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: Carbapeneme]] W4 91 Pseudomonas aeruginosa®] & 2 3HiFL o] Aol 2] &
EAolth 2 AT A=
2] 5] &= P. aeruginosaZ th A} 2 carbapenemol] that A A S XAlsla o] 5 WAAA o] A
carbapenemase | 18-S FH T ZH o] Ao XFEA
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g B 2004 6g oA 9o Al St Bl fxbe] g A A EelE P aeruginosa%— o
o2 3IAY. gitA AL fa=3 gAY, carbapenemase A T AH L Hodge | metallo-f3-

lactamase A A T A1
lactamase 2] pl+&=
2 #A3te] Bl

2 B AT F
22(55.0%) ¢ 155+(37.5%) 7} FAvH2-&
t}. OXA-23 A4 P. aeruginosacl o g} imipenem

< EDTA-disk synergy' &2 Al g} t). H LA 5
isoelectric focusing © 2 =% 5} %3 t}. Carbapenemase 2] 713 & PCR %

D W

],xq,]zﬂm o=, ﬂ_
gl 471499

775 9] P. aeruginosa”} £ 2] =] ¢l t}. Hodge ¥ ¥ ¥} EDTA-disk synergy'§ of] z}z}
E—N\—O—D:], 12_7!“"5 bIaIMPVH 15_7’“"
2 meropenem®] MIC H ¢

0] o)

bIaOXA23 s q;(“l_a X]q-“ A AR

£t 247} 8-16 wg/mL 2 2-32 ug

/mL$3 31, IMP-1 A A v+ Fof tff 8F MIC+ Z}+2} 2-256 ug/mL o] A 2 2-128 ug/mL$] T}
A B R g ) d Yo A B8] 5 & P. aeruginosa: OXA-23 32 IMP-12] A A ol €] 3 4] imipe-
nemol] g W& &3] 533 QJ%L T AU o5 WA ka2 YA 28-S
A8 e 714 Q0 A B g A o2 A7t
N = Aol W21 2 A o] t}. Ceftazidime, piperacillin, ticarcillin
T A B FEA = o] Aol ek et S A
Pseudomonas aeruginosa= &714 9] L= BHE 1 Y3 AR RH4], Al Z 2] = porin FF29] WA, extended-
o7t oz Hddo Fo delFo|tt o] AT spectrum f3-lactamase (ESBL) Al 5 t}<k3sk 7] A o] o5}
}cg Aol 9] Bxetn gon, HAdfors £Eo o o] Al WS 53 a7 SRS
2o 4o &3] &3} P. aeruginosac] <] g+ 7+ Carbapenem-2 135/ Al o] A4 3k f-lactamase T
PR 737k olH, ¢o] =, Z2=ad yZ=ula] A BEo| ok 5l , E 2 &2 2l penicillin-binding proteinz}
99,918, 0 20A,. 785 T gt FE2 AdE S o] st E7} 7] W) o] & YA Te Ae x| sA=
Sukalti(1]. P. aeruginosas E% 2 21 A 9] B} porin[2] A& 3 9lEH6]. ey Z2f carbapenemol] o gk A
I} A A A AmpC B-lactamase A AJ[3] 0.2 A3t 4H = G535 #F7F FUtstod A A o2 A2 91 ol
9] B-lactam &7 A] L FZ 3t t}ekal f-lactam A= IETA) A=
P. aeruglnosaﬂ carbapenemoﬂ 3t YA S FEFE
P A7 00 290 993 A9 Satel ol Fol Aoy /T E TR 71 L flactamase Y o]t Class Al
Weke73). GES-2, GES-3 @ GES-4[7-9], class BS] VIM 3-& IMP
A £ 2:051/13 ARSI 05/1/21 metallo-B-lactamase[10-13], class D2] OXA-23, OXA-24,
WA R FE OXA-25, OXA-26, OXA-27 B OXA-40 B-lactamase = P.
(602702) FAVH A AT Sk 34
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aeruginosa’} A 4] 8= th 3 & QI carbapenemase©| t}.
GES% ESBLE 19981 Zgf2ofA] 2] Klebsiella
pneumoniaec]| A A5 7 =¥ vt GES-12.2 W o]
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¥ A& carbapenemel ) 3+ g4J o] gleH], 20003 Holx
g7} Z3t=oll A E2]F P. aeruginosacl| A 7 %51 GES-2
= GES-1¢] H]3lo] ofn] Ak vt x| $hel o] 2] ¥t
imipenemol] o g+ &4 o] UT}H5]. 2002\ F L Eo A g
# K. pneumoniaecl| A 7 & ¥ GES-3Z} GES-4 ¢ A] imipe-
nemol] tf g & o] ITH(8, 9]. T oA = o}2] GESE
ESBLE| & K17} gt
P. aeruginosa”} A3 A ?3‘]—h class B metallo-S-lactamase =
1988\ A oA A& A=} 2 v[14], imipenem= 7}
SR ahde 4 ool A IMP-12. 2 W =]t}
F 9B EF o ek A 4F IMPE J 3
£ P. aeruginosas} Al wto] E2]Elem[10, 11], &
xH 7FA] 100 Z2] IMP7} B.315 9 th. 1999w o] gj) 2] ol A]
= A 2 - metallo-B-lactamase <1 VIM-I—O— A2 81= P. ae-
ruginosaz} el &g om[15], L F Zatael 18 A0
A VIM-2Z A A3+ P. aeruginosa, ﬂ]‘?}ﬂ] A& VIM-3
Z A stE= P. aeruginosart B 3= TH12, 13]. =y 9|
A= VIM-2E A A 8F+= P. aeruginosa, P. putida, Acineto-
bacter baumannii, Acinetobacter genomospecies 3, Serratia
marcescens 2! Enterobacter cloacae”} X .1 1} 91 thH16-20].
Class D] OXA3 f-lactamase= oxacillin®} cloxacillin
off it Aol gt 4ol Ut OXA-23, OXA-24,
0OXA-25,0XA-26, 0XA-27 2 OXA-40 & L F OXAE -
Baj] &AJo] gd&= A

