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ABSTRACT

Project Code: MRG5480258

Project Title: Phenotypic and Genotypic Characterization of Methicillin Resistant
Staphylococcus aureus (MRSA) Isolated from Swine and Human

Investigator: Prapas Patchanee DVM., PhD.

E-mail Address: patprapas@gmail.com

Project Period: July 2011-June 2013

Livestock Associated- Methicillin-Resistant Staphylococcus aureus(LA-MRSA)
has been emerging among pigs and pig handlers worldwide. This study aimed to
determine the prevalence of LA-MRSA in pigs, workers and the environment in Northern
Thailand and to investigate phenotypic characteristics of LA-MRSA isolates. One
hundred and four pig farms were randomly selected from the total of 21,152 pig farms
in Chiang Mai and Lamphun provinces in 2012. Nasal and skin swab samples were
collected from five pigs and two workers in each farm. As well, five environmental
samples (pig stable floor, faucet and feeder) were collected using cotton swabs. MRSA
was identified and confirmed by multiplex PCR from pooled samples of pigs, pig worker
and farm environment. Phenotypic characterization of MRSA isolates were performed by
SCCmec typing, MLST and Kirby-Bauer disk diffusion susceptibility test. The total of
104 pig farms and 138 workers were collected. The herd prevalence of MRSA was
8.65% (9 of 104 farms). The prevalence of MRSA in pigs, workers and the farm
environment was 0.96%, 4.34% and 2.88%, respectively. Thirteen MRSA isolates were
identified from eight workers, four isolates from environmental samples and one isolate
from pigs. Six of thirteen MRSA isolates were typed, and they were identified as
SCCmeclV-ST9. Ten of thiteen MRSA isolates were tested for antimicrobial resistance;
these isolates were 100% resistant to clindamycin, cefoxitin, tetracycline and penicillin
and 100% of all isolates showed multidrug resistant phenotype. This survey provided

the first evidence of interrelationships for LA-MRSA among pigs, workers and the farm



environment in Thailand. There was a low prevalence of MRSA in pigs, workers and the
environment compared to other countries. Isolates were typed as MRSA-ST9-SCCmec
IV from workers and the environment and multi-drug resistant of MRSA isolates was
observed. Further monitoring studies of MRSA in pig associated environment are
required to detect changes in epidemiology and to implement effective control

measures.

Keywords: MRSA, prevalence, characterization, pigs, workers, environment
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Isolation and Laboratory Diagnosis)
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a a = . a I a a
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@137 2 SIAULURDVDI primer WAZUWIATAINANE® PCR (PCR product) laa3fufjizen

anlglnfiualsa il Multiplex

Amplicon
Primer Oligonucleotide sequence (5’-3’) Specificity Reference
size (bp)

Type I-F GCTTTAAAGAGTGTCGTTACAGG 613 SCCmec | (Zhang et al., 2005)
Type I-R GTTCTCTCATAGTATGACGTCC
Type II-F CGTTGAAGATGATGAAGCG 398 SCCmec Il (Zhang et al., 2005)
Type II-R CGAAATCAATGGTTAATGGACC
Type IlI-F CCATATTGTGTACGATGCG 280 SCCmec Ill (Zhang et al., 2005)
Type IlI-R CCTTAGTTGTCGTAACAGATCG
Type IVa-F GCCTTATTCGAAGAAACCG 776 SCCmec IVa (Zhang et al., 2005)
Type IVa-R CTACTCTTCTGAAAAGCGTCG
Type IVb-F TCTGGAATTACTTCAGCTGC 493 SCCmec IVb (Zhang et al., 2005)
Type IVb-R AAACAATATTGCTCTCCCTC
Type IVc-F ACAATATTTGTATTATCGGAGAGC 200 SCCmec IVc (Zhang et al., 2005)
Type IVc-R TTGGTATGAGGTATTGCTGG
Type IVd-F5 CTCAAAATACGGACCCCAATACA 881 SCCmec IVd (Zhang et al., 2005)
Type IVd-R6 TGCTCCAGTAATTGCTAAAG
Type V-F GAACATTGTTACTTAAATGAGCG 325 SCCmec V (Zhang et al., 2005)
Type V-R TGAAAGTTGTACCCTTGACACC
MecA147-F GTG AAG ATA TAC CAA GTG ATT 147 mecA (Zhang et al., 2005)
MecA147-R ATG CGC TAT AGA TTG AAAGGA T
mecl-F CCCTTTTTATACAATCTCGTT 146 Class A mec (Zhang et al., 2005)
mecl-R ATATCATCTGCAGAATGGG
1S1272-F TATTTTTGGGTTTCACTCGG 1,305 Class B mec (Zhang et al., 2005)
mecR1-R CTCCACGTTAATTCCATTAATACC
ccrAB-_2 ATTGCCTTGATAATAGCCITCT (Ito et al., 2001)
ccrAB-_2 AACCTATATCATCAATCAGTACGT 700 Type 1 ccr (Ito et al., 2001)
ccrAB-_3 TAAAGGCATCAATGCACAAACACT 1,000 Type 2 ccr (Ito et al., 2001)
ccrAB-_4 AGCTCAAAAGCAAGCAATAGAAT 1,600 Type 3 ccr (Ito et al., 2001)
ccrC-F ATGAATTCAAAGAGCATGGC 336 Type 5 ccr (Zhang et al., 2005)
ccrC-R GATTTAGAATTGTCGTGATTGC

YINN139 77980 UTHAUDY SCC mec Laz CCR gene complex 1alasmsSouiinuny

PNaVINTAN N leanU fAengnlglnAiuaisasiia Multiplex duaasluguf 1
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FIG. 1. New multiplex PCR assay identifies SCCmec types and subtypes 1, I1, II1, IVa, IVb, 1Vc, IVd, and V, and simultaneously detects the
methicillin resistance (mecA gene). Type I, lanes 1 to 3 (strains NCTC10442, COL, and PER34, respectively): type II, lanes 4 to 6 (strains N315,
CLS-5153, and CLS-440, respectively): type III, lanes 7 to 9 (strains 85/2082, ANS46, and CMRSA-3, respectively): type IVa, lanes 10 to 12 (strains
CAO5, N02-590, and CLS-2207, respectively): type IVb, lanes 13 to 15 (strains 8/6-3P, CLS-4584, and CLS-5827, respectively): type IVc, lanes 16
and 17 (strains MR108 and CLS-1040, respectively): type IVd, lanes 18 and 19 (strains JCSC4469 and CMRSA-5, respectively): type V, lane 20
(strain WIS [WBGS8318]-JCSC3624); lane 21, negative control; and lanes M, molecular size markers, 100-bp DNA ladder (BioLabs). Refer to Table
3 for details of each strain.

3UN 1 MwuaasdIaganTIeMzRTiiauas SCC mec type 799 mecA gene lauis

ffsnanlglwdweisasiia Multiplex (Zhang et al., 2005)

il

Multilocus Sequence Typing

1“]?‘1;@ Primer Nl3 4IRS 1AULURYDY Housekeeping gene 7 i@ ((ﬂ’]i’wﬁ 3)
M IsacatdiiadtenzianauuaueIdu 3 7 a9ia laun carbamate kinase (arcC),
shikimate dehydrogenase (aroE), glycerol kinase (glp), guanylate kinase (gmk),
phosphate acetyltransferase (pta), triosephosphate isomerase (fpi) e acetyl coenzyme

. o a 6 o o a & A ° .

A acetyltransferase (yqiL) WRZUINANIIUATIEHATIAULLUIVNLAIICHINDNIAUG Alleic
Profile uaz Sequence type 189178 MRSA fiiwnzusnldanngns fidsigniuazfiuiaden
meluwnsy Fnssearedaiediansianauiuaadtn N9 7 ohe uazdiwaniy
AATEAMAUILRINILATEA N AUA Alleic Profile LAz Sequence type 289178 MRSA
A Y o X a o & o a & t
mW’l:LLﬂﬂvl,ml'mqm Edl,aEl\‘lqﬂil,l,azﬁx‘lLL’J@]GQ&JJ‘]’]UI%W’W&J LRENINITILATICHALL NN

W”ugﬂiw (phylogenetic tree) laslsldsunsy Burst (Burst upon related sequence type)

NN T http:/www.mist.net tNaANHIANUFURUINIEURUTNITNVBUTAAINEN?
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A3 NN 3 S1AULURVDY primer flglunnsmn sequence 284 Housekeeping gene 7 Tia

Tumsdnw e Sequence Type lasinadia Multi-Locus Sequence Type (MLST)

Housekeeping genes Sequencing primers
Carbamate kinase Up 5'TTG ATT CAC CAG CGC GTATTG TC -3'
(arcC)

Down 5' AGG TAT CTG CTT CAA TCA GCG -3'
Shikimate dehydrogenase Up 5' ATC GGA AAT CCT ATT TCA CAT TC -3'
(aroE) Down 5' GGT GTT GTA TTA ATA ACG ATA TC -3'
glycerol kinase Up 5' CTA GGA ACT GCA ATC TTA ATC C -3'
(9lp) Down 5' TGG TAA AAT CGC ATG TCC AAT TC -3'
guanylate kinase Up 5' ATC GTT TTA TCG GGA CCA TC -3'
(gmk) Down 5' TCA TTA ACT ACA ACG TAA TCG TA -3'
Phosphate acetyltransferase (pta) Up 5' GTT AAA ATC GTA TTA CCT GAA GG -3

Down 5' GAC CCT TTT GTT GAA AAG CTT AA -3'
triosephosphate isomerase (tpi) Up 5" TCG TTC ATT CTG AAC GTC GTG AA -3'

Down 5'TTT GCA CCT TCT AAC AAT TGT AC -3'
Acetyl coenzyme A Up 5' CAG CAT ACA GGA CAC CTATTG GC -3'

acetyltransferase (yqilL)
Down 5' CGT TGA GGA ATC GAT ACT GGA AC -3'

DATA ANALYSIS

Data management and all analyses were performed using Epi Info version2000
(Centers for Disease Control, Atlanta, GA). The farm was the unit of analysis.
Descriptive statistics were analyzed including proportion, mean, median, prevalence
ratio and 95% confidence interval. A farm was considered to be MRSA positive if
MRSA was found in at least one swab sample (pigs, workers or the environment) in that

farm.
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NAN19228

In total, 104 farms (n=39 Chiang Mai province; n=65 Lamphun province) and
138 workers participated in this study. One farm was excluded because the business
closed. Of the 208 workers on study farms, 138 workers were recruited for the study
because they fit the definition of a worker with more than one year of experience on the

farm.

PREVALENCE OF LA-MRSA

Pig farm characteristics in this study are presented in Table 4.

Table 4 Characteristics of pig farms (n=104) in the study.

Characteristics % Frequency (n farms) Mean (Range)

Farm type

Open 56.7 (59) NA

Close 43.3 (45) NA
Pig type

Weaning 27.8 (29) 72.7 (12-400)

Fattening 58.6 (61) 341.0 (9-999)

Sow 50.9 (53) 89.6 (3-380)
Pig herd size

< 250 50.0 (52) NA

250-600 25.0 (26) NA

> 600 14.4 (15) NA

unknown 10.6 (11) NA
Years in operation NA 10.9 (1-33)a
Inject able antibiotics use in pigs 100 (104) NA
Personal protective equipment use in workers 100 (104) NA

In total, 880 swabs were collected from pigs, workers and the environment. Isolation and

identification of S. aureus, MSSA and MRSA are shown in Table 5.
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Table 5 Prevalence of S. aureus, MSSA and MRSA among pigs, workers and

environment.

