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Original Article

Isolation and Antimicrobial Susceptibility of Mupirocin-Resistant and
Methicillin-Resistant Staphylococcus aureus from Clinical Samples

Shin-Moo Kim", Se-Young Park® and Seok-Don Park™”

'Department of Clinical Laboratory Science, Wonkwang Health Science University, Iksan; *Department of the
Dermatology and *Institute of Wonkwang Medical Science, Wonkwang University School of Medicine, Iksan, Korea

Resistance to mupirocin in methicillin-resistant Staphylococcus aureus (MRSA) have increased with wide use of
mupirocin in many countries, but the prevalence in Korea is not well-known. The aim of this study was to determine the
prevalence, antimicrobial susceptibility, and clonality of mupirocin-resistant (MUP-R) isolates from three Korean hospitals.
A total of 175 MRSA isolates were collected from three university hospitals in 2009-2010. Antimicrobial susceptibility
was tested by the disk diffusion and the agar dilution methods. femA, mecA and mupA genes were detected by polymerase
chain reactions. Pulsed-filed gel electrophoresis (PFGE) pattern of genomic DNA was determined after digestion with
Smal. Overall, 12 among the 175 MRSA isolates were resistant to mupirocin, with prevalence ranging from 0 to 10%
depending on hospitals. Three high-level (HL) and nine low-level (LL) MUR-R isolates were obtained from two hospitals.
All MUP-R isolates were susceptible to rifampin and vancomycin, but were resistant to ciprofloxacin, clindamycin, and
erythromycin. Eight LL and one HL MUP-R isolates were also resistant to fusidic acid. PFGE analysis showed three
HL MUP-R isolates belonged to arbitrary cluster 3, 5 and 6 with 60~90% similarity compared to LL MUP-R isolates.
In conclusion, the HL resistance to mupirocin was detected in two hospitals, but HL MUP-R isolates were clonally not

related.
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Methicillin-resistant Staphylococcus aureus (MRSA)+= Y
A} =21 YAAE S v]ES HYU7H4 (nosocomial infec-
tion)®] T8 AQlgrolr, gk A AALS] 7 (community-
acquired infection)o| A= S78laL &0 Hax Al ot
(1, 2). MRSA°l &3 2] A 5= AAA S BAZA7F
H]aL §lom, MRSA Bt A7) ffs) o= A7}

Received: November 1, 2011/ Revised: December 2, 2011
Accepted: December 14, 2011
*Corresponding author: Shin-Moo Kim. Department of Clinical Laboratory

Science. Wonkwang Health Science University, Iksan 570-750, Korea.
Phone: +82-63-840-1211, Fax: +82-63-840-1211
e-mail: smkim1211@hanmail.net

“"This study was supported by research fund from Wonkwang Health
Science University, 2011.

279

>~

8% 21T} Mupirocin =4

e o] o, R3¢ a4a T

1 MRSA®] HIZ: Bt epol] ARg-8kaL gltt (3, 4).
Mupirocin®] &72H-8 7172 isoleucyl-tRNA synthetase
Asleto] T S AANFT (5). Mupirocin W73
ATl Al 19870l A2 HAuE e
™ (6), -2lUEol A= 19943 5 mupirocin AALE A}
83171 A12beladaz, 20031l 3% mupirocin 4d (high
level resistance to mupirocin, HL. MUP-R) MRSA7} A& X
IE A (7). Mupirocin 241 MRSAZF A3 79, o]
S Al AAs=EH olEwol ol A9AkER e B
P7lad 2210 B f 7 2 ] AE 9A
=l EA - o] #7150 9lvk Mupirocin®] AFH&-0] 5
7Fehell whe} mupirocindl] 1% T A=A X<

