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3 extended-spectrum B-lactamase &9 BAE A= oAl WA
Acinetobacter spp.”7} S 7F&ol wWebA carbapenem®] Algo] F718F3daL,
A= o] ofAlel WAl #F7F SIHHZI A AU Acinetobacter
spp. 2] carbapenemAl] WA7] AL class B2} D carbapenemase®] 2] 3F
FoAle] =237t 7MY T8ttt Acinetobacter spp.7F &3] AT
metallo-B-lactamase (MBL)<> IMP, VIM S°] oy, HIT =W #
59 MBL Aol gk A= BA %t

= OXA carbapenemase® A3t Acinetobacter spp.7V B=, T2
o oY yegtelX Frhsta o, I = JohdAdo] Hud uh
AT, 2} OXA carbapenemase W/d+dAke] EAbrd s A&} OXA
carbapenemase A/ Ao Al Aol tHalA = ot TFREEA Fe
Fiol B 53 muoA = old g AT F A9 gtk & dATolAM =

=W WA BIEH = Acinetobacter spp.2] carbapenem WA A3}

=

A
Mo

N4 D BAGSHE Jge FEHaA A,

2006 59olA 1197k mHEUEw HY (o, F=, okhI}



re
>
)
i)
El
ok
o
X
[m
s
[
ol
_>|i
g3
X
M
AC)
i
.
e

<.
D

S
>
S

~
Q

w

o

©

=Y
N
i

Ao g7 A e A1dE9iar, MBLT OXA carbapenemase 2343 72
A=k, OXA® I} IS4bare] 5ol w2 carbapenem WA T}
7tMrEdlES Wwskal, MBL 2 OXA¥ carbapenemase Aol @A A|
DNAC] pulsed-field gel electrophoresis (PFGE) A4S EA351 ).

Acinetobacter spp.2] imipenem WA S AlB @29 7 38%% 11,
QbSt 4%, FE 226, Yol 8= UH W olA =okth. Imipenem
WAaF & MBLO Hl&& ®HY
228 BL B4 #F 97 EF IP-1 A #7903, AEgs #e MBL
B T VIN29E SIN-1T A 257 242 259k 4530

MBL WA &A= EF class 1 integronol YA, = 37]= ¢F 3.0

kb (IMP-1), 5.5 kb (VIM-2) 2 1.8 kb (SIM-1)Z thekslgic). <kebH

e
2
>

22" IMP-1 BA Acinetobacter spp. o+ 75°] W3+ colistin®] MIC=
4 pg/ml ooz BT YAolqdrt.
OXA carbapenemase WA AZEo] AQHE 1715 F blaws—1ike}

[SAbal & F3R wF5 755, blaws-like ¥ wF+ 25F°|AT.

e

Carbapenem®] MICE  blags—like®} 1SAbal FA] A #F HU}
blar-o-like P41 dFFolA © =4k, Tigecyclineol= oHFE9

NREF7E, colistindle A8 #F RE7F #44S Jephe,

deojz AEste] A7IME BT 659 blapy-like FHAE EF



blapass01 A3, 6F9  blajs—like FHAARF FT 459 FAHAAE

blagp-g:°1 AL, 2779 FAA= A2 OXA carbapenemase 7 AFo] AT},

PFGE ﬂ]ﬂ:‘ﬁ o= b/a()XAfzg_likeg} blapn-s~11ke OC}}\B] iL_Z[—oﬂ -O/]f{: @E",Q__}/‘g o]

ot

g & T AAT.

A2H o g IWEE Acinetobacter spp. °| carbapenem WA TF+E
E351H, MBL A o5 2238 Yo = ¢lal, OXA carbapenemase A #F+
3 % ool MYy FEHAE IS & F AUt MBLIF OxA
carbapenemase A4 w2 @Ak carbapenem WAl Acinetobacter spp.©l

O]

27 3 Aolmz o]Hd YAF S w9 st

A= E o Metallo—PB-lactamase (MBL), OXA carbapenemase, Carbapenem,
Acinetobacter, MZEL OXA, FerdAy
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extended-spectrum B-lactamase (ESBL), AmpC PB-lactamase 59 &AE
AAEE Al WA Acinetobacter spp.”7F =7Fgroll whEbA  carbapenem©]
Abgol F7betlal, A= o] ofAlel WAl #F7F S7HE 7] Al ZFskdlTt.
20043 ol FALSE U] WAE Aol A Acinetobacter spp.2] carbapenem
WA &S 15%014 219 T,

Acinetobacter spp.2] carbapenemA] WAZIAE  class B D
carbapenemase©] 2|3+ Aol B&3}7} /M F 28T, Class Boll &3l=
metallo-B-lactamase (MBL)E 7Zn*7}F <lojoF &AZAS  YEhH,
clavulanic acid4 tazobactam¥} < PB-lactamase HGAA] <J3|A %
Aol AaHA F=v}. Acinetobacter spp.”7} &3] A= MBLS IMP,
VIN o] oy, AT =W &9 #59 ML Al dig d7+ BA
%Tt.