rH

lactamase = carbapenemol] T g} 7}~

AT N
o2 4 AT OXA-23L 19859 AFEWE oA F-2
¥ imipenem WA A. baumanniiol| A A& &0 E gl o,

Aol = ARI-12.2 5] §-t} 32 OXA-2320.2 7| &
ATH21]. OXA-24+ 19973 ~F oA Fdad S o
© 7] imipenem WA] A. baumannii 7304 £ =itk

[22]. 0] & &4 7|4 <E AAZEA] o wheF OXA-23, OXA-
273} OXA-24, OXA-25, OXA-26 2 OXA-409] & #o 2
U ¢ o, 5 F7to] e 60%)E =4 23]

o] A & 2004 A S[24]0] OXA-23 B-lactamase 2§ A

o] ¢J&) imipenem WAl S & =3k A. baumanniiz} =uj o)
&3S B389 21} OXAE carbapenemaseS A A 6=
P. aeruginosaol] t g+ X 1% o}% gt}

Carbapeneme]] W4 Q1 P. aeruginosa®] &3 2 &4t
| ATl @ % AR ol g g EAR &
Jol AFAoz St LA o]t} oo & Aol Al
aA et B2 oA 25 & P. aeruginosas )y
© = carbapenemeol o] gt W & &2 Z/\}fﬂ'" ol & WA
Al gto] A A3+ carbapenemase?] F-AF S FHt o2
Mool Aol X8R WM FaF WA A S vt
A3ty o3 7 2ARE A 2t At skt
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200413 6 oA 9 of] A& B3 9 fhate] 9
AAA A B2l ¥ P. aeruginosaZ EH/z}_O_i stath o

= =25 AEAQ A3stA HbHY 39 2™ [25],
Vitek GNI card (bioMérieux Vitek I

USA)Z 74 = &8kl

nc., Hazelwood, Mo.,

2.