TTEC] BRaEa Y} (8, 9). Mupirocin®] minimum
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inhibitory concentration (MIC)7} 8~256 pg/mlo]™ =1y
“J(low level resistance to mupirocin, LL MUP-R) 2.2, >512
pgmlo]d A= ow g o] Nt e
mupirocin A=A 571 A=W RGO B
o] B ¥t} (10, 11). Mupirocin A=A #FE= Zgks
w = w7l R4 ZK(plasmid-encoded gene) = mupA (ileS2)
wiolH (10, 12), ©] FAARE HE Ao dupd
1T} Mupirocin 14 MRSA H]7 HFA= mupirocin ©-
2 49 Azl Ao Hd Wl 34 B AGAE R
AHE WAk olg-S FiL vk AAA 914
gk ileS frAAke] AWol7F A7 mupirocin A L=/ ©]
2371, mupirocin A =U]/do] E =T A 2E MRSA Al
7 Agol kel Zlew ®Barskar Qv (13). -
veke] MRSA 488 T F2 mupirocin WA Ell
ek Bae wH) oF

AT G gz oA EE]E MRSA
< mupirocin W] H|E, mupirocin 1151/ (high-
level mupirocin-resistant, HL-MUP-R)™} A Z=1}]/d (low-level
mupirocin-resistant, LL-MUP-R) 5=2] W|-&, mupirocin 1]
Aol e @atAled tigk 443 2 pulsed-field gel
electrophoresis (PFGE)°l| 2|3t F-AA8-S #2434} 3}

At

0

NEaZ

Aol AFSHE e MRSA 5 20094 102
HH 20101 39 Aolell A i el wEeld 1155,
B tishgdellA #Eel® 307, C sty el eH
30F 5 F 17579 MRSA 543} mupirocin WA
coagulase A&, oxacillin - A5, cefoxitin@} mupirocin
U3 o 5o I femd, mecd, L mupd A}
& polymerase chain reaction (PCR) A& 2.2 213}3Ith

@, 14~16).

A #+57%d-2 Clinical and Laboratory Standards Institute
(CLSL 2011) H2=a 1o R A0 A5 =MIC)™
CLSI %34 (17)0.& A&siglar, Tz gabyo|
+ amikacin (30 pg), gentamicin (10 pg), tobramycin (10 pg),
chloramphenicol (30 pg), ciprofloxacin (5 pg), clindamycin (2
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pg), cefoxitin (30 pg), oxacillin (1 pg), erythromycin (15 pg),
tetracycline (30 pg), 2 vancomycin (30 pg) TlZ==(Becton
Dickinson, Spark, Maryland, USA)¢} mupirocin (5 ug<} 200
pg) ©12=F(Oxoid Ltd, Basingstroke, Hants, UK)E A}-&-3}
Fa, F3]A )= ciprofloxacin, clindamycin, erythro-
mycin, fusidic acid, mupirocin, tetracycline, vancomycin
(Sigma Chemical Co. St Louis, MO, USA)S A}8-3}%I ).

S. aureus® W&+ mupirocin T]2== SMFHOA mupirocin
5 pg tlz=Ae) ofgh JATE >14 mmY W A,
<13 mm¥ W WA 2 #5313 (18), HL-MUP-R
w5 7817|9184 mupirocin 200 pg HA=TE ARS
stom, AA7F §loW HL-MUP-R=, 2+ JA|djz}
= 9ow LL-MUP-ROZ FHE3130T} (17). 3734 Hol
A MIC7}F <4 pgmld = o H5319lal (18),
MIC7} >512 pg/ml¥ wli= HL-MUP-RZ, MIC”} 8~256
pg/mld W= LL-MUP-RZ FH53819 Y (10, 11, 19). 34
S. aureus ATCC 25923 mupirocin 7354 WZ2dT=
A3t MIC AlE-2 15% glycerole &+7-3F Brucella
broth (Difco Laboratories, Detroit, MI, USA)l W& HE
Y #FE v Al Fstar, Al g &
A& o]a H3 3k Mueller-Hinton medium (MHM, Difco
Laboratories)oll 715t ¥8}= A =9 wix &
THEAT) ek AP AtS tryptic soy broth (TSB, Difco
Laboratories)?l] &3k & B%=Z McFarland®] 0.5°] 23
i, o] AE BAl 1102 345kl A7 5019
2o AGAHTE-ES HESH] 8N4 Steer] replicatorE:
ARE-EFLAL, 35Tl 18417 vk Foll A= el ut
g} A7g A533h S, At $241S s AN
2 Ao Al FEE MICE &5 1719 Heo)
A AL FAE Y AddE sl S aureus