Class D3 PB-lactamase= oxacillinaseZ% 2™, o]& penicillin
BT} oxacilling © WA E&sts 54 wEo] B9 o] Foltt. &
121%9] class D& B-lactamase”} WA E AN O™, I F 45F 2 carbapenem
e 58S M AP, A7IME B4 vuE 5§ 879 Foz vE
T o9om, 4719 o (0XA-23%, OXA-24%, OXA-51% 2 OXA-58)°] U4
szt A B2 E Acinetobacter spp.olA HAE TP,

OXA carbapenemase 34 Acinetobacter spp.+= imipenem WA o]

trerstel. =, A A AlE A3 wro 2= 0XA carbapenemase 4343

\)



FFE 9T ¢ fleH, oldd WA el e A i ATe
Aol glty. H OXA carbapenemaseS A dt+= Acinetobacter spp.7} A=,
zds T o7 ygkelAd Frtsta low, 53] 0XA-23& ABAdsis
Acinetobacter baumannii®l FEEAol HWuH wl AT} FU M=
2005 ok oiEgHdolA] 0XA-23& AAMstE AT A, baumannii®)

Aol Bud vF AAH . ze} ZUoll A 0XA carbapenemaseol] <] 3t

ZA8tn Y&S Rusga®, Turton S OXA-518 FAA AR
[Sdbaro] 42 A5, ol FAAE LAAA carbapenemo] 7ol
Aetd F AeE Ruddry. a8y OXA carbapenemase®] EFo] wE
gk o= o ojHo] Ui,
Carbapenem WAFHA= Aol GAAA  EA7IE SHAINE,
plasmidel EAet= WAAFAAE Hde T3l e Aldoz ADH7=
gtt. Integrondl®= 54 MBL FdA 5, o= 7HA WA #AATE
ZA)3t plasmid®} transposono] o8] thE Aoz AEd = Jgb,
ol I AFdAE AE SHilel] AAEE 2aket 3 B Y9

g zlol| A B2 %= Acinetobacter spp.S WS ZE carbapenem WA A



carbapenem WA 7| A3 WA FAAe] EAGFHEH A4 Z carbapenem

WYRF EAGGgH A4S 7
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1. i Al

2006 5€HH 11€7hA nEdigdn HY (Y, F=2, HbHI
A HY (MEZx) SxpolA RS = Acinetobacter spp.E

Hdez stk & AN FTH " dF= Al dF

FA #ArdS (ST "3 gy E= AE53d kit (Vitek 2
AST-N0O22,  bioMerieux)® Al@3tx, JQo] wel I Ho =
grolstd e, AlEd &A= ampicillin-sulbactam, piperacillin 2
piperacillin-tazobactam (Wyeth, Pearl River, NY, USA), ceftazidime
(GlaxoSmithKline, Greenford, UK), cefepime (Bristol-Myers Squibb,
Princeton, NJ, USA), imipenem (Merck/Sharp & Dohme, Rahway, NJ, USA),
meropenem (Sumitomo, Tokyo, Japan), gentamicin (FT9, A&, tidHdl=),
amikacin (‘FoAIeF, A&, tIeTlT), ciprofloxacin®} tigecycline (Wyeth,

Madison, NY, USA), colistin (CJA%F, A<=, tg=)Z AHEstitt.



st Al A Ade AE #EE Y6te] Escherichia coli ATCC 259229}

Pseudomonas aeruginosa ATCC 27853 ¥+ w5 AF&3F3 T},

3. Carbapenem WA 71d 4

7}. Carbapenemase A A A|d

9 75 A S E imipenem UYXAIE

O{l

Carbapenemol] 7Aool A
0] 83+ Hodge W O 2 A|&@3}le] carbapenemase A4 o] H-E A¥H31oH?,
= Hodge W AAAM E. coli ATCC 259225 McFarland 0.5 EF&o)
gr3=31 Mueller-Hinton (M-H) 3o dEo=z HFI F T, AlY
Alds B TSN 7S @l kA 3 =2 1o HFedn.
Has A2 1583 Fobe H 10 ug imipenem HAAE T4l F3kot.

b Wi F & AAARES] AT <ol A= AlE Ao FAMAE mEkA

. Metallo—B-lactamase A4 A Alg

Hodge W¥ A< #Fol W3l imipenem-EDTA (750 pg) + SMA (2 mg)

double disk synergy test® MBL A o FE MG TH™. MBL A4 o]

(€]

A E = AY MFS McFarland 0.5 E%o] 2331 N-H

ot

el

2
ofg
it

ALttt HES UH FH imipenem T2~ EDTA + SMA Tl A3 E



7R Arolel AgZE 10 m HA FRvk. R vl F imipenem

tjzzie} EDTA + SWA T2 Afole] oAt AW FHow REAT.

t}. Metallo—B-lactamase WAFHAA AZF 2 A7|4E 4

MBL WA A=, blawe, blayw Sblasy AES U3 polymerase chain
reaction (PCR)S A3 tt. AES 93 A ¢A= IMP-F, IMP-R, VIM-F,
VIM-R, SIM-F 3 SIM-R& AFEsttHTable 1). Wa o2 A @Alds
AFAsE] 100 ple] SR FRA7IL 53 89 F 283 13,000
rpm. 2 G4 FEd FHAS F9 DNAR AFESF T, 2.5 ml MgCl,, 0.25
mM dNTP, 10 X LA PCR buffer 10 pl7} Eold= Aol 53 DNA 1 ul, 20
pmol ] AlLA L FHFE Yol FFF 100 pl7t HA sk, PCR wHS-&
thermal cycler 9600 (Perkin-Elmer, Waltham, MA, USA)S A}&3}%it).
WgEAE 94ToA 5&3F WEEAIA FF DNAE WHFAZ L, A
denaturation 94Coll 4] 30%, annealing 52 C oA 40%, extension 72T ol 4|
50z%F 363 wkEahal, wixEto @ 72CoA] 5EIF WHEAIZL F AT A
TEHHS S FEAFHT. PCR = AP H 4AHES 1.5% agarose gelol A 100 V,

