
HAL Id: hal-00526936
https://hal.science/hal-00526936

Submitted on 17 Oct 2010

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Unexpected Sequence Types in livestock-associated
methicillin-resistant (MRSA): MRSA ST9 and a Single

Locus Variant of ST9 in pig farming in China
Jaap A. Wagenaar, Hua Yue, Jane Pritchard, Marian Broekhuizen-Stins,
Xander Huijsdens, Dik J. Mevius, Thijs Bosch, Engeline van Duijkeren

To cite this version:
Jaap A. Wagenaar, Hua Yue, Jane Pritchard, Marian Broekhuizen-Stins, Xander Huijsdens, et al..
Unexpected Sequence Types in livestock-associated methicillin-resistant (MRSA): MRSA ST9 and a
Single Locus Variant of ST9 in pig farming in China. Veterinary Microbiology, 2009, 139 (3-4), pp.405.
�10.1016/j.vetmic.2009.06.014�. �hal-00526936�

https://hal.science/hal-00526936
https://hal.archives-ouvertes.fr


Accepted Manuscript

Title: Unexpected Sequence Types in livestock-associated
methicillin-resistant Staphylococcus aureus (MRSA): MRSA
ST9 and a Single Locus Variant of ST9 in pig farming in China

Authors: Jaap A. Wagenaar, Hua Yue, Jane Pritchard, Marian
Broekhuizen-Stins, Xander Huijsdens, Dik J. Mevius, Thijs
Bosch, Engeline Van Duijkeren

PII: S0378-1135(09)00298-3
DOI: doi:10.1016/j.vetmic.2009.06.014
Reference: VETMIC 4468

To appear in: VETMIC

Received date: 29-4-2009
Revised date: 1-6-2009
Accepted date: 12-6-2009

Please cite this article as: Wagenaar, J.A., Yue, H., Pritchard, J., Broekhuizen-Stins, M.,
Huijsdens, X., Mevius, D.J., Bosch, T., Van Duijkeren, E., Unexpected Sequence Types
in livestock-associated methicillin-resistant Staphylococcus aureus (MRSA): MRSA
ST9 and a Single Locus Variant of ST9 in pig farming in China, Veterinary Microbiology
(2008), doi:10.1016/j.vetmic.2009.06.014

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

dx.doi.org/doi:10.1016/j.vetmic.2009.06.014
dx.doi.org/10.1016/j.vetmic.2009.06.014


Page 1 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

Unexpected Sequence Types in livestock-associated methicillin-resistant Staphylococcus 1

aureus (MRSA):2

MRSA ST9 and a Single Locus Variant of ST9 in pig farming in China.3

4

Jaap A. Wagenaara,b*, Hua Yuec, Jane Pritchardd, Marian Broekhuizen-Stinsa, Xander 5

Huijsdense, Dik J. Meviusa,b, Thijs Bosche, Engeline Van Duijkerena.6

7

8

a. Department of Infectious Diseases and Immunology, Faculty of Veterinary Medicine, 9

Utrecht University, P.O. Box 80.165, 3508 TD Utrecht, the Netherlands.10

b. Central Veterinary Institute of Wageningen UR, P.O. Box 65, 8200 AB Lelystad, the 11

Netherlands.12

c. College of Life Science and Technology, Southwest University for Nationalities, 13

Chengdu 610041, China.14

d. Livestock Health Extension Services Project, Agriteam Canada, Chongqing and 15

Gansu, China / BC Ministry of Agriculture and Lands, 1767 Angus Campbell Road, 16

Abbotsford, BC. V3G 2M3, Canada17

e. National Institute for Public Health and the Environment (RIVM), Laboratory for 18

Infectious Diseases and Screening, P.O. Box 1, Bilthoven, the Netherlands.19

20

21

22

*Corresponding author:23

Jaap A. Wagenaar,24

Department of Infectious Diseases and Immunology,25

Faculty of Veterinary Medicine, Utrecht University,26

P.O. Box 80.165,27

NL- 3508 TD Utrecht.28

Phone: +31-30-253437629

Fax : +31-30-253319930

e-mail: j.wagenaar@uu.nl31

32

Keywords: methicillin-resistant Staphylococcus aureus, MRSA, pigs, pig farms, 33

Staphylococcus aureus34

Manuscript



Page 2 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

2

Abstract35

36

In October 2008 nine farrow-to-finish pig farms were visited in Shuangliu County in Sichuan 37

