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Pseudomonas aeruginosa are important nosocomial pathogens. Their resistance to carbapenem is
increasing and causing concerns in Korea. An increasing prevalence of carbapenem resistance mediated by
acquired carbapenemase is being reported. Over a 10 month-period from July 2007 to April 2008, 32 strains
of imipenem-nonsusceptible P. auruginosa were isolated from Kangwon National University Hospital. To
determine the prevalence and genotypes of the carbapenemase-producing clinical isolates, the antibiotic
susceptibility was determined by Microscan Walkaway 96 SI System and the carbapenem activity was
detected by the modified Hodge test and the imipenem-EDTA-SMA double-disk synergy test. The metallo-3
-lactamase gene and OXA-type [B-lactamase gene reported in Korea were detected by PCR. As for the result
of PCR, 30 isolates of P. aeruginosa were found to have blapp.i-like and 1 isolate was found to have
blanp.i-like and blaymio. No clinical isolates were found to have blasmi.i, blaoxas-like and blaoxa-ps-like.
Random amplified polymorphic DNA (RAPD)-PCR and dendrogram for genetical similarity to band patterns
of each clinical isolates were examined. P. aeruginosa were grouped into 7 clusters of up to 50% of
similarity index. In the P. aeruginosa group, PS3 was resistant to the most antibiotics, PS1 was susceptible
to the most antibiotics. PS7 was resistant to aztreonam unlike other groups. This is the first report of
prevalence of carbapenemase in Chuncheon.
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L. A-I = hydrolyzing £ -lactamase(carbapenemase)= TE mole-
cular class B metallo- 5 -lactamase =+ class D £

s

o vty oS -lactamase©| Th(Walsh 5, 2005; Queenan¥} Bush, 2007).

Amber class B f-lactamase™ metallo- 3 -lactamase(MBL)

4 9ol Pseudomonas aeru-
ginosa(P. aeruginosa)= AR EY T8 dUHCE O

Bgusrt 53, 387 9 92749, £99, Alyetd, 24 EAFA A metal ion, £ zinc” & 714 &4& Ve
S, A, dE8F T uYd +39 FEES Wt o] 52 penicillin 5 ofyzt 9 9 FHHY

F 23 (Chastre$}t Trouillet, 2000). @A THAIUA S X cephalosporin 7|, carbapenem 7l & aztreonam< A <]t
ol A7t kst ol A AAZHCE AT FA B-lactam A hEEo] TRl Aol o,

7F H3 A tH(Perez &, 2007).

G -lactam Al FAYA| F carbapenem A FAYA= F=
imipenem¥} meropenem®| AH&-E=t], o] o & FAA
7F GAWA S Bole 59 HEE J7-5A4 Yo
T aRHeE ALY F 7] #WEolth 1 olfe
carbapenem 7 &A= penicillin binding protein®} %3}
Z7F &0 1, extended-spectrum £ -lactamase2} AmpC- 8
-lactamase®] B E7F A OE womW, A A=
Qute] & FHEE Bt Iy BAWA 1854
Sefeto] F74gel webA carbapenem®] AR-g-o] F7tat
R, A= carbapenemol| A= YA F57F 2
7] AZskE th(Livermore, 2002; Lee 5, 2003). A
carbapenem WAL F2 Acinetobacter baumannii®t P.
aeruginosa®| Al HZE =], TU A= carbapenem 1H’“

F7F AAb F7beta glo] B AAg A7 Ha
Th(Jacoby$} Munoz-Price, 2005; Yong &, 2006).

J%aA 29| carbapenem WA 71A F M F
23 A2 p-lactamased] Aol 2|3+ carbapenem A A

o] Eg3}olu,

E3] Pseudomonas spp.2] carbapenem-

metal chelator =, EDTAC] a4 EAlo] oA HE EA
o] dth(Livermore®} Woodford, 2000; Walsh, 2005).
IMP(active on imipenem), VIM(Verona integron-encoded
metallo- § -lactamasea)©] TIEZ<Q MBLS|H, SPM(Sao
Paulo metallo- 5 -lactamase)®} GIM(German imipenemase),
SIM (Seoul imipenemase) 5% EILE ATHLee 5, 2005;
Drieux -5, 2008).