2087 A719 %538 a1, UViband/Map software (UVItec, Ltd., Cambridge,

U= 2lskant. 971dd #4<= sl ML PR & A4 A=

ARgstel FESIAT. F7IME &4 MBLe] TRl wet 4R w5l



sl ABI 3700 (Perkin-Elmer)& AF&3}o] dideoxynucleotide chain

termination &2 A3} H(Table 1).
2}. Integron PCR

Integron HES Y& AILAE 5CS-F2 3CS-RES AF&-3F31tH(Table 1).
PCR W& Riccio o] ABAT WHI o] thermal cyclerE Ah-8-aho
hot start o2 AFPSIAT’. =, 94ToA 1283 WHSAA F3 DNAE
WA Z a1, 3 U9 LA Tag DNA polymerase (Takara, Tokyo, Japan)E Y& %
denaturation 94ColA] 1+, annealing 55ColA] 1, extension 72T ol A

5%9] 74 Z 353 WHESIQITE, Extension ) $with 54 F7FAFATEH.
ul . OXA carbapenemase WAFAA A& 2L JA7)|4E EXA

blag-ss-1ike, blags-oi~like, blaxy-si—1ike 2 blagrss W3 AR} 4350

gkl thF PR AlFsIA dlF fraxte] E4 F5E AsATHC.

A=S 9t ALAE Table 17} 2ol ARE-3FITE. PR WHg-22712 94 Coll A

S5EZF BFSAIA F DNAS WHPA| AL, 94ToA 256%, 52ToA 40%,

72°Col A 50&23F 308 WHEERaL, wiAHo g 72TolA 6&3F WhEAI &

4CAA TERE= FEAAT. F714E F45 98 OXA carbapenemase
=

2L agarose gelo] AHA7|GE3Ee] DNA



5o wal 9B 3o thsl ABI 37002 AF83Fe] dideoxynucleotide

chain termination| &2 A]3§5}9TtH(Table 1).

v}, [SAbal EA) el

OXA carbapenemase WAFHAA7T AEH dFE5 ISz [S4bal-Fe+
0XA-23-R TEE OXA-51-R A|A S o] &3&te] PC(RE Al dl&te] [SApale] &)

Q13 th. PCR ®¥FH82 thermal cyclerE AFE3lR 1 wWHZAHL

QI

i
gt

(o=
T
94Coll A 5% WbSAIA 3 DNAE WHPAZ 3L, denaturation 94T A
25%, annealing 52 Coll 4] 40%, extension 72TCeolA 50%37F 303 WHE&}aL,

oo 2 72Co| A 6E7F BFSAI 7] F 4T FgWe-S FEAATY.



Table 1. Primers wused for detection and sequencing of
metallo-B-lactamase, OXA carbapenemase, and 1SAbal genes

Target Primer Sequence (5' to 3")
5'-CS 5CS-F CTT CTA GAA AAC CGA GGA TGC
3'-CS 3CS-R CTC TCT AGA TTT TAA TGC GGA TG
blayy VIM-F GAT GGT GTIT TGG TCG CAT A
VIM-R CGA ATG CGC AGC ACC AG
blanp IMP-F GGA ATA GAG TGG CTT AAY TCT C
IMP-R CCA AAC YAC TAS GIT ATC T
blasyy SIM-F TAC AAG GGA TTC GGC ATC G
SIM-R TAA TGG CCT GIT CCC ATG TG
1SAbal [SAba I-F CAC GAA TGC AGA AGT TG
[SAbaI-R CGA CGA ATA CTA TGA CAC
St 8018 BT 0 T
0XA-23-11ke OXA-23-F GAT CGG ATT GGA GAA CCA GA
0XA-23-R ATT TCT GAC CGC ATT TCC AT
0XA-24-11ke OXA-24-F GGT TAG TTG GCC CCC TTA AA
0XA-24-R AGT TGA GCG AAA AGG GGA TT
0XA-51-11ke OXA-51-F TAA TGC TTT GAT CGG CCT TG
0XA-51-R TGG ATT GCA CTT CAT CIT GG
0XA-58 O0XA-58-F AAG TAT TGG GGC TTG TGC TG
O0XA-58-R CCC CTC TGC GCT CTA CAT AC

10
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AF. OXA carbapenemase A A&

OXA carbapenemase A TFZE Luria-Bertani (LB) brothol]l 1847k

Hl%F 3 sonicator® 33t 13,000 rpmlE 4TCo|A 10827 A E

o

}g__

]

M ALgETE. a4 =4 50 mM phosphate buffer, pH 7.09]

[

100 pM®] B-lactam= #7} & spectrophotometer (UV-1601PC; Shimadzu
Corp., Tokyo, Japan)2. & 30TCo|A Alddslgon, Ao Alg&d 3
benzylpenicillin (Sigma, St. Louis, MO, USA) 235 nm, imipenem¥}
meropenem< 297 mmO| ATk, Al Ty A Aol wwd A==

A3l Al 2kQl protein assay (Bio-Rad, Hercules, CA, USA)E o]&3}3it}.