Province, China. One farm was empty for one month but not cleaned after depopulation. Dust 38

samples were collected at each farm and analysed for the presence of methicillin-resistant 39

Staphylococcus aureus (MRSA). Dust samples from four farms were also analysed for the 40

presence of methicillin-susceptible Staphylococcus aureus (MSSA). On 5/9 farms MRSA was 41

isolated and on 2/4 farms MSSA was isolated. On two farms, including the empty farm, no 42

MRSA or MSSA could be detected. All MRSA isolates (n=43) belonged to spa type t899. 43

MSSA isolates belonged to spa type t899 (n=12) and spa type t034 (n=2). From 4/9 farms the 44

MRSA isolates of spa type t899 were assigned to multilocus sequence type (MLST) ST9 45

whereas on one farm the MRSA spa type t899 isolates belonged to a single locus variant of 46

MLST ST9 (ST1376). MSSA isolates with spa type t899 belonged to MLST ST9 and the47

MSSA with spa type t034 belonged to MLST ST398. 48

This is the first report on MRSA in pig farms in China and the first time that MRSA ST9 and 49

a single locus variant of ST9 are detected in pig farms. This study shows that livestock 50

associated MRSA is not restricted to clonal lineage ST398 as found in Europe and Northern 51

America in commercial pigs but that other MRSA lineages are able to spread in livestock as 52

well. The study confirms that livestock may act as a reservoir for MRSA.53

54

55
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Introduction56

Methicillin-resistant Staphyloccocus aureus (MRSA) is of increasing importance not only as a 57

cause of nosocomial infections but also as a cause of community acquired infections in 58

humans. In 2005, the presence of MRSA in pigs and the transfer to humans was reported for 59

the first time (Voss et al., 2005). Soon thereafter dissemination of a single MRSA clone in pig 60

production in different geographical regions in the world was described (De Neeling et al., 61

2007; Khanna et al., 2007; Sergio et al., 2007; Smith et al., 2008). The isolates belonging to 62

this clone were not typeable by pulsed-field gel electrophoresis (PFGE) using SmaI and 63

therefore initial referred to as non typeable MRSA (NT-MRSA) currently called livestock 64

associated MRSA (LA-MRSA). Virtually all LA-MRSA isolates belong to MLST Clonal 65

Complex 398 (CC398) with Sequence Type 398 (ST398) as the predominant sequence type.66

Within ST398 different spa types, mainly t011, t034, t108, t899 and t1254 have been 67

described (De Neeling et al., 2007; Graveland et al., 2008). The clone is not restricted to pig 68

farming but is also widespread in veal farming and has been found in poultry and horses 69

(Graveland et al., 2008; Persoons et al., 2009; Van Den Eede et al., 2009). The reason for the 70

efficient spread of this specific clone remains unclear. In pig farming a trend was seen with 71

routinely administered antimicrobials being a risk factor for a farm to be MRSA positive (Van 72

Duijkeren et al., 2008). ST398 strains are all resistant to tetracycline and susceptible for 73

trimethoprim/sulfamethoxazole whereas other resistances vary between strains (Weese and 74

Van Duijkeren, 2009). Clinical disease in livestock caused by LA-MRSA is rarely seen. 75

However, livestock acts as an emerging reservoir for MRSA with subsequent transmission to 76

humans (Voss et al., 2005). Therefore, from a public health point of view, the epidemiology 77

and control of the spread of MRSA in livestock is important. In Canada, a common human 78

