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Abstract
Methicillin resistant Staphylococcus aureus (MRSA) is one of the leading causes of nosocomial
infections. MRSA is frequently multidrug—resistant and represent major causes of serious
bacterial infections in the hospital environment, and 1s a general public health problem widely
encountered in health care practices. A total of 156 isolates of Staphylococcus aureus from
various clinical specimens in Daegu area were tested for antimicrobial drug susceptibility to 33
drugs including vancomycin, linezolid, teicoplanin, rifampin and chloramphenicol. Isolation
frequency of MRSA was 60.3% (94 strains) and was highly prevalent. MRSA were most
frequently isolated from sputum (38.3%), and followed by wound discharge (28.7%), catheter tip
(12.8%), blood (9.6%) and etc. All the MRSA isolates were susceptible to vancomycin, linezolid,
teicoplanin and chloramphenicol, and only 2.1% of MRSA were resistant to rifampin. The
resistance frequencies of doxycycline, sulfisoxazole and cotrimoxazole were 40.4 — 56.4%. The
resistance frequencies of tetracycline and clindamycin were 70.2 and 76.6%, respectively. Most
of MRSA were resistant to fluoroquinolones and aminoglycosides (80.9—100% resistant). MIC90
of vancomycin, teicoplanin, chloramphenicol and rifampin were 2—16 gg/mL, and those of
doxycycline and tetracycline were 32—64 gg/mL. MIC90 of the rest of the drugs were more than
128 pg/mL. All of the MRSA were resistant to more than 13 drugs. Fifty five (58.4%) strains
were resistant to more than 25 drugs, and 86 (91.4%) strains were resistant to more than 21
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drugs. In contrast to the MRSA, most of methicillin sensitive Staphylococcus aureus (MSSA) were
susceptible to oxacillin, cefoxitin, cefepime, imipenem, meropenem, vancomycin, linezolid,
teicoplanin, chloramphenicol, rifampin, doxycycline, cefazolin, cefaclor, cefotaxime, ceftazidime,
ceftizoxime and ceftriaxone. The resistance frequencies of tetracycline, sulfisoxazole and
cotrimoxazole were 37.1—-54.8%. And the resistance frequencies of fluoroquinolones and
aminoglycosides to MSSA were high (71.0—-80.6% resistant). In conclusion, this report provides
an information on effective drugs for MRSA infections. Continued surveillance activities of MRSA
prevalence and antimicrobial resistance patterns both in Korea and in an international setting are

essential.

Key Words : Antimicrobial susceptibility, Chloramphenicol, Linezolid, Methicillin resistant
Staphylococcus aureus (MRSA), Prevalence, Rifampin, Teicoplanin, Vancomycin

ME

Aol 22| Txsef lu, HY, 295, 95
al o

L AREd 49, 45E 9 Fod Ao,

AUEE s oyl 78 &8t Y F9 sy
oltH[1]. E3] 2] methicillin WA FAE =2

7 (Methicillin resistant Staphylococcus
aureus, MRSA) ol st 7+ Fo] A &2 0%
et e, kAW 7, A7 o |
I AZbe AE 2 YEh) & seh[2].

¥ E4to] methicillinddl WS 7k 5=
W3 ¥ transpeptidase?! PBP2a T
24 methicillin, oxacillin 5°] 2%
ot UAdS Aot <A k3],
T 4491 mecAE SCCmecol 2= o] 54
AZHS] Qhol] EAsto] 32 A7t o] Foj A A

o
L
=

2,
o
2,
>
)
X
|o
Fu
-
SN
ol
ofN
N
P
>

A 3} BAHG dtA Ay S
o] o deog HuH Yri[5-7]. E3]
MRSAe®] 23t thekAl U2 7 2= §lof
A A4 A el oy %S st &
7to] AMSES ol g9lo® a2 8],
¥ ool thebA WA HaEsS A8V A
A3t ogu F7te FE Yelory 7hEH I 9)
TH9,10]. dAle] Eate 7k A9 H 7 gt

[e)
o AAst JHE AFste Flo] FHolgt &
ATH[13].

AzES HATAY 7 dEAQl 4
gAY T o4 9 vancomycin, linezolid,
teicoplanin, rifampin % chloramphenicol& ¥3F
ot Z4E Aol dist A Y 2 A
AFEE ZAFSFY] MRSAS HEHle 9l -3
L& gotstar, MRSAe| tfsh M9 A=

T A 3y

—
B A= ARE AlFatat of

rx ooX 12

o
SUongh el of

2
3

]_

ol

=

eI

L

1.