4. CarbapenemaseJAd w79 #x98d A £4L 9% pulsed-field

gel electrophoresis

Carbapenemase A4 FE<L Z7ZF LB broth 5 mlol] HE3dta 18417

Fotck. AAfl

ol

WFs =, 1.4 mle FHdto] 12,000 rpme2 5837 94
saline-EDTA &< (0.15 M NaCl, 10 mM EDTA-Na2, pH 8.0) 1 mlE H7}3F &
36C2] Pett IV &< (1 M NaCl, 10 mM EDTA, pH 8.0)< 130 ul¥ H7}slo
H2A#TH, Lysozyme (10 mg/ml) 1 plet 2% InCert agarose (Cambrex Bio
Science Rockland, Inc., Rockland, ME, USA) 140 pl& Y3 42 & F3ol

33 #3 5 plugE 35 % 3} lysis solution 1ml ¢ lysozyme (10 mg/ml)

11



1 ul& Y1 rotator (Cole-Parmer Instrument, Chicago, IL, USA)= 1A]7F
A AT, &dol Evka ES&} (0.25 M EDTA, pH 8.0, 1%
N-lauroyl-sarcosine) 1.5ml 9} 10 mg/ml proteinase K 15 plS 21 w271
2 1 mM phenylmethylsulfonyl-fluoride’} #H7Fd TE buffer I (10 mM
Tris - HC1, 1 mM EDTA) 1.5 mlS H7}8}o] 4A17F S AA AT, TE buffer 1 1.5
ml = 1023F 31748 335 w5g 5 A2ld plugg 1.5ml9 TEbuffer IT (10
mM Tris - HCI, pH 8.0, 0.1 mM EDTA, pH 8.0)ell YL 1At s AAZ T}
BufferE A A3}l Smal (Takara) restriction buffer (10 mM Tris, 7 mM MgCl,,
100 mM NaCl, 7 mM 2-mercaptoethanol)S 1.5 ml® @i 3057 3| A A F ).
4Ng AAG F Smal® 10 X M buffer, 0.1% bovine serum albumin,

SHFE Y 37ColA 20717 A8k tt. Plugel 100 mM EDTA 100 plE

|

A7 sl aadbeS YA F 199 agarose gel (Sigma)S WHE
plug? 1/2& wellol Y, 40C HAE9 2% InCert agarose® welld 37HE
HTE. 0.5 X TBE buffer 2,000 mlE &3 (CHEF DR IT; Bio—Rad)el €L
14C=Z 6 Vol AlZ 3%, oA 10292 switch time ZHOZ 2043t
A7199%38t9 k. Ethidium  bromide 0.5 pl/mlZ 30&3F |3 F

UVIband/Map software (UVItec)Z® <13} t}.

12



1. Acinetobacter spp.2] imipenem WA &
zy "Whdol Bew"  Acinetobacter spp.o]  imipenem WAl &S

AMBua2~gdo A9 38991, ok 4%, F=2 22%, <HE Aol g%o]qlTh.

2. MBL 34 #59) vE 2 FF

AR GolA EZH  imipenem WA Acinetobacter spp. T

Zo= Hodge ¥ A@ A2l carbapenemase Aol A= F#F7}
29 T 175F°laL, 1 5 DDS ¥A<l MBLAAY w5+ 6Fclen 1 F
VIN-2 A 5% 25, SI-1 AR 455 470194, g4, +=2 2

O

P Dol A carbapenemase AAdol oA EE HF7F 42 8, 22 2 4
Folda, I F MBL A4 #FE= 7, 1 2 1503k, MBL A #F 9F

EFE IP-1 A4 #Fol AtH(Table 3).

13



Table 2. Imipenem resistance in Acrnetobacter spp.

No. (%) of isolates with

Hospital No. of isolates imipenem resistance
Severance 77 29 (38)

Anam 191 3 (4)

Kuro 102 22 (22)
Ansan 59 5 (8)

Total 370 64 (17)

Table 3. Metallo—B-lactamase-producing isolates by hospitals

No. of No. (%) of No. (%) of
Hospital strain IMP-Hodge IMP-EDTA DDS blanp- blavy-2 blas-1
tested positive positive
Severance 29 17 (59) 6 (21) 0 2 4
Anam 8 8 (100) 7 (88) 7 0 0
Kuro 22 22 (100) 1 (5) 1 0 0
Ansan 5 4 (80) 1 (20) 1 0 0

14



3. MBL &%l W& integron 37|

MBL 5ol wel ZF 154 do= A=Hsto] integron PCR A3 A3},
ortH Yol A 2 H IMP-1 A}

d A7k 3.0 kb 2719
integron Qrell AAth. Wi A " V-2 B 7T
MBL ¥z 5.5 kb, SIN-1 A=

1.8 kb9

integron <toll z+zt
A3l

4. INP-13 MBL A 9] PFGE %7

IMPE  MBL

0%

A o] GAA DNACl PFGE 32 wluwsk A}
" 7F9  Acinetobacter spp.=  AIZFA FHol

1. ol #F

3k colistin® MICZE
ooz Aol th(Fig. 1).