PREVALENCE

N=880 % S. aureus

(n)

95% ClI %MSSA (n) 95% CI %MRSA (n) 95% ClI

Nursery pig
Nasal swab 24 0.0 (0) 0.0-11.7 0.0 (0) 0.0-11.7 0.0 (0) 0.0-11.7
Skin swab 23 0.0 (0) 0.0-12.2 0.0 (0) 0.0-12.2 0.0 (0) 0.0-12.2

Fattening pig

Nasal swab 65 15 (1) 0.0-7.3 0.0 (0) 0.0-4.5 15 (1) 0.0-7.3
Skin swab 69 1.9 (2) 0.2-6.8 1.9 (2) 0.2-6.8 0.0 (0) 0.0-4.2
Sow
Nasal swab 57 0.0 (0) 0.0-5.1 0.0 (0) 0.0-5.1 0.0 (0) 0.0-5.1
Skin swab 54 0.0 (0) 0.0-5.4 0.0 (0) 0.0-5.4 0.0 (0) 0.0-5.4
Sub-total 292 1.0 (3) 0.2-2.7 5.4 (2) 3285 0.3 (1) 0.0-1.6

Environment

Stable floor 104 0.0 (0) 0.0-2.8 0.0 (0) 0.0-2.8 0.0 (0) 0.0-2.8
Faucet 104 2.9 (3) 0.6-8.2 1.9 (2) 0.2-6.8 1.0 (1) 0.0-5.2
Feeder 104 2.8 (3) 0.2-6.8 0.0 (0) 0.0-2.8 2.8 (3) 0.6-8.2

Sub-total 312 1.9 (6) 0.7-3.9 0.6 (2) 0.1-2.1 1.2 (4) 0.4-3.0
Worker
Nasal swab 138 8.6 (12) 4.7-14.3 5.0 (7) 2297 3.6 (5) 1.3-7.8
Skin swab 138 3.6 (5) 1.3-7.8 0.7 (1) 0.0-3.5 2.8 (4) 0.9-6.8
Sub-total 276 6.1 (17) 3.7-94 2.8 (8) 1.3-54 3.2(9) 1.6-5.8

The overall MRSA prevalence at all farms was 0.96% in pigs (1 of 104 farms), 4.34% in
workers (6 of 138 workers) and 2.88% in the environment (3 of 104 farms). Herd
prevalence of LA-MRSA was 8.65% (9 of 104 farms). LA-MRSA isolates were found in
8 workers, 4 environmental samples and one pig. There was one farm in Chiang Mai
where LA-MRSA was isolated from both a pig and the environment. MRSA was
identified in 8 of 39 farms (20.5%) in Chiang Mai province and one farm (1.5%) in

Lamphun province (Figure 2).
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Figure 2 Map of MRSA isolates (n=13) by sub district in Chiang Mai and Lampoon

provinces.
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CHARACTERISTICS OF LA-MRSA

Molecular typing was performed on 11representing isolates, and these isolates
(n=2 pig isolate; n=5 worker isolates; n=4 environment isolates) belonged to ST9 (alleic
profile: 3-3-1-1-1-1-10)(table 6) (the sequence were shown below) and carried SCCmec
IV in this study (Figure 3). A phylogenetic tree of MRSA ST9 isolates among pigs,

workers and the environment is presented in Figure 4.1- 4.3

Figure 3 SCCmec Multiple PCR of pig, worker and the environment.

Marker Worker Pig Environment

439 bp (SCCmeclV)

147 bp (mecA)

Downloaded alleles for trimming

>arcc
TTATTAATCCAACAAGCTAAATCGAACAGTGACACAACGCCGGCAATGCCATTGGATA
CTTGTGGTGCAATGTCACAGGGTATGATAGGCTATTGGTTGGAAACTGAAATCAATC
GCATTTTAACTGAAATGAATAGTGATAGAACTGTAGGCACAATCGTTACACGTGTGGA
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AGTAGATAAAGATGATCCACGATTCAATAACCCAACCAAACCAATTGGTCCTTTTTATA
CGAAAGAAGAAGTTGAAGAATTACAAAAAGAACAGCCAGACTCAGTCTTTAAAGAAGA
TGCAGGACGTGGTTATAGAAAAGTAGTTGCGTCACCACTACCTCAATCTATACTAGAA
CACCAGTTAATTCGAACTTTAGCAGACGGTAAAAATATTGTCATTGCATGCGGTGGTG

GCGGTATTCCAGTTATAAAAAAAGAAAATACCTATGAAGGTGTTGAAGCG//

>aroe
AATTTTAATTCTTTAGGATTAGATGATACTTATGAAGCTTTAAATATTCCAATTGAAGAT
TTTCATTTAATTAAAGAAATTATTTCGAAAAAAGAATTAGATGGCTTTAATATCACAATT
CCTCATAAAGAACGTATCATACCGTATTTAGATCATGTTGATGAACAAGCGATTAATG
CAGGTGCAGTTAACACTGTTTTGATAAAAGATGACAAGTGGATAGGGTATAATACAGA
TGGTATTGGTTATGTTAAAGGATTGCACAGCGTTTATCCAGATTTAGAAAATGCATAC
ATTTTAATTTTGGGCGCAGGTGGTGCAAGTAAAGGTATTGCTTATGAATTAGCAAAAT
TTGTAAAGCCCAAATTAACTGTTGCGAATAGAACGATGGCTCGTTTTGAATCTTGGAA

TTTAAATATAAACCAAATTTCATTAGCAGATGCTGAAAAGTATTTA/

>glpf
GGTGCTGATTGGATTGTCATCACAGCTGGATGGGGATTAGCGGTTACAATGGGTGTG
TATGCTGTTGGTCAATTCTCAGGTGCACATTTAAACCCAGCGGTGTCTTTAGCTCTTG
CATTAGACGGAAGTTTTGATTGGTCATTAGTTCCTGGTTATATTGTTGCTCAAATGTTA
GGTGCAATTGTCGGAGCAACAATTGTATGGTTAATGTACTTGCCACATTGGAAAGCG
ACAGAAGAAGCTGGCGCGAAATTAGGTGTTTTCTCTACAGCACCGGCTATTAAGAAT
TACTTTGCCAACTTTTTAAGTGAAATTATCGGAACAATGGCATTAACTTTAGGTATTTT
ATTTATCGGTGTAAACAAAATTGCTGATGGTTTAAATCCTTTAATTGTCGGAGCATTAA
TTGTTGCAATCGGATTAAGTTTAGGCGGTGCTACTGGTTATGCAATCAACCCAGCAC

GT//
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>gmk
CGAATATTTGAAGATCCAAGTACATCATATAAGTATTCTATTTCAATGACAACACGTCA
AATGCGTGAAGGTGAAGTTGATGGCGTAGATTACTTTTTTAAAACTAGGGATGCGTTT
GAAGCTTTAATCAAAGATGACCAATTTATAGAATATGCTGAATATGTAGGCAACTATT
ATGGTACACCAGTTCAATATGTTAAAGATACAATGGACGAAGGTCATGATGTATTTTT
AGAAATTGAAGTAGAAGGTGCAAAGCAAGTTAGAAAGAAATTTCCAGATGCGCTATT
TATTTTCTTAGCACCTCCAAGTTTAGAACACTTGAGAGAGCGATTAGTAGGTAGAGG
AACAGAATCTGATGAGAAAATACAAAGTCGTATTAACGAAGCGCGTAAAGAAGTTGA

AATGATGAATTTA/

>pta
GCAACACAATTACAAGCAACAGATTATGTTACACCAATCGTGTTAGGTGATGAGACTA
AGGTTCAATCTTTAGCGCAAAAACTTGATCTTGATATTTCTAATATTGAATTAATTAATC
CTGCGACAAGTGAATTGAAAGCTGAATTAGTTCAATCATTTGTTGAACGACGTAAAGG
TAAAGCGACTGAAGAACAAGCACAAGAATTATTAAACAATGTGAACTACTTCGGTACA
ATGCTTGTTTATGCTGGTAAAGCAGATGGTTTAGTTAGTGGTGCAGCACATTCAACAG
GAGACACTGTGCGTCCAGCTTTACAAATCATCAAAACGAAACCAGGTGTATCAAGAA
CATCAGGTATCTTCTTTATGATTAAAGGTGATGTACAATACATCTTTGGTGATTGTGCA
ATCAATCCAGAACTTGATTCACAAGGACTTGCAGAAATTGCAGTAGAAAGTGCAAAAT

CAGCATTA//

>tpi
CACGAAACAGATGAAGAAATTAACAAAAAAGCGCACGCTATTTTCAAACATGGAATG
ACTCCAATTATTTGTGTTGGTGAAACAGACGAAGAGCGTGAAAGTGGTAAAGCTAAC
GATGTTGTAGGTGAGCAAGTTAAGAAAGCTGTTGCAGGTTTATCTGAAGATCAACTT
AAATCAGTTGTAATTGCTTATGAGCCAATCTGGGCAATCGGAACTGGTAAATCATCAA
CATCTGAAGATGCAAATGAAATGTGTGCATTTGTACGTCAAACTATTGCTGACTTATC

AAGCAAAGAAGTATCAGAAGCAACTCGTATTCAATATGGTGGTAGTGTTAAACCTAAC
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AACATTAAAGAATACATGGCACAAACTGATATTGATGGGGCATTAGTAGGTGGCGCA/
/

>yqil
GCGTTTAAAGACGTGCCAGCCTATGATTTAGGTGCGACTTTAATAGAACATATTATTA
AAGAGACGGGTTTGAATCCAAGTGAGATTGATGAAGTTATCATCGGTAACGTACTAC
AAGCAGGACAAGGACAAAATCCAGCACGAATTGCTGCTATGAAAGGTGGCTTGCCA
GAAACAGTACCTGCATTTACAGTGAATAAAGTATGTGGTTCTGGGTTAAAGTCGATTC
AATTAGCATATCAATCTATTGTGACTGGTGAAAATGACATCGTGCTAGCTGGCGGTAT
GGAGAATATGTCTCAGTCACCAATGCTTGTCAACAACAGTCGCTTCGGTTTTAAAATG
GGACATCAATCAATGGTTGATAGCATGGTATATGATGGTTTAACAGATGTATTTAATC
AATATCATATGGGTATTACTGCTGAAAATTTAGTGGAGCAATATGGTATTTCAAGAGA

AGAACAAGATACATTTGCTGTAAACTCACAACAAAAAGCAGTACGTGCACAGCAA/



Table 6 Allele number and sequence type of swine, environment, and worker associated with swine industry in northern Thailand

Strain arcc aroe glpf gmk pta tpi yqil ST

FAG0
FN29
R8.1
R8.2
R8.3
R10.1
W1A12.1
W1NG.1
W1NG.2
W1NG6.3
W1N13.1

w
w

1 1 1 1 10
1 1 1 1 10
1 1 1 1 10
1 1 1 1 10
1 1 1 1 10
10
1 1 1 1 10
1 1 1 1 10
1 1 1 1 10
1 1 1 1 10
1 1 1 1 10

W W W W W wWw W w w w
W W W W W W W w w w
N
N
-
N
© © © © © O © ©o ©o ©o o©




Figure 4.1 E-burst of MRSA ST9 among pig, workers and the environment in pig farms

of Northern Thailand comparing with all Thai Isolates.

eBURST Report- Mon Feb 11 11:22:54 CET 2013
Mo. isolates = 81 | No. STs = 34 | No. re-samplings for bootstrapping = 1000
Mo. loci perisolate =7 | Mo. identical loci for group def=1 | Mo. groups =1

Group 1: Mo. Isolates =81 | No. STs = 34 | Predicted Founder = 239

Average
5T FRECQ SLV DLy LW SAT Distance
239 24 5] 1 0 26 4.63
121 1 3 1 ] 29 6.24
1227 3 2 4 1 26 4.81
241 2 2 4 1 26 4.96
2132 2 2 4 1 26 4.81
1228 1 2 4 1 26 4.90
238 1 2 4 1 26 4.87
343 1 2 4 1 26 4.90
9 10 2 1 3 27 472
1154 1 1 2 3 27 4.96
2278 1 1 2 3 27 4.84
120 1 1 2 1 29 6.30
1301 1 1 2 1 29 6.33
1300 1 1 2 1 29 6.33
1234 1 1 o 1 31 5.66
T 1 1 o 1 31 5.45
1153 1 1 ] o 32 527
1216 1 1 o 0 32 5.30
1292 2 o 3 3 27 512
1235 1 o 2 5 26 5.33
1218 1 0 2 4 27 5.33
5 5] ] 2 o 31 5.33
1236 2 ] 2 o 31 5.93
2133 1 o 1 5] 26 509
1233 1 ] 1 3 29 6.48
51 4 0 1 2 30 5.30
1429 1 o 1 1 31 524
1214 1 ] ] 5 28 4.93
1156 1 0 ] 1 32 5.57
1217 2 o o o 33 563
243 1 ] ] o 33 6.63
1299 1 0 ] ] 33 6.33
1155 1 o o o 33 6.54
1215 1 ] ] o 33 6.54
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Figure 4.2 E-burst of MRSA ST9 among pig, workers and the environment in pig farms

of Northern Thailand comparing with German Isolates.
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Figure 4.3 Phylogenetic tree of MRSA ST9 among pig, workers and the environment in

pig farms of Northern Thailand.