E]

F=f 2 Y

Ak 3% M=, 9, A L 71E 7 El
A 21" MRSA 945 9 methicillin 7H74 4
¥ =2+t (Methicillin sentitive Staphylococcus
aureus, MSSA) 625 5 & 15679 XS
& ez stk o] #52 AWdstu st
oz ¢elA 2008-2009d Afole] FAlH O
2A, 54712 Murray 59 WHel[14] we}
S oA



p—lactam &t A 13 (penicillin, ampicillin,
amoxicillin/clavulanate, oxacillin, cephalothin,
cefazolin, cefaclor, cefoxitin, cefotaxime,
ceftizoxime,

ceftazidime, ceftriaxone,

cefepime), carbaphenem” 2% (imipenem,
meropenem), aminoglycosideZ] 3% (amikacin,
gentamicin, kanamycin), fluoroquinolone| 4%
(norfloxacin, ofloxacin, ciprofloxacin,
levofloxacin), vancomycin, linezolid, teicoplanin,
rifampin, chloramphenicol, tetracycline,
doxycycline, erythromycin, clindamycin,
sulfisoxazole, cotrimoxazole & 33% 9] &4 &
Abgsto] AR s 7k FEAE FAE Lujo
LA A LFE EHe wEo] st 70T
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Az AN 2R oA R
Mueller—Hinton agar (Becton, Dickinson and
Co., Sparks, MD, USA) & AHE-38I91 1L, FAIHS
tryptic soy broth (Becton, Dickinson and Co.,
Sparks, MD, USA) ¢l s} wjFgt & A2
Z 1008 3A3ste] Steers’ multiple inoculator

Z JFote] 37 ColA ofF WA v o s
5 Kol A9 A% % (Minimal Inhibitory
Concentration: MIC) & A48l of A dwnith
A= E 93kl Staphylococcus aureus
ATCC259233} Escherichia coli ATCC25922%
A A e 15]. MRSA Q) #4-& CLSIY) 7]
F= A &sto] HAsSITH15,16].

Z 15679 FAEL A FoA MRSAZF 94
Z(60.3%) #8593, MSSAZF 623(39.7%)
2 53t (Table 1).
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Table 1. Isolation frequency of MRSA® and MSSAP® from various specimens

No. (%) of strains

Specimens
MRSA MSSA Total

Sputum 36 (38.3) 34 (54.8) 70 (44.9)
Wound Discharge 27 (28.7) 11 (17.7) 38 (24.4)
Catheter tip 12 (12.8) 12(7.7)
Blood 9(9.6) 7(11.3) 16 (10.3)
Body Fluids 4(4.3) 1(1.6) 5(3.2)
Ear Discharge 4(4.3) 5(8.1) 9(5.8)
Urine 2(2.1) 4(6.5) 6(3.8)
Total 94 62 156

a; MRSA: methicillin resistant Staphylococcus aureus. b; MSSA: methicillin susceptible Staphylococcus aureus.
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AN M= 275 (28.7%), catheter tip 125
(12.8%), B 9F(9.6%), A 45 (4.3%) 52
THE FYRIEE YER ST (Table 1).

MRSAS] p—lactamA| 3t 9 #&d gt A <]
et YA &L, imipenemol+ 30.9% 2] o] U4
= YERI AL YA Aol 81.9-100%9)
o] Ud& vehll it (Table 2). w2 AA 2l
st A5 otet 4 9l 90% MIC(90% 2
& JAS A )+ B f-lactami]
iAW A F AN 64 pg/mLEFH AP
HageQd 1024 pg/mL oo w4 =G
(Table 2).

MRSAS] aminoglycoside A9 & Aol o gt
A&, amikacinol= 67%2 o] WS LhE
Welal, gentamicin % kanamycin®l+= 27+ 91.5
2 94.7%°] ol A& e, 90% MIC
= Al A BFA 512 pg/mL oo 2 wj$ =
Skth(Table 3).

MRSAS] fluoroquinoloneAld & Aol tff st
U &2, levofloxacin®ll= 80.9%9] o] W&
e L, YA fluoroquinolones ol +=
95.7-100%¢] o] WS Yeriglon, 90%
MICE Hl 7FA] oFAl B5oll A 128 pg/mL o] S
2 vj-§- =3tk (Table 3).