J
ATCC 25923% EA]ol A&kt (10, 11).

o

PCROI| 28t mupA RTAF A& % PFGE REXE

AJFlo] AL&¥l MRSA T % T2 EAP 3} 933

Aoz F4H mupirocin AL 2 TEWA 12 5
Ar88te] PCRE AT (4). PCRE 1% A44A)

DNAE 7ME¥ ez &3t 5 1.5 ml microcentrifuge
tube®l] cell lysis buffer (50 mM glucose, 10 mM EDTA, 25
mM Tri-HCI pH 7.5, 150 mM NaCl, Genotek, Co., Daejeon,
Korea) 50 plo} aF2RF vt Al 4lolA] -/l A
Lol F-frolg vHEa1 100ColA 1033 7FE 3k 12,000
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ted 45N 2 WE PCR &

A

pml 2 1027 94
off AR&3s3iTt.
mupA (1.6 kp) 82 %S 913 PCRE primert
forward, mup 1: 5' CCC ATG GCT TAC CAG TTG A 3,
reverse, mup 2: 5' CCA TGG AGC ACT ATC CGAA3 A4
9] oligonucleotide= 3d(Genotek Co.)3}d A}-&-3}3itth
(4, 20, 21). Primer-mup 12} mup 2 Z+Z} 2 ul, PCR master
mix reagent (ANTP, 7ag polymerase, MgCl,) 4 pl, 8-MOP 12
ul, DNA sample 2 ulE €] PCR #H3-2] HF NS 20 ul
& 3l oH, primere} A DNAES A28t RE whs-ol
(0.2 M dATP, 50 mM KCl, 10 mM Tri-HCI, pH 8.8, 1.5 mM
MgCl,, 0.1% Triton-X 100> 233248 24 547] 93l
Sk Az 5 o] AE3}¥(Genotek Co.) Al9FS 20Tl X
PahHA AREEITE PCRE A 94Tl A 587 22

3 2 94Tl 307k, 55T A 30%7F, 72ColA 28
HS 303 HESAIZL & ThA] 72°Cell A 5EZE Thermal

cycler (GeneAmp PCR system 9700, Perkin-Elmer Cetus,
Foster City, CA, USA)E ©]-&3t] T3A|Zth PCR AH=
10 pIE 1 pg? ethidium bromide”} £ A= 2% agarose
gel 7ol 200 VollA] 2057 21719538 & 1.6 kbe] Wi
Z(mupd FAZH7F A=AE Gkl

PFGE #-4]-& (22) mupirocin W4, MRSA 12572 5 ml
9] brain-heart infusion broth (BHI, Difco Laboratories)oll 4]
sk wiFet 3 7 mlo] S s 247F 7,000 pm S =
YAE28ka, 1 mle] TEN buffer (0.1 M Tris Cl, 0.15 M
NaCl, 0.1 M EDTA)Z Al H3I3it) o5 thA] il st
% 0.3 ml¢] EC buffer (6 mM Tris Cl, 1 M NaCl, 0.1 M
EDTA, 0.5% Brij 58, 0.2% deoxycholate, 0.5% Sarkosyl)=-
M3 1 mg/ml lysostaphin 10 pl& MAEF-F-Ae] 7}
&k T, 3 ml9] EC buffer’b = Alg el do] 37T
A 2417 B AT 1 F EC buffers AlASEAL 3 ml
o] TE buffer= tiAISt] plugE tHA] 55TolA 1A3E &
oF FolE ¥, 3 ml2| TE buffer2 %7 4CollA B3
o A719dES fleke] plugs 2 X 5 mm=2 A2 Uk

20 UQ] Smale] E3E 125 o] Agtas Egtolel] @,

140 pmC2 25To|A 2A13F EE0] &= v, plugE
1% SeaKem agarose running gel®] wellol] %53}32 CHEP
DR-II (Bio-Rad Laboratories, Hercules, CA, USA)Z 7]
& Attt 7195 e 27E initial pulse 53,
final pulse 403, 200 V =2 6 V/em, 2047k, 12~14C 2 3}