MRSA clone (CMRSA-2/USA100) was isolated from pigs besides MRSA of ST398 (Khanna 79

et al., 2007). This supports the concern on the potential changes in the epidemiology of 80
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MRSA in livestock by changes in the current clone (e.g. uptake of virulence genes) or a 81

replacement of ST398 by other, more virulent clones (Scientific Opinion EFSA, 2009). Until 82

now only data on the occurrence of MRSA in livestock in Europe and Northern America is 83

available. An important pig industry is present in Asia but data on MRSA prevalence in pigs 84

is lacking. This information is important to understand the epidemiology of MRSA and is 85

needed to assess the risk for transmission to humans.86

The aim of this study was (i) to determine if MRSA is present on commercial pig farms in 87

China, and (ii) to characterize the MRSA isolates. 88

89

Materials and Methods90

Collection of samples91

Nine commercial pig farms all located in Shuangliu County in Sichuan Province were visited 92

in October 2008. All farms were farrow-to-finish pig farms with >1000 animals and they all 93

started < 5 years ago except for the empty farm (Farm I) that was considerably older. Farm I 94

was empty for one month but not cleaned after depopulation. Dust samples were collected 95

using dry viscose/polypropylene clothes (Zeeman, the Netherlands). The number of dust 96

samples that were analysed varied per farm (Table 1). Dust was collected from pen partition 97

walls, ventilator, tubes and other horizontal flat surfaces. Samples were transported to the lab 98

in plastic bags and processed within 10 days after sampling.   99

100

MRSA and methicillin-susceptible S. aureus (MSSA) isolation and identification101

Pre-enrichment broth102

Samples were incubated at 37˚C overnight in containers with 50-100 ml Mueller Hinton 103

Broth (MHB) containing 6.5% NaCl and subsequently used for the procedure for MRSA and 104

MSSA isolation.105
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106

MRSA isolation and identification (all farms)107

One ml of this pre-enrichment broth was transferred into 9 ml phenyl mannitol broth (PHMB) 108

(bioMérieux, Marcy l'Etoile, France) with 5 μg/ml ceftizoxime and 75 μg/ml aztreonam. After 109

overnight incubation at 37˚C, 10 µl of the PHMB broth was plated onto Heart Infusion agar 110

with 5% sheep blood (sheep blood agar) (Biotrading, Mijdrecht, The Netherlands) and 111

Brilliance MRSA agar (Oxoid, Badhoevedorp, the Netherlands). 112

Suspected colonies were identified as S. aureus using standard techniques: colony 113

morphology, Gram staining, catalase production, coagulase production, and by a latex 114

agglutination test (Pasteurex Staph Plus, Bio-Rad Laboratories, Hercules, USA). MRSA115

suspected colonies were confirmed by PCR specific for a S. aureus DNA fragment 116

(Martineau et al., 1998), the mecA gene (de Neeling et al., 1998), and the Panton-Valentine 117

leukocidin toxin (PVL) genes (Lina et al., 1999).118

119

MSSA isolation and identification (farms D, G, H, I)120

Ten μl of MHB pre-enrichment broth was plated onto SA-select agar (Bio-Rad, the 121

Netherlands) and sheep blood agar. Suspected colonies were identified as S. aureus by using 122

standard techniques as mentioned before. From samples that were also MRSA-positive, up to 123

18 S. aureus colonies were checked for the absence of the mecA gene by PCR, because on the 124

SA-select agar both MRSA and MSSA can grow. 125

126

Genotyping127

Spa-sequence typing was performed as described before, utilizing sequencing the variation in 128

the tandem repeat region of the protein A encoding spa gene (Harmsen et al., 2003). Data 129

were analyzed by using the Ridom Staphtype software version 1.4 (http://www.ridom.de). 130
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From farms A, B, C, D, E, F, and G one isolate was further characterized with PFGE using 131

SmaI as restriction enzyme according to the Harmony protocol (Murchan et al., 2003) and by 132

multilocus sequence typing (MLST) (Enright et al., 2000), (www.saureus.mlst.net). As MLST 133

assigned a ST9 variant to isolates of farm A, all 7 isolates of this farm were analysed by 134