MRSA+ vancomycin, linezolid, teicoplanin
4l chloramphenicolell+= WA o] 11, 90%
MIC= 4-16 pg/mLE SHStH(Table 4). MRSA
9 rifampin, cotrimoxazole 2 7|E} & A o] tf
st U &2, rifampinoll&= 2.1%%Ho] WjAdo]qle
] doxycycline, sulfisoxazole ¥ cotrimoxazole
o= 40.4-56.4%9 ol A4S el
(Table 4). tetracycline®} clindamycin®] &
70.2-76.6%9 o] WAS UeUdon,
erythromycinoll& E& o] WAoot (Table
4). 90% MIC+ rifampin % doxycyclineol= 7}
Zk 2 W 32 pg/mLE St tetracycline,
erythromycin, clindamycin, sulfisoxazole ¥
cotrimoxazole®l|:= 64-1024 pg/mLOZE E3tT}
(Table 4).
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28% Aol FAIUAA Aol 1375(13.8%) %
L, 27F FA A A WAL Aol 215
(22.3%) %101, 58.4%°] o] 25% o]/Fe it
Aol FA WAL, 91.4%9) Fo] 21% o149
gt Aol F A WA ol itk (Table 5). MRSA& 94
T EF7F Aok 13F o8 FatAel A WA
o] At}(Table 5).

MSSAS M= FERlEE, F 627 & 34
T(54.8%) 7} Aol A #e
=on, o2 A M E 115 (
N 75(11.3%), ear discharge 55 (8.1
47(6.5%) 59 TAZ FEHEE YER T
(Table 1).

MSSAQ] f-lactamAl FaAl % e Ft Aol
3k A 82, oxacillin, cefoxitin, cefepime,
imipenem ¥ meropenemol]&= WA o] Iz
BE o] Aol o cefazolin, cefaclor,
cefotaxime, ceftazidime, ceftizoxime %
ceftriaxone®l %= 1.6-9.7% % ¥ WA S e
Attt (Table 2). 18]I penicillin, ampicillin,
amoxicillin/clavulanate % cephalothin®]+=
41.9-64.5%2 ol WA= YEh 3t (Table
2). 90% MIC+ imipenem % meropenemo®l|+
0.125 pg/mL ©]st= w]$ w3k, oxacillin,
cefazolin, cefaclor, cefoxitin, cefotaxime,
ceftazidime, ceftizoxime, ceftriaxone %
cefepimell= 1-32 pg/mL=E St (Table 2).
I3 Y penicillin, ampicillin, amoxicillin/
clavulanate ¥ cephalothin®l+= 128—1024 xg/mL
oo v E3th(Table 2).

MSSA2 aminoglycoside A4 & Aol o 3t
W&, amikacindll &= 38.7%2) #o] W< 1
EFf 21 21, gentamicin ¥ kanamycindl+ 2+Z}
74.2 9 77.4%° ol WS YEhil e, 90%
MICE Al oFAl 5ol 256—512 pg/mL o)<
2 vj-§- =S tH(Table 3).

MSSA9] fluoroquinolone A9 A gt
U &2, vl 7HA oFAl BFellA] 71.0-80.6%<
o] A& YeRdglen, 90% MICE ] 71A] F
A oA 64-128 pg/mL oo wjg =%
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Table 3. Antimicrobial activities of aminoglycosides and fluoroquinolones to MRSA® and MSSA®

Total
No. (%) of

resistant strains

M S S Ab

MR S A*

Antimicrobial

MIC (pg/mL)*

MIC (pg/mL)*

agents

Range

resistant strains

Range

resistant strains

90%

50%

90%

50%

64
256
512

87 (55.8)
132 (84.6)
137 (87.8)
140 (89.7)
144 (92.3)
137 (87.8)
120 (76.9)

256
>256
>512

32
32

256

<1->512
<0.25- >256

24 (38.7)
46 (74.2)
48 (77.4)
50 (80.6)
50 (80.6)
47 (75.8)
44 (71.0)

512
>256
>512

2->512
<0.25- >256

63 (67.0)
86 (91.5)
89 (94.7)
90 (95.7)

amikacin

gentamicn

<2->512
1->128
0.25->128

<0.25->128

32->512

kanamycin

>128
>128

>128
>128
>128
>128

64
>128

2->128
16- >128
0.5->128
<0.5->128

norfloxacin

>128

94 (100)
90 (95.7)
76 (80.9)

ofloxacin

64
>128

16

16

16
16

ciprofloxacin

<0.5->128

levofloxacin

a; MRSA: methicillin resistant Staphylococcus aureus. b; MSSA: methicillin susceptible Staphylococcus aureus. c; 50% and 90% are MICs required to

inhibit 50 and 90% of the strains, respectively.
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th(Table 3).