Table 6 Antimicrobial Drugs sensivity testing for MRSA isolates

Strain ID AMC C CN CRO DA DO FOX Kz oB oT P SXT TE VA MDR
J8.1 S S S | R | R S S R R R R S 6
R10.1 S S S R R | R S S R R R R S 7
R8.1 * S S S R | S S * R R R R S 5
R8.2 S S S | R | R S S R R R R S 6
R8.3 * S S | R R R S * R R R R S 7
W1A12.1 * S R | R R R S * R R R R S 8
W1A4.1 S S R S R | S S S R R R R S 6
W1A4.2 S S R S R R S S S R R R R S 7
W1A4.3 S S R S R R S S S R R R R S 7
W1N13.1 S S S | R | R S S R R R R S 6
W1N43.2 R S R R R R R R S R R R R S 11
W1NG.1 S S S | R S R S S R R R R S 6
W1NG6.2 S S S R R S R S S R R R R S 7
W1N6.3 S S S | R | R S S R R R R S 6
W2A4.1 S S R S R S S S S R R R R S 6
W2A4.2 S S R S R S S S S R R R R S 6
W2A4.3 S S R S R | S S S R R R R S 6
W2N4.3 S S | S R S S S S R R R R S 5
Total 15 18 18 18 18 18 18 18 15 18 18 18 18 18
Sensitive 14 18 9 8 0 5 8 17 15 0 0 0 0 18
Intermediate 0 0 1 7 0 8 0 0 0 0 0 0 0 0
Resistance 1 0 8 3 18 5 10 1 0 18 18 18 18 0

AMC; Amoxicillin-clavulanic acid, C; Chloramphenicol, CN; Gentamycin, CRO; Ceftriaxone, DA; Clindamycin, DO; Doxycycline, FOX;

Cefoxitin, KZ; Cephazolin, OB; Cloxacillin, OT; Oxytetracycline, P: Penicillin, SXT; Sulfa-trimethoprim, TE; Tetracycline VA; Vancomycin

Antimicrobial drug resistant(R), susceptible(S) and intermediate(l) were show in
table 6.Susceptibility testing revealed 100% resistance to clindamycin, cefoxitin,
tetracycline and penicillin. No resistance was observed for cloxacillin and vancomycin

(Figure 5).



24

Figure 5 Characteristics of antimicrobial susceptibility testing of MRSA isolates in pig

farms.
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There were seven different patterns of antimicrobial drug resistance in pig,

workers and the environment isolates (Table7).

Table 7 Antimicrobial resistance patterns of MRSA isolates from workers and the

environment at pig farms.

Origin Resistance profile Number of isolates (%)
Pig DA-OT-P-TE-FOX-CN-C-AMC 1(9)
Workers DA-OT-P-SXT-TE 1(9)
DA-OT-P-SXT-TE-FOX 2 (18)
DA-OT-P-SXT-TE-CN 2 (18)
DA-OT-P-SXT-TE-FOX-CN-DO 1(9)
DA-OT-P-SXT-TE-FOX-CN-DO-CRO-AMC-KZ 1(9)
Environment DA-OT-P-SXT-TE 1(9)
DA-OT-P-SXT-TE-FOX 1(9)
DA-OT-P-SXT-TE-FOX-CRO 1(9)

DA= clindamycin, OT= oxytetracycline, P= penicillin, SXT= sulfa-trimethoprim,
TE= tetracycline, FOX= cefoxitin, CN= gentamycin, DO= doxycycline, CRO= ceftriaxone, AMC= amoxicillin-clavulanic

acid, C=chloramphenicol, KZ= cephazolin
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All isolates were resistant to at least five antimicrobials (Figure6). One isolate
was resistant to 11 antimicrobial drugs (worker: DA-OT-P-SXT-TE-FOX-CN-DO-CRO-

AMC-KZ).

Figure 6 Proportion of multi drug resistant of MRSA isolates in pig farm (n=11 isolates).
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When comparing antimicrobial drug used between the MRSA positive farms and the
MRSA negative farms, gentamycin, penicillin-streptomycin, amoxicillin and tiamulin were

more likely to be used in the MRSA positive farms (Figure 7).
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Figure 7 Frequency of injectable antimicrobial drug use in MRSA positive (n=9) and

negative pig farms (n=95).
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Findings from this study may be used as the basic information regarding the
burden of MRSA associated with pig industries. The prevalence of LA-MRSA among pig
farms in Northern Thailand was lower than in previous studies in other countries
including 1.4% in Malaysia (Neela et al., 2009), 11.4% in China(Cui et al., 2009), 22.7%
in Korea(Lim et. al., 2012) 26% in Canada(Khanna et al., 2008), 36% in USA(Smith et
al., 2009), 39% in The Netherland(de Neeling et al., 2007), and 49% in
Germany(Tenhagen et al.,, 2009) between 2008 and 2013. However, the prevalence
variation is depending on many factors including geographical region, sampling
methods, laboratory testing methods(Broens, 2011) and age of pigs tested(Khanna et
al., 2008). Commercial large farm size in the US and in the European countries
comparing with smaller farms settings in Thailand may cause more opportunities for
pathogen transfer and higher prevalence of MRSA than in this study. MRSA
colonization among pig workers in Northern Thailand was low (2.8%) comparing with
other studies among pig workers in Europe(Morcillo et al., 2012, Denis et al., 2009) and
the USA(Khanna et al., 2008). Other studies of MRSA prevalence in risk populations
including slaughterhouse workers and veterinarians in Europe ranged between 3% and
12.5 %( Wulf et al., 2008, van Cleef et al., 2010, Huber et al., 2010). Our results
revealed that pig workers in northern Thailand were at a lower risk of MRSA
colonization than other countries, perhaps because of the prevalence of MRSA in pigs
is lower.

MRSA was isolated from the environment in this study with the prevalence
2.88% which was lower than the results from the study in the USA (17.3%) (Frana et
al., 2013).Staphylococci in the farming environment could serve as a source of MRSA
type as it was generally easily detectable in both pig and the environmental samples
(Hanssen and Ericson, 2006). Our results showed that only one farm had MRSA
positive samples from both pigs and the farm environment, and no farms had MRSA

positive samples from both pigs and pig workers.
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Our study revealed that all LAMRSA isolates were ST9, which belonged to
SCCmec IV. The ST9 represents the most common sequence types in Asia (Cui et al,,
2009, Neela et al., 2008) and was a dominant clone among pig and pig-related workers
(Armad et al., 2005). Recent reports indicate MRSA ST9 colonization in pigs and pork
in Northern and Central part of Thailand with different SCCmec types(Anukool et al.,
2011), Larsen et al., 2012 and Vestergaard et al., 2012). From our samples as shown in
Figure 4, this sequence type was similar among workers and environment, which
suggests a circulation of MRSA ST9 among workers and the environment. Interestingly,
our study did not detect any MRSA ST398 isolates. This lack of MRSA ST398 may be
due to the minimal exchange of sows between Europe, USA and Asia.

MRSA is a human bacterial pathogen that has emerged as a major threat in
both a hospital setting (as a nosocomial infection) and as a community-acquired
infection for high-risk groups such as slaughterhouse workers (Graveland et al., 2011).
The use of antibiotics in livestock production has selected for multi-drug resistance. In
this study, there were various resistance phenotype of MRSA isolates from farm
workers and the environment with combined resistance to clindamycin, cefoxitin,
tetracycline, penicillin and sulfa-trimethoprim, whereas other studies of MRSA-ST9 in
China showed similarity of MRSA resistance patterns in workers to clindamycin,
cefoxitin, tetracycline and  ciprofloxacin(Cui et al., 2009). These antibiotics are
commonly used in both human medicine and food animal health management.
Overuse or misuse of medically important antibiotics in animals is emerging as a public
health concern due to community-associated antibiotic resistant infections (Silbergeld et
al., 2008).

To our knowledge, this is the first study to demonstrate the prevalence of LA-
MRSA among pigs, farm workers and the environment in Thailand. Therefore,
continuous efforts to monitor of MRSA in these populations are required for detecting
changes in epidemiology and for the implementation of effective control measures in

livestock and human health. Meanwhile, conducting studies in different areas in
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Thailand, such as the central or eastern part of the country where the highest pig
population reside, should be performed. Limitation of this study were the sampling
method did not use a stratified sampling technique to study a specific production system
and the study was somewhat under-powered, because observed MRSA prevalence was
lower than expected MRSA prevalence used in sample size calculations. Moreover, of
104, only one farm had MRSA positive samples from pigs. Techniques for isolation and
detection of MRSA should be considered. Other works had demonstrated that the
prevalence of MRSA in pigs in Thailand might be quite high according to the low
number of samples had been tested.

In conclusion, this study provides the first evidence of MRSA prevalence
among pigs, workers and environment in Thailand, although the prevalence was low in
pig farms in Northern Thailand as compared to other countries. Characterized isolates
from workers and environment were MRSA-ST9-SCCmec V. In addition, multi-drug
resistant MRSA isolates were observed. Continued efforts are required to monitor
MRSA in at-risk populations including livestock and slaughterhouse workers to detect

changes in epidemiology and to implement effective control measures.
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2008 Ph.D. (Veterinary Preventive Medicine), The Ohio State University, USA
1996 DVM. Kasetsart University, Thailand
iszauni1sain1339y

1. Soawapak Hinjoy, Kenrad E. Nelson, Robert V. Gibbons, Richard G. Jarman,
Piyawan Chinnawirotpisan, Stefan Fernandez, Penporn Tablerk, Alain B. Labrique ,
and Prapas Patchanee. A cross sectional study of hepatitis E virus infection in pigs
in different sized farms in Northern Thailand. Foodborne Pathogens and Disease.
FPD-2012-1369

2. S. Hinjoy, K.E. Nelson, R.V. Gibbons, R.G. Jarman, D. Mongkolsirichaikul, P.,
Smithsuwan, S. Fernandez, A.B. Labrique, and P. Patchanee. (2012). A cross
sectional study of hepatitis E virus infection in healthy people directly exposed and
unexposed to pigs in a rural community in Northern Thailand. Zoonoses and Public
Health. ZPH-Sep-12-254.

3. C. Chokboonmongkol, P. Patchanee, G. Gdlz, K.-H. Zessin, and T. Alterf (2012)
Prevalence, quantitative load and antimicrobial resistance of Campylobacter spp.

from broiler flocks and broiler carcasses in Thailand. Poultry Sciences (submitted)



10.

11.

12.

57

Prapas Patchanee, Chomporn Chokboonmongkol, Karl-Hans Zessin, Thomas Alter,
Sarinya Pornaem, and Nipa Chokesajjawatee (2012). Comparison of Multilocus
Sequence Typing (MLST) and Repetitive sequence-based PCR (rep-PCR)
fingerprinting for Differentiation of Campylobacter jejuni Isolated from Broiler in
Chiang Mai, Thailand. Journal of Microbiology and Biotechnology First published
online July 18, 2012 pISSN 1017-7825 elSSN 1738-8872

Sompreeya Kongkaew, Kanruethai Wongsawan, Chamaiporn  Pansumdang,
Sasiprapa Takam, Terdsak Yano, Panuwat Yamsakul, and Prapas Patchanee
(2012). Identification and Antimicrobial Susceptibility of Streptococcus suis Isolated
from Pigs Tonsil Swabs. Journal of Kasetsart Veterinarians. Vol.22 No.1

Rejab, S.B., Zessin, K.H., Fries, F., Patchanee, P. (2011). Campylobacter in
chicken carcasses and slaughterhouse in Malaysia. Southeast Asian J Trop Med
Publ Health. Southeast Asian J Trop Med Publ Health, Jan 2012, 43(1): 96-104.
Rejab, S.B., Zessin, K.H., Fries, F., Patchanee, P. (2011). Comparison of
Campylobacter contamination levels on chicken carcasses between modern and
traditional types of slaughtering facilities in Malaysia. J Vet Med Sci. 2011 Sep 2.
[Epub ahead of print]

P.Patchanee, B. Molla, N. White, D. E. Line and W. A. Gebreyes. (2010). Tracking
Salmonella Contamination in Various Watersheds and Phenotypic and Genotypic

Diversity. Foodborne Pathog Dis, September 2010, 7(9): 1113-1120.