1) 3A 254 AIE
National Committee for Clinical Laboratory Standards
(NCCLS)e] #7ol mtepA v =3 gitR[26]c = Al
St &, Al @Al TS MacConkey 3+ (Difco, Detroit,
Mich., USA)ell Althull Fstod 170e] € &S Wi
zlo 72 )% 3+ &, Tryptic soy broth (TSB, Difco)ol] =
3}e] 0.5 McFarland 2 § %2 9390 Al FFd S
M E © 2 Mueller-Hinton 3-3 (Difco)el] H =3 &, A| &
A H2aas s Aol §FE MiAl= 35T @
L7l 18A] 7t u) Oko} , 2V A T A3 FY ) A7
AA e A7 = % NCCLS 7]5=dl what =4S
4 3k ot ?%}ﬁxﬂ d ENE

tazobactam, ceftazidime, cefotaxime, cefepime, aztreonam,

piperacillin, piperacillin-

meropenem, imipenem, gentamicin, tobramycin 2 amikacin
t] 23 (o] BBL, Cockeysville, Md., USA)S A}-&3}<)
o A= = 9t EFTF Escherichia coli ATCC
259229] 4 < BA o) A B4

2) Carbapenemase MMTF MY

Hodge W1 © & carbapenemase A4 ¢
t}H27]. E. coli ATCC 259229] B-% = 0.5 McFarland & 9t
& & Mueller-Hinton 33 (Difco)ol] L2 A & =3} t}.
2] o] Z-<ol| imipenem U] 2= (30 ug, BBL)E ¥ ¥,
AFQTETFE Wgol 2 t2aaz iy Pie] 7Hgae =
3 =2 FA AEsd T 35CE 5714 B304 184]
R P
of Hlej A o] WA S =W FAH o= A sl

& Auskg

3) Metallo-f-lactamase MM MHAIH

Lee 5[27]19] W ol w}2}x] EDTA-disk synergy A] & ©
2 Adsid. &, oulddE g ad oz A3 e
%, TSBell H #3}e] 0.5 McFarland 2 =2 23t}
A FHdE W85 o2 Mueller-Hinton -3 o] 127
%3 %, EDTA 23 (5 mM)E 718 53 imipe-
nem¥} meropenem T 2~ =3 (Z} 30 ug, BBL)E YL F5
744AbE] 7FA o] 1.5 emy} 5 2 ) x| &t Tk Al o] A
TH WA= 35C g7l 18AIF it & A3E A=
stAET, F Tl Alolell A A B Il o gk oA
o] &4d do] AW o= HH A

4) FA2YHMSZ=(minimum inhibitory concent-
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ration, MIC) &3

NCCLS #d s oz MICE =49 TH28]. A3
&}t A &+ piperacillin, piperacillin-tazobactam, ceftazidi-
me, cefotaxime, cefepime, aztreonam, meropenem 2! imipe-
nem= AFE-3F T} A1 i 10 colony forming unit=- A
A3l A 7} 2+ 2F 0.06-256 ug/mL % 2 3-5-% Mueller-
Hinton 33 o] Steers replicator (Craft Machine, Chester,
Pa., USA)E HZF3}th 37C 714 S04 18413
W F gl wed e gete 24 e Bae
Atk A =# E 9ddte] EF < E. coli ATCC 25922
& A8,

5) Isoelectric focusing(IEF)

B-Lactamase A /d o] <12 934 IEFE A3 39
™ Matthew “5[29]1¢] "ol Wt Al @A o] F5
< polyacrylamide gel (pH 3.5 to 9.5; Pharmacia LKB, Pis-
cataway, Nj., USA)<]| % &3} LKB Multiphor || appara-
tus (Pharmacia LKB)Z o] &3}o] 7| £35}9) t}. IEF3H
gelS 0.05% (500 ug/mL) nitrocefin 2% (Becton Diskinson
Microbiology System, Cockeysville, Md., USA)ol| A 3}
o] B-lactamase2] pI= =7 3} t}.

