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Profile of Antimicrobial Resistance of Staphylococcus
aureus and Molecular Epidemiologic Characterization of
Methicillin-resistant Staphylococcus aureus (MRSA) Iso-
lated from Hands of People Using Multitude Facilities

Background: The purpose of this study was to investigate perception of hand hygiene
and actual hand washing practices of people who used public facilities as well as the
presence of indicator bacteria and food-borne pathogens on their hands. Data from this
study will be used as a tool for public education and provide basic information on the
potential risk for the spread of infectious disease by hands.

Materials and Methods: Sixty S. aureus and 15 methicillin-resistant S. aureus (MRSA)
were recovered from 500 swab samples from hands of people in public places, including
super markets and amusement facilities in Gwangju Metropolitan City during February
to May 2011. Using conventional methods and the Vitek system, all of the isolates
were confirmed as Staphylococcus auerus (S. aureus). Antimicrobial susceptibility was
determined by performing disk diffusion testing according to the Clinical Laboratory
Standard Institute guidelines. The minimum inhibition concentrations (MICs) of MRSA
isolates were tested using E-test strips. To confirm the MRSA, polymerase chain reaction
(PCR) for the S.aureus-specific gene and mecA gene was performed. Gene detection
using PCR, SCCmec typing, Panton-Valentine Leukocidin (PVL), and Multilocus
sequence typing (MLST) were performed on all isolates of MRSA.

Results: Of 60 S. aureus isolates, 48 (80%) harbored at least one type of enterotoxin
gene: two, three, four, and five types of enterotoxin gene were found in 16 (26.7%),
seven (11.7%), 10 (16.7%), and eight (13.3%) isolates, respectively. The most prevalent
antimicrobial resistance observed in the S. aureus isolates was to penicillin (92%, 55/60),
followed by erythromycin (35%, 21/60), oxacillin (32%, 19/60), and ampicillin (23%,
14/60). No resistance was observed against vancomycin, clindamycin, linazolid, rifampin,
imipenem, trimethoprim/sulfamethoxazole, and telithromycin. In this study, based on
molecular characterization of MRSA isolates, all MRSA, except for one isolate, belonged
to ST72 and SCCmec type IV. Eleven of 15 (78.6%) MRSA were ST72:SCCmeclV:t324.
Conclusions: In this study, we detected serious pathogens, including S. aureus and
MRSA, from swab samples of peoples” hands. Most S. aureus isolates harbored the
enterotoxin gene and the types of MRSA isolated in this study were community-
associated MRSA, indicating the importance of washing hands for public health.

Key Words: Methicillin-resistant S. aureus, Antimicrobial resistance, Enterotoxin,
SCCmectype, Panton-Valentine Leukocidin, Multilocus sequence typing
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PCR (RT-PCR)E ©|-§3}510m, A AR 25 E DNA 2= tha
e o = Fefsttt A A2jgh Al-8-4-S tryptic soy broth
(TSB; Oxoid, England)el] 1 mLE FZ3}ed 37°Cell A 18-24A17¢ vl
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2) Real-Time PCR
Real-Time PCRL- PowerChek™ 13 Pathogen Multiplex Real-
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time PCR strip kit (Kogenebiotech Co., LTD, Seoul, Korea)& A}
Bateh AARE FHE LA 7500 Fast Real Time PCR
System (Applied Biosystems, Foster City, CA, USA)2- A}-8-5}¢]
50°CollA] 25 95C/10 min, 95C/15 sec, 60C/1 ming] cycle< 40
3] wrEalo] A5} Real-time PCRS- 93k 9F-&-o8 = A3} target
gene2 A| FAFHKogenebiotech Co., LTD, Seoul, Korea)ol| 4] A|A]
i o 2 AAE
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vjeksaich wioke #F Z2tdl kel S, aureus oF Q1A
coagulase FAAL} PCRE[24]-8- o]-&-351o] 25 &l