IMP-1 metallo- /8 -lactamaset= 1988'd Yo A &€
A& RO H(Takahashi &,
2000), VIM-1 metallo- 3 -lactamase= 19991 ¢l o]&&|o}
ANA EEl® P. aeruginosadl X A5 EIES oW, 2000
dol Zg2oA VIM-27F R A (Poirel 5, 2000;
Poirel 5, 2001). @A74A] IMPE 2774, VIMLS 247}A]
o] Wgo] R IE ] tHhttp://www.lahey.org/Studies/other
.aspttablel). =3 SPM-13} GIM-10] z}7Zt Beld s 5
ANA Eel" P aeruginosa®l A EIE O, Il A
B2 Acinetobacter spp.9 Al SIM-1°0] B E AT} =

P.  aeruginosa®| A

e &Y HEE JHSA oA IMP-134,
VIM-2 183 SIM-1°] R31¥ H} ti(Toleman %,

Table 1. Primer sequences used to detection carbapenemase gene

Expected size (bp) of

Primer Sequence (5 to 3 ) PCR product Reference

IMP-F CATGGTTTGGTGGTTCTTGT 488

IMP-R ATAATTTGGCGGACTTTGGC Jeon et al. (2005)
VIM-F ATTGGTCTATTTGACCGCGTC 730

VIM-R TGCTACTCAACGACTGAGCG

SIMI-F TACAAGGGATTCGGCATCG

SIMI-R TAATGGCCTGTTCCCATGTG o7 Lee ef al. (2005)
OXA-23F GATGTGTCATAGTATTCGTCGT 1058
OXA-23R TCACAACAACTAAAAGCACTGT Jeon et al. (2005)
OXA-24F ATGAAAAAATTTATACTTCCTATATTCAGC 25
OXA-24R TTAAATGATTCCAAGATTTTCTAGC
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2002; Castanheira 5, 2004; Lee &, 2005).

VIM, IMP, GIM, SIM 9 tj#&29] MBL frize
class I integron W °ll gene cassette2 EAJ g}, A W)
4 A cassette= 3 integrono Al TFE integron . E
AEA olFE 4 Ao integron AHA|7F THE AL
2 o] 53 A= &3}, plasmidi} transposon®] o] 52 o
A olFStEE WAFAATE & dFoE A Ay
He AoE ¥ At (Arakawa 5, 1995; Queenan}
Bush, 2007). =UolA MBL AA4°o2 3 P aeru-
ginosa’}l 10% ©|4 S22 BRuFEg oy & 1834 o
O 2 imipenem Adgo] A Hupd 4 %
13 tHLee 5, 2002; Yum 5, 2002).

Amber class D S -lactamase oxacillin® cloxacillin®]|
3k 73 BX4e YeEWEZ oxacillinasezt FEt}
OXA- 8 -lactamase ol =
halosporing 7}3-3ll 3=
o] Ut} T3 clavulanic acidit EDTAC] 93] 1 &4
o] JAHA ¥ FHol Utk(Naas?t Nordmann, 1999;
Fluit 5, 2001; Walther-Rasmussen®} Heiby, 2006; Perez
= 2007).

T 9l carbapenem WA o] R
olm, olol gt A7} ob2 WA LT P. aeruginosa’t
AWAEe] 8 dAdFY S 1T o, 9ol A3t
TZY A7) 4dEATt WA T go] 85

0] o o
AT =

extended-spectrum  cep-

A3} carbapenem -3l 3=

AL HlwE 29

o}k o

a1, & o] we} carbapenems Bo] AHESHA H= HY
A carbapenem Al FAA | i HPEC] & A

2 AZEY. g8y 259 A8 OS54 2oy
carbapenemase AZE A 3]
Standards Institute(formerly NCCLS ; National Committee
for Clinical Laboratory Standards) d7oll g5 o] Q1A
oot g3 A} o] FolA A FoBE HEo] oY,
ol tAIAE ol 3k X F Al FAEZ FATF HolA
WA WA gabe] AR Fa3 FAE tiFy
I Jth. Lee 5 modified Hodge test® cabapenemase
AQ O"ESA gdids Adsta,
EDTA double-disk synergy testZ MBL A3 o3} H| A A
o< 8T & Jota B th(Lee &, 2001; Lee 5,
2003).