Srinivasan V. B., Rajamohan G.., Pancholi P., Stevenson K., | Tadesse D.,
Patchanee P., Marcon M., & Gebreyes W.A. (2009). Genetic relatedness and
molecular characterization of multidrug resistant Acinetobacter baumannii isolated
in central Ohio, USA. Ann Clin Microbiol Antimicrob. 2009 Jun 17;8:21.

P.J. Rajala-Schultz, A.H. Torres, F.J. DeGraves, W.A. Gebreyes, &P.Patchanee.
(2009). Antimicrobial resistance and genotypic characterization of coagulase-
negative staphylococci over the dry period. Vet Micro, 134(1-2):55-64

Patchanee. P., Zewde B. M., Tadesse D. A., Hoet A., & Gebreyes WA. (2008).
Characterization of multidrug-resistant Salmonella enterica serovar Heidelberg
isolated from humans and animals. Foodborne Pathog Dis, 5(6):39-51

Wondwossen A. Gebreyes, Peter B. Bahnson, Julie A. Funk, James McKean,



a.

13.

14.

15.

16.

17.

18.

19.

58

P. Patchanee. (2008). Seroprevalence of Trichinella, Toxoplasma and Salmonella
in Antimicrobial-free and Conventional Swine Production Systems. Foodborne

Pathog Dis, 5(2):199-203

Patchanee, P., Crenshaw, T. D., & Bahnson, P. B. (2007). Oral sodium chlorate,
topical disinfection, and younger weaning age reduce salmonella enterica shedding
in pigs. Journal of food protection, 70(8), 1798-1803.

Strietzel, F. P., Khongkhunthian, P., Khattiya, R., Patchanee, P.,& Reichart, P. A.
(2006). Healing pattern of bone defects covered by different membrane types--a
histologic study in the porcine mandible.Journal of biomedical materials
research.Part B, Applied biomaterials, 78(1), 35-46.

Patchanee, P., Zessin, K. H., Staak, C., Srikijakarn, L., Taravijitkul, P., &
Tesaprateep, T. (2002). Pre-slaughter infection of salmonella spp. and consideration
of using the Danish mix-elisa for monitoring salmonella in pigs. Chiang Mai Vet
Journal 1, 33-38.

Usema Warlh, gngn Lf':amaﬁgaﬁm, Myt LEUENs, A29WT RINA wazal fug
gz (2555). mmﬂgnLLa:‘iﬁmmmiﬂmﬁyam%asﬁ'a‘[uLuamﬁl,wmmﬂ"lﬁmnwﬁuqm
W”uﬁ{l,ﬂ%'ﬂuLﬁ&luﬁ'ﬂﬂmzmﬂgﬂoLLuua%ﬂiﬂLLazﬂimms lulanmanilanauunyal
Urzinalne.nsdadsgamadmnmiuninessinsasaaa s asIf 50, T 31
ANTIAY 2555 19 2 NUAWUE 2555 IN1INERLINBATAEAT NTINWS,

Usznma Wadl, @29ws Wowa, Mayiat uduana, ande Lf':amaqﬁim uae NAANIE
qumwaﬁ (2555). mwm;ﬂLLa:ﬂ%mmmiﬂmﬁamﬁasﬁﬂwLuamluqﬂ‘squ
L‘IJ%'EJ‘]JLﬁﬂﬂﬂ’]iL§UG§$%’j’]dW’1§N3‘ﬂLL‘]J‘LJa‘ﬁﬂiﬂfl,l,aZWW%NQﬁU?O%iI%ﬁ%ﬁL%UGI%1i-
é’ﬁ‘wuu. ﬂﬂi'ﬂ”@ﬂi:‘*}qjumﬁ"mﬂ"ﬁ VA INENRULNHATAEAS ﬂ%‘ﬁl 50, Sufl 31 anyaw
2555 119 2 NUAWUT 2555 UM1INENRLLNBATANEAT NTINWY,

Nipa Chokesajjawatee, Sarinya Pornaem, Chomporn Chokboonmongkol, Karl-
Hans Zessin , Thomas Alter, and Prapas Patchanee. COMPARISON OF MLST
AND REP-PCR SYSTEM FOR DIFFERENTIATION OF CAMPYLOBACTER JEJUNI
ISOLATED FROM BROILER IN CHIANG MAI, THAILAND. ICVS 37th Thailand . 29
Feb.-2 Mar.2012 IMPACT Forum, Bangkok, Thailand

Chomporn Chokboonmongkol, Karl-Hans Zessin, Thomas Alter, Prapas Patchanee,

CHARACTERIZATION OF CAMPYLOBACTER SPP. ISOLATED FROM BROILER



20.

21.

22.

23.

24.

25.

59

FLOCKS IN CHIANG MAI, THAILAND, ICVS 37th Thailand . 29 Feb.-2 Mar.2012
IMPACT Forum, Bangkok, Thailand

Chomporn Chokboonmongkol, Karl-Hans Zessin, Thomas Alter, Prapas Patchanee,
Epidemiology and Genotypic Diversity of Campylobacter spp. Isolated from broiler
flocks in Chiang Mai, Thailand. The 2" International Food Safety and Zoonoses
Symposium “ One Health Initiative to Food Safety and Pathogen Threat in Asia
Pacific” July 21-22, 2011 Chiang Mai, Thailand

Kamal Raj Acharya, Reinhard Fries, Prapas Patchanee, Poornima Manandhar.
Antimicrobial Residue and Prevalence of Antimicrobial Resistance in Indicator
Bacteria from Poultry in Kathmandu Valley. The 2nd International Food Safety and
Zoonoses Symposium “ One Health Initiative to Food Safety and Pathogen Threat
in Asia Pacific’ July 21-22, 2011 Chiang Mai, Thailand

Prapas Patchanee (2011). Molecular Paradigms of Foodborne Diseases: Bacterial
Perspectives 1st International Animal and Food Hygiene Scientific Meeting “Food
Safety in Globalization: The Approach Strategy for One World One Health?”
January 20th 2011, Kashiwa Plaza, Obihiro University of Agriculture and Veterinary
Medicine

Mathews, J., Tiao, N. Patchanee, P., and Gebreyes, W.A. 2010. Passive
Surveillance and Genotyping of Methicillin Resistant Staphylococci at OSU
Veterinary Medical Center. In: 2nd ASM Conference on Antimicrobial Resistance in
Zoonotic Bacteria and Foodborne Pathogens in Animals, Humans and the
Environment. Toronto, Canada [Peer Reviewed] (Published)

Maximillian P.O. Baumann, Prapas Patchanee, Lertrak Srikitiakarn and Karl-Hans
Zessin. (2010) The accreditation and re-accreditation process for quality assurance
of an international joint master programme in veterinary public health between
Thailand and Germany. 13th Association of Institutions for Tropical Veterinary
Medicine (AITVM) Conference. 23-26 August 2010 Bangkok, Thailand

Nion Boonprasert, Prapas Patchanee, Hafez Mohamed Hafez, and Karl-Hans
Zessin(2009). Campylobacter Contamination in Modern Poultry Processing Plants
and 12 Traditional Wet Markets in Malaysia. Food Safety and Zoonoses

Symposium for Asia Pacific. 27-28 July 2009 Chiang Mai, Thailand



26.

27.

28.

29.

30.

31.

32.

33.

60

Saira Banu Mohamed Rejab, Prapas Patchanee, M.S. Muhmad Kamarulzaman,
Reinhard Fries (2009). Prevalence of Salmonella spp. in Broiler Breeding Flocks
during Production 13 in a Poultry Compartment in Northern Thailand. Food Safety
and Zoonoses Symposium for Asia Pacific. 27-28 July 2009Chiang Mai, Thailand

J. Mathews, N. Tiao, P. Patchanee, J. Daniels, A. Hillier, C. Kohn and W.A.
Gebreyes. 2009. Phenotypic and Genotypic Characterization of Staphylococci
Isolates Collected from OSU Veterinary Teaching Hospital. In: 60th American
College of Veterinary Pathologists Conference. Monterey, CA, USA [Peer
Reviewed] (Published)

Wondwossen A. Gebreyes, Prapas Patchanee, Nancy White, Daniel E. Line,

Damian Shea. (2008). Identification of Sources of Salmonella in Watersheds and
Characterization of Multiple Antimicrobial Resistant Strains. The USDA-CSREES
National Water Conference, Sparks, NV.

Gebreyes, W. A., Tadesse, A. D., Patchanee, P., (2008). Phenotypic and genotypic
characterization of multi-drug resistant salmonella serotype heidelberg isolated from
humans and animals. 95th Annual Meeting IAFP 2008, Columbus, OH.

Wondwossen A. Gebreyes, Prapas Patchanee, Nancy White, Daniel E.Line,
&Damian Shea. Identification of Sources of Salmonella in Watersheds associated with
Swine Production and Characterization of Multiple Antimicrobial Resistant Strains. The
20th International Pig Veterinary Society Congress. June 22-26, 2008.Durban, South
Africa. [Peer Reviewed] (Published)

Patchanee, P., Tadesse, A. D., & Gebreyes, W. A. (2007). Phenotypic and genotypic
characterization of multi-drug resistant salmonella serotype heidelberg isolated from
humans and animals. The Center for Microbial Interface Biology: CMIB Retreat,
Columbus, OH.

Prapas Patchanee, Thomas D. Crenshaw, & Peter B. Bahnson (2006).0Oral sodium
chlorate, topical disinfection and weaning age modify Salmonella enterica shedding in
pigs. Allen D. Leman Swine Conference. St.Paul.,MN. [Peer Reviewed] (Published)
Patchanee, P., Bahnson, P. B., & Crenshaw, T. D. (2005). Chlorate and disinfectant
modify salmonella enterica shedding in weaned pigs. 6th International Symposium on
the Epidemiology & Control of Foodborne Pathogens in Pork, Rohnert Park,

California.



61

34. maviad uduana, Uszana Wk, Inw dyanlnm, sudfon ussln, a2iws Aoua
(2548) ﬁm:nmmLﬁuﬁmaoUﬂatuLW'saﬁ'@aaﬁﬂﬂu lumsguginisaiadulaad
& Lo .4 o [ \ AaA o A &
\Ta Escherichia coli fiuunldaingannszgninasmeuunonnvioadoluniaiae
oalnd-syu lukesdfidnns. nadzgameiimizesumineauinsasemaas
AN 43: MWFAINNANFAT F1V1INANAAT. NJINNY i1 34-40 (592 1th)

2. Po-ana (M INg) W19E12 BINITH 1A

Foana (ﬂ’n:r’lﬁ'\‘]m]‘l:}) Miss Orapun Arjkumpa

)
RIBILITHAWRING

fIUNIZTLI9INE ﬂi?Jﬂ’J‘]Jﬂq&lIiﬂ m:m’mmmimqm

ﬁﬁl,mwi;aﬂaqﬂ'u

WILFAIUNNETIUITY NN
1szaan1sAn1
W.¢. 2546 FOVLNNUANRATU WA VA NINLIRE VDL

iszaun1sabn13398

1. nmssausiulsatmaniutrsainladorinim 6107989 JINIAUATATTITNID
W.¢1.2553

2. msaaumuimLw‘Tqamia‘Lmuua:ﬂqé’mﬂuﬁVuﬁéwmaqu IRIAFIVA W.F1.2554

3. nsaumulinanululsasou 3wingasdad w.a.2554

4. mMIrausInlinluaoas el Al bRIBEA TUHIRHI LI INIAFIVAT W.F1.2555



62

v

3. Fo-ana (M1 ny) WE1HEINNAS Fudn

ToRANA (MB1B8INYM) Miss Soawapak Hinjoy

RIBILITHAWRING

NIV INE ﬂi&lﬂ?ﬂﬂﬂf[iﬂ ﬂiz%i'ﬂﬂﬁ’]ﬁ’]‘imq‘ﬂ

ﬁ'm,mi;aﬂaqﬂ'u

WILFAIUNNTTIU YN TR LA

1szran1s@nu

2012 The Johns Hopkins Bloomberg School of Public Health
Doctor of Public Health (Epidemiology)

2007 School of Public Health and Tropical Medicine, Tulane University
Master of Public Health (Epidemiology)

2001 Faculty of Veterinary Medicine, Chulalongkorn University
Master of Science (Veterinary Public Health)

1997 Doctor of Veterinary Medicine

6 a o
UYszaun1Iabn13298

1.