6) EXIRAEE dHHo| o|st f-lactamase REEH
AlE”

B-Lactamase 743 2 =3 2] ¥H-2-(polymerase chain
reaction, PCR)2. & A& 3}¢lth. IMP-1, VIM-2, OXA-23,
OXA-24, OXA-25, OXA-26, OXA-27 ¥ OXA-409] A=
< AAIM = 71 EY A EAE AFS-8F 24, 30]. GESE
ESBL &2 flsiAl= A28 A'EA| IG Fo} IG RS 1L
ot&}9 th(Table 1). GESE ESBLS] & 7] A ¥ -& GenBank
(http://www .ncbi.nlm.nih.gov)ol| 4] 2 %] 3} 31 t}. DNASpace
version 3.02 (Genetic Systems, Hitachi, Japan)¢} Vector
NTI Suite (InforMax, Frederick, Md., USA)S- A}-83}+ mul-
tialignment ¥4 2 3}o]] 7] 23}o] ESBL 4 2} 2] Eo| A
QA FES ADAZ ettt 1 gtE Al'EA| 9} ESBL
AR e 971 YE 532 BLASTZ 543813l th. A&
A& TSBell A &3te] 37CZE a4 2 'l &Fsh ot

Table 1. Sequences of the PCR primers

29%, oY, YA, AEE, YME, YehH
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o] 58371 13,000 x g2 AF &, A
b= S/ 500 Lol F-FAZH. ol &
13000 x g2 914 6k, 4 o) & ) el
4] DNA &9 0 & AHE-3FATH DNA 5 5 pl, pri-
mer Z} 1 pL., deoxynucleotide triphosphates (ANTP) 2.5 mM
(8 ©L), Taq DNA polymerase 2.5 U (0.5 #L), 10X buffer 10
ML R S/ 755 uLE T3] premix g RFEUT o]
£ Gene Amp PCR System 9600 (Perkin-Elmer Centus
Corp., Norwalk, Ct., USA)2. & 94°C & 25%3} denatura-
tion, 58 °C & 4023} annealing, 72°C & 50% 7} extensiond}
E 30 cycle®] PCRE A&l Th SZAHE 10 uLE 2%
agarose gel (Promega, Madison, Wi., USA)2] &0l ¥ 11 40
27 A7) F el M bandE HASFAH FENES

DNA extraction kit (Qiagen, Hilden, Germany)Z agarose

ol

i)
) . &
i)

0,

—_
o

gelol| 4] 2] ¥, Sequenase Version 2.0 DNA sequencing
kit (U.S. Biochemicals, Cleveland, Oh., USA)E- o] £-3}]
dideoxy-mediated chain termination Y [31]0. &2 <FHIgko
2 a7IMLEe A8

2 o

—
oo

oH 2y

A @717t 5 F 7759 P. aeruginosaz}t 2] = A T}. o]
E T 39| piperacillin, ceftazidime, cefepime, aztreonam 2
imipenemol] )3 WA & 717} 38.9%, 29.8%, 25.9%,
29.8% % 31.2%°] 1 t}. T3k aminoglycoside Al ¥ 2] gen-
tamicin, tobramycin 2 amikacinel] tf 3l WA & Z}+z}
442%,442% 2 29.9%°] ) thH(Table 2).

2. Hodge & 2 EDTA-disk synergyH

3% #F 3 imipenem 3-& meropenemol] 3t =
WA T 40FE o2 33t ol & o T 24
£ imipeneme] WA, 325 & meropenemel] WA 0] o,
165+ 5 @A 25o] vl4 ] %o Hodge ¥ 9
EDTA-disk synergy® ol Z}z} 223:(55.0%) ¢} 155(37.5%)

Name Nucleotide Sequence Product size (bp) Accession No. References
IMP-F 5'-cat ggt ttg gtg gtt ctt gt-3’ 429 AB188812 30
IMP-R 5'-ata att tgg cgg act ttg gc-3’

VIM-F 5'-att ggt cta ttt gac cgc gtc-3' 780 AY507153 30
VIM-R 5'-tgc tac tca acg act gag cg-3'

OXA-23F 5'-gat gtg tca tag tat tcg tcg-3' 1058 AJ132105 24
OXA-23R 5'-tca caa caa cta aaa gca ctg-3’