ojof & AFoAe ZUEY 3 g dolA Eeld

Clinical and Laboratory

imipenem(IPM)-
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imipenem YA P aeruginosas WHOE
Class B2} D9] carbapenemase A3 &S FA8tL #4
e TAstaA s

e

e

II. CHAH

1. adAM Mo 22 53
20079 7€5H 2008'd 497HA] L= FHA O 24
et kAol st o= H ThHE ol A
% P. aeruginosa 565 & SEAAE A3 imipenem
H 24 P. aeruginosa 32575 A gl AT HF2
5742 Microscan Walkaway 96 SI System<®| Dried Neg
Combo panel type 44(Siemens Healthcare Diagnostics
Inc., West Sacramento, USA)E A}&-3ta] A3ttt &
B 2 FAA A HAAE A EEF T Escherichia
coli ATCC 259229} P. aeruginosa ATCC 278535 Ab&

2. BHUH| 2SN AlE
FAA WA F8S o] 9B B BEA A

H 2 Microscan Walkaway 96 SI System< A-&3}e] &
4A ] A9 A s Z(minimal inhibitory concentration;
MIC)E ZAstdth. A e #de CLSI
M100-S16(formerly NCCLS, 2006)2] breakpointol] U5t

o,

3. Carbapenemase AA#Z M

Lee (2001, 2003)¢] ®Hol wEkA modified Hodge
test A1Po2 AE3HTE 50 mME zinc sulfate £
(ZnS0O;4 - TH,0; Sigma-Aldrich Inc., St. Louis, USA)< 70
ug/mLe] FEZ Mueller-Hinton agar(Difco, Detroit,
USA)dll 78t A Z38FA T E. coli ATCC 259229] &
TE 0.5 McFarland2 939 zinc sulfate’} Z7}d
Mueller-Hinton agar®ll X2A HF3ta, wiA] F& 10
ug imipenem T|2~= (Becton Dickinson, BBL, Sparks,
USA)S 2 & AETFE WFo)2 Y23 73R
TV Zo A AZSt] vigEow FA HES T A
204 158 FQF WAEtAL, 37CAA AbaAd S oA
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HEE ALY,

4. Metallo-B-lactamase 2§41 AMEA|E
Lee (2001, 2003)¢ ‘el w2t IMP-EDTA-

SMA(sodium mercaptoacetic acid, Acros Organics, Geel,
Belgium) double-disk synergy Al @ 0.8 AT &=
Hge e fFHoz A T drAagdgl
53t 0.5 McFarland= 85 & 25300 Al F44
< W5 22 Mueller-Hinton agaro]l 124 HE3 &, 0.5
M EDTA$} SMA £(t]2~3 @ EDTA 750 g SMA
2 mg)°] A7} 6 mm diameter blank disk(Becton Dic-
kinson, BBL, Sparks, USA)$} 10 ug imipenem © 235
7PgAE] ZEAe]l 10 mm7b HEE FAR § 204

152 F¢ WA Aldol HFd wAE 37C9 =
718 2 sk Wik F T H2a AoldlA A

wjol o @ oAt SAw o] HAHY PO B
B9t

5. DNAS| =&

PCROl| AH&E template DNAS F23}7] Yate] A&
M ¥< brain heart infusion(Difco, Detroit, MI, USA)
broth 4 mLo| HE3ste] 37C Y AbAA ZAolA &4t
Hjokstdth vkl 1 mL& 1.5 mL conical tubeoll # 3}
A 12,000 rppmol A 1083 9 3, FFAE AAsI
1 mLol FHAA TA 12,000 rpmoll A 78

ogH R

6. Carbapenemase FHMAte| S&tgA MBS

Cabapenemase A3 A &3 MBL 4N 44 45
o] MBL < #Rl3t7] ¥3ste] AHE% primer= Table 1
3 2t IMP-1, VIM-2 2 OXA-23, 24 p-lactamase®
AEL 93 PCR HH3L Jeon 5(2005)0] AR-&-3F o
et Algstg om, SIM-1 frize] AES A PCRE
Lee 5(2005)°] AH&3+ W ol wel Algssint.
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7. RAPDO|| 2|5t REAL X2 241