Unjit K, Wattanamethanon J, Mohkaew K, Ngamjiteua S, Tablerk P, Hinjoy S.
Prevalence and risk factors of internal parasite among pigs in Nan province during
January-April 2011. Thai-NIAH ejournal (2012) 7; 9-20.

Larsen J, Imanishi M, Hinjoy S, et al. Methicillin-Resisteant Staphylococcus aureus
ST9 in Pigs in Thailand. Plos ONE (2012) 7; e31245.

Hinjoy S, Choomkasien P. Hepatitis E warning before next rainy season. WESR
(2012) 18; 273-276.

Hinjoy S, Puthavathana P, Laosiritaworn Y, et al. Low frequency of infection with
Avian Influenza A (H5N1) virus among poultry farmers in Thailand, 2004. EID
(2008) 14; 499-501.

Hinjoy S, Chuxnum T, Thongsakul P. Brucellosis. Thai Med Counc Bull (2005);
254-272.



63

6. Hinjoy S and Chuxnum T. Situation analysis of Avian Influenza in Thailand. Thai
Med Counc Bull (2004); 261-272.

7. Hinjoy S, Damrongwattanapokin T, Laosiritaworn Y, et al. The serological conditions
and maintenance hosts of leptospirosis around the human outbreak area, the
International Leptospirosis Society scientific meeting (2002) 4; 13.

8. [Epidemiology Bo (1999-2007). Situation analysis of Anthrax, Leptospirosis, Rabies
and Trichinosis in Thailand. Annual epidemiology surveillance report 1999-2007.
Bangkok: Thailand Ministry of Public Health.

9. Epidemiology Bo (2000). An Outbreak of Human Anthrax Infection Exposed with
Infected Goat Carcasses, Pichit province, Thailand 2000, The outbreak
Investigation, 2000. Bangkok: Thailand Ministry of Public Health.

10. Hinjoy S, Choomkasien P, Sanorsiang S. Enhancing Bioterrorism Preparedness
Action for Public Health, Journal of Health Science (2001) 11.

11. Epidemiology Bo (2001).Definition for zoonotic surveillance and investigation,
Definition of Infectious Diseases 2001. Bangkok: Thailand Ministry of Public Health.

12. Hinjoy S, Choomkasien P, Chuxnum T. Epidemiological of Human Rabies, 1997-
2001, Thailand. Thai Med Counc Bull (2002) 31; 85-94.

4. %a-aqa (M lng) wWigmym suey
%aaqa (M #1895 %) Mr. Karoon Chanachai

RHILINWABFING

ftinenugu Uasru wazthialingad nawlasad
unbatla9Lin

> Chief of Veterinary Epidemiology Development Center, Bureau of Disease
Control and Veterinary Services, Department of Livestock Development, Ministry
of Agriculture and Cooperative, Thailand

> Field Epidemiology Training Program for Veterinarian Manager



64

1szran1sdnu

2012 Master degree of International Animal Health University of Edinburgh

2007 Field Epidemiology Training Program Bureau of Epidemiology,
Ministry of Public Health, Thailand

1993 Doctor of Veterinary Medicine, Faculty of Veterinary Sciences,

Chulalongkorn University

ilszaun13nin13098

1.

6.

Karoon Chanachai and Prapas Pinyocheep. 2001. Outbreak of Trichinosis in
pigs belonging to Mu Zer villages, 1999, Chiangrai. Northern region Livestock
Journal, Thailand

Karoon Chanachai and Sorn Teepatimakorn. 2001. Evaluation of Some
Reproductive Efficiency Values in Chiangrai Dairy Cows During Year 1995-2000.
Artificial insemination journal, Thailand

Sangchai Thitichankamol and Karoon Chanachai. 2005. Antibody titer against
Foot and Mouth Disease Virus in Cattle in Thailand after vaccinated with Foot and
Mouth Disease trivalent vaccine during 2001-2003, Veterinary Epidemiological
Report 11(special).

Kongkaew W, Siriarayaporn P, Leelayoova S, Supparatpinyo K, Areechokchai D,
Duang-ngern P, Chanachai K, Sukmee T, Samung Y, and Sridurongkathum P,
The Southeast Asian journal of tropical medicine and public health. 2007
Jan;38(1):8-12.

Tiensin T, Gilbert M, Chaitaweesub P, Songserm T, Kalpravidh W,
Chotiprasatintara S, Chaisingh A, Wongkasemijit S, Amonsin A, Chanachai K,
Noimoh T, Thanapongtham W, Premashthira S, Pfeiffer DU, Nielen M, Stegeman
JA. Geographic and temporal distribution of highly pathogenic avian influenza A
virus (H5N1) in Thailand, 2004-2005: an overview., Avian diseases 51(1
Suppl):182-8, 2007 Mar

K. Chanachai, T. Parakgamawongsa, W. Kongkaew, S. Chotiprasartin-thara and

C. Jiraphongsa. Avian Influenza outbreaks in poultry of high risk areas in



10.

1.

12.

13.

65

Thailand, June-December 2005, GIS for Health and the Environment. 2007, page
288-297

Tiensin T, Nielen M, Vernooij H, Songserm T, Kalpravidh W, Chotiprasatintara S,
Chaisingh A, Wongkasemijit S, Chanachai K, Thanapongtham W, Srisuvan T, and
Stegeman A, Transmission of the Highly Pathogenic Avian Influenza Virus H5N1
within Flocks during the 2004 Epidemic in Thailand, The Journal of infectious
diseases. 2007 Dec;196(11):1679-84

Karoon Chanachai, Pairoj Hengsaengchai, Thaweesak Songserm, Bangkok
International Conference on Avian Influenza 2008: Integration from Knowledge to
Control, 23-25 January 2008, Bangkok, Thailand. (Oral presentation)

Chanachai K, Pittayawonganon C, Areechokchai D, Suchatsoonthorn C,
Pokawattana L, and Jiraphongsa C. A food borne outbreak of gastroenteritis due
to shigella and possibly salmonella in a school, The Southeast Asian journal of
tropical medicine and public health. 2008 Mar;39(2):297-302.

Sukmee T, Siripattanapipong S, Mungthin M, Worapong J, Rangsin R, Samung Y,
Kongkaew W, Bumrungsana K, Chanachai K, Apiwathanasorn C, Ruijirojindakul
P, Wattanasri S, Ungchusak K, and Leelayoova S, A suspected new species of
Leishmania, the causative agent of visceral leishmaniasis in a Thai patient.
International journal for parasitology. 2008 May;38(6):617-22.

Tiensin T, Ahmed SS, Rojanasthien S, Songserm T, Ratanakorn P, Chaichoun K,
Kalpravidh W, Wongkasemijit S, Patchimasiri T, Chanachai K, Thanapongtham W,
Chotinan S, Stegeman A, and Nielen M, Ecologic risk factor investigation of
clusters of avian influenza A (H5N1) virus infection in Thailand, The Journal of
infectious diseases. 2009 Jun;199(12):1735-43.

S. Kasemsuwan, C. Poolkhet, T. Patanasatienkul, N. Buameetoop, M. Watanakul,
K. Chanachai, K. Wongsathapornchai, R. Métras, C. Marcé, A. Prakarnkamanant,
J. Otte and D. Pfeiffer, Qualitative Risk Assessment of the Risk of Introduction

and Transmission of HSN1 HPAI Virus for 1-km Buffer Zones Surrounding
Compartmentalised Poultry Farms in Thailand, Pro-Poor HPAI Risk Reduction
2009.(http://lwww.dfid.gov.uk/r4d/SearchResearchDatabase.asp?OutPutld=185834)
Karoon Chanachai, David Castellan, Sopon lamsirithaworn, Tippawon

Prarakamawongsa, Kachen Wongsathapornchai, Komchaluch Taweeseneepitch,



14.

66

Wantanee Kalpravidh, Chuleeporn Jiraphongsa and Subhash Morzaria,
Strengthening Animal-Human Network through Field Epidemiology Training
Program for Thailand, Southeast and East Asia, poster presentation in The 1St
International One Health Congress 2011, 14-16 February 2011, Melbourne,
Australia. (poster presentation)

A. Sommanustaweechai, B. Sangkarak, D. K. Nugroho, F. Wu, H. Sinel, L. L. Bo,
N. Kiry, P. Boosom1, P. Wongnark, S. I. Jayme, S. Sinthasak, S. Urbenjapol, S.
Khuhapan, T. Lamaisri, T. Kedkhuntod, T. Srisuvan, V. T. Le, W. Posuya, S.
Theraverapanya, K. Unjit, K. Taweeseneepitch, K. Wongsathapornchai, K.
Chanachai, Prevalence Survey of Intestinal and Blood Parasites in Dairy Cattle in
Kaeng Ka Jan District, Petchaburi Province, Thailand, Oral presentation in The
37th International Conference on Veterinary Science 2012, 29 January -2

February 2012, Thailand



67

d'
AANWINNT 4

Manuscript and Proceedings



Prevalence and Characteristics of Livestock associated Methicillin-Resistant Staphylococcus aureus
in Pig Farms, Workers and Environments in Pig Industries of Northern Thailand

Orapun Arjkumpal'z, Thanawadee Thantiworawit', Pannarai Samithsuwan®, Kittipong Kumpapongl, Soawapak
Hinjoys, Karoon Chanachai4, Thomas AIterS, Prapas Patchanee®

'Field Epidemiology Training Program (FETP), Bureau of Epidemiology, Department of Disease Control, Ministry of Public
Health, Thailand

2Veterinary Research and Development Center (Southern Region), Department of Livestock Development, Ministry of
agriculture and cooperation, Thailand

*Bureau of Epidemiology, Department of Disease Control, Ministry of Public Health, Thailand

*Bureau of Disease Control and Veterinary Services, Department of Livestock Development, Ministry of agriculture and
cooperation, Thailand

*|nstitute of Food Hygiene, Freie Universitaet Berlin, 14163 Berlin, Germany

6Department of Food Animal Clinic, Faculty of Veterinary Medicine, Chiangmai University, Chiangmai, Thailand
*Corresponding author; Tel +6653948023, E-mail: patprapas@gmail.com

Abstract

Introduction:

Meticillin-resistant Staphylococcus aureus associated with livestock (LAMRSA) has been
emerged among pigs and pig handlers worldwide. LAMRSA was reported in the Northern Thailand,
which belonged to sequence type (ST) 9 and associated with pigs, whereas exactly prevalence of
LAMRSA colonization among pigs, workers and environment were unknown. This study aims to
determine the prevalence of LAMRSA in pigs, workers and environment in Northern Thailand and to
investigate genotypic and phenotypic characteristics of LAMRSA isolates.