MLST.135

136

Susceptibility testing137

From each MRSA or MSSA positive farm two isolates were randomly selected for 138

susceptibility testing. Susceptibility was tested quantitatively by broth microdilution with 139

cation-adjusted Mueller Hinton broth according to ISO standard 20776-1:2006. For broth 140

microdilution, microtitre trays were used with custom made panels of dehydrated dilution 141

ranges of antibiotics (Sensititre®, Trek Diagnostic Systems, Basingstoke, UK). ATCC strains 142

Enterococcus faecalis 29212 and S. aureus ATCC 29213 were included for quality control. 143

The Minimum Inhibitory Concentrations (MICs) were defined as the lowest concentrations 144

without visible growth. EUCAST clinical breakpoints (www.eucast.org) and CLSI 145

breakpoints (M100-S17) were used for classification of Resistant, Intermediate and 146

Susceptible. 147

148

Results149

Dust samples of 5/9 (55.6 %) farms were MRSA-positive (Table 1). On 2/4 farms MSSA 150

could be detected (Table 1). On both MSSA-positive farms (D and G) no MRSA could be 151

detected. On 2 farms (H and I), including the empty farm, no MRSA or MSSA could be 152

detected. 153

All MRSA and MSSA isolates were negative for Panton-Valentine leukocidin toxin genes. 154
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All MRSA isolates (n= 43) belonged to spa type t899. MSSA isolates detected at farm D 155

belonged to spa types t899 (n=1) and t034 (n=2). MSSA isolates on farm G were all assigned 156

to spa type t899 (n=11).157

From each farm B, C, E, and F one MRSA isolate was assigned to MLST ST9 based on its 158

allelic profile, 3-3-1-1-1-1-10. All MRSA isolates of farm A were assigned to a novel single 159

locus variant of MLST ST9 with the allelic profile, 3-73-1-1-1-1-10  (ST1376). From each 160

farm D and G one MSSA isolate of spa type t899 was also assigned to MLST ST9. One 161

isolate with spa type t034 (farm D) was assigned to MLST ST398.162

ST9 isolates, both MRSA and MSSA, were typeable with SmaI macrorestriction PFGE163

whereas the ST398 MSSA isolate was not typeable with SmaI PFGE (Figure 1). All ST9 164

isolates revealed a different PFGE pattern (Figure 1; farm F not shown).165

Susceptibility testing revealed that 9/10 tested MRSA isolates were resistant to amikacin, 166

ciprofloxacin, clindamycin, erythromycin, gentamicin, neomycin, and tetracycline. These 167

strains were susceptible to fusidic acid, linezolid, mupirocin, rifampicin, and 168

trimethoprim/sulfamethoxazole. One MRSA strain (farm A) was resistant only to amikacin, 169

gentamicin, and tetracycline. The MSSA strains tested (n=4) generally showed the same 170

susceptibility pattern as the majority of the MRSA isolates. The exception was for neomycin 171

to which two strains were resistant and two were susceptible.  172

173

174

Discussion175

This is the first report of MRSA on Chinese pig farms. The most remarkable finding was the 176

presence of the mecA gene in S. aureus of MLST ST9 and  a single locus variant of ST9 in 177

dust samples from commercial pig farms. Although this was a pilot study and the number of 178

sampled farms was relatively small, this newly described pig-related MRSA type seem to be 179
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common among pig farms in this region. MRSA MLST ST9 was found on four farms and its 180

single-locus variant ST1376 on one farm. This finding is remarkable as until now the most 181

prevalent MRSA clone in livestock in Europe, Canada and the US belongs to CC398 (Weese 182

and Van Duijkeren, 2009). One study on MRSA in experimental pigs in Singapore showed 183

the presence of MRSA ST398 (Sergio et al., 2007). To date, this is the only report of livestock 184

associated MRSA in Asia. Studies investigating the presence of MRSA on commercial pig 185

farms have not been published before. In our study we did not sample pigs themselves but 186

dust samples from the environment.  Environmental samples are an indicator for colonisation 187

in pigs (Scientific Opinion EFSA, 2009). MSSA of ST9 has been described in humans, in 188

pigs, and in humans working with the ST9 pigs showing that ST9 is able to colonize human 189

and can be transmitted between pigs and humans (Armand-Lefevre et al., 2005; Kehrenberg et 190

al., 2009). Although S. aureus of CC9 can colonize humans, it was found only sporadically in 191

nasal samples of nonhospitalized elderly individuals in the United Kingdom (Grundmann et 192

al., 2002) and among Irish students (Collery et al., 2008). In pigs and pig farmers MSSA of 193