5. S aureus S QTR At
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(CLSI, 2008) #=7]50l whet o AAE SA5to] 44 AR5
BE3HATH29). 2 Al ell ARS-3F @434 (BBL: Becton, Dickin-
son and Company, Cockeysville, MD) 9] &H/+= t}&-3} 24t}
ampicillin (AM, 10 xg), cefepime (FEP, 30 xg), cefotetan (CTT,
30 pg), ciprofloxacin (CIP, 5 xg), chloramphenicol (C, 30 xg),
clindamycin (DA, 2 ¢g), erythromycin (E, 15 xg), amikacin (AN,
30 ng), gentamycin (GM, 10 xg), imipenem (IPM, 10 xg), oxacillin
(OX, 1 1g), penicillin (P, 10 unit), rifampin (RA, 5 xg), tetracycline
(TE, 30 pg), trimethoprim/sulphamethoxazele (SXT, 25 xg),
vancomycin (VA, 30 ug), cefoxitin (FOX, 30 ug), ceftriaxone
(CRO, 30 ug), telithromycin (TEL, 15 1g), amoxicillin/calvaulanic
(AmC, 30 ug), linezolid (LZD, 30 uxg), cephalothin (CF, 30 ug)
£ 283tk MRSAR 8% o) tsl|A]= E-test Strips (AB
BioDisk, Solona, Sweden)& AF-83}¢] cefoxitin®} oxacillin®] MIC
S HAAVSIATE S, aureus ATCC25923% quality control 2 AF-8-5151
TH29].
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Table 1. The Presence of Enterotoxin Genes in S. aureus Isolates (n=60)
No. of types (%) Enterotoxin genes No. of isolates(%)
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Yo 7 PR o seg-sei-sel-sem= 5TFF(8.3%), seg-seh-
sel-sem<= 27t 5+(3.3%)& AFASIAT, B3k 57)9] F54E HAret
3 A= S aureus= 47HA] FFEO.F sea-seg-seh-sei-sem 31T
(5. O%) seg-seh-sei-sel-sem 375(5.0%) 5-2] F=42 7FA] 1L 9
AoH, 679 FHAE BiS Set e
(7, 1.7%), sea-seg-seh-sei-sel-sem (47+F, 6

ERgtH(Table 1)

— sea-seg-seh-sei-sel-sem
7%) FEoE U

3. S. arueus2| S| LHA

Z=o| A 2F S 5S00702] Swab AAZH-E] 2|9 S, aureus®] 60
ool oial AR ZHA AARE Al A, penicillin®] W&ol
92% (5577} 7Hd =& WA YeERAATE 11 9] erythromycin

35% (217F59), oxacillin 32% (197F=F), ampicillin 23% (147F5°)
=0 2 FAE T (Table 2). cephalosporinAlg &AA WAL
cefoxitino| 4] B2 =& 30% (187F)= WAEo] FelEar,
cefotetan, ceftriaxone, cephalothin®] kAol thejA = 212} 25%
(177), 23% (147F), 18% (11757 & cephalosporinA|g 34|
WAE el F313k 2fol= ER1EA] gttt T2l vancomycin,
clindamycin, linazolid, rifampin, imipenem, trimethoprim/sulf

amethoxazole, telithromycin 5 &3 #) WAL #2ke %] eFtke)

Table 2. Antimicrobial Resistance of S. aureus Isolates from Hand Swabs (n=60)

Antimicrobials Antimicrobials Congentration Ng. of resistant
subclass disc (ug) isolates (%)
Penicillins Penicillin 10 55(91.7)
Penicillins Ampicillin 10 14 (23.3)
Macrolides Erythromycin 15 21(35.0)
Eggi’gi‘”i'g:se'mb'e Oxacilln 1 19317)
Cephalosporins | Cephalothin 30 11 (18.3)
Cephalosporing Il Ceforttn 30 18(30.0
Cefotetan 30 17 (25.3)
Cephalosporins Il Ceftriaxone 30 14 (23.3)
Cephalosporins IV Cefepime 30 11(18.3)
o Amoxicillin/
[B-lactamase inhibitor Clavulanic acid 30 13 (21.7)
Aminoglycosides Gentamicin 10 8(13.3)
Tetracyclines Tetracycline 30 5(8.3)
Fluoroquinolones Ciprofloxacin 5 1(1.7)
Phenicols Chloramphenicol 30 1(1.7)
Lincosamides Clindamycin 2 0(0.0)
Carbapenems Imipenem 10 0(0.0)
Ansamycins Rifampin 5 0(0.0)
Folate pathway inhibitors gﬁﬂ‘;ﬂ;ﬂg% o 25 0(0.0)
Glycopeptides Vancomycin 30 0(0.0)
Ketolides Telithromycin 15 ]
Oxazolidinones Linazolid 30 0(0.0)
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S. aureus Z2]F (00Tl 3t FAA 1 F&E T 2557
o] ele B =), FAYA 1A WAAES 40% (247FF), 24 <F 18%
(1155), 9A ¢F 8% (535, 34 <F 7% (4x=7), 104] 5% (B3)<
© 2 vEpskeh BEgE A 34 o el S Hel Tl ES oF

