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Isolates of Acinetobacter baumannii in a University Hospital, Busan, Korea
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Byung Kyu Chot, Dongeun Yong?, Kyungwon Leg?

Departments of Laboratory Medicine?, Neurosurgery? Kosin University College of Medicine; Department of
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Background : Acinetobacter baumannii is a glucose-nonfermenting gram-negative rod and is a
well-recognized nosocomial pathogen. In recent years, A. baumannii strains showing resistance to
carbapenems by producing metallo-f-lactamases or OXA-type S-lactamases have increased, and it
is considered to be a serious clinical problem. But genotypes of carbapenemases produced by A.
baumannii isolates in Korea have been rarely reported. The purpose of this study was to investigate
the prevalence of imipenem-resistant A. baumannii and to determine the mechanism of resistance.

Methods : During the period of January through September, 2003, susceptibilities to imipenem of
A. baumannii isolates from patients admitted in Kosin University Gospel Hospital in Busan, Korea
were investigated. The modified Hodge and EDTA-disk synergy tests were performed for screening
of carbapenemase and metallo-3-lactamase-production. Minimal inhibitory concentrations (MICs)
were determined by the agar dilution method. For detection of IMP, VIM and OXA-type p-lactama-
ses genes, polymerase chain reactions (PCR) were performed, and the DNA sequences of OXA-type
B-lactamases genes were determined by using the dideoxy-chain termination method. The
isoelectric points of 3-lactamases were determined by isoelectric focusing. Pulsed-field gel
electrophresis (PFGE) of the Smal-digested genomic DNA was performed.

Results : A total of 193 strains of A. baumannii were collected from patients during the surveillan-
ce period. Twenty-seven percents (52/193) of A. baumannii isolates were resistant to imipenem.
Among the 52 imipenem-resistant isolates, 41 isolates (78.8%) showed positive results in the modi-
fied Hodge test, but none of the isolates showed positive results in the EDTA-disk synergy test.
Thirty-eight modified Hodge test-positive isolates harbored blac...; gene, but none of the isolates
harbored IMP- or VIM-type metallo-3-lactamases genes. Analytical isoelectric focusing revealed that
all the 38 isolates had a nitrocefin-positive band at pl of 6.65. Thirty-five OXA-23-producing isolates
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showed a similar PFGE pattern when digested by Smal endonuclease.

Conclusion : Thirty-eight clinical isolates of A. baumannii acquired resistance to imipenem by pro-
ducing OXA-23 B-lactamase. Among them were 35 isolates thought to be originated from the same
source, because they contained a similar chromosomal type. To the best of our knowledge, this is
the first time that OXA-23 $-lactamase has been detected in Korea.

(Korean J Clin Microbiol 2004;7(2):139-147)
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afn] e
(1. #A <
carbapenemo]] 7+<=4] 0] ) o1, 54
A o] iAo g g g5 ]7} EJ—Q 4=

O3-S A 7kt o] carbapenemd]] o 3 WAl S F S5 =

71 AL thakat R gt 7R £33 A& B-lactamase i A o] T}
Class A2] IMI-1, NmcA, Sme-1, class B] VIM =& IMP
metallo-B-lactamase, class D2] OXA-23,-24, -25,-26, -27, -
40 T carbapenemol] t & 7} 25 &g o] Sle tHEA
©] B-lactamase©] TH2].

Class A carbapenemase 5 NmcA, IMI-1, SME-1, -2+
= Enterobacter cloacae ¢} Serratia marcescensol| 4] 274 %
t}. o] & &4+ meropenem .U} imipenemS 2+ E-&f 3}
31, 38 9] cephalosporine F-8 812 gk on, &40 &4
o] clavulanic acidol] 9| & &2 o 2 oA H}[3-7].
KPC-1, -2& F 2 Klebsiella pneumoniae2} K. oxytocacl] A
B 3159l 21, imipenem} meropenemol T g+ EA] o] ]
A 7}st 3 clavulanic acidol] 9 sfA] &Aoo A=
TH2.8].

g2 A Al o] A SH= class B metallo-f3-lactamase
19883 U E o] A& A% 2w (9], imipenemS
bl st Eiete orloA IMP-12.2 FH =Y
th 2 F EE B ES o ] vYetddlA] ©E IMPE A4
&= Pseudomonas aeruginosa®} Al o] EaE e
™M[10,11], @A) 7}2] 100 2] IMP7} B 1% 9] t}. 1999\

ol gl ol A A} 22 metallo-B-lactamase ] VIM—I—% 232
3t P. aeruginosar} ] E o [12], L & T g ~9}

a8 oA VIM-28 A4 sl P. aeruginosa, o Thel] A
L VIM-3Z A 3= P. aeruginosaz} 2 1% 9 tH13,14].
ZY A A= 1995\ Lee =[15]0] VIM-2Z A sl= P.
aeruginosaES * S H 13k o] &, o] §4E A=
Pseudomonas putida, A. baumannii, Acinetobacter genomos-
pecies 3, S. marcescens 2 E. cloacae’} 119 w} 3}
t}H16,17].

Class D] OXA3d fB-lactamase: oxacillin®} cloxacillin
of et &4 o] 7Hat EAJo] 9lth. OXA-23,-24,-25,-26, -
27 2 40 5 A5 OXAE B-lactamase:= carbapenemol] T
Bt 7R Ao = Ao E Bt OXA-23E
1985\d 0] A~z E#M =l A E 2= imipenem WA A. bau-
manniiol A 2] S &2l 5 gl o 2 S9= ARI-12 2 E7

Fli‘

2t} HZ 0XA-232 2 7§ 5 9 tH18]. OXA-24%= 1997
d 29 QoA Ak & 4 2 7] imipenem WAl A. bau-
mannii ol A 2] H ATH19]. o] 5 Fae] A7IAE
A= ulal OXA-23, -272 OXA-24, -25, -26 L -402]
27O 2 UE F e, 273 AT (60%) S =R &
t}H20].