4 ng/ml

15



Strain PFGE type Colistin MIC (ug/ml)

Anam 1 A 8
Anam 49 B >8
Anam 255 B 8
Anam 276 A >8
Anam 307 A 4
Anam 319 A 4
Anam 338 C 4

Fig. 1. The PFGE patterns of IMP-1 metallo—B-lactamase—-producing Acinetobacter spp. isolated
from Anam Hospital.

16



5. OXA carbapenemase A4 o5 2 [S4bal B+ 59 &
blayoi-like, blagysu-like, blays—like B blawsl O0XA WA
AR 4%l et thF PCRS Alddgh A3}, ¢k, 72 F SHg A
By dol B8 H Acinetobacter spp. o+ 1715 F blag.s—like
FddF7E 265, 2P blapsi-like  FETF7E 15150
blaio—like 2 blayss FHTT HEHA XUt blaysi—like
FoldA 1Sdbal =789 @5 (Group 1) 515, blay-s~likeSt 1SAbal
A G FF(Group D= 75F0|AAL, blagss-like FEA #F
(Group IID)E 255F0ldtt. blamwsi—like} [S4bal EA] %A #F9

MEE Y] we geb Angizes FRYY BTt 747 345

FFE 4 WY F TEYd PaRFl aF2 34 4 Aozt

Z1TH(Table 4).

17



Table 4. OXA carbapenemase-producing Acrnetobacter spp. by hospitals

Group I Group II Group III
No. of -
: No. of 1
Hospital Isolates No. of OXA . 0. of 1solates No. of isolates
screened No. of isolates
collected . )
with blaoxa-51-11ke h

with blawsi-like PR
and 1S4bal oM
Severance 77 49 5 34 1
Anam 191 36 28 1 0
Kuro 102 75 13 39 21
Ansan 59 11 5 1 3
Total 370 171 51 75 25
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6. OXA carbapenemase A T2 A A

o
ol

Acinetobacter spp. 171575 iAoz A 75AdL A dsH9r).
Group I ¥l ™3t imipenem¥} meropenem®] MIC H9+= Z+2F 0.25-8
ng/mleF 0.25-64 pg/mlolAaL, Group 11 #F+ 22 2-16 pg/ml e} 4-128
png/mle] A TH(Table 5). olE #F9 imipenem™} meropenemol] t3F WA &<
Group II w57} 242t 59%<}F 68%= Group I #F9 0%<t 129X} FH=Udc}.
Tigecycline®} colistinol tialx e diFE d57F #ZFAdoldn F+ o
Abolof] FHTHE ZFo] 7} ST,

Group III #5°] W3+ imipenem® meropenem® MIC HHE= 8-64
ng/mleb 16-64 ng/ml, MICe= Z+2F 32 ng/mlet 64 pg/ml%, imipenem}

meropenem®] 3 WAEL  88%et 100%=  Group I[¥ Group IIH.T}

=tH(Table 6). Tigecycline®} colistinole B 7Aool gltt.
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Table 5. Antimicrobial susceptibility of OXA-51-like-producing and ISAbal-positive or -negative
Acinetobacter spp.

. ) Breakpoint (ug/ml) MIC (ug/ml) Susceptibility (%)
Antimicrobial agent

I R Range 50% 90% S I R

Group I (51 isolates)
Imipenem <4 8 >16 0.25-8 4 8 75 25 0
Meropenem <4 8 =16 0.25-64 8 16 26 62 12
Ceftazidime <8 16 =32 2->128 128 >128 10 0 90
Cefepime <8 16 =32 4->128 32 128 6 4 90
Tigecycline <2 - - 0.25-4 2 2 94 - 6
Colistin <2 8 =16 0.5-2 1 2 100 0 0

Group II (75 isolates)
Imipenem <4 8 =16 2-16 8 8 1 40 59
Meropenem <4 8 >16 4 -128 16 32 1 31 68
Ceftazidime <8 16 =32 64->128 128 >128 0 0 100
Cefepime <8 16 >32 16->128 32 >128 0 15 85
Tigecycline <2 - - 0.5-4 2 4 89 - 11
Colistin <2 8 =16 0.5-2 1 1 100 0 0

Group I, Isolates with b/ayn-si—like; Group 11, isolates with b/apnsi—like and 1SAbal.
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Table 6. Antimicrobial susceptibility of OXA-51-1like- and OXA-23-like-producing Acinetobacter spp.

Antimicrobial Breakpoint (ng/ml)) MIC (ug/ml) Susceptibility (%)

agent S I R Range 50% 90% S I R

Group IIT (25 isolates)
Imipenem <4 8 >16 8-64 16 32 0 12 38
Meropenem <4 8 >16 16 -64 32 64 0 0 100
Ceftazidime <8 16 =32 128->128 128 >128 0 0 100
Cefepime <8 16 =32 32—>128 128 >128 0 0 100
Tigecycline <2 - - 1-2 2 2 100 - 0
Colistin <2 8 >16 1-2 2 2 100 0 0

Group III: Isolates with A/apass—1ike.
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7. OXA carbapenemase®] WA A A
OXA-51-like carbapenemase A4 T2 A3t OXA S <7 H3l
A7IXE BAE AR, do2 A9t 67 F 457V blages

okAol9la, FEHY B7 2F (K28, K36)olA AMEE OXA carbapenemase

S

’

427 AEATHFig. 2). o] &A% 0XA-663 H|wEF S uf 167H A

= A=
A 4 9l

gt
32

c}.