Rom H719gEo] Bt gelS ethidium bromide 348

281

Table 1. Mupirocin-resistant MRSA isolates detected in three
Korean hospitals

No.(%) of

) No. of MRSA  Mmupirocin-resistant isolates

Hospital isolates tested High-level/
Total
low-level

A university 115 2/7 (1.7/6.0) 9(7.8)
B university 30 1/2 (3.3/6.7) 3 (10.0)
C university 30 0(0) 0(0)
Total 175 3/9 (1.7/5.1) 12(6.9)

(0.5 pg/mi)e] So1= S 500 mlol
A ololA FHRIFR 3087 BT - Aol
o2 213} 2™, DNA pattern Biometrics X~ 2713
(Bio-Rad Laboratories) S ©]-8-3}0] #-2413}3i T}

2 1

4

Mupirocin L4 MRSA @39 Hlg L mupA X

ArAE

2009l A 201083 704] 37 gl le] /Aol A
219 MRSA 1755 £ mupirocin WA 12556.9%) 3 1L
HL-MUP-R<S 35%(1.7%), LL-MUP-RS 955(5.1%)7} A3
HAom, e web 1 HlES 0~10%C] A $HA
He HE2= A gE Y-S MRSA 1155 % HL-MUP-R©]
27(1.7%), LL-MUP-R®] 75(6.0%)°] 213, B t e} -2
MRSA 305 % HL-MUP-R®] 15%3.37%), LL-MUP-R©] 2
F(6.7%)°1A 2™, C e L MRSA 30+ Foll= L
% EE A% mupirocin WA $IAEK(Table 1). PCR
o 213 mupd X A= HL-MUP-RQ] MRSA 504
R ¥ o] ATKFig. 1).

ool

o™ a4+

Mupirocin WAd Q1 MRSA 1259] &4 74 AlE
Z 3}, LL-MUP-R MRSA == chloramphenicol, rifampin 3!
vancomycin®ll &= E5F7F 7HEA 0]l o1, amikacindl =
33%, gentamicin¥} tobramycin®ll = ZHZ} 22%, tetracycline
A= %7 A om v A
floxacin, clindamycin, erythromycin®l| = =5 57}, fusidic
acidoll &= 89%7F WA o] A THTable 2, 3). HL-MUP-R MRSA

=% chloramphenicol, rifampin %2 vancomycin®ll = X7

S X3, cipro-

o o J
0o
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Percentage of similarity Isolate No. mupA PFGE
gene type
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Figure 1. A dendrogram generated with Fingerprinting II informatix software showing the PFGE types (1-6) of Smal-restricted
chromosome DNA of 12 mupirocin-resistant MRSA isolates. No. 03, 07, and 08 isolates with high-level resistance to mupirocin; No.
01~02, 4~6, 9~12 isolates with low-level resistance to mupirocin.

Table 2. Antimicrobial susceptibility of high- and low-level mupirocin-resistant MRSA isolates determined by disk diffusion

HL MUP-R MRSA? LL MUP-R MRSA

Antimicrobial agents (n=3)° (n=9)
S¢ I R S I R
Amikacin 0 33 67 33 11 56
Gentamicin 0 0 100 22 0 78
Tobramycin 0 0 100 22 0 78
Chloramphenicol 100 0 0 100 0 0
Ciprofloxacin 0 0 100 0 0 100
Clindamycin 0 0 100 0 0 100
Erythromycin 0 0 100 0 0 100
Mupirocin 0 0 100 0 0 100
Tetracycline 33 0 67 11 0 89
Vancomycin 100 0 0 100 0 0
*HL MUP-R MRSA, high-level mupirocin-resistant MRSA; LL MUP-R MRSA, low-level mupirocin-resistant MRSA.
" No. of isolates tested.
¢S, susceptible; 1, intermediate; R, resistant.
7} A5 ol o tetracyclineol| = 33%7F TS B £ X9l A= vancomycin®] 0.5~1 pg/ml, rifampin©]

%131, ciprofloxacin, clindamycin, erythromycin, gentamicin, <0.5 pg/ml®) AL, fusidic acidi= HL-MUP-R MRSA =]
tobramycinol| &= F= 57}, fusidic acidoll= 33%7F W4 A= <025 ~>64 pg/mlo] 1S, HL-MUP-R MRSA
o] Atk Foll A= <025 ~>128 pg/mlo] $AtKTable 3). Cipro-

