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from humans and animals within the community
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Abstract : Methicillin-resistant Staphylococcus (S.) aureus (MRSA) is one of the most important nosocomial
pathogens worldwide and the emergence of this strain has become a major clinical problem. In this study,
we investigated the prevalence of MRSA and their genetic characteristics in 69 S. aureus isolated from
humans and animals. In human isolates, higher antimicrobial resistance rates were observed against penicillin
(80.6%), followed by erythromycin (11.9%) and tetracycline (9.0%). All of them were susceptible to
clindamycin, enrofloxacin, novobiocin, pirlimycin, trimethoprim/sulfamethoxazole and vancomycin. The
resistance patterns in animal isolates were similar to those of human isolates. Two (2.9%) MRSA strains
were isolated from human (n=1) and animal (n=1), and these isolates were confirmed as carrying the
mecA gene. One isolate originating from human was resistant to 7 drugs and the other isolate derived from
animal was resistant to 11 drugs. Staphylococcal cassette chromosome mec (SCCmec) variant 11IB was
identified in animal isolate but SCCmec type of an isolate from human was not exactly determined. Two
MRSA isolates showed unrelated PFGE pattern between them. Our results indicated although the frequency
of MRSA isolates from humans and animals was low, a continuous surveillance and monitoring should
be called for to prevent the contamination and spread of MRSA in the community. To our knowledge,
this is the first time that SCCmec type variant IIIB was detected from animals in Korea.
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F=olA] A B E o]F [14], S8 vEellA B
7] A AR 9] MRSA #5 FA Aol
TS Hol W W Ee] %‘Lﬁ-ﬁi A AA
o= 1 Al =5 9l [7, 10]. S E 1990+ T
HJ o] QAR ZTE E2 == S. aureus
70% 057} MRSAZ B3 9lom [18, 24] &
ol 7Het o] T FEOIME Hart =L Utk
[21, 40]. ©]9} 7Fo] 7+ Fellr o] A&H A WEF7H=
Aol X5 &35 s Bk ol FobHe R
A o] ALGoll mhE S8H] F7F T2 AEF R &
A7F =3 At [36].

MRSAS] W/97]1:& B-lactam |G A oigh fﬂ
3P o] Y& penicillin-binding protein 2a(PBP2a)2]
Aol o3 RO R S, qureus A F Staphylococcal
cassette chromosome mec(SCCmec)®12H= ©l54d F3
2l $1R18F mecd F-7A el 23l A €T} [6]. SCCmec
A HJ{A = oF 20~60 kb Atele] Tkt 7=
AE A Ao, mecd A A9} chromosomal
cassette recombinase(ccr) FAA B3 E g3l o
Azke] =3l whet 5784 SCCmec type(I~V)# o3& 7t
A ol o g RFEL ATt [3, 12, 37]. T8 SCCmec
type®] 540 wet WA MRSASH A HALS] ##
MRSA #F2] d¥7gdeo]l d#A 2ol MRSA #59]
Ao SCCmec typed] #Ajo] o] o] &5 3
o} [5, 8]. MRSA® thgh EAAEE GaHAQl AL
= A A 7] #Eel Qs Mo olF
WART] MgdS dotshed Tfo] €t 53
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o B A &8s AREEI At = f1
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AFT AlE= 10% NaCl H7Fe tryptic soy
broth(Difco, USA)ol|l 37°CollA 18~24A4]7F vl Th-2-
egg yolk-terullite emulsion(Oxoid, UK)®] &7} Baired-
Parker agar(Oxoid, UK) H|A] ’5‘01] TS § 37°C oA
24A1ZF st oA HE FEE A9 Ek blood
agar(Asan Pham, Korea)ol 4] p-& E/‘é% 1 0] 32 mannitol
S 2 coagulase S YERA #Fol Hislod= S
aureus 5-°] primer [29]%} Vitek GPI(BloMeneux France)
& |83l S aureus®E FF 33N

TN 2 Al

A 7423 A1¥ 2 Clinical and Laboratory Standards
Institute [9]¢] 7]l whe}t )22 SAbg o= AA|EkS)
o A g3+ OxoidAHUK)2]  amoxacillin/
clavulanic acid(AMC), cefoxitin(FOX), ceftiofur(EFT),
cephalothin(CF), chloramphenicol(CM), clindamycin(CC),
erythromycin(EM), enrofloxacin(ENR), gentamicin(GM),
novobiocin(NV), penicillin(PC), pirlimycin(PRL), tetracycline
(TE), sulfamethoxazole/trimethoprim(SXT) 2 vancomycin
(VA) & 1555 T8tk MRSA &S 93
methicillin Y”d-& oxacillin agar screen ¥ [35]= ©]-&-3}
o oxacillin(6 pg/mL; Sigma, USA)Z} NaCl(4%)°] &
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DNA 22| ¥ mecA R HE