56% (2375 & oxacillin, cefotetan, cefoxitin 52} ¢FA|I7F A= A
WS 7 T siEe UehiSITh @A 84 o) el M=
amipicillin, oxacillin, cefempin, cefotetan, cefoxitin, ceftriaxone
% cephalosporin A9 2] FAYA|Eo] AU HE o = F21= ]k
3AA 104, 1149 A= 22 AM-FEP-CTT-E-OX-P-FOX-CRO-
AmC-CF, AM-FEP-CTT-E-GM-OX-P-FOX-CRO-AmC-CF &l
Fdo 2 B2 oAl oAUl do] BEH T Table 3).

4, MRSA EM 24

B2]5¥l MRSA 153750 3] beta-lactam AG JAAE A9
gk o2 AN da) WS AR A 67 T F(40%) = ery-
thromycin, 27} #3(13%)E gentamicine] WAS JERfC

Table 3. Number of Isolates Resistant to the Given Number of Antimicrobials and
the Resistance Patterns Observed among S. aureus1solates

No._of_ . _Resistant Resistant patterns . 15, 01
antimicrobials isolates (%) isolates (%)
0 2(33) 2( 33
1 24(40.00 GM 2( 33
P 21(35.0)
TE 1(17)
2 11(183)  E-P 9(15.0)
GM-P 2( 33
3 4(67)  AM-OX-P 1(17)
C-P-TE 1(17)
E-GM-P 1(17)
E-P-TE 1(17)
4 1(17)  CTT-OX-P-FOX 1( 1.7)
5 2(33 CTT-E-P-Te-FOX 1(17)
P-FOX-CRO-AmC-CF 1(17)
6 2(33)  AM-CTT-E-OX-P-FOX 1(1.7)
AM-FEP-CTT-E-OX-P 1(1.7)
7 3(5.0) AM-CTT-0X-P-FOX-CRO-AmC 1(17)
AM-E-0X-P-FOX-CRO-CF 1(17)
CTT-E-GM-0X-P-Te-FOX 1(17)
8 2(33)  AM-CTT-OX-P-FOX-CRO-AmC-CF 1( 1.7)
FEP-CTT-OX-P-FOX-CRO-AmC-CF 1(1.7)
9 5(83)  AM-FEP-CTT-E-OX-P-FOX-CRO-AmC 1(17)
AM-FEP-CTT-0X-P-FOX-CRO-AmC-CF 4( 6.7)
10 3(50)0  AM-FEP-CTT-E-GM-OX-P-FOX-CRO-AmC 1(1.7)
AM-FEP-CTT-E-0X-P-FOX-CRO-AmC-CF 1(1.7)
FEP-CTT-CIP-E-0X-P-FOX-CRO-AmC-CF 1(17)
1 1(17)  AM-FEP-CTT-E-GM-OX-P-FOX-CRO-AmC-CF 1 ( 1.7)

Total 62 (100.0)

AM, ampicillin; FEP, cefepime; CTT, cefotetan; CIP, ciprofloxacin; C : chloramphenicol,
DA, clindamycin; E, erythromycin; AN, amikacin; GM, gentamycin; IPM, imipenem; OX,
oxacillin; P, penicillin; RA, rifampin; TE, tetracycline; SXT, trimethoprim/sulphamethoxazele;
VA, vancomycin; FOX, cefoxitin; CRO, ceftriaxone; TEL, telithromycin; AmC, amoxicillin/
calvaulanic; LZD, linezolid; CF, cephalothin

W 19 O e BE AR Z8A ] 43S YERiIT: &

ol gigh EAHH 5 A A BE i 57FST72 &
gl om SCCmec typed 17] #FE A3 ZE 757} IV typel.
[