ST9 seems to be common. In one study in France, 7/14 porcine S. aureus isolates and  as 194

many as 18/44 pig farmer S. aureus isolates belonged to ST9, but ST9 was not found amongst 195

S. aureus isolates from bank- or insurance workers indicating that pigs act as reservoir for 196

transmission to humans (Armand-Lefevre et al., 2005). In our study the farmers were not 197

included in sampling and transfer from pigs to humans could not be confirmed. However, it is 198

likely that these farmers were at risk of being positive for MRSA. The virulence of ST9 199

MRSA is still unclear. Three studies on the prevalence of MRSA in Chinese hospitals do not 200

describe ST9 indicating that ST9 is not the dominant ST in Chinese hospitals (Yu et al., 2008; 201

Xu et al., 2009; Zhang et al., 2009). Liu et al., (2009), however, have described an MRSA 202

isolate with spa type t899 and MLST ST9 from a patient with severe clinical illness. This 203

indicates that MRSA ST9 is associated with disease in humans. Unfortunately no information 204



Page 9 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

9

was available if this patient had been in contact with animals. Generally, MRSA of ST5 and 205

ST239 are the most prevalent sequence types in Chinese hospitals and MRSA of ST9 are still 206

rare (Liu et al., 2009). To date no information is available in the literature on MRSA 207

colonization rates of pig farmers in China. In addition, we do not know if MRSA ST9 208

emerged in Chinese pigs recently. In that case it could be expected to find more human 209

carriers and infections in the future. Whether MRSA ST9 also causes disease in pigs needs 210

further investigation. 211

The limitation of this study is that only nine farms were sampled in one specific geographical 212

area and the history of trade on these farms was not available. As most of the farms were 213

relatively new (< 5 years) there may be a common source of pigs when the farms were 214

populated. It has been shown that trade of colonized pigs plays an important role in the spread 215

of MRSA within the pig population (Van Duijkeren et al., 2008). 216

This study shows that for understanding the epidemiology of MRSA we should not rely solely 217

on spa typing. MRSA of spa type t899 have been found in Dutch pigs, but these isolates all 218

belonged to MLST ST398 (De Neeling et al., 2007; Van Duijkeren et al., 2008). This study 219

shows MRSA of spa type t899 belonging to a different Clonal Complex (CC9). This confirms 220

that in addition to spa typing MLST typing provides important information to get insight in 221

the epidemiology of MRSA. PFGE of the ST398 isolate confirmed the specific characteristic 222

of this clonal cluster to be non-typeable with SmaI macrorestriction. Isolates of ST9, both 223

MRSA and MSSA, could be typed and revealed a different PFGE pattern for each farm. The 224

PFGE patterns of farm B and farm E isolates showed a high degree of homology. The 225

diversity in PFGE patterns of the MRSA isolates may suggest either that the acquisition of the 226

mecA-gene has been a multiple event or the molecular variation of MRSA ST9 over time.227

In this study the concurrent on-farm occurrence of MSSA and MRSA did not occur and may 228

suggest a competition between MSSA and MRSA. However, this may be partly biased by the229
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method used. On MRSA positive farms, the S. aureus selective plates (SA-select) showed 230

heavy growth of MRSA and it can not be excluded that MSSA could have been present but 231

have been missed as only up to a maximum of 18 colonies have been tested for the mecA232

gene. This aspect of competition definitively needs more attention in further studies. 233