ot
&)

o] =2to] leucineol A valinel® Wold AL 3

Aoz A3 679 blagss-like FHAAE BF blaxss°] AT

8. OXA carbapenemase©l 2]3F B-lactam Ao 7} A4t

OXA¥ carbapenemase A4 T I AH A B-lactam w3 E
AR, 0XA-23-1ike B w52 K106 759 M 22 0XA-51-like Y4
T K28 oA oxacillin, imipenem 2 meropenemell twhall 73k

& F3S HtHTable 7).

e

74
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OXA-66 MNIKALLL ITSAIFISACSPY IVTANPNHSASKSOVKAEK IKNLFNEAHTTGVLV1QQGQ 60

KB o e 60
0 60
OXA-66 TQQSYGNDLARASTEYVPASTFKMLNAL | GLEHHKATTTEVFKWDGKKRLFPEWEKDMTL 120
0 120
0 120
OXA-66 GDAMKASA |PVYQDLARR | GLELMSKEVKRVGYGNAD | GTQVONFWLVGPLKITP 175
2 Voooooo 175
K36 e e Voooooe 175

Fig. 2. Comparison of the amino acid sequences of novel OXA enzymes of Kuro 28 (K28) and Kuro 36 (K36)
strains to that of OXA-66 (Genbank accession no. AY949204): K28 and K36 demonstrated Leucine to Valine
amino acid change (167" amino acid).
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Table 7. Hydrolytic activities of various OXA-carbapenemase-producing strains

OXA Hydrolytic activity (relative %)
Strain [SAbal
carbapenemase PEN OXA CEP IMP MER
K106 93-1 ke i 100 19.0  34.6 1.7 0.8
K28 51-1ike + 100 25.2 5 .6 2.5 1.0
K19 51-1like - 100 0 61.9 0.6 0.01
K36 51-1ike + 100 0 43 .7 0.6 0.5

PEN, penicillin; OXA, oxacillin;, CEP, cephalothin; IMP, imipenem; MER, meropenem.
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9. 0XA-23-like A F2] PFGE A3 F Al

0XA-23-like A TF+= 25Fo|d=d AB HAoA 15, Qikol A

37 2 TEREAAA 2177 B, o)F #F @AR DNAS] PRGE

EE Ager gd w7 9% daddderw AAHAN(Fig. 3). ol
T3FE O9d Jagn s Eedged, 119 (5209 At

T2 At tH(Table 8).

25



si1ninmman
AR IR IS
C UTRREIINIR |

T il
-l I 2 Im
| 117 11 § |

No. of isolates Hospital
19 Kuro
2 Kuro
1 Ansan
1 Ansan
1 Ansan
1 Severance

Ladder Marker

Fig. 3. PFGE patterns of 0XA-23-like positive isolates of A. baumannii isolated from

Kuro, Ansan, and Severance Hospitals.

26



Table 8. The outbreak of 0XA-23-1ike-producing Acinetobacter spp. in Kuro

Hospital
No. of isolated Acinetobacter spp. by wards
Depar tment 6W 7E 8E 9E ICU Total
Infection 9 1 3 6
Neurosurgery 4 9 6
Nephrology 1 1 9
Cardiology 1 1 9
Pulmonology 3 3
Chest surgery 1 1 9
Total 4 3 1 2 11 21
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10. OXA-51-like carbapenemase A 2] PFGE A4+

OXA-51-1like A/ 755F°] #F QA A| DNAC] PFGE A4S Hlug 43,
9714 ol BEEHAG(Fig. 4). F=HYE EF 395 A F
Audxagd w8 M4FE 714 Folddomw, ety iHd we 7
175 A7) Bed v2 DI EFoldtt. FEH AT ArIdAgd FF
sole 247 AT FRol 7Y Bolxl §Y #F0l o ool =3k

AN (Fig. 4).
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No. of

Type ‘solates Hospital
A 29 Kuro
B 7 Kuro
C 3 Kuro
D 1 Ansan
E 1 Anam
F 25 Severance
H 2 Severance
[ 3 Severance

Fig. 4. PFGE patterns of OXA-51-1ike positive isolates of A. baumannii isolated from Kuro,
Ansan, Anam and Severance Hospitals.
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Carbapenem< ESBLO]Y AmpC B-lactamase 234 Aol dEiA =

ot

Bis

)

of Jerw 53 Ia"EgA ol oI HAF A AR

4
g
ol

] &% B-lactamAl O] ATH. 22} th2 It Al AlBollA HA T
uke} o] carbapenem?] WIWE AA; ALE-

gt Aol AHAAJT. HAE carbapenem WA Aol F7F= oln

o
r I

o8 vgtolA ®Bud ul Q.
2 AFAAME AL E AGe] LAt 229t 3z M Y9
xpo| A B2 = Acinetobacter spp.2] carbapenem W&, MBL T+ OXA