Methods:

A cross-sectional study was conducted in Chaing Mai and Lampoon provinces in 2012. One
hundred and five pig farms were randomly sampled from all 21,152 pig herds in two provinces. Nasal
and skin swabs were collected from 5 pigs and 2 workers in each farm. Also, five sites such stable
floor, faucet and feeder were collected by using cotton swabs. MRSA was identified from pooled
samples of pigs and environment, and single swab of worker then confirmed by multiplex PCR.
Characterization of MRSA isolates was done by SCCmec typing, MLST and antimicrobial susceptibility
test. The workers were interviewed in person about pig farm management by using a questionnaire

Results:

Totally, 104 pig farms and 138 workers were participated. A herd prevalence of MRSA was
8.65% (9 of 104 farms). The prevalence of MRSA in pigs, workers and environment were 0.96%,
5.07% and 1.20%, respectively. Thirteen MRSA isolates were found in 8 workers, 4 specimens from
environment and one pig. They were typed as SCCmeclV-ST9. All MRSA isolates were 100% resistant
to clindamycin, cefoxitin, tetracycline, penicillin and sulfa-trimethoprim and 100% showed multidrug
resistant phenotype. However, only one farm was isolated MRSA from pigs and environment in the
same farm. None of MRSA isolated was found in both of pigs and workers in the same farms. Using
fan or ventilators in the pig farms was associated with MRSA (PR=12, 95%Cl 1.47-541.48).

Conclusions:

This survey provided the first evidence of MRSA among pigs, workers and environment in
Thailand. However, there were low prevalence of MRSA in pigs, workers and environment when
compared to other countries. Characteristics of isolates were MRSA-ST9-SCCmec IV from workers
and environment and multi-antimicrobial resistance of MRSA isolates were observed. Therefore,
further studies in monitoring of MRSA in the pig populations, pig workers and environment in the
farms in Thailand are required to detect changes in epidemiology and to implement effective control
measures.

Keywords: MRSA, prevalence, characteristics, pig, worker, environment, Thailand
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ABSTRACT Livestock associated-methicillin-resistant Staphylococcus aureus (LA-MRSA)
has been emerging among pigs and pig handlers worldwide. This study aimed to
determine the prevalence of LA-MRSA in pigs, workers and environment in Northern
Thailand and to investigate phenotypic characteristics of LA-MRSA isolates. One hundred
and four pig farms were randomly selected from the total of 21,152 pig farms in Chiang
Mai and Lamphun provinces in 2012. Nasal and skin swab samples were collected from
five pigs and two workers in each farm. As well, five environmental samples (pig stable
floor, faucet and feeder) were collected using cotton swabs. MRSA was identified and
confirmed by multiplex PCR from pooled samples of pigs, pig worker and farm
environment. Phenotypic characterization of MRSA isolates were performed by Kirby-
Bauer disk diffusion susceptibility test. The total of 104 pig farms and 138 workers were
collected. The herd prevalence of MRSA was 8.65% (9 of 104 farms). The prevalence of
MRSA in pigs, workers and the farm environment was 0.96%, 4.34% and 2.88%,
respectively. Thirteen MRSA isolates were identified from eight workers, four isolates from
environmental samples and one isolate from pigs. Ten of thirteen MRSA isolates were
tested for antimicrobial resistance; these isolates were 100% resistant to clindamycin,
cefoxitin, tetracycline, penicillin and sulfa-trimethoprim and 100% of all isolates showed
multidrug resistant phenotype. This survey provided the first evidence of
interrelationships for LA-MRSA among pigs, workers and the farm environment in
Thailand. There was a low prevalence of MRSA in pigs, workers and the environment
compared to other countries. Multi-drug resistant of MRSA isolates was observed. Further
monitoring studies of MRSA in pig associated environment are required to detect changes
in epidemiology and to implement effective control measures.

KEYWORDS: Interrelationship, LA-MRSA, pig, worker, environment
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INTRODUCTION

Staphylococcus aureus is an opportunistic
bacterium that is considered as microflora of
human and various animals (1). It frequently
colonizes in the anterior nares (2), which may
cause infections when the host immune
system becomes compromised. This organism
developed resistance to the antibiotic
methicillin (i.e., methicillin resistant
Staphylococcus aureus; MRSA) through the
mecA gene that is part of a large mobile
genetic element (1), as first reported by
Robinson and Enright in 2003 (3). MRSA has
become a pathogen of increasing importance
in hospitals, the community and livestock
operations (4). To date, livestock associated
MRSA (LA-MRSA) had been distributed
worldwide, particularly among people who
are involved with livestock farming (5, 6, 7).
These bacteria can be transmitted to humans
in close contact with MRSA colonized animals
(8) meanwhile livestock, especially pigs; can
serve as a reservoir for LA-MRSA (9). The
prevalence of LA-MRSA among pigs, workers
and the environment varies by geographic
areas. The majority of strains of LA-MRSA
belong to the sequence type (ST) 398 in
Europe and America, while ST9 is found in Asia
(5, 10, 11, 12). In Thailand, MRSA has been
isolated from healthy pigs (13, 14) and pork
(15). However, investigation of LA-MRSA
prevalence and importance in livestock,
especially from pigs in Thailand is unknown.
The aims of this study were to determine the
prevalence of MRSA in pig farms and farm
workers in Northern Thailand as well as to
investigate  genotypic and  phenotypic
characteristics of MRSA for potential
relationship between humans, animal and the
farm environment.

MATERIALS AND METHODS
Study design and study population:

A cross-sectional study was conducted
among pigs, workers and the environment in
pig farms of Chiang Mai and Lamphun
provinces of Northern Thailand in 2012. Farm
operations are varied from large industrial
facilities to small holding settings. Target
populations of pig farms located in both

provinces were 21,152 farms, based on a 2012
pig farm registry list from the Department of
Livestock Development, Ministry of
Agriculture, Thailand (16). Sample size was
calculated from pig farms with an expected
prevalence of 20% (17), accepted error of 10%
and a 95% confidence level using Win
Episcope 2.0. One hundred and five pig farms
were determined, then proportional sampling
was conducted with a 7:1 ratio of Chiang Mai
farm (n=18,508) to Lamphun farms (n=2,644).
This resulted in 62 farms and 53 farms
sampled in Chiang Mai and Lamphun
provinces, respectively, for a total of 105
farms.

Sample collection:

Demographic data of farm and
information on farm management
including farm type, number of pigs, herd
size, period of operation, antibiotics used
and personnel protective equipment used
in workers were collected as well as swab
samples from pigs, workers and the
environment;

Pig: At each farm, groups of weaning pigs,
fattening pigs and sows were sampled, if
presented. From each group, nasal and skin
swabs were collected from 5 randomly
selected pigs by a veterinarian. The nasal and
skin samples were collected from both sides of
external nares and auxillary regions. Samples
were collected using sterile cotton swabs.
Swab samples from each group of 5 pigs were
pooled and stored in Stuart transport medium
and kept cool in an ice box.

Worker: Farm workers were invited to
participate in the study if they work on farm at
least one year. A maximum of two workers
were recruited each farm. All eligible
participants were asked to sign a written
informed consent document. Samples from
both sides of participants’ external nares and
the axillary regions were collected using sterile
cotton swabs.

Environment: Environmental samples were
collected from pig stables. Five sites including
stable floor, faucet and feeder were collected
by using cotton swabs. Swab samples were
stored separately in transport media. All swab
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samples were transported to the central
laboratory, Chiang Mai University, Faculty of
Veterinary Medicine within 24 hours for
further investigation.

MRSA isolation and identification:

All swab samples were incubated for 48
hours at 37°C in pre-enrichment media
containing tryptic soy broth with 10 ml of 10%
NaCl. Then, samples were inoculated onto
mannitol salt agar with 6 mg/| of oxacillin and
incubated at 37°C overnight. Three suspected

single colonies of S. aureus from each sample
were selected and identified by Gram’s
staining with gram positive cocci and
biochemical test as catalase test positive.
Colonies were then re-streaked on tryptic soy
agar plates overnight for colonies duplication.
A coagulase test was carried out and the
positive samples were further screened for
methicillin resistance by disc diffusion of
oxacillin 1 pg. MRSA isolates were further
investigated by multiplex PCR screening for
detecting of the presence of mecA gene. All
MRSA isolates were kept in brain-heart
infusion broth with 15% glycerol and sent for
molecular testing.

Antimicrobial Susceptibility Test (AST):

AST was performed using disk diffusion
method according to the guidelines of the
Clinical and Laboratory Standards Institute
(18). The following disks were used including

amoxicillin-clavulanic acid, cefoxitin,
ceftriaxone, cephazolin, chloramphenicol,
clindamycin, penicillin, cloxacillin,

doxycycline, gentamycin, oxytetracycline,
sulfa-trimethoprim,tetracyclineand
Vancomycin.

RESULTS
Prevalence of LA-MRSA:

Isolation and identification of S. aureus,
MSSA and MRSA are shown in Table 1. The
overall MRSA prevalence at all farms was
0.96% in pigs (1 of 104 farms), 4.34% in
workers (6 of 138 workers) and 2.88% in the
environment (3 of 104 farms). Herd
prevalence of LA-MRSA was 8.65% (9 of 104
farms). LA-MRSA isolates were found in 8
workers, 4 environmental samples and one
pig. There was one farm in Chiang Mai where

LA-MRSA was isolated from both a pig and the
environment. MRSA was identified in 8 of 39
farms (20.5%) in Chiang Mai and one farm
(1.5%) in Lamphun.

Table 1: Prevalence of S. aureus, MSSA and MRSA

Prevalence
%SS.
N aureus  95% Cl %MSSA  95% %MRSA 95%
(880) (n) a (n) cl
(n)
Nursery
Nasal 0.0- 0.0 0.0- 0.0-
swab 24 wWwE) 11.7 (0) 11.7 wWwE) 11.7
Skin 0.0- 0.0 0.0- 0.0-
swab 3 @oE) 12.2 (0) 12.2 @oE) 122
Fattening
Nasal 0.0- 0.0 0.0- 0.0-
swab 65 L5 7.3 (0) 4.5 L5 7.3
Skin 0.2- 1.9 0.2- 0.0
swab 69 190 6.8 (2) 6.8 0.0(0) 4.2
Sow
Nasal 0.0- 0.0 0.0- 0.0
swab 57 eoE 5.1 (0) 5.1 eoE 5.1
Skin 0.0- 0.0 0.0- 0.0
swab Ex WweE 5.4 (0) 5.4 WweE 5.4
Sub- 0.2- 5.4 3.2- 0.0
292 1.0(3 0.3(1
total @) 2.7 (2) 8.5 W 1.6
Environment
Stable 0.0- 0.0 0.0- 0.0
floor 104 QO 2.8 (0) 2.8 QO 2.8
0.6- 1.9 0.2- 0.0
Faucet 104 2.9(3) a2 @ a6 1.0 (1) 52
0.2: 0.0 0.0- 0.6
Feeder 104 2.8(3) 6.8 © 28 2.8(3) 2
Sub- 0.7- 0.6 0.1- 0.4
total 312 19(6) 3.9 (2) 2.1 12(4) 3.0
Worker
Nasal 8.6 4.7- 5.0 2.2- 1.3-
swab 238 (12) 14.3 (7) 9.7 26@E) 7.8
Skin 18R 0.7 0.0- 0.9
swab 138 S5E) 7.8 (1) 3.5 20 6.8
Sub- 6.1 3.7- 2.8 1.3- 1.6
total 276 (17) 9.4 (8) 5.4 3209 5.8

Characteristics of LA-MRSA:

Ten representative MRSA isolates were
further analysed by antimicrobial
susceptibility test. Sources of MRSA isolates
were from workers (n=7 isolates) and
environment (n=3 isolates). Susceptibility
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Figure 1: Antimicrobial susceptibility testing of
MRSA isolates.
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testing revealed 100% resistance to
clindamycin, cefoxitin, tetracycline, penicillin
and sulfa-trimethoprim. No resistance was
observed for choramphenicol, cloxacillin and
vancomycin (Figure 1). There were six
different patterns of antimicrobial drug
resistance in workers and environment
isolates (Table 2). All isolates were resistant to
at least five antimicrobials.One isolate was
resistant to 11 antimicrobial drugs (worker:
DA-OT-P-SXT-TE-FOX-CN-DO-CRO-AMC-KZ).