The presence of MSSA belonging to ST9 and ST398 strengthen former studies that these STs 234

are able to colonize pigs. The origin of MRSA ST398 and ST9 remains unclear but the 235

efficient colonisation of pigs of MSSA ST398 and ST9, the probable co-colonisation with 236

mecA donor species like coagulase-negative staphylococci and the abundant use of 237

antimicrobials in pig production may favour the development of MRSA. In the present study 238

no MRSA ST398 could be detected.  Although our study is limited in size, it shows the 239

presence and suggests a spread of the mecA positive ST9 in pigs in China. Further studies 240

with samples from other areas are needed to investigate the prevalence of this clone and 241

potentially other MRSA STs on pig farms in China. The finding that on farm A a single locus 242

variant of ST9 was identified, supports the idea that pig farms may act as a reservoir for 243

evolution of existing clones and emergence of new MRSA lineages. China has about 50% of 244

the world pig population and the presence of MRSA in this pig population may act as an 245

enormous reservoir for MRSA. In view of the national and international travel and trade, this 246

is a potential risk for humans and pigs.247

In conclusion: this study shows that MRSA is also present on commercial pig farms in China. 248

On this limited number of farms the clone is different from the one that is widely spread in 249

Europe, the US and Canada. The fact that within this small study a variant of ST9 was 250

identified confirms that MRSA in livestock is not a static happening but a continuous 251

evolution in a big animal reservoir. As S. aureus of ST9 is very common in pigs, the 252

occurrence of MRSA of this sequence type is worrying. The implications of this finding for 253
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the public health need to be determined but it is highly likely that this clone can be 254

transmitted to humans and is therefore a threat for public health.255

256

Acknowledgements257

Kees Veldman for support with the susceptibility testing and Marga van Santen-Verheuvel 258

for help with MLST and spa typing. 259

260

Conflict of interest statement261

None of the authors has any financial and personal relationships with other people or 262

organisations that could inappropriately influence or bias the work.263

264
References265

Armand-Lefevre, L., Ruimy, R., Andremont, A., 2005. Clonal comparison of Staphylococcus 266

aureus isolates from healthy pig farmers, human controls, and pigs. Emerg. Infect. Dis. 11, 267

711-714.268

Collery, M.M., Smyth, D.S., Twohig, J.M., Shore, A.C., Coleman, D.C., Smyth, C.J., 2008. 269

Molecular typing of nasal carriage isolates of Staphylococcus aureus from an Irish university 270

student population based on toxin gene PCR, agr locus types and multiple locus, variable 271

number tandem repeat analysis. J. Med. Microbiol. 57, 348-58.272

De Neeling, A.J., Van Leeuwen, W.J., Schouls, L.M., Schot, C.S., Van Veen Rutgers A., 273

Beunders, A.J., Buiting, A.G., Hol, C., Ligtvoet, E.E., Petit, P.L., Sabbe, L.J., Van 274

Griethuysen A.J., Van Embden, J.D., 1998. Resistance of staphylococci in The Netherlands: 275

surveillance by an electronic network during 1989–1995.  J. Antimicrob. Chemother. 41, 93–276

101.277

De Neeling, A., Van den Broek, M., Spalburg, E., Van Santen-Verheuvel, M., Dam-Deisz, 278

W., Boshuizen, H., van de Giessen, A., Van Duijkeren, E., Huijsdens, X., 2007. High 279



Page 12 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

12

prevalence of methicillin resistant Staphylococcus aureus in pigs. Vet. Microbiol. 122, 366-280

372.281

Enright, M.C., Day, N.P., Davies, C.E., Peacock, S.J., Spratt, B.G., 2000. Multilocus 282

sequence typing for characterization of methicillin-resistant and methicillin-susceptible clones 283

of Staphylococcus aureus. J. Clin. Microbiol. 38, 1008-1015.284

Graveland, H., Wagenaar J.A., Broekhuizen-Stins, M.J., Oosting-Schothorst, I., Schoormans, 285

A.H., Van Duijkeren, E., Huijsdens, X., Mevius, D., Heederik, D., 2008. Methicillin-resistant 286

Staphylococcus aureus (MRSA) in veal calf farmers and veal calves in The Netherlands, ASM 287

Conference on Antimicrobial Resistance in Zoonotic Bacteria and Foodborne Pathogens288