Genomic DNA #2]= 0.5 mg/mL lysostaphin(Sigma,
USA)S A8-3}%] Wizard Genomic DNA Putrification
Kit(Promega, USA)E o] &3l A=Al W] w
gt FEFA mecd FHAAY HEL mecAl(S'-
AAAATCGATG GTAAAGGIT GGC-3)9} mecA2(5'-
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AGT TCTGCAGTACCGGATTTGC-3) primerS A}-&-3}
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2uLE ¥ F EdE SRTE AUtsl HE 8w
o] 20uL”7} A 3}e] TProfessional Thermal Cycler
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FHAB, CD 2 E-H)2Z o] multiplex-PCRE AA]
3ttt PCR WH8-2 Maxime PCR PreMixE ARg-5hd
Z+z+o] 10 pmol primer 1 uL9} template DNA 0.5 uLE
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Disease Control and Prevention, CDC)o| A &% <l
PFGE network?] ‘PulseNet’ PFGE %5 A gwol ulz}
A8 TE PFGE 412 A% 171952 0.5 % TBE
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Table 1. The list of sequence of primers used in this analysis of Staphylococcal cassette chromosome mec (SCCmec)

Locus Primer names Oligonucleotide sequence ('5 — '3) Amplicon size (bp) SCCmec type

A CIF2-F2 TTCGAGTTGCTGATGAAGAAGG 495 I
CIF2-R2 ATTTACCACAAGGACTACCAGC

B KDP-F1 AATCATCTGCCATTGGTGATGC 284 I
KDP-R1 CGAATGAAGTGAAAGAAAGTGG

. MECI-P2 ATCAAGACTTGCATTCAGGC 209 IL 11
MECI-P3 GCGGTTTCAATTCACTTGTC

Db DCS-F2 CATCCTATGATAGCTTGGTC 342 LIL IV
DCS-R1 CTAAATCATAGCCATGACCG

E RIF4-F3 GITGATTGTTCGAGATATGTGG 243 1
IRIF4-R9 CGCTTTATCTGTATCTATCGC

F RIF5-F1 TTCTTAAGTACACGCTGAATCG 414 m
RIF5-R13 GTCACAGTAATTCCATCAATGC

G 1S431-P4 CAGGTCTCTTCAGATCTACG 381 A
pUBI110-R1 GAGCCATAAACACCAATAGCC
1S431-P4 CAGGTICTCTTCAGATCTACG

H 303 A

pT181-R1

GAAGAATGGGGAAAGCTTCAC
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Table 2. The prevalence rate of Staphylococcus aureus
from humans and animals

Source No. of No. of
samples isolates (%)

Veterinarian 15 2 (13.3)
Veterinary student 61 13 (21.3)
Veterinary officer 38 13 (34.2)
Meat processing plant employee 74 14 (18.9)
Milk processing plant employee 94 10 (10.6)
Slaughterhouse employee 73 10 (13.7)
Chicken slaughterhouse employee 55 50.1)
Dogs 232 1(04)
Cats 5 1 (20.0)
Total 647 69 (10.7)
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VA= BE 71 Z<eAdolet. ) f3 S aureus 1
5 EM, PC ¥ SXTol| W& EHIL YA A
= 94E veplidler, el fl S aureus 157
= AMC, FOX, EFT, CM, CC, EM, PC, PRL, TE @ SXT
o] WA-S 22]3 CF, ENR, GM, NV 2 VAol& 7+
S Yepdlo] Al f8 gk WSl ztelrt
ATt

zA2 - A4 -

1,000 bp

500 bp 533 bp

100 bp

Fig. 1. Detection of mecA genes from 2 Methicillin-
resistant Staphylococcus aureus (MRSA) isolates by PCR.
Lane M: Marker (100 bp ladder), Lane 1: CS-51, Lane 2:
HS-142.