Mupirocin W]/d ©]HA] MRSAC] tj3] w2 MIC H< floxacin, clindamycin, eythromycin % mupirocin®] MIC
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Table 3. MICs of high- and low-level mupirocin-resistant MRSA isolates against antimicrobial agents
Level of MUP-R Antimicrobial agents MIC (ng/ml) Resistance
(No. tested) Range MICs, MICyp C6)
Low level (n=9) Ciprofloxacin 128 ~>128 128 >128 100
Clindamycin >128 >128 >128 100
Erythromycin >128 >128 >128 100
Fusidic acid <0.25~>128 >128 >128 89
Mupirocin 64 ~ 128 64 128 100
Rifampin <05 <05 <05 0
Tetracycline <05~ 64 64 64 67
Vancomycin 1 1 1 0
High level (n=3) Ciprofloxacin 128 ~>128 128 >128 100
Clindamycin >128 >128 >128 100
Erythromycin >128 >128 >128 100
Fusidic acid <025~ >64 <0.25 >64 33
Mupirocin >1,024 >1,024 >1,024 100
Rifampin <05 <05 <05 0
Tetracycline <0.5~ 64 64 64 78
Vancomycin 05~1 1 1 0
A+ Stk 53] LL-MUP-R MRSA <=l 3} mupirocin
o] MIC H9E 64~128 pg/ml, MICoe= 128 pg/mlo]| AL, o &

HL-MUP-R MRSA ol tgt mupirocin®] MIC H$I}
MICy= ZH2} >1,024 pg/ml©] S THTable 3).

PFGES| REXHY

AdAA A E2H mupirocin A MRSA 12579
DNAE Smal Aletasrz #E|s}e] PFGESH & 4135}
6709] cluster= FF3F3AthFig. 1). T5HE7}t 04, 10, 11,
1291 45 LL-MUP-R MRSA = cluster 1 (33.3.%)0191
a1, 9A] LL-MUP-R MRSA ¢! 01, 05, 065
@25%)°1R o, 217t FAFE7}F 100%E PFGE clusterd ©]
T3} ¢ AT mupirocin 5 07 cluster 32
HEZWAQ cluster 13} 27F2F= <F 90%2] Hl A =
2 IS Bolon, tE nulAd 5 037 08 2
60%2] FALES Hol AL 3= clonality”} A=
tE Aoz gaE et

+ cluster 2

I

MRSAE W7 A A3z vk olue} A7
Qg7 A v e RS HAdAE 1 &
gulert S74skar vk (1, 2, 23). 2o oE Al vt
MRSA®] HitE A|78k7] 98t & 2 A=
A=5E AESHAT) Mupirocin AalE IHEDA, &
373k B MRSA®] HI7F HatAte] A=
Skt (24).

Mupirocin AH&-0] 5718kl wE} 1%=9} A% mupirocin
WA S aureus, 53] MRSA7} Ra1E| 3l 9lom (11, 24),
7 E GAAA] mupirocin WA 47440 F84
o] Tgts] wHe A A RFAAIRE, A% mupirocin W/ L
% mupirocin WA RTE QT Fol T E8F Aoz oF
#5410, 11, 25). 3% mupirocin /3] MRSA -2

H| 7 B AHE mupirocin® 2 A A 4= ¢17] wliEe o]
Aol Hah ix] D oz FA7F Ha (26,
27). 9T 1232 mupirocin U3 MRSA 5

L rlo
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o

o A&, o5 A W3 BA E HAAE A
AstzAlol| Wl FRBITE (22). - Aol A
U<l MRSAE mupirocin T]2== SHPH I} 957341
D mupd FAAE ©]&3 PCRHOE AE%H A7, =
370 ek i dAANA EElE MRSA 175¢ 5 &
mupirocin A WAFES 6.9%°1% 3, AEWAES 51%
IEWAAES 1.7%°1A FEuetel A= Yun 5 (7)°]
200350l A AN Z2] g 237 MRSA o0l 4]
4.7%2] mupirocin WA MRSA 755 o2 R3]
o 2 Ao} vS2EGlaL, Lee 5 (27 AAA
=88 ¥ 5 A% mupirocin WAATE 7.4%(135)7F,
I mupirocin WAATE 1.7%BHE, °1E2 S aureus
& o giglon, 2 ATl MRSA ©5E o
skl