OXA-24F 5'-gta cta atc aaa gtt gtg aa-3' 1003 AY228470 24
OXA-24R 5'-ttc ccc taa cat gaa ttt gt-3’

IGF 5'-gtt aga cgg geg tac aaa gat aat-3’ 903 AY260546 This study
IGR 5'-tgt ccg tgc tca gga tga gt-3
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Table 2. Antimicrobial susceptibilities of Pseudomonas 7} ¥ Hr3-S H 9 t). EDTA-disk synergy A<l #5
aeruginosa isolates (n=77) - T2 Hodge W1 o] = 9F4d 0] 9T}
. . % Susceptibilities
Antimicrobial agents - -
Intermediate Resistant _ _
Piperacillin 0.0 389 3. f-lactamase FEEY U 49| pl
Piperacillin-tazobactam 0.0 40.6
ge?azi@ime 32 ; g?i OXA-233'+ OXA-27S A Z3}7] 913 PCRo| A & 155,
efotaxime . .
i 2= ) PSR NN
Cefepime 10.4 259 IMP-15 1153t7] 919 PCRel| A& 1257F ¢
Aztreonam 208 208 2t OXA 24, OXA-25, OXA-26 2 OXA-40, GESE -
Meropenem 26 41.6 lactamase & VIM-2E 71 &3}7] 9|3k PCRo|| A HH-S-S
Imipenem 12.9 312 Bl #F = gt 6F= 0XA-23, 0XA-27 PCR}
Gentamicin 2.6 44.2 IMP-1 PCRol| 4] B4l o] %4 whe-< ¥ gt} EDTA-disk
Tobramycin 0.0 442 = == _
Amikacin 26 299 synergy® o] A2l 155 F 359 4] & metallo-B-lactama-

se SRR AZEE R 29kth 0XA-23, OXA-27 PCRE]
SEZAE 9] AV AL L 25 A baumannii RCY 52763/97

Table 3. Characteristics of P. aeruginosa isolates carrying blagy,.; genes

MIC (ug/mL)

Isolate Specimen  EDTA  Hodge PIP TZP CAZ CAZ/CLA FEP MEM  IMP
K20756 Resp - ; 16 8 4 8 8 8 8
K20897 Resp + + 16 8 4 8 8 8 8
K2902B Blood : ; >256 256 32 128 >256 16 16
K21652 Resp - + >256 128 32 64 32 8 8
K22053 Resp - + >256 128 32 64 64 16 8
K22842° Resp + + 8 4 4 4 2 2 8
K23413' Resp + + 8 4 2 4 4 2 8
K25430° Resp + + 16 8 8 16 32 8 16
K24555 Urine - + >256 256 32 64 >256 32 16
K25752 Urine - + >256 256 32 128 >256 32 16
K19027° Resp + + 16 8 8 8 8 8 16
K19204 Pus - + >256 256 32 64 >256 32 16
K19446 Wound - + 128 64 32 32 16 8 16
K20371° Resp + + 16 8 4 8 8 8 16
K21500° Urine + + >256 256 32 128 >256 32 16

Abbreviations: EDTA, EDTA disk-synergy test; Hodge, modified Hodge method; MIC, minimum inhibitory concentration; PIP,
piperacillin; TZP, piperacillin-tazobactam; CAZ, ceftazidime; CAZ/CLA, ceftazidime-clavulanic acid; FEP, cefepime; MEM,
meropenem; IMP, imipenem; Resp, respiratory specimens.

* Tsolates carried both of blayy,.,; and bla,,., genes, simultaneously.

Table 4. Characteristics of P. aeruginosa isolates carrying bla,,, genes

) MIC (ug/mL)

Isolate Specimen  EDTA  Hodge PIP TZP CAZ CAZ/CLA FEP MEM  IMP
K22842" Resp + + 8 4 4 4 2 2 8
K23413° Resp + + 8 4 2 4 4 2 8
K23529 Resp + + 4 2 1 4 2 2 8
K24246 Resp + + >256 128 16 32 64 128 >256
K24466 Resp + + 4 2 1 2 2 2 2
K24857 Wound + + 64 32 >256 >256 128 4 8
K25375 Resp + + 64 8 4 32 8 8 8
K25430° Resp + + 16 8 8 16 32 8 16
K25447 Resp + + >256 256 2 4 >256 8 4
K19027° Resp + + 16 8 8 8 8 8 16
K20371° Resp + + 16 8 4 8 8 8 16
K21500° Urine + + >256 256 32 128 >256 32 16