RAPD-PCR< Kalpoe 5(2007)°] AH&-g o uhe}
A8 3t Th. Primers M13, DAF4, RTG2, RTG3, RTG4,
RTG6E F&A| & (Bioneer Co., Daejeon, Korea)dlo] A}

&35,

m. 4

2}
AMAXMAM 22|l P. aeruginosa

dAistw e Ao stae] sl A fEeld
A4 B #FE Microscan Walkaway 96 SI System=
st HAALE AlAE A A HAA 8F, &
AAAA 85, 7HEIE & AAANA 75, A AA A 4

T4, Y, W& Y, hemovac, X HANA 2+ 1

o

>
=

N

=
0,
=

T,

2. MM Z=rd Al Zof

MIC Z4-& 93] Microscan Walkaway 96 SI System
< A8 2= Table 33 29kth AR E 325 BFE
TS A4 oS Usd
NS, cefotaxime, ceftriaxone, ciprofloxacin®l] tj3] =
€ #Fe0l WS Yepdeh ymA Ao ik
&L piperacillin/tazobactam 44%, ticarcillin/K clavulanate
94%, ceftazidime 94%,

imipenem  81%,

imipenem¥} meropenem®l|

cefepime 31%, aztreonam 66%,
meropenem  78%, amikacin  78%,
gentamicin 91%, tobramycin 91%, levofloxacin 91% ©]
Atk 24 A it A A= Table 20149} 2
=F3H T

o]

MyTFF
m

d M Al Zof

Carbapenemase 1S 9|3 modified Hodge test 2}
327 BFAA AFAN ¢ & g £ e F9 el
H| A B YA F241% ] carbapenem 7}i-3l] ¥ SR
53k Th(Fig. 1).

MBL A4 #FE5 AH¥Est7] 943 IMP-EDTA-SMA
double-disk synergy testoll = 325 ZFollA F 23 A}
olol Al AsaTol| o7 AA FAASo] FHEE
¥ o 82 AAHAT(Fig. 2).

3. Carbapenemase
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5. RAPDO|| 2|5t XA} X2 EA

RAPD-PCRS A 33t A3} DAF-4, RTG-2, 4, 6 primer
ol 1= DNA dHo| FAHA LAY, 370199 bandS
43t th M13 primerS A3l RAPD-PCRS A8
& 27 100 bp~2 kb Ateloll Al 107] ol o] frxz dH
< YERR ST

6. 3t 7 7Y 24

RAPD-PCR& A3 A3}E wgo g 7474e] ¢53t
o FHA fFABAE PolREUdth. Bio-Rad Finger-
printing™ 11 software version 3.0& AR&3lo] #EH

DNA band=9| F34% Fd< £48A2H, UPGMA

il

Fig. 1. Screening of carbapenemase-producing clinical

isolates using modified Hodge tests. Positive result shows program=  ©]&3}o] dendrograme ZA3IH T Imi-

distorted inhibiﬁczj one ngcb;lgguﬁneﬁ;e aﬁ)(ci)s penem BIZHE4 P aeruginosa’s FAE 50% o9 §
1(‘l]ﬁ)a();a;lrvee i(;(;;t:leril-ilydrolyzing strains ;vhich distorted the; AN A A wes FRI 7}&“3}9‘9‘@@@ 3).