Aol A Fujimura 5 (28)°] <A AllA #eld
MRSA 300775 % 0.7%°] LL-MUP-R MRSAE ®.313
AR B AT BlEo] v Fgkom, Eg At
t}¢] Simor % (29) 1995~2004 0l SR A A 4%
(1985)7F, A1 3] 2]t 5 50% ©]’d©] mupirocin
Ud MRSA #5795 Halsto] x|l A= & A5t
o} A3t vlszakgivh

B A3 2 & HuoA%x HL-MUP-R (512
pg/mh) mupd FAAZE FdolA oL, Lim & (30)2
S Aol A 23 MRSA 18875 5 27(1.1%)°l A
mupA AR} A3 0] A1, mupirocin MICE 256 ug/ml
S B3k, A% mupirocin WAL TAMNE mupd
AA7F el = lom 2 A% mupirocin WA T %
Aup A, A5 9 AEFHE oS #AS 7ok &
2t

2 AT atA
floxacin, clindamycin, erythromycin, gentamicin 2!
o 257}, LL-MUP-R MRSA<= ciprofloxacin, clindamycin,
erythromycin®l] =57} #4113, amikacin, gentamicin,
tobramycin®l] tH&}4= HL-MUP-R MRSA”} 1] &2 WA
S B3O, tetracycline 2 fusidic acid= A=W o] o
FA%T
$bH 1% 2 A% mupirocin WA MRSAF rifampin®}
vancomycin®| =7 A4S E . HL-MUP-R MRSA
o &l mupirocin MICE >1,024 pg/ml©] 3L, LL-MUP-R
MRSAT 64~128 pg/mlo] 1o, fusidic acid= HL-MUP-
R MRSA )| A4+= >0.25~64 pg/mle] 2} 21}, HL-MUP-R

mupirocin

o

#4242 HL-MUP-R MRSAT cipro-

tobramycin

il

S—M Kim, et al.

MRSA FollA= <0.25 ~>128 pg/mlo] Atk L= A%
mupirocin 4, MRSA =94 MICs< mupirocinS A
9)8tar= WSS Simor 5 (28) tetracycline$! 74-$-
mupirocin W4 MRSA7} mupirocin 7+74 MRSA
o} o v S Barste] 2 Aot At} Hlsst
Ak

MRSA 5ol thelix] S8kz=ALZ PFGE fxlAko] o
|53 2t} (22). Chaves 5 (31)2 PFGE f-3A1g e
Alell ©Jal| A mupirocin W4, MRSA 1471 5 11%u]
I T 28I, FHA EHav|E ol sdt Y
£ AAEFATE 2 ARl A mupirocin W4, MRSA 1
9] PFGE F+AAE S 6 cluster® F+FHUL, 7P B
T cluster 122 33%(47)°1 AL, THE-2 cluster 22
25%(3F)R e, Z+2F PFGE A3 %= 2+t U5kl
aL, A7 100% 2 ELd3 FEolglen, B57t Ak
mupirocin T2 GEH o7 A3 FAwA o] i
= F 5+ cluster
32 cluster 17} 29}2] °F 90%= H] 1l
oy b axulyg 29 7% °F 60%] =
o] 2A7t fFHAo® AR v o It

AFEZA O E MRSA 5 5 mupirocin /g el

AN o™ A% mupirocin 14

o 4N & ox Mz 9

(

ofN
;

¢

3kH 3% mupirocin T
H]

whbA] 0~10%= 2to]7}
& F HAolA HEFUL, TE mupirocin WA TFTFE=
rifampin@} vancomycin®l] A4S E$IA|TF fusidic acid
W= A% mupirocin U/ MRSA ¥ ol H[&
o] %943, PFGE A8 4]0 4 3% mupirocin U]
’d MRSA 9] t)it2 A= #A7} §le slo= &
a3t

P

ikl

o =
= =
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