Copenhagen, Denmark, pp. 62–63.289

Grundmann, H., Hori, S., Enright, M.C., Webster, C., Tami, A., Feil, E.J., Pitt, T. 2002. 290

Determining the genetic structure of the natural population of Staphylococcus aureus: a 291

comparison of multilocus sequence typing with pulsed-field gel electrophoresis, randomly 292

amplified polymorphic DNA analysis, and phage typing. J. Clin. Microbiol. 40, 4544-4546.293

Harmsen, D., Claus, H.,  Witte, W., Rothganger, J.,Claus, H., Turnwald, D., Vogel, U., 2003. 294

Typing of methicillin-resistant Staphylococcus aureus in a university hospital setting by using 295

novel software for spa repeat determination and database management.  J. Clin. Microbiol.296

41, 5442–5448.297

Kehrenberg, C., Cuny, C., Strommenger, B., Schwarz, S., Witte, W., 2009. Methicillin-298

resistant299

and -susceptible Staphylococcus aureus strains of clonal lineages ST398 and ST9300

from swine carry the multidrug resistance gene cfr. Antimicrob. Agents Chemother. 301

53, 779-781.302

Khanna, T., Friendship, R., Dewey, C., Weese, J.S., 2008. Methicillin resistant303

Staphylococcus aureus colonization in pigs and pig farmers. Vet. Microbiol. 128, 298-303.304



Page 13 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

13

Lina, G., Piemont, Y., Godail-Gamot, F., Bes, M.,  Peter, M.O., Gauduchon, V., Vandenesch, 305

F., Etienne, J., 1999. Involvement of Panton-Valentine leukocidin-producing Staphylococcus306

aureus in primary skin infections and pneumonia. Clin. Infect. Dis. 29, 1128–1132.307

Liu, Y., Wang, H., Du. N., Shen, E., Chen, H., Niu, J., Ye, H., Chen, M., 2009. Molecular 308

evidence for spread of two major methicillin-resistant Staphylococcus aureus clones with a 309

unique geographic distribution in Chinese hospitals. Antimicrob. Agents Chemother. 53, 512-310

518.311

Martineau, F., Picard, F.J., Roy, P.H., Ouellette, M., Bergeron, M.G., 1998. Species-specific 312

and ubiquitous-DNA-based assays for rapid identification of Staphylococcus aureus. J. Clin. 313

Microbiol. 36, 618–623.314

Murchan, S., Kaufmann, M.E., Deplano, A., de Ryck, R., Struelens, M., Zinn, C.E., Fussing, 315

C.E., Salmenlinna, S., Vuopio-Varkila, J., El Solh, N., Cuny, C.,  Witte, W., Tassios, P.T., 316

Legakis, N., Van Leeuwen, W., Van Belkum, A., Vindel, A., Laconcha, I., Garaizar, J., 317

Haeggman, S., Olsson-Liljequist, B., Ransjo, U., Coombes, G., Cookson, B., 2003.  318

Harmonization of pulsed-field gel electrophoresis protocols for epidemiological typing of 319

strains of methicillin-resistant  Staphylococcus aureus: a single approach developed by 320

consensus in 10 European laboratories and its application for tracing the spread of related 321

strains. J. Clin. Microbiol. 41, 1574-1585.322

Persoons, D., Van Hoorebeke, S., Hermans, K., Butaye, P., de Kruif, A., Haesebrouck, F.323

Dewulf, J., 2009. Methicillin-resistant Staphylococcus aureus in poultry. Emerg. Infect. Dis. 324

15, 452-3.325

Scientific Opinion of the Panel on Biological Hazards on a request from the European 326

Commission on Assessment of the Public Health significance of meticillin resistant 327

Staphylococcus aureus (MRSA) in animals and foods. The EFSA Journal (2009) 993, 1-73328

Sergio D.M., Koh T.H., Hsu L.Y., Ogden B.E., Goh A.L., Chow P.K., 2007.329



Page 14 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

14

Investigation of meticillin-resistant Staphylococcus aureus in pigs used for330

research. J. Med. Microbiol. 56, 1107-1109.331

Smith, T.C., Male, M.J., Harper, A.L., Kroeger, J.S., Tinkler, G.P., Moritz, E.D., Capuano, 332

