGT GCC AAA ACA GTC GGT GA 

300 
parC-condimenti-

R 
GTT CGG GAA TCT TGC TGG GA 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-epidermidis-

F 
TCG CAA TGT ATT CAA GTG GG 

245 
parC-epidermidis-

R 

ATC GTT ATC GAT ACT ACC 

ATT 
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PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 55℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-

haemolyticus-F 

AAG AGT GCG AAG ACA GTC 

GG 
470 

parC-

haemolyticus-R 

CCG CCA GTA GGG AAA TCT 

GG  

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC -lentus-F ATCCAAGACCGAGCACTTCC 
575 

parC -lentus-R CCGGTAGGGAAATCAGGTCC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-

saprophyticus-F 
CGT TCG TGA TGG GCT CAA AC  

244 
parC-

saprophyticus-R 
AGC CGG GTC ATT GTC GAT AC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-sciuri-F GCG CTT CCT GAT GTA CGA GA 
375 

parC-sciuri-R CAT CGG CTC CAT CGC TGT AT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parC-xylosus-F CGC ACG GTG ATA CGT CTG TA 
428 

parC-xylosus-R ACC ACC CGT TGG GAA ATC AG 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE 

parE-F CGATTAAAGCACAACAAGCAAG 
393 

parE-R GCGCACCATCAGTATCAG 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 48℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-agnetis-F GGGTGGGTCTGCAAAACTTG 
308 

parE-agnetis-R GTAACGCGATAAACACGCGA 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 52℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-arlettae-F TTAGGTACACCGGAAGCACG 
566 

parE-arlettae-R ACACGTCCTGCCAACACTAA 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-

chromogenes-F 
TAGGGACACCTGAAGCGAGA 

851 
parE-

chromogenes-R 
ACGACGTGGGGCAACTTTAT 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-cohnii-F 
CCA ACA AGC AAG AGA GGC 

AG 696 

parE-cohnii-R ATC CAC TCA CGT CTA GGA GC 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-condimenti-

F 
TAC GCT CGT CGA ATT GGT GA 

648 
parE-condimenti-

R 
TAC TTG GAT ATG CGC ACC GT 
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PCR condition: 95℃ 5 min + 28× (95 °C 30 sec + 53 °C 30 sec +72 °C 40sec) + 72 °C 5 min 

parE-epidermidis-

F 

AAG CTC AAC AAG CAC GCG 

AGG CTG 
229 

parE-epidermidis-

R 

TTA AAG TCA GTA CCA ACA 

CCA GCA C 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 48℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-lentus-F GCA AGA GCT GCC GTA GAT TC 
483 

parE-lentus-R AGC ACC ATC TGT ATC GGC AT  

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 53℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-

saprophyticus-F 

GCG TAC AAA AGA CGG GGG 

TA 
701 

parE-

saprophyticus-R 
CAC CAT CCG TAT CCG CAT CA 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-sciuri-F 
GTG AAG CAG CGA GAA AAG 

CG 
374 

parE-sciuri-R 
ATG CGC ACC ATC AGT ATC 

GG  

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

parE-xylosus-F 
TAG AGA AGC GGC GCG TAA 

AG 376 

parE-xylosus-R ATG CGC ACC ATC TGT ATC GG 

PCR condition : 95℃ 5 min + 28× (95℃ 30 sec + 54℃ 30 sec +72℃ 40sec) + 72℃ 5 min 

 
 