carbapenemase A4 w9 HES ZFAFSFaL, MBL, OXA carbapenemase

o

Zzke] WA fAAS] B4 2 WA SA% A4 77 Bages 4y

3

bt s,

ol

=

e WY @A Ee"H  Acinetobacter spp.2] imipenem



repyAvt PRy WysE

i)
o
S
S
of
1&

o
b
=
b
=
;;u
Z
=
o
fifo
rlo

SulL} zfolE Hlow, o= W W A A AW A gt
Zpol7h A& Aow AZHA
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MBL A AFel IMP-1, VIM-2 2 SIM-1 FAAE djF#o] class 1
integron Fo FAA cassettez® FEAEY, IMP-1 FH A= class 3
integronol &= #ZH v} AU}, Integronol] A= A WA FAA
cassette= 3 integron®lA] ThE integrono Z AFHA o5 F Ao,
ol ARplo]l tE AHFo =R olgdlA= EdtH plasmidit  transposon®l
os A=gd’. B A7elA dF ML B #FE FOR integron
PCRS Al 33k 23, MBL A A= class 1 integrono] 912™, integron9
3715 theksle] SIN-1 f-A4AE 7FA 1 99 integrone 1.8 kb, IMP-1
FAA= 3.0kb, 223l VIN-2 §AAH= 5.5kbo]ATh. wWEkA] o]n] thekst
79 integron®| Acinetobacter spp.° AEEo] ¢lo], IujolA MBL
A AT ikl 23 FAHAT T U

ortH ol ®2ld IMP-1 284 Acinetobacter spp. TFoNAE Al7FA

PRGERS #2% + dlolAl, of¥l Fulels IP-1 A4 #Fe] ilol

ug/ml ojFem  WAollth. <  carbapenem Bl ThefA] WA
Acinetobacter spp.°l 2% S A SAZ colistinAE AF&3t A=,
carbapenem¥} colistinol W3l A WS Hole #F9 IU &d2
Azhgk FA2kal skl

Acinetobacter spp.ol4] Z7AE OXA carbapenemaset Yl 7}A] 7o =2

Us £ 9o, A HA $L 1985d A2FEWASo)A EE® 0XA-23



(ARI-1e.2%  E™)olw = 9  0xA-27%  -497} 9t} o
aAEL carbapenem® penicillinol] Hdlso] Ao} 240 E=x 3AH
cephalosporin®l & &350l k. F WA 21 0XA-24, -25, -26, —40, &
-72 T2 AUHoZ k3l carbapenem 3T S HATE Al WA 9
O0XA-51 family OXA-64°4 -65, -66, -68, -69, =70, =71, =75, =76, =77,
-78, -80, -825 X33t} Y WA ol 0XA-58°] UtF. XA FHAE
Fi G SAsht 0XA-23, 48 ¥ 58 FHA}= plasmidoll

EA 8.
B AT 47 HAANA E2H Acinetobacter spp. 1715 & 15157}

El:r‘ b/aox/\_r)l_l 1ke Oo]:}‘(—)] O] 9}1\37_ y 1 %‘Oﬂ ‘E‘ b/&ox/\_rﬂ_l lke-ﬂ' ISAba] %'/\]

FEA #F(Group ID7F 7552 7HF Bd=H, olE dF9 HE2
ol wel Estnt. o] g vjEe] zkol= 47 U] carbapenemol] g
Wids dFs Wdta A4Ed, 54 Yl gdee Jedd

Merkier &< OXA-512 XY A. baumanniiol SAstha 317 o
Acinetobacter haemolyticus, Acinetobacter genomic species 10, HE+

Acinetobacter Ilwoffiiolx= €4 2

A=)

E RYtu Ao OXA-51 AFA7}F
carbapenemol]l WAS YElE AAA = EFAscia 90, g2 A3
A3 E OXA-510] o} OXA-58 = 0XA-230] =AY 380k carbapenemol] WA S

UEbdTaL sklom  ISAbalol  blax-n©l  EFol  EAEoF W&
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vepdicha sholTht 0 B AFA blays-like 589 2079 #FE A
baumannii °] THE dF9 7bs A= 4T  d& AolH, A3ty A

PRozs e F8A T dall e A= AT d& Aem

blag-s1—like ¥ 9 1Sdbal EA ol wWE oA T4
A& A Acinetobacter spp.2 ceftazidime, cefepime, tigecycline %
colistinol thgt WA EL [S4bal FE(Group 113 4 (Group 1)o©]
H] =8kt 22 Y} imipenem¥} meropenem®] MIC 9= Group 1T ool A
Z+7} 2-16 pg/ml e 4-128 pug/mlE Group 1 #FHTF =%k ™ | imipenem¥}
meropenem®] e WAEE 77 59%¢F 68%E =Stk olye Ad=
Turton o A3, = IS4pal FE Aol MCF B Eves AH
FASAY . blags-like  FAEF(Group 1Dl th3E+  imipenem¥}
meropenem®] MICyy< Group [IH.T} Z+ZF 482} 28] =718 2™ | imipenenm,
meropenem, ceftazidime @ cefepimeo] W3t <A 5= fUAch. 28y
tigecycline® colistindle= E5F #Adolojx 0XA carbapenemases

VA3 Qe B AWA  Acinetobacter spp. A B o]lE AVt &

% O\i':lloﬂjﬂ b]&ox/\-r)l_like oc}:}\(—)] ﬂ% %‘Oﬂ“f_' b]ﬂox/\-gg, b]&ox/\_zg_like
PdTF FTolE blaps°l TS & T AAJTEH T3 AlE TS OXAY

beta-lactamaser OXA-663} B3} 167HA] amino acid®] ®Ho] (L V)
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V., 2%

H < carbapenems ESHsE thekAl WA Acinetobacter spp.7} F7}8Fal
Aol Azt FA7F Ha vk, B ATl I 47) BdolA EelEE
Acinetobacter spp. FwAl WA Fd# carbapenem WA 7] 2

A

e

4 4e Fusas Hch,

f

Acinetobacter spp.2] carbapenem WA & 4%-38%% UX W Yol A
olu] Eo4t}. Carbapenem WA T & MBL W& 5%-88%% H ol ute}
92ty MBL A2 @& IMP-1, VIM-2 2 SIM-19] 37} &o] &35t t).
MBL &A= EF class [ integrono] A3 1 37|+ thkssTt.