Table 2: Antibiograms
environment MRSA isolates.

of worker and the

Sources Resistance profiles #isolates
(%)

Worker DA-OT-P-SXT-TE 1(10)
DA-OT-P-SXT-TE-FOX 2(20)
DA-OT-P-SXT-TE-CN 2(20)
DA-OT-P-SXT-TE-FOX-CN-DO 1(10)
DA-OT-P-SXT-TE-FOX-CN-DO-
CRO-AMC-KZ 1(10)

Environm

ent DA-OT-P-SXT-TE 1(10)
DA-OT-P-SXT-TE-FOX 1(10)
DA-OT-P-SXT-TE-FOX-CRO 1(10)

DA= clindamycin, OT= oxytetracycline, P= penicillin, SXT= sulfa-
trimethoprim, TE= tetracycline, FOX= cefoxitin, CN= gentamycin,
DO= doxycycline, CRO= ceftriaxone, AMC= amoxicillin-clavulanic
acid, KZ= cephazolin

DISCUSSION

Findings from this study may be used as
the basic information regarding the burden of
MRSA associated with pig industries. The
prevalence of LA-MRSA among pig farms in
Northern Thailand was lower than in previous
studies in other countries including 1.4% in
Malaysia(12), 11.4% in China(11), 22.7% in
Korea(17) 26% in Canada(19), 36% in USA(6),
39% in Netherland(5), and 49% in
Germany(20) between 2008 and 2013.
However, the prevalence variation s
depending on many factors including
geographical region, sampling methods,
laboratory testing methods(21) and age of
pigs tested(19). Commercial large farm size in
the US and in the European countries
comparing with smaller farms settings in
Thailand may cause more opportunities for
pathogen transfer and higher prevalence of
MRSA than in this study. MRSA colonization

among pigs workers in Northern Thailand was
low (2.8%) comparing with other studies
among pig workers in Europe (22, 23) and the
USA (19). Other studies of MRSA prevalence
in risk populations including slaughterhouse
workers and veterinarians in Europeranged
between 3% and 12.5 %( 24, 25, 26). Our
results revealed that pig workers in northern
Thailand were at a lower risk of MRSA
colonization than other countries, perhaps
because of the prevalence of MRSA in pigs is
lower.

MRSA was isolated from the environment
in this study with the prevalence 2.88% which
was lower than the results from the study in
the USA (17.3%) (27).Staphylococci in the
farming environment could serve as a source
of MRSA type as it was generally easily
detectable in both pig and the environmental
samples (28). Our results showed that only
one farm had MRSA positive samples from
both pigs and the farm environment, and no
farms had MRSA positive samples from both
pigs and pig workers. MRSA is a human
bacterial pathogen that has emerged as a
major threat in both a hospital setting (as a
nosocomial infection) and as a community-
acquired infection for high-risk groups such as
slaughterhouse workers (4). The use of
antibiotics in livestock production has
selected for multi-drug resistance. In this
study, there were various resistance
phenotype of MRSA isolates from farm
workers and the environment with combined
resistance  to  clindamycin,  cefoxitin,
tetracycline, penicillin and sulfa-trimethoprim,
whereas other studies of MRSA-ST9 in China
showed similarity of MRSA resistance patterns
in workers to clindamycin, cefoxitin,
tetracycline and ciprofloxacin(11). These
antibiotics are commonly used in both human
medicine and food animal health
management. Overuse or misuse of medically
important antibiotics in animals is emerging
as a public health concern due to community-
associated antibiotic resistant infections (29).

To our knowledge, this is the first study to
demonstrate the prevalence of LA-MRSA
among pigs, farm workers and the
environment in Thailand. Therefore,
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continuous efforts to monitor of MRSA in
these populations are required for detecting
changes in epidemiology and for the
implementation of effective control measures
in livestock and human health. Meanwhile,
conducting studies in different areas in
Thailand, such as the central or eastern part of
the country where the highest pig population
reside, should be performed. Limitation of this
study were the sampling method did not use a
stratified sampling technique to study a
specific production system and the study was
somewhat under-powered, because observed
MRSA prevalence was lower than expected

MRSA prevalence used in sample size
calculations.
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ABSTRACT

Livestock Associated- Methicillin-Resistant Staphylococcus aureus(LA-MRSA) has been
emerging among pigs and pig handlers worldwide. This study aimed to determine the prevalence
of LA-MRSA in pigs, workers and the environment in Northern Thailand and to investigate
phenotypic characteristics of LA-MRSA isolates. One hundred and four pig farms were randomly
selected from the total of 21,152 pig farms in Chiang Mai and Lamphun provinces in 2012. Nasal
and skin swab samples were collected from five pigs and two workers in each farm. As well, five
environmental samples (pig stable floor, faucet and feeder) were collected using cotton swabs.
MRSA was identified and confirmed by multiplex PCR from pooled samples of pigs, pig worker
and farm environment. Phenotypic characterization of MRSA isolates were performed by SCCmec
typing, MLST and Kirby-Bauer disk diffusion susceptibility test. The total of 104 pig farms and
138 workers were collected. The herd prevalence of MRSA was 8.65% (9 of 104 farms). The
prevalence of MRSA in pigs, workers and the farm environment was 0.96%, 4.34% and 2.88%,
respectively. Thirteen MRSA isolates were identified from eight workers, four isolates from
environmental samples and one isolate from pigs. Six of thirteen MRSA isolates were typed, and
they were identified as SCCmecIV-ST9. Ten of thirteen MRSA isolates were tested for
antimicrobial resistance; these isolates were 100% resistant to clindamycin, cefoxitin, tetracycline
and penicillin and 100% of all isolates showed multidrug resistant phenotype. This survey
provided the first evidence of interrelationships for LA-MRSA among pigs, workers and the farm
environment in Thailand. There was a low prevalence of MRSA in pigs, workers and the
environment compared to other countries. Isolates were typed as MRSA-ST9-SCCmec IV from
workers and the environment and multi-drug resistant of MRSA isolates was observed. Further
monitoring studies of MRSA in pig associated environment are required to detect changes in

epidemiology and to implement effective control measures.

KEYWORDS: MRSA, prevalence, characterization, pigs, workers, environment
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INTRODUCTION

Staphylococcus aureus is an opportunistic bacterium that is considered as microflora of
human and various animals (Vanderhaeghen et al., 2010). It frequently colonizes in the anterior
nares (Wertheim et al., 2005), which may cause infections when the host immune system becomes
compromised. This organism developed resistance to the antibiotic methicillin (i.e., methicillin
resistant Staphylococcus aureus; MRSA) through the mecA gene that is part of a large mobile
genetic element (Vanderhaeghen et al., 2010), as first reported in 2003 (Robinson and Enright,
2003). MRSA has become a pathogen of increasing importance in hospitals, the community and
livestock operations (Graveland et al., 2011). To date, livestock associated MRSA (LA-MRSA)
had been distributed worldwide, particularly among people who are involved with livestock
farming (Smith et al., 2009, Voss et al., 2005). These bacteria can be transmitted to humans in
close contact with MRSA colonized animals (Smith and Pearson, 2010) meanwhile livestock,
especially pigs; can serve as a reservoir for LA-MRSA (Lewis et al., 2008). The prevalence of LA-
MRSA among pigs, workers and the environment varies by geographic areas. The majority of
strains of LA-MRSA belong to the sequence type (ST) 398 in Europe and America, while ST9 is
found in Asia (de Neeling et al., 2007, Sergio et al., 2007, Cui et al., 2009, Neela et al., 2009). In
Thailand, MRSA has been isolated from healthy pigs (Anukool et al., 2011, Larsen et al., 2012)
and pork (Vestergaard et al., 2012). However, investigation of LA-MRSA prevalence and
importance in livestock, especially from pigs in Thailand is unknown. The aims of this study were
to determine the prevalence of MRSA in pig farms and farm workers in Northern Thailand as well
as to investigate genotypic and phenotypic characteristics of MRSA for potential relationship

between humans, animal and the farm environment.
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MATERIALS AND METHODS
STUDY DESIGN AND STUDY POPULATION

A cross-sectional study was conducted among pigs, workers and the environment in pig
farms of Chiang Mai and Lamphun provinces of Northern Thailand in 2012. Farm operations are
varied from large industrial facilities to small holding settings. Target populations of pig farms
located in both provinces were 21,152 farms, based on a 2012 pig farm registry list from the
Department of Livestock Development, Ministry of Agriculture, Thailand (DLD, 2011). Sample
size was calculated from pig farms with an expected prevalence of 20% (Lim et al., 2012),
accepted error of 10% and a 95% confidence level using Win Episcope 2.0. One hundred and five
pig farms were determined, then proportional sampling was conducted with a 7:1 ratio of Chiang
Mai farm (n=18,508) to Lamphun farms (n=2,644). This resulted in 62 farms and 53 farms
sampled in Chiang Mai and Lamphun provinces, respectively, for a total of 105 farms.

SAMPLE AND DATA COLLECTION

Demographic data of farm and information on farm management including farm type,
number of pigs, herd size, period of operation, antibiotics used and personnel protective
equipment used in workers were collected as well as swab samples from pigs, workers and the
environment;

Pig: At each farm, groups of weaning pigs, fattening pigs and sows were sampled, if
presented. From each group, nasal and skin swabs were collected from 5 randomly selected pigs
by a veterinarian. The nasal and skin samples were collected from both sides of external nares and
auxillary regions. Samples were collected using sterile cotton swabs. Swab samples from each
group of 5 pigs were pooled and stored in Stuart transport medium and kept cool in an ice box
(Figure 1).

Worker: Farm workers were invited to participate in the study if they work on farm at

least one year. A maximum of two workers were recruited each farm. All eligible participants were
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asked to sign a written informed consent document. Samples from both sides of participants’
external nares and the axillary regions were collected using sterile cotton swabs.

Environment: Environmental samples were collected from pig stables. Five sites including
stable floor, faucet and feeder were collected by using cotton swabs.

Swab samples were stored separately in transport media. All swab samples were
transported to the central laboratory, Chiang Mai University, Faculty of Veterinary Medicine
within 24 hours for further investigation.

LABORATORY ANALYSIS
MRSA ISOLATION AND IDENTIFICATION

All swab samples were incubated for 48 hours at 37°C in pre-enrichment media containing

tryptic soy broth with 10 ml of 10% NaCl. Then, samples were inoculated onto mannitol salt agar

with 6 mg/l of oxacillin and incubated at 37°C overnight. Three suspected single colonies of S.

aureus from each sample were selected and identified by Gram’s staining with gram positive cocci
and biochemical test as catalase test positive. Colonies were then re-streaked on tryptic soy agar
plates overnight for colonies duplication. A coagulase test was carried out and the positive
samples were further screened for methicillin resistance by disc diffusion of oxacillin 1 pg. MRSA
isolates were further investigated by multiplex PCR screening for detecting of the presence of
mecA gene. All MRSA isolates were kept in brain-heart infusion broth with 15% glycerol and sent
for molecular testing (Figure 2).

MOLECULAR ANALYSIS

Staphylococcal cassette chromosome mec (SCCmec) typing: The type of SCCmec gene
complex of the strain was determined by a previously describe multiplex PCR method (Zhang et
al., 2005).

Multilocus sequence typing (MLST): MLST analysis was carried out according to the method
describe previously by Enright et al. (2000). Primers were used for the amplification and sequence

analyses of the seven housekeeping genes: arc, aro, glp, gmk, pta, tpi, and yqi. PCR products were
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purified and sequenced at the Department of Veterinary Medicine, Chiang Mai University. The
allelic profiles and sequence types of MRSA were assigned using the S. aureus MLST database

(http://www.mlst.net).

ANTIMICROBIAL SUSCEPTIBILITY TEST (AST)

AST was performed using Kirby-Bauer disk diffusion method according to the guidelines
of the Clinical and Laboratory Standards Institute (CLSI, 2010). The following disks were used
including amoxicillin-clavulanic acid, cefoxitin, ceftriaxone, cephazolin, chloramphenicol,
clindamycin, penicillin, cloxacillin, doxycycline, gentamycin, oxytetracycline, sulfa-trimethoprim,
tetracycline and vancomycin.

DATA ANALYSIS

Data management and all analyses were performed using Epi Info v, 2000 (Centers for
Disease Control, Atlanta, GA). The farm was the unit of analysis. Descriptive statistics were
analyzed including proportion, mean, median, prevalence ratio and 95% confidence interval. A
farm was considered to be MRSA positive if MRSA was found in at least one swab sample (pigs,

workers or the environment) in that farm.
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RESULTS

In total, 104 farms (n=39 Chiang Mai province; n=65 Lamphun province) and 138 workers
participated in this study. One farm was excluded because the business closed. Of the 208 workers
on study farms, 138 workers were recruited for the study because they fit the definition of a worker
with more than one year of experience on the farm.