A.W., Herwaldt, L.A., Diekema, D.J., 2008. Methicillin-resistant Staphylococcus aureus333

(MRSA) strain ST398 is present in midwestern U.S. swine and swine workers. PLoS ONE.334

2008;4(1):e4258. Epub 2008 Jan 23. PubMed PMID: 19145257; 335

Van den Eede, A., Martens, A., Lipinska, U., Struelens, M., Deplano, A., Denis, O.,336

Haesebrouck, F., Gasthuys, F., Hermans, K., 2009. High occurrence of methicillin-resistant337

Staphylococcus aureus ST398 in equine nasal samples. Vet. Microbiol. 133, 38-44.338

Van Duijkeren, E., Ikawaty, R., Broekhuizen-Stins, M.J., Jansen, M.D., Spalburg, E.C., de339

Neeling, A.J., Allaart, J.G., van Nes, A., Wagenaar, J.A., Fluit, A.C., 2008. Transmission of340

methicillin-resistant Staphylococcus aureus strains between different kinds of pig farms. Vet. 341

Microbiol. 25, 383-389. 342

Voss, A., Loeffen, F., Bakker, J., Klaassen, C., Wulf, M., 2005. Methicillin-resistant343

Staphylococcus aureus in pig farming. Emerg. Infect. Dis. 11, 1965-1966.344

Weese, J.S. and van Duijkeren, E., 2009. Methicillin-resistant Staphylococcus aureus and 345

Staphylococcus pseudintermedius in veterinary medicine. Vet Microbiol. 2009 Feb 5. [Epub 346

ahead of print]347

Xu, B.L., Zhang, G., Ye, H.F., Feil, E.J., Chen, G.R., Zhou, X.M., Zhan, X.M., Chen, S.M., 348

Pan, W.B., 2009. Predominance of the Hungarian clone (ST 239-III) among hospital-acquired 349

meticillin-resistant Staphylococcus aureus isolates recovered throughout mainland China. J. 350

Hosp. Infect. 71, 245-255.351

Yu, F., Chen, Z., Liu, C., Zhang, X., Lin, X., Chi, S., Zhou, T., Chen, Z., Chen, X., 2008.  352

Prevalence of Staphylococcus aureus carrying Panton-Valentine leukocidin genes among353

isolates from hospitalised patients in China. Clin. Microbiol. Infect.14, 381-384.354



Page 15 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

15

Zhang, W., Shen, X., Zhang, H., Wang, C., Deng, Q., Liu, L., Yang, Y., 2009. Molecular 355

epidemiological analysis of methicillin-resistant Staphylococcus aureus isolates from Chinese 356

pediatric patients. Eur. J. Clin.Microbiol. Infect. Dis. 2009 Feb 10. [Epub ahead of print] 357

PubMed PMID: 19205765.358

359
360



Page 16 of 17

Acc
ep

te
d 

M
an

us
cr

ip
t

16

361

Table 1362

Characteristics of isolates from dust samples from 9 pig farms in China, October 2008363

Farm Number of Number of Number of Spa type MLST364
samples tested MRSA 1 MSSA1 (number)365

366
A 2 7 n.d t899 (7) ST1376367

B 2 12 n.d t899 (12) ST9368

C 2 8 n.d t899 (8) ST9369

D 8 0 3 t034 (2) ST398370

t899 (1) ST9371

E 4 9 n.d t899 (9) ST9372

F 4 7 n.d. t899 (7) ST9373

G 8 0 11 t899 (11) ST9374

H 8 0 0375

I 8 0 0376

377

1 n.d: not determined, Number of positive MRSA colonies that were characterized with spa 378

typing, multi locus sequence typing and pulsed field gel electrophoresis. 379

380

381

Figure 1: PFGE patterns of ST9 and single locus variant of ST9 MRSA and MSSA isolates, 382

and one ST398 MSSA isolate. The farm of origin is indicated.383
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