MSSA+ vancomycin, linezolid, teicoplanin
2 chloramphenicolel+ W/d#ol $133, 90%
MICE 2-8 pg/mLE w3kt (Table 4). MSSAS
rifampin, cotrimoxazole @ 7|€} &tA o] ot
YA &2, rifampin®} doxycyclinedl:= 27} 1.6
4 6.5% %] Aol on sulfisoxazole
cotrimoxazoledi= 27} 38.7 & 37.1%%] O]
WA= ‘JrE]rlﬂoq‘ﬂr(Table 4). tetracycline,
erythromycin ¥ clindamycin®li= 54.8—85.5%
o o] Aol dth(Table 4). 90% MICE
rifampin, chloramphenicol ¥ doxycycline®]+=
1-8 pg/mL=E ] vk,
erythromycin, clindamycin, sulfisoxazole %
cotrimoxazoleol| = 64-512 pg/mLOE ¥t}
(Table 4).

MSSAS thekAl U W%+, 53.2%9] ol
115 o)/d2 Aol §A v/dol L, 88.7%2) +
o] 6% oo shtAlol Al WA olltk (Table 5).
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o o] 29 AR gl thst A As] oA e A
A A7 F-5% 44014 [17,18], MRSAY
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Table 5. Isolation frequencies of multidrug resistant MRSA® and MSSA®P

MR S A* MS S Ab
No. of No. (%) of  Cumulative percentage of ~ No. of No. (%) of  Cumulative percentage of
resistant drugs resistant strains multidrug resistant strains resistant drugs resistant strains multidrug resistant strains
28 13 (13.8) 13.8 18 2(32) 32
27 21(22.3) 36.1 17 3(4.8) 8.0
26 7(74) 43.5 16 6(9.7) 17.7
25 14 (14.9) 584 14-15 5(8.1) 25.8
24 12 (12.8) 71.2 13 5(8.1) 33.8
23 10 (10.6) 81.8 12 5(8.1) 41.9
22 2(2.1) 83.9 11 7(11.3) 532
21 7(74) 91.4 10 5(8.1) 61.3
20 4(4.3) 95.7 9 7(11.3) 72.6
18 2(2.1) 97.9 6-8 10 (16.1) 88.7
13 2(2.1) 100 2-5 7(11.3) 100
Total 94 62

a; MRSA: methicillin resistant Staphylococcus aureus. b; MSSA: methicillin susceptible Staphylococcus aureus.
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MRSAZ thekA 141’“ e g Eoked,
58.4%° #°] p—lactam”, carbapenem 7|
aminoglycosideZl, fluoroquinolones] & *x%
St 25% ol FatAlel FAl dAdoll
91.4%°] o] 21F ©]/e datAlel FAl lﬂ/‘éol
Ao, B MRSAZF Aol 13F o9 &4
of Aol 3Tt

MRSA7Z} thobA| Ud & 7HAAl = 71 d o5&
MRSA®] mecA #AA7} PBP2a transpeptidase
E A AIA methicillin 52 f-lactamase WA
A 7F Faxel AgetA] ZetA FoEM WS
THA A E & okl mecA7F YA+ SCCmec
FAAEE] 2 aminoglycoside M3 491 AME-
Ax7F AarE o] A FAl o LE 7]

=

ol aminoglycoside®] that WAL &7 et
A He Aox Azua Jivh(4,31]. of&d
topoisomerase 7S] Ed¥o] Ul plasm1d°ﬂ
o)5 YA =07 quinoloned] th3t A& &7
ZHA B Jlo R #5511 910 ([4,32,33], 5
MRSAS vofAl YA 25714 A5 Fato] U
A ks A AY HastE e gAY
Hol o A o7 AR HETH4,32].

MSSA+ oxacillin, cefoxitin, cefepime,
imipenem, meropenem, vancomycin, linezolid,
Aol §

8111, rifampin, doxycycline, cefazolin, cefaclor,

teicoplanin ¥ chloramphenicolol]+=

cefotaxime, ceftazidime, ceftizoxime %
ceftriaxone®| = 1.6-9.7%%] 3 WS YER
olA, o5 Al a7t i ¢S & 5 3
AqoH, el ohe AFE9 Bal[28, 30, 31,
34, 3519 A3kl th. Cotrimoxazole,
tetracycline, clindamycin, erythromycin,
penicillin, ampicillin, amoxicillin/clavulanate %
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cephalothinoﬂb 37.1-85.5%7} Aol =g, o
AL 0-34.7%2 WSS Hud e A}