PREVALENCE OF LAMRSA

Pig farm characteristics in this study are presented in Table 1. In total, 880 swabs were
collected from pigs, workers and the environment. Isolation and identification of S. aureus, MSSA
and MRSA are shown in Table 2. The overall MRSA prevalence at all farms was 0.96% in pigs (1
of 104 farms), 4.34% in workers (6 of 138 workers) and 2.88% in the environment (3 of 104
farms). Herd prevalence of LA-MRSA was 8.65% (9 of 104 farms). LA-MRSA isolates were
found in 8 workers, 4 environmental samples and one pig. There was one farm in Chiang Mai
where LA-MRSA was isolated from both a pig and the environment. MRSA was identified in 8 of
39 farms (20.5%) in Chiang Mai province and one farm (1.5%) in Lamphun province (Figure 3).
CHARACTERISTICS OF LAMRSA

Of the 13 MRSA isolates, molecular typing was performed on 6 isolates due to budget
constraints, and these isolates (n=1 pig isolate; n=3 worker isolates; n=2 environment isolates;)
belonged to ST9 (alleic profile: 3-4-1-1-1-1-10) and carried SCCmec 1V in this study (Figure 4).
A phylogenetic tree of MRSA ST9 isolates among pigs, workers and the environment is presented
in Figure 5.

Eleven representing MRSA isolates were done for antimicrobial susceptibility. Sources of
MRSA isolates were from pig (n=1 isolate), workers (n=7 isolates) and the environment (n=3
isolates). Susceptibility testing revealed 100% resistance to clindamycin, cefoxitin, tetracycline
and penicillin. No resistance was observed for cloxacillin and vancomycin (Figure 6). There were
seven different patterns of antimicrobial drug resistance in pig, workers and the environment

isolates (Table 3). All isolates were resistant to at least five antimicrobials (Figure 7). One isolate



was resistant to 11 antimicrobial drugs (worker: DA-OT-P-SXT-TE-FOX-CN-DO-CRO-AMC-

210 KZ).
When comparing antimicrobial drug used between the MRSA positive farms and the
MRSA negative farms, gentamycin, penicillin-streptomycin, amoxicillin and tiamulin were more

likely to be used in the MRSA positive farms (Figure 8).
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DISCUSSION

Findings from this study may be used as the basic information regarding the burden of
MRSA associated with pig industries. The prevalence of LA-MRSA among pig farms in Northern
Thailand was lower than in previous studies in other countries including 1.4% in Malaysia (Neela
et al., 2009), 11.4% in China(Cui et al., 2009), 22.7% in Korea(Lim et. al., 2012) 26% in
Canada(Khanna et al., 2008), 36% in USA(Smith et al., 2009), 39% in The Netherland(de Neeling
et al., 2007), and 49% in Germany(Tenhagen et al., 2009) between 2008 and 2013. However, the
prevalence variation is depending on many factors including geographical region, sampling
methods, laboratory testing methods(Broens, 2011) and age of pigs tested(Khanna et al., 2008).
Commercial large farm size in the US and in the European countries comparing with smaller farms
settings in Thailand may cause more opportunities for pathogen transfer and higher prevalence of
MRSA than in this study. MRSA colonization among pig workers in Northern Thailand was low
(2.8%) comparing with other studies among pig workers in Europe(Morcillo et al., 2012, Denis et
al., 2009) and the USA(Khanna et al., 2008). Other studies of MRSA prevalence in risk
populations including slaughterhouse workers and veterinarians in Europe ranged between 3% and
12.5 %( Wulf et al., 2008, van Cleef et al., 2010, Huber et al., 2010). Our results revealed that pig
workers in northern Thailand were at a lower risk of MRSA colonization than other countries,
perhaps because of the prevalence of MRSA in pigs is lower.

MRSA was isolated from the environment in this study with the prevalence 2.88% which
was lower than the results from the study in the USA (17.3%) (Frana et al., 2013). Staphylococci
in the farming environment could serve as a source of MRSA type as it was generally easily
detectable in both pig and the environmental samples (Hanssen and Ericson, 2006). Our results
showed that only one farm had MRSA positive samples from both pigs and the farm environment,
and no farms had MRSA positive samples from both pigs and pig workers.

Our study revealed that all LAMRSA isolates were ST9, which belonged to SCCmec IV.

The ST9 represents the most common sequence types in Asia (Cui et al., 2009, Neela et al., 2008)
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and was a dominant clone among pig and pig-related workers (Armad et al., 2005). Recent reports
indicate MRSA ST9 colonization in pigs and pork in Northern and Central part of Thailand with
different SCCmec types(Anukool et al., 2011), Larsen et al., 2012 and Vestergaard et al., 2012).
From our samples as shown in Figure 4, this sequence type was similar among workers and
environment, which suggests a circulation of MRSA ST9 among workers and the environment.
Interestingly, our study did not detect any MRSA ST398 isolates. This lack of MRSA ST398 may
be due to the minimal exchange of sows between Europe, USA and Asia.

MRSA is a human bacterial pathogen that has emerged as a major threat in both a hospital
setting (as a nosocomial infection) and as a community-acquired infection for high-risk groups
such as slaughterhouse workers (Graveland et al., 2011). The use of antibiotics in livestock
production has selected for multi-drug resistance. In this study, there were various resistance
phenotype of MRSA isolates from farm workers and the environment with combined resistance to
clindamycin, cefoxitin, tetracycline, penicillin and sulfa-trimethoprim, whereas other studies of
MRSA-ST9 in China showed similarity of MRSA resistance patterns in workers to clindamycin,
cefoxitin, tetracycline and ciprofloxacin(Cui et al., 2009). These antibiotics are commonly used in
both human medicine and food animal health management. Overuse or misuse of medically
important antibiotics in animals is emerging as a public health concern due to community-
associated antibiotic resistant infections (Silbergeld et al., 2008).

To our knowledge, this is the first study to demonstrate the prevalence of LA-MRSA
among pigs, farm workers and the environment in Thailand. Therefore, continuous efforts to
monitor of MRSA in these populations are required for detecting changes in epidemiology and for
the implementation of effective control measures in livestock and human health. Meanwhile,
conducting studies in different areas in Thailand, such as the central or eastern part of the country
where the highest pig population reside, should be performed. Limitation of this study were the
sampling method did not use a stratified sampling technique to study a specific production system

and the study was somewhat under-powered, because observed MRSA prevalence was lower than
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expected MRSA prevalence used in sample size calculations. Moreover, of 104, only one farm had
MRSA positive samples from pigs. Techniques for isolation and detection of MRSA should be
considered. Other works had demonstrated that the prevalence of MRSA in pigs in Thailand might
be quite high according to the low number of samples had been tested.

In conclusion, this study provides the first evidence of MRSA prevalence among pigs,
workers and environment in Thailand, although the prevalence was low in pig farms in Northern
Thailand as compared to other countries. Characterized isolates from workers and environment
were MRSA-ST9-SCCmec IV. In addition, multi-drug resistant MRSA isolates were observed.
Continued efforts are required to monitor MRSA in at-risk populations including livestock and
slaughterhouse workers to detect changes in epidemiology and to implement effective control
measures.
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Tablel. Characteristics of pig farms (n=104) in the study.

Characteristics % Frequency Mean (Range)
(n farms)
Farm type
Open 56.7 (59) NA
Close 43.3 (45) NA
Pig type
Weaning 27.8 (29) 72.7 (12-400)
Fattening 58.6 (61) 341.0 (9-999)
Sow 50.9 (53) 89.6 (3-380)
Pig herd size
<250 50.0 (52) NA
250-600 25.0 (26) NA
> 600 14.4 (15) NA
unknown 10.6 (11) NA
Years in operation NA 10.9 (1-33)a
Injectable antibiotics use in pigs 100 (104) NA
Personal protective equipment use 100 (104) NA
in workers

*n=102 farms responded to this question

445
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Table 2. Prevalence of S. aureus, MSSA and MRSA among pigs, workers and environment.

PREVALENCE
% S. aureus 9%MSSA %MRSA
N=880 95% CI 95% CI 95% CI
(n) (n) (n)

Nursery pig
Nasal swab 24 0.0 (0) 0.0-11.7 0.0(0) 0.0-11.7  0.0(0) 0.0-11.7
Skin swab 23 0.0 (0) 0.0-12.2  0.0(0) 0.0-12.2 0.0 (0) 0.0-12.2
Fattening pig
Nasal swab 65 1.5 (1) 0.0-7.3 0.0 (0) 0.0-4.5 1.5(1) 0.0-7.3
Skin swab 69 1.9 (2) 0.2-6.8 1.9(2) 0.2-6.8 0.0 (0) 0.0-4.2
Sow
Nasal swab 57 0.0 (0) 0.0-5.1 0.0 (0) 0.0-5.1 0.0 (0) 0.0-5.1
Skin swab 54 0.0 (0) 0.0-5.4 0.0(0) 0.0-5.4 0.0 (0) 0.0-5.4
Sub-total 292 1.0 (3) 0.2-2.7 54((2) 3.2-85 0.3 (1) 0.0-1.6
Environment
Stable floor 104 0.0 (0) 0.0-2.8 0.0 (0) 0.0-2.8 0.0 (0) 0.0-2.8
Faucet 104 2.9(03) 0.6-8.2 1.9(2) 0.2-6.8 1.0 (1) 0.0-5.2
Feeder 104 2.8 (3) 0.2-6.8 0.0 (0) 0.0-2.8 2.8(3) 0.6-8.2
Sub-total 312 1.9 (6) 0.7-3.9 0.6(2) 0.1-2.1 1.2 (4) 0.4-3.0
Worker
Nasal swab 138 8.6 (12) 4.7-143 5.0(7) 2.2-9.7 3.6 (5) 1.3-7.8
Skin swab 138 3.6 (5) 1.3-7.8 0.7 (1) 0.0-3.5 2.8(4) 0.9-6.8
Sub-total 276 6.1 (17) 3.7-9.4 2.8(8) 1.3-54 3.2(9) 1.6-5.8




Table 3. Antimicrobial resistance patterns of MRSA isolates from workers and the environment at

pig farms.

Origin Resistance profile Number of isolates (%0)

Pig DA-OT-P-TE-FOX-CN-C-AMC 1(9)

Workers DA-OT-P-SXT-TE 1(9)
DA-OT-P-SXT-TE-FOX 2 (18)
DA-OT-P-SXT-TE-CN 2 (18)
DA-OT-P-SXT-TE-FOX-CN-DO 1(9)
DA-OT-P-SXT-TE-FOX-CN-DO-CRO- 19)
AMC-KZ

Environment = DA-OT-P-SXT-TE 1(9)
DA-OT-P-SXT-TE-FOX 1(9)
DA-OT-P-SXT-TE-FOX-CRO 1(9)

455  DA-= clindamycin, OT= oxytetracycline, P= penicillin, SXT= sulfa-trimethoprim,
TE= tetracycline, FOX= cefoxitin, CN= gentamycin, DO= doxycycline, CRO= ceftriaxone,
AMC= amoxicillin-clavulanic acid, C=chloramphenicol, KZ= cephazolin
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FIGURES

Figure 1. Schematic overview of sample collection methodology.

Figure 2. Overview of MRSA isolation and identification methods.

Figure 3. Map of MRSA isolates (n=13) by subdistrict in Chiang Mai and Lampoon provinces.
Figure 4. SCCmec Multiple PCR of pig, worker and the environment.

Figure 5. Phenotypic tree of MRSA among pig, workers and the environment in pig farms of
Northern Thailand.

Figure 6. Characteristics of antimicrobial susceptibility testing of MRSA isolates (n=1 isolate from
pig, n=7 isolates from workers and n=3 isolates from environment) in pig farms.

Figure 7. Proportion of multi drug resistant of MRSA isolates in pig farm (n=10 isolates).

Figure 8. Frequency of injectable antimicrobial drug use in MRSA positive (n=9) and negative pig

farms (n=95).
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