2 YERIT) spa type F 4714 Z 324 (n=11), t2461 (n=1) t3074
(n=2), 1148 (n=1)2 YEPF o™, & 15¢+F 5 117] #5(78.6%)7}
ST72:3CCmeclV:t3249] &3k 71 & 2 YEPSI T} (Table 4).

oE
TS S 0] 831 Uukle] ol S aureus 2 MRSA #-2]&
S AR A} 12% (6078/50078) 2 3% (1578/500%8)<] Abghe) <=
oA S aureus ® MRSAZ} 217} 2] A& SIS & Ao
A BE Az m=ohte] H]E-2 200739 Chung S [34]0] £-31€
7} 2, %, 5, Ykle] ol o @ 2APATH9.4%, 4778/5007)
ol H]3l] 2RzF =kor), 20094 Lee 53510 &A1Y %, 5, 11558
AL dldo = AR Fe8(27.2%, 49%8/180%) Hrhs 3] B
I} B3k Park 51712 2010Wd0f] A4 o ghal 2l Z8EA1R}
o 2 Salineo] Sl Bt vd “1toll A AR =& 1
s o E+°ﬂ/‘1 ZE H 2d=E A% A dEoA
% (678/507), L2l A= 28% (14/5078)7F w2 = ATkl 1.
A= aureus-J oA BEE &2 Al Ul o BElA7], A
W, A ANHATSG 5] 2ol sl AR} Tkl ZFo] 7} 3l
Aoz AlRH) g, 20100390 oo F] Aofe] u7t
S. aureus®] R-&S S AF[36]90 &J5HH, 38% (163/428)9]
Zrop7h a7 el S, a reus% BB 9.3% (40/428)7F ¥]7 o]
MRSAZ E-531a1 9l A0 & VERITE o] 1999\ 22} E3H
ol ZH3h= oA L Z_}EAH &3 v7Fel X9 S, aureus EE &
717} 21% (25/120) 2 28% (33/120)% B 13 A7 A7} [37]9} 1]
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Table 4. Characterization of Methicillin-resistant Staphylococcus aureus Strains
Isolated from Hand Swabs (n=60)

: MIC Non B-lactam
DU (ug/ml) mecA PVL SCCmec aptirﬁicrobial e MLST

FOX 0OX resistant pattern
H36 16 128 + - I\ - T324 ST72
H102 16 48 + - v - T324 ST72
H154 16 15 + - | E T2461 ST72
H200 16 32 + - I\ E T324  ST72
H201 16 64 + - I\ E T324 ST72
H202 16 48 + - I\ E, GM T324 ST72
H217 8 8 + = v E, GM T8074 ST72
H286 16 32 + - v T324 ST72
H287 16 32 + - I\ - T324 ST72
H294 16 32 + - v - T324 ST72
H295 16 48 + - I\ - T324 ST72
H301 8 8 + - v - T324  ST72
M29 16 32 + = I\ = T148 ST72
M195 16 48 + - v E T324 ST72
M200 16 64 + = v = 18074 ST72




294  TSKim, et al. » Resistance and Molecular Profile of MRSA from Multitude Facilities

www.icjournal.org

f

o Kl

& w, 53] MRSAS] Ht-&0] 2| 852] 5 ATAAS A Lt
R} =& 707 Wit}

S. aureus7} AAF3l= enterotoxing A F -2 A © 7]+ virulence
factor® A A 0.2 2AF5E of7|she FH Ylolth38-40].
TEZES, aureus ol mhEt HAAS UERE 54 FAAE o
oA ZE AL Qirh41-44]. B AT A= S, aureus®] virulence fac-
tor2A] AAE Ao 7] 16%9] enterotoxing AR A3}, 80%
(48FF/60¢F) 8] dF7F A5 3 7K e F 7] FF7 ©]
20 Ha fAE BAEHL Qe Ao R Rl H Qo sea-seh
FHAAE AYE e F F5 oS Bfehe T oA FE
2] Al HEFSLTE MRSA 75+ 157} 75 B 57} enterotoxing B
oAl AL, 7H Bl go] =2 A5Ah AHAAEA giFEe
F7} seg (80%, 12/15), sel (93%, 14/15) Z sem (100%, 15/15)
< B3t Ao MRSAY T Bo]8HA| EASHE S4 F3 A}
= qsdok =3k B Aol A 320 (19/60)9] S, aureus TF7} seg-
sei T RS BA8taL e A0 R I ATt Jarraud 5 [45]10]
1985-1999 127t sk 0] W Qlof] A #xtol| A S, aureus
9] enterotoxing A A3} S, aureusol| EA k= seg 2} sei A
A= staphylococcal toxic shock syndrome Toxin (TSST) ¥} 2 7 gk
#AHo] givty B3k v} =], 35 TSSTO| gk =4 2 A7}
gaad oz AtgH)