I 697 S AWIOlA 15(HS-142) B aregolof
A 15+(CS-51) 5 ¥ 25(2.9%)+= oxacillin screen' |
o3 MRSA #F2 313l MRSA o= 3Rl
2ol U8k FAsE 542 Table 49} 2t HS-142F
£ AMC, FOX, EFT, CF, EM, oxacilline(OX) ¥ PC %
759 Al WAL BAT, CS-51F= AMC, EFT,
FOX, CM, CC, EM, OX, PC, PRL, TE ¥ SXT % 11
9] ofAlel WS YERNSITE MRSAZ ER1H o5
aFA methicillin W32 - mecd FHAF2] 2
fr 75 gotrr] 98l 5o primerS ©]-8-3ted PCR
S A A3 F #F F3] 533bp 2719] meed 71
A7} AEEJATHFig. 1). mecd SR} 218 MRSA

Table 3. Antimicrobial resistance of 69 Staphylococcus aureus isolates from humans and animals

No. of resistant isolates (%)

Antimicrobial agents

Humans (n =67) Dog (n=1) Cat (n=1) Total (n=69)

Amoxicillin/clavulanic acid 1(1.5) 0 (0.0) 1 (100.0) 2 (2.9)
Cefoxitin 1(1.5) 0 (0.0) 1 (100.0) 229
Ceftiofur 1 (1.5) 0 (0.0) 1 (100.0) 229
Cephalothin 1 (1.5) 0 (0.0) 0 (0.0) 1(1.4)
Chloramphenicol 2 (3.0) 0 (0.0) 1 (100.0) 3(4.3)
Clindamycin 0 (0.0) 0 (0.0) 1 (100.0) 1(1.4)
Erythromycin 8 (11.9) 1 (100.0) 1 (100.0) 10 (14.4)
Enrofloxacin 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Gentamicin 3 (4.5) 0 (0.0) 0 (0.0) 3(43)
Novobiocin 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Penicillin 54 (80.6) 1 (100.0) 1 (100.0) 56 (81.1)
Pirlimycin 0 (0.0) 0 (0.0) 1 (100.0) 1(1.4)
Tetracycline 6 (9.0) 0 (0.0) 1 (100.0) 7 (10.1)
Sulfamethoxazole/trimethoprim 0 (0.0) 1 (100.0) 1 (100.0) 1(1.4)
Vancomycin 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
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Table 4. Genetic characterization of 2 MRSA isolates from humans and animals

Isolates Origin mecA Antimicrobial resistance pattern’ SCC mec type PFGE type
CS-51 Cat (ear) + AMC, EFT, FOX, CM, CC, EM, OX, PC, PRL, TE, SXT 1B I
HS-142 Human (nasal cavity) + AMC, EFT, FOX, CF, EM, OX, PC ND' i

MRSA: Methicillin-resistant Staphylococcus aureus. "AMC: amoxacillin/clavulanic acid, EFT: ceftiofur, FOX: cefoxitin, CM:
chloramphenicol, CC: clindamycin, EM: erythromycin, OX: oxacillin, PC: penicillin, PRL: pirlimycin, TE: tetracycline, SXT:
sulfamethoxazole/trimethoprim, CF: cephalothin. "Not determined.

SCCmec type 111B Not determined

M 1 2 3 4 5 6

500 bp

100 bp

Fig. 2. Staphylococcal cassette chromosome mec
(SCCmec) types identified by multiplex PCR. Lane M:
marker (100 bp ladder, Bioneer), Lane 1 and 4: loci A and
B, Lane 2 and 5: loci C and D, Lane 3 and 6: loci E to
H : SCCmec variant 1IIB (Lanes 1 to 3: 209 bp), Not
determined (Lanes 4 to 6: 381 bp, 342 bp).

oF2] SCCmec types FE3s7] #18 852 primerE
o] &3}e] SCCmec typingS AAIg A3} CS-515F=
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= SCCmec types 1T 4 FATH(Fig. 2).

MRSAZ 31 o5 F 3ol digte] x84 4
HAAE Lolwy] 98 PEFGES A% 43 & o5
= A2 ge FE UehilthFg. 3).

2

[
1]

T2 YUY AN Bl Aoz dEA ot H
= o] XGAL3] dureldtut oz} )9} o] 7He
SENE o]E & Ho| B glo] A7t
3L Sl [28, 39, 42]. WEHA o] AFellA = A GALS

W13} FEA MRSAS #ENIE ¥ o]F &85
A ARG Lol ] al mecd FAA2] A
SCCmec B8 2 PFGEZ AA8lith.

7RG dukele] HIZ oA S aqureus & E8]&2
163%=Z YERY Kim 5 [17]9] A3 AJle] Au)y
o4 33%, Kwon & [23]& =] X2 F249)= A
=3 gukele] v7dolA] 27.5%, Jeong 5 [13]0] A&A