Abbreviations: See Table 3.
* Tsolates carried both of blayy,.,; and bla,,., genes, simultaneously.
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(GenBank accession no. AJ239129)2] OXA-23 54 =} 9}
A A ok A TH32]. B3 IMP-1 PCRE] FSE4k= 2] 7] 4]
g2 =5 P. aeruginosa DU40799/00 (GenBank accession
no. AY168635)2] IMP-1 &2 219} 2l x| 5}<1 t}. OXA-23
o| U IMP-1 A7 HEH d ol A= IEFE 53l 7t &
2ol Sl st pl 6.7 T2 9.02] bandE &H<1E 4= 913 o}

4. Carbapenemase M4 P.aeruginosa?| £M

OXA-23 A4 P. aeruginosaol] tf 3+ imipenem % mero-
penem®] MIC H$¢ = 217 8-16 ug/mL 2 2-32 ug/mL$
3, IMP-1 B/ ¢ ti 3t o] & carbapenem®] MIC= 7}
Z} 2-256 ug/mL o] % 2 2-128 yg/mL % TH(Table 3, 4).

]

il

] 71%F & E2] 9 P. aeruginosa?] ceftazidime¥} cefe-
EL 27 298%2} 25.9% = 2003 A= 12
e 2 3k 2AH3319 21%%} 25% <) B-AL st
A D}. Cefotax1mei} aztreonam®] A &L 72}7} 57.4%9}
20.8% 2 20034 ZAbol] & A Roro} Frkel F3el
H] §-0] 36.2%9} 41.6% % 20031d ZA}2] 25% 9} 26%9] H]
OH b:ol
Hodge tﬂ‘ﬂ‘ & carbapenemase A4 2 A 57 Yl A}
239 th. =, metallo-B-lactamase /‘g* —zr ool g
GES3d class A ESBL¥} X OXAd¥ class D ESBL £ H]
244 carbapenemase A= FFE 0] AlF o A F
2 8k-2-& H ¢lth EDTA-disk synergy A] & & metallo-p-la-
ctama564 Z7d o] EDTAC] 93l A== 48 & o] &
sol o] EAE AYSHE TFE HUF & Ak g
class A} class D] H] 544 carbapenemaseE YA 5l &=
e ol AgdA 54883 Helth & AFdA=
—zr7]— Hodge W% 2} EDTA-disk synergy® RFof %A
2 X class B metallo-B-lactamase 2 YA S F=
UAT. 2l 125 A blay., FAAE g1
B 33 of 4] &= metallo-fB-lactamase -4 A S A &3t E
St} =3 Hodge M o] oFAJ Q1 P. aeruginosa
A257 %Ak ol

F7HQ A7t 48

= ) o[o
i |

Fl

o & o,

350l Al carbapenemase S
?‘9] W71 A gls A
o2 A7 3o},
Hodge ¥ kA o]l P. aeruginosa 225 = 15
OXA-23F 2 OXA-23R primerZ o] &% PCRol| %4
Holow, o]& PCR 4AHE9] A7 E 2 blags
1}3} J %) 5149 th OXA-23L 1985 ~FEW = o &
2] ¥ imipenem WA A. baumanniio| /] A& @A E &4
ojm, A 27| = ARI-1°o] & o] F o2 &7 = v}
[21]. 2002\ ol = Z Ao 4] OXA-23S A Al 3} = Prote-
us mirabilis7} 2159 2™, 20033 & o] E45 A
3= A. baumanniicl] 93+ 7+ o] HehdAjo] HalA o

ol il NS go ot TS

>\‘r:u‘mn12r4

= 40 (AN

1‘-{\1 2 oo rr

=2, o2, Hiedd, ATE, BME, YET, 9

A Bk sl A e G Al A 2l € A bau-
mann||7} o] EAE B3| YAty Ll e, o &
= A3t P. aeruginosas ¥ ATE Bl A ol