OXA carbapenemase WAFAA} AE=S A3t 171F T blaws—1ike}

[SAbal EA FAAA wFT 757, blawss-1like ¥ < 25703t}
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o5 HU}
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Carbapenem MICE  blagsi—like®} 1S4Abal A A<

¢

blagzs-like ¥ wFol dHsiA © =Skt Tigecyclineol= tiF-& 9
AN@ATF7F, colistindll= Al o5 E57F #5730l AT

Aoz Meste] @7IME B 650 blanwlike FHAAE BT
blagno01 3L,  6F9 blagws—like FAR T 4F9 FHAA=
blass:°1 AL 257 FHA= A ZEE 0XA carbapenemase 7 AFo] AT,
Pulsed-field gel electrophoresis (PFGE)EA o2  plawss—1iket
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% % Q.
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tlo

blagnsi—like WA ol 293k HEA o]
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Z3bH, MBL A #FE 223 Yol X 9 ar, OXA carbapenemase A #FE

=g @ oohnt 3UY AUTAE AASS &+ AATh ML 0XA

carbapenemase A TF9o] B2FS carbapenem WA Acinetobacter spp. ©l

ofF@A & ZolE= oo tid FF WFo] AFT
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Abstract
Carbapenem resistance patterns and their molecular characteristics of

Acinetobacter spp.

Kyoung Ho Roh

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Kyungwon Lee)

Recent increase of extended-spectrum P-lactamases—producing and
multidrug-resistant Acinetobacter spp. resulted in increasing use of
carbapenems, and then carbapenem-resistant strains started to increase.
Class B and D carbapenemases productions are the most important carbapenem
resistant mechanisms in Acinetobacter spp. Although carbapenem-resistant
Acinetobacter spp. often produce metallo—B-lactamase (MBL), such as IMP
and VIM enzymes, there are few studies on MBL production of recent isolates
in Korea.

Recently, OXA carbapenemase-producing Acinetobacter spp. have been
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increasingly reported in the UK, France, etc, and a nosocomial outbreak
was reported in Korea. However, molecular characteristics and
antimicrobial resistance of these enzyme-producing isolates have not
precisely understood.

In this study, it was aimed to determine carbapenem resistance
patterns and mechanisms, and molecular epidemiologic characteristics of
clinical isolates of Acinetobacter spp. which were collected from Korean
patients.

Clinical 1solates of Acrinetobacter spp. were collected from four
university hospitals, Korea University Hospitals (Anam, Kuro, and Ansan)
and Yonsei University Hospital (Severance), during May to November in 2006.
Antimicrobial susceptibility testing was performed, and MBL- and OXA
carbapenemase-producing isolates were detected. Carbapenem resistance and
hydrolytic activities were compared depending on OXA types and presence
of ISAbal. Pulsed-field gel electrophoresis (PFGE) were performed to
determine epidemiologic features.

The imipenem resistance rates of Acinetobacter spp. at Severance, Anam,
Kuro and Ansan Hospitals were 38%, 4%, 22% and 8%, respectively. The

proportion of MBL producers and MBL types varied depending on hospital.
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Nine isolates from Anam, Kuro and Ansan had IMP-1, whereas 2 and 4 isolates
from Severance had VIM-2 and SIM-1, respectively.

ATl MBL genes were carried by class 1 integrons with approximate sizes
of 3.0 kb (IMP-1), 5.5 kb (VIM-2), and 1.8 kb (SIM-1). MICs of colistin
for 7 isolates of IMP-1 producing Acinetobacter spp. from Anam Hospital
were =4 ng/ml, which was resistant.

Among 171 isolates tested, 75 isolates had both h/apn-s1—11ke and [SA4bal,

and 25 had b/ap-2s-1ike.

Carbapenem MICs were higher for isolates with bh/apx-23—11ke than those
with both blag-s1—11ke and ISAbal. Most strains were susceptible to
tigecycline, and all were susceptible to colistin.

Sequencing analysis of b/apyn genes from randomly selected isolates
revealed 6 isolates with blap-o3, 4 1solates with b/apu-g3 and 2 isolates
with new bh/ap, genes. PFGE patterns suggested outbreaks were common with
blaynss~11ke and bl/ay-si—like positive Acinetobacter spp.

[t 1is concluded that, in Korean hospitals, carbapenem-resistant
Acinetobacter spp. were prevalent, that MBL-producing strains were also
found in secondary-care hospital, and that OXA carbapenemase-producing
1solates were prevalent with evidence of frequent outbreaks. Treatment of

infected patients with Acinetobacter spp. will become more difficult in
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the future with the dissemination of MBL and OXA carbapenemase-producing
strains disseminate further. Further studies are urgently required for

prevention of dissemination of carbapenem-resistant Acinetobacter spp.

Key Words : Metallo—B-lactamase (MBL), OXA carbapenemase, Carbapenem,

Acinetobacter, new OXA, outbreak
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