inhibition zone. FAA o] WA 32 Table 33 Zo] 75T PS3

ol 7Hd B A WEe AU dlen, psi

T2 FEe] A Zede EAY. PCT T2 o

4. Carbapenemase FXAIS| ZetgA oi2EHS A 2 3% tE2A aztreonamo] WAS AYi giom,

PCR A3} blanp.i-like B2 F 3275 F 3054 4 PS4, 5, 6> 2t 3+ 7 N FAYA | Ao]E HolH
o, 1FAME blapp.i-likeD blayiv. fﬂol 5A SALe FAbe BT
o HAEHAT. blaoxar-like B blaoxans-like §S 2
E #7994 AEBHA FUT £ 1FAA = carba-

penemase FAA7E HEF A gk

(A) (B)

Fig. 2. Double disk synergy tests using disks of IPM and EDTA with SMA. Positive result shows enlarged zone of inhibition between
the two disks. Plate (A) is negative in IMP-EDTA-SMA double-disk synergy test. Plate (B) is positive. I, imipenem disk; ES,
EDTA+SMA disk.
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Table 2. Antimicrobial resistance of carbapenemase-producing clinical isolates of P. aeruginosa by Microscan Walkaway 96 SI

System
S -
Antimicrobial agents Number (%) of isolates
S 1 R
B-lactam/ Piperacillin/ Tazobactam 18 (56) 0 (0) 14 (44)
B-lactamse inhibitor o
s Ticarcillin/ K clavulanate 2 (6) 0 (0) 30 (94)
combinations
Cefotaxime 0 (0) 0 (0) 32 (100)
Ceftazidime 1(3) 1 (3) 30 (94)
Cephems Ceftriaxone 0 (0) 0 (0) 32 (100)
Cefepime 1 (3) 21 (66) 10 (31)
Monobactam Aztreonam 309 8 (25) 21 (66)
Imipenem 0 (0) 6 (19) 26 (81)
Carbapenems Meropenem 0 (0) 7 (22) 25 (78)
Amikacin 7 (22) 0 (0) 25 (78)
Aminoglycosides Gentamicin 2 (6) 13 29 (91)
Tobramycin 39 0 (0) 29 (91)
. Ciprofloxacin 0 (0) 0 (0) 32 (100)
Quinolones Levofloxacin 0 (0) 3 (9) 29 (91)

Abbreviations. R; Resistant, I; intermediate, S; susceptible.

Table 3. Resistance patterns of imipenem-nonsusceptible P. aeruginosa isolates

Isolated bacteria Group Antimicrobial resistance

PS1 CAX, CFT, CP, MER

PS2 CAX, CAZ, CFT, CP, LVX, TIM

PS3 AK, CAX, CAZ, CFT, CP, CPE, GM, IMP, MER, P/T, TIM, TO
P. aeruginosa PS4 CAX, CAZ, CFT, CP, GM, LVX, TO

PS5 CAX, CAZ, CFT, CP, GM, IMP, LVX, TIM, TO

PS6 CAX, CAZ, CFT, CP, IMP, LVX, P/T, TIM

PS7 AK, AZT, CAX, CAZ, CFT, CP, GM, LVX, MER, TIM, TO

Abbreviations. AK, amikacin; AZT, aztreonam; CAX, ceftriaxone; CAZ, ceftazidime; CFT, cefotaxime; CP, ciprofloxacin, CPE,
cefepime; GM, gentamicin; IMP, imipenem; LVX, levofloxacin; MER, meropenem; P/T, piperacillin/tazobactam; TIM, ticarcillin/K

clavulante; TO, tobramycin

1
oy

Iv. 11

P. aeruginosa= AW 7E9 T8 AJAHFSE HA o

£ #Fd 7H gl 20]= A FZAQ carbapenem Al &
A WAl #F7F "AF F7kska Slol Aa4d A
b =3 gtk ol #F7F "WHol Astd T35 A7
YAt B LA ¥ 2 WIEE F25a, & o
o we} carbapenem= %o| A3t WA carbapenem
Al FAA ] g WAEEC] & ACE AA4HET. 19

76

g HEA o] CLSI ARl 23k o] Q)
o] oL, o]l AU g
oF7) 9 Xﬂdoi W A8 2
3 FAZ tiFH ok
0] metallo- £ -lactamase] IMP2} VIMS ¢F
30% AER W2 opuicat FUHOE  HoAh
monobactamS A9 g ZE f-lactam Al A A o WA
< UeidlE 7teEs) ddo] fAeitta delAd o
(PoirelZ} Nordmann, 2002). ¥Eo| X< blame.< 2433t

84to]
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Fig. 3. Dendrogram of the similarity index among carbapenemase-

producing imipenem-nonsusceptible P. aeruginosa by RAPD
with M13 primers.