H A5 T EHAT & AT Ao Tl = OXA-23
< A3 sk P. aeruginosaz} EH4Ats] 31 Q&S AlAFSHH,
A A=A e A B oS HA4

H HAIE
i =

014 3t A oA IMP-12 HA St 22 A T2
a7l 23 Aoz G vkated[34], ol A <
IMP-1 2] £2l= E31# ¥t} Kim 52 4t
Z3y oA IMP-1 A A. baumanniie] 2] & ¥ 13k

ul 9l 2™ [30], Lee 5[35] =3 o] IMP-1 A4 A. ba-
umamniiz} =22 eitha sheAch elu Fel A of
HEAE QA= P.aeruginosa: o2 Bo g vl gloh =
ATl A= 71 Bt &) U o] A Al
A blayy, F-AAE zt1 91+ th4=2] P. aeruginosa’} 7
Z5 A e, o] 2= FolA = IMP-1 A of] 2l &l A
carbapenemol] ] 3l WA & & 53l P. aeruginosa?] 7+
o] At 1 AH& BoFrt.

VIM 3-& IMP metallo-B-lactamase -+ 2} &= &3] t} &
WA AR} cassette 9} S| class 1 integronS 4] 3k}
[36]. Integron 7 2} cassetteS & 3} (integration)d} 1L

olZANZA F e FHA 840 B Z, integrono] L3
WA Ak cloned SAF W ol g} E3 £ A &
el A gl A ek & A7

H blay,, FAAF A A] integrone]] &l & A] HLE] = 74 =
2 2251, o] YA FAXE A d P. aeruginosae] 7+
Qoo 2l a] 9 e integrond] U 2714 A7
7123 Aoz AztET.

o] 3ol Aol Al F-Ake] g thehel ol A E2] = = P.
aeruginosa+: OXA-23 22 IMP-12] Aol 9|84 imi-
penemo]] 3t IS &3] 5T AT 4 Ao
ol 5 WAA TS ity 2L WA A 288 ZA
3t7] 91gk 718 A2 s Ao m Azbgin

=

Ho
rar

=g
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Prevalence of Imipenem-Resistant Pseudomonas aeruginosa Isolates and
Mechanisms of Resistance
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Background: Spread of imipenem-resistant Pseudomonas aeruginosa isolates is an important
clinical threat. The aim of this study is to survey the prevalence of carbapenem-resistant P. ae-
ruginosa isolates in a university hospital, Busan, Korea, and to determine the mechanisms of the resi-
stance.

Methods: P. aeruginosa isolates from the patients in Kosin University Gospel Hospital were
collected during the period of June through September, 2004. Antimicrobial susceptibilities were
tested by the disk diffusion method, and production of carbapenemase and metallo-3-lactamase
was determined by the modified Hodge and EDTA-disk synergy tests, respectively. MICs were
determined by the agar dilution method, and pls of -lactamases were determined by the isoelectric
focusing. Genotypes of carbapenemases were determined by direct sequencing of amplified
products.

Results: A total of 77 clinical isolates of P. aeruginosa were collected. Twenty-two (55.0%) and
15 (37.5%) isolates showed positive results in the modified Hodge and EDTA-disk synergy tests, re-
spectively. Searches for blas...; and blaye., genes showed positive results in 15 and 12 isolates, res-
pectively. MIC ranges of imipenem and meropenem to OXA-23-producing isolates were 8-16 ug/mL
and 2-32 wg/mL, respectively, and those to IMP-1-producing isolates were 2->256 ug/mL and 2-
128 ug/mL, respectively.

Conclusion: Production of OXA-23 or IMP-1 is the most prevalent mechanism of imipenem-
resistance in P. aeruginosa isolates in a university hospital, Busan, Korea. Periodical surveys are
necessary to monitor the spreading of imipenem-resistant isolates and emerging new mechanisms
of imipenem-resistance. (Korean J Clin Microbiol 2005:8(1):26-33)
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