3

N
lo
e

o

e i

[

Fig. 3. Pulsed field gel electrophoresis (PFGE) patterns of
MRSA isolates digested with Smal. Lane M: Marker
(Salmonella Braenderup), Lane 1: CS-51, Lane 2: HS-142.
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S. aureus 181570 T3t A WA AAE AAE 4
I} pCol| thEk WAdEo) 91.8%= 7P E%3L TS EM,
GM, TE°l| 14.2~82%°] WAES R3] o A+
o] Az} I8l 3 Kwon 5 [231 =) 28
Ao B3 8. aureuso| A PC, ampicillin, EM 2
TE 59 °HAlol =2 UAES Yepiier X3t 98
Ao B3k Fo] dukeloA g gH Be
9] Aol WS e Tkl 33T Byun
5 [4]12 7NollA 23k S. aureus 23501 T3t A
WA Al o)A PC(87.0%), TE(78.0%), EM(57.0%) 2
SXT} lincomycin(ZFzt 52.0%)01 50%©]4¢] =& WA
ES BASIHA, Kim 5 [19]%= 7He} areelolA &2
3t S. aureus 735704 PC 86.3%, TE 13.7%, EM 11.0%,
SXT 8.2%°] WA ES HI3T) o A= 74
o} z19Fo] F3 S. aureuso|A PC, TE, EM % SXT 7+
2 ofAl WS YEpi oW FAFY ot A o
T2 A= WA FFe P = ATt A
o] AT AAE xgst] Al TE FA S. aureusOl
A1 PC, TE & EM 53 722 ool =2 UAdS 1ol
£ AL oA ol A7 el AFEE S8 B
o] AMEES7] WEoZ AjzbE)

Kim & [171 4319] HH]FA MRSAS] #-2]&0]
2.2%, Jeong 5 [10}2 Lukle] HIZFoA] 3.8%°] L
, Kwon & [23]2 dHkele] H]7}o 2 HE| MRSA7}
AZHA FAThL BISATE ol AN E YRk
Qle] v7tell A BElE S. aureus 67F & 157(2.9%)5F]
MRSAZ gRI=o] o]53} FAMG A4S VERITH
wEhA =] F3rE ] Y3l MRSAS] HE2]&
o] 70% A= = A vl3tH dritloA] MRSAS] #
&2 u§ wol olF712] MRSAE U2 THHEY
9] JgAte] =etE o] S-S & 5 AU [18, 24].
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e 2 93 e 2 Adacls #He] o
Ao BIFET v} [28]. Lin 5 [271 v]=¢] &
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9 =2 MRSA #2]&& 23 A o]&
o 4] MRSA2] =A== W2 5204 Algoze]
5 WA Y AArtsdE AT ¢
Kwon 5 [22}2 =4 T=W ] 4Lk 7oA gt
S. aureus 1777 % 35(17.7%)7F MRSAY S H &2
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kA 4 MRSAS] A A3 2 A0t RS $I3) AFgr
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g2 o]l AlFe Zo2 Azber). Bgk s E
AAA = el FHE Ao $FollA Nam
[34]2 4.2%, Moon % [31]2 2.7%, Lee [25]= &,
A 9 gollA] 3.6%, Lim 5 [261 &, =X 2 ga17]
oA 0.6%2] MRSA #2]&& B33 v} o), ujehA
AN FEA oM AHAES TR AUAT ol FE
of s = A Wdade] 71 2 Hute] o] &
I 0= MRSAS] FUE|Ho| s Zo7 Azier)

mecA A A= penicillin3} cephalosporins 72+ -
lactam A€ FAA ] WS Y= 8 9 &
ulZ Q1 penicillin-binding protein 2a(PBP2a)& % 3}3]
= 3Rt} [6]. o] ATl methicillinel] W3S
Hl 25 BF mecd FAAE 71 Ao 2 ERIFEAG.

SCCmec 3> MRSA2] FE43 AAAo] de= A
o2 4EA 9lo] MRSA 52| Jetad gol| ALg
F 3 Atk SCCmece 1-VE L ZE o] Z ™ SCCmec 1
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W3 A3} CS-51FE SCCmec MIBE (loci C; 209 bp).S-
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2 downstream M E=9] AL 93] SCCmec 11E (loci
C: 209 bp, E: 243 bp, F: 414 bp, H: 303 bp)? T-E0]
Hr}. 8 HS-142FE SCCmec 18 (loci A: 495 bp, D:
342 bp, G: 381 bp)ell F3t= 202 FAEL loci AT
495 bp2] W=7} §lo] HEE SCCmec H3S T &
T SIATE [37]. ol ATl M= MRSA 2]52] 57}
A o] F¥sH= SCCmec F32 & T giioy =l 5
Lol X SCCmec MBH©] &0 2 gt =] 5
E oAl SCCmec F-3 ¢l st Bl Kwon 5 [22]
o] 7hollX SCCmec NBL, Lim 5 [26]0] 232719k =)
R 2271 SCCmec Va8 28] 3L Har7]o)| 4] SCCmec
IVE& B3 vl Q) 3HH Ko 5 2112 oFrlo} 12
7N =712 A Z SCCmec F8S £43 43 $-7)
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