SHH 5 719 FEHYNA B3t S, aureus®} MRSA T++2] <F
58% (59/102) 2 57% (25/44)|~4] enterotoxin®] HAZEFAt}=
Kim F[46] H.313= &2 Aol A o] 54 {342} f-2] &3} x}o]7} 9}
AL, 53] MRSASIA = & 2kelE 813 4= Siet T2ivt 2009
of| Peck 5 [4710] ¥-9l Wlol] 9J<1gk 3xfe] FA 7} vt 4] E2]H S,
aureusE #2338 A3} oF 72% (50/70) 2 82% (78/95)2] w0l A
enterotoxin®| HEH O ZA, BIE ZA} tiido] Hdud EA37]
= YARE 2 AT A 9} AR A-E e 528 Peck S (471
9] Ao M=, B Ao} mFT AR seif} seg 52 enterotoxin®]
7HE = AEFES B, ol WA faldte S aureus®]
enterotoxin} A HALS] oA {83k Ha Fhel] & Ao} glaS
A= Ao 2 HRlT,

9]=] -5 durd, Amvxjotell A 20118 FE(FEd &
7 19), AP (I 7 3 11), A (B arel] 2 AE 1) e
25E 2P B9 S aureus 2] 79% (15/193H5), 80% (9/11),
2 90% (10/11)9)| 4 enterotoxin®] AZEE I, sea, seb, see, she,
seg, sei &) A FRIF N 0H seh A= Abet 2] ol
Ak ZR1EATHA48]. Bania F[41]0] ABVEA 163 f-8 520 4
S 9 A THEE T AF 10870S AR A3, S, aureus HE &S
46% (50/108), enterotoxin A& &2 54% (27/50) 2 UEP o™, 1
Fol|X sea-see, seh B sep= 237 33% (9/27), 52% (14/27), 2 30%
(8/27)7F AEE ATk B sleick gHa, 2011de] Gl A1] A
H[42]e w2, £YTIE &foo A S aureus B0 68%
(52/760), ©] &5 FollA enterotoxin HEELS 17% (9/52), v}
E ZARR} B A B3 S, aureus?] enterotoxin HEE-S 17%

(16/96), /8=l A 2] enterotoxin HEE-2 43% (280/658) = L
ERgTh B3 Omoe 5143] 0] Yol A 1990-2002'd0] LA S 25
= 32} 2 7EE Eol| A 23 S, aureus 69752} 2000-2004 390 7
ZFat Al vgtoll A B3k S, aureus 9705 A3 ATt wk2
W, AFHoA FejE BE w5 B 173 Ale] nirtelA] BEet
2] 79% (77/97)7} & %7 == BAIE 11 FF77H4 enterotoxin
Fotal e Ao = RIHATE T80 A 44100 o5k o
Aol A 223 S, aureus®] 33% (60/177)014] enterotoxin
HAEHN oM g F 57 o) BAle 757 toxing 7FEA| 2L A ATk
upebA, Qo M B A AFel & xpol 7} fle ALY B gke]
Bl Q= 210 & Al
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A W E-& BUHE A, Penicilline] 93% 2 71 =2 W ES
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TS 19990 22F S ol FAFshE A B IFeALe] =3} H]
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aureus®] WA WSS ZAFSE 23352, azithromycin®] 26%E
712 = A YRS AL ciprofloxacin®} tetracyclinol = 242} 199} S% 2.
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YEE= S aureus®] 42% o)4Fo] MRSAe|H, 1,000 2] HY A} =
S. aureus 7¥9 A7} 9.1390] WS QI Ao®E B AEh
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