= ageA g Ryt E3hk(Hirakata 5, 2003),
T ALY BHilEs £31A ¥tk Oh 5(2003) =9
MBL A4 P. aeruginosa®l A VIM-27} 7173 &3l
BH3H T T3 Yong 5(2006)2 Hile] ©5H MBL
A P. aeruginosa®l A blayio-like A9} blanp.i-
like fFAA7F 247F 90%S 10%2 HAEHASS Has)
Attt 2HY B Ao M= P. aeruginosa 32F % 30F
N blanp-1, 157N blanw12} blavi27t 5419l HE5
o] 71&9| B}t Zol7t AT o= 7]E8 A7t A
23} 32 oA o] FolZld Htsl, £ ATE U=
EHAGF 22 HolA o] Folx AGFQL o]zt 9

77

= A0E AsH B3 AAdE FHAGAA £
© P. aeruginosa®l MBL 321 blanp-.©] ©|v] 24t
H ATl Wl blayvot FAHEE 271Y4S F5E F
o

AT

blasni1S Lee 5(2005)° &3 =Ul] Acinetobacter
spp. TEolA EeE vk glo] AEE AEsdov A=
A gt
Foll A carbapenemase frHA7F AEHA AU ol
U tJEH 2 B3H carbapenemase 77 Aol T
3 primerE AME3 PCRE AZHA ol T E o
carbapenemase A o& AU 4 o] F74AQ A
T7F 298% Aoz AZHEY, £3 carbapenem U4 0]
carbapenemase 4 = GHAA AmpC H4 9 &
Hojol| 93t 7]55 a4 oY, OprD porin®] A2 9]¢k Al
Eojute] BHA o] IHA, 8|3l Ao AlaEute] EX) st
efflux pump system®| Z2Ho] UAY & Stk B
TH A BH(Livermore, 1995; Kohler 5, 1999; Livermore$}
Woodford, 2000).

Genomic DNA fingerprinting& F32F @714 E 24
HoE A2 gle 4 #59 A Aol EAstE 7
AZE FRA ZfolE& FEE & Slo] BTl Hojur,
AR AFAH BAZARJ] SHAME B
I A &EA UtkOlivest Bean, 1999). kA &2
ATl A+ imipenem HIZHF4 P. aeruginosas %O
B g0 FRAAAY ZABAE G5ty HAsiA
RAPD-PCR< A #3893t RAPD-PCRS 2
primerE AE3le] FFulth ME T2 primer binding
sequence Aol -& o]&ato, e 2E oA primer7} T
2 A oA S DNAY Zo|7t tES o] &3
W ol thWang 5, 1993). A48 23 FALE 50% ©]739
FEAA A 7Y Loz LR} Thestd o, FA
A WAEY /e BT 84S A X o
RAPD-PCR Z#= oA WA d84de Zote

RS ARG wEbA PFGE(pulse-field  gel
electrophoresis)lt  AFLP(amplified  fragment length

T3k imipenem B4 P. aeruginosa®] 1

L

fu

—

N

random

L

-
o=
T

polymorpism)®t 22 F718 <2l DNA fingerprinting 3
S Adgste] FAA WPl mE EFS vud Fg
7k e

B AT A= imipenem HIZSA P. aeruginosas T
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49 & Microscan System= 53}
FE9 Fgasr dAygnss

penemase A AE HIE O Z RAPD-PCRS
F A eE 24

e FUE

ole

49

carbapnemase
58 28
penemase A4
oA A&7}
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