\I

S A2 (28, 30, 31, 34, 35]° H& UAd&o)
=9k, AnkAQl Vg Rt S a It =4 42
FASE L AU

MSSAS fluoroquinolones &+ # %
gentamicin®] 3t YA & 71.0-80.6%= =5t
i, 90% MICE 64 pg/mL oo = =94t} oA
& 1.7-23.6%°] WAES Hag g A7A
59 4228, 30, 31, 35]¢ H|&l WjAdgo] wj$-
=L, A9 w12 33 g5UH 9E UAd

£9] zpo|7} Agke ok 4= 9loltH[11-13,31]. 1
g1 o] kAL FoF Ao HtEA] A A
AALE A3

T 7 Adfe] wef A58 oFA o ARk
S 207 dEH
ﬁ:rLe &3l MRSA 759 A 5ol &3t
T T YAlE Vancomycm linezolid,
! rifampin®] 7}
$ 439, doxycycline, sulfisoxazole %
cotrimoxazole©] Blwa %4335 4 4 QUi
18 ciprofloxacing 83 fluoroquinolone
AL &+ A9, amikacin, gentamicin 52
aminoglycosideAd] &+ A& WA &o] FolA
MRSA Q9] A5l & 535 7|tstr] ofel&
RO g Atas, Fok A A A A AN
7F g
MSSAE thekst gtAlel FH57do] =obA A

teicoplanin, chloramphenicol %

BAE A7 ol Ao AdH,
MSSA #9459 A5 fF&atA 2d & = &

A= oxacillin, cefoxitin, cefepime, imipenem,
meropenem, vancomycin, linezolid, teicoplanin,
chloramphenicol ¥ rifampin¢] 7F& $43}H,
doxycycline, cefazolin, cefaclor, cefotaxime,

ceftazidime, ceftizoxime ¥ ceftriaxone ™ &<

ads d Aog AlRdEY.

<l MRSAS 3
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JEE Fhotstar, MRSA 9 MSSAe] tfsh 24 <]
FgaAE O 5 Qe JEE AFE] A6
vancomycin, linezolid, teicoplanin, rifampin %
gt Aol gk 7t
Asteie.

oA MRSA7}F 94
oF 2 )0l

chloramphenicol& ¥3}3t 7}
)\H 74/\]— o] LH}\‘l Ok/b]- T,‘i—/_\ﬂ'—%
T 15659 NS

‘r‘(60 3%) T&l% o %Eglb]'EH?n]% = T AL,
MSSAE 625 (39.7%) 7F w2 = e, 7H &AM
o] MRSAY] #eRlkE= AgolA 365 (38.3%),
AN VA E 27F(28.7%), catheter tip 125
(12.8%), 89 9F(9.6%) 59 &S HYC
o, MSSA+ ZAdol|X 345(54.8%), & 7 &
117017.7%), 894 77 (11.3%) 52 +e&S 12
ATt

MRSA+= vancomycin, linezolid, teicoplanin
9 chloramphenicololl= WA o] ¢, 90%
MICE 4-16 pg/mLZE 23t} rifampinel & 2.1%
o] Aol on doxyceycline, sulfisoxazole %
cotrimoxazole®l< 40.4-56.4%7} U/do] it}
tetracycline®} clindamycin®l+ 70.2—-76.6%7}
Aol o erythromycinel= =& o] WA
o]t} 90% MICE rifampin ¥ doxycycline®=
Zkzy 2 9 32 pg/mLE 931, tetracycline,
erythromycin, clindamycin, sulfisoxazole %
64-512 pg/mlL 0] 0 & =okt},

MRSA¢] aminoglycosideAl€ % fluoroquinolone
AL FaAel s WSS ofF Eshe,
amikacin®l= 67%7} WA o] a1, gentamicindl+=
91.5%7F UAdolen, 90% MICE 512 xg/mL
oo 7 ul-$- =4t} Levofloxacin®li= 80.9%7}
w/dolla, 718 fluoroquinolones o+ 95.7—
100%7F Wdelglen, 90% MICE 128 pg/mL
o] Ao 7 o ot}

MRSAQ] thekAl YA RITE g =9,
58.4%°2] o] 25% oSl FatAle FAUAol
RN, 91.4%2] o] 21F o] FatAle] FA
golglom, MRSA 257} Aoj k. 13F ©]/d9 &
Aol FA W/ ol ATt

MSSA+= oxacillin, cefoxitin, cefepime,

cotrimoxazole ol =

z

imipenem, meropenem, vancomycin, linezolid,
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