Chong#} Lee[21]9]] ©] 8} 1998\ ol A| & H & ZA}o
w2H U 2" A baumanniie] imipenem WA
L 5% 21} 200213 2] Z Aol A & imipenem W A & ©|
13% 3710 B3l WA 271S HATH22L 2 =
W ol 4] &= imipenem WA A. baumanniie] 957} VIM-2
3.2 IMP-1 metallo-fB-lactamaseS A A gtct= H 7} )

2 B23], OXAE class D B-lactamase?] A4 & 3ol o
g B3 obF] Iith & APl = TFHE LA &
2] ¥ A. baumanniiE 4} 2 2 imipenem WA A3 %
A}staz, imipenem U] Al A T ©] metallo-B-lactamase$} OXA
3 class D f-lactamase A A A &3 §A 8L FHst A}t
s Th.

d

2003 19-99 ] n4ldistm By Agate] o, A
= 89 5 AddAA A EelE A baumanniis thik o

Atk AEA] W3letA Uo7 FES £33
91 21, Vitek GNI card (bioMeérieux Vitek Inc, Hazelwood,
Mo, USA)Z £ & &Hel sl ATt

2. ImipenemOf| CHEt 24 AR

NCCLS U] 23 shab8 o 2 Al 39 th24]. =, A&
A& MacConkey &+ (Difco, Detroit, Mich., USA)e]] #|
Eﬂﬂﬂoka"#’q he] 53 A Naos AFS
&, Tryptic soy broth (TSB, Difco)ol] 7 %3}o] McFarland
No. 052 =g st3odt. Al R4S HEgos
Mueller-Hinton 3+ (Difco)el] <3+ &, imipenem T} 2~
= (30 ug; BBL, Cockeysville, Md., USA)Z- d+3 9| =
kot Aol HEFE WilR| = 35C &27] 18AI7F wll <&F
3}, imipenem T] A3 F9] o] A7 AN 27 E =



OXA-23 ESBL 44A A. baumannii

getslvh. 23ke] g2 & flsto] vzt <] Escheri-
chia coli ATCC 25922¢9] 7+-A S = 3

3. Carbapenemase MM7F MY

Hodge ¥1'H © & A| & 5} %] t}[25]. E. coli ATCC 259222]
€} = £ McFarland No. 0.5% %% & Mueller-Hinton 33
(Difco)ell LE2A FE3FA ). vl x] 2] 5ol imipenem
U232 (30 4g, BBL)E £ T, AT FE HFolZ ¢
2ARFEH R 7RG R & 2= FA FF6H3
th.35T R 5714 Al 184w T Al A
T A FEE EEEI O E 9o viEA o "HA S
A B S I o R B

4. Metallo-f-lactamase A MEAIE

Lee[25] 52| W ol whgbx] EDTA-disk synergy A] & ©
2 AMeT %, e 42 wFHos 44
%, TSBell % #3}o] McFarland No. 052 B %5 239]
oAl 7S W52 2 Mueller-Hinton -3 o] 112
Al A F e F,EDTA t] 222 (S mM)E 7hH&-Hl F3L imipe-
nem¥} meropenem ] A~ =(Z} 30 ug, BBL)E & o T4
AAAe] 7kA o] 1.5 emy} ¥ £ 2wl x| 3k o} Al o] A
TH WA= 35C F27] 18At g F A E A=
S, T T 22 Aol o] A s Eatel o3t <A
of shye o] Bae Y A o2 BRIt

5. 2|A9HM=SZ(minimal inhibitory concent-
ration, MIC) &3

NCCLS §-3 34 © 2 21§ st tH26]. A 9 it
2 & ampicillin, ampicillin-sulbactam, piperacillin, cephalo-
thin, cefoxitin, ceftazidime, cefotaxime, aztreonam, cefepime
2 imipenem< A}8-3F33TH Al EHF 10* colony forming
unitS A& 8 A 7} 212} 0.06-256 pg/ml FE 2 T5-E
Mueller-Hinton 37 o] Steers replicator (Craft Machine,
Chester, Pa., USA)E 23}l 37C 37|14 7oA
IBAIZE W F F GFA BEe] mE Pl 34 SIS
et F2F9) E. coli ATCC 259229 7H4-A <
Al Al sk

6. Isoelectric focusing (IEF)

B-lactamase 4873 ©] &<1S 9l 4] AP 35S 2 Mat-
thew 5[27]¢] W o] Mkt Al @A ] 35 <2 poly-
acrylamide gel (pH 3.5 to 9.5; Pharmacia LKB, Piscataway,
Nj., USA)cl] %3} 12 LKB Multiphor II apparatus (Phar-
macia LKB)Z o] &3}o] A7) £t t}. IEF3F gel S
0.05% (500 pg/mL) nitrocefin -89 (Becton Dickinson Mic-
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robiology Systems, Cockeysville, Md., USA)ol| &4 A 5} A
B-lactamase 2] pIS =4 5191 T}

7

. BXAREStE diol o8t f-lactamase ®E
RN

HI

%3+ ¥F-2-(polymerase chain reaction, PCR) S & A
#3519t} blay, 2 blaye HZ< 93] IMP-F (5-CAT
GGT TTG GTG GTT CTT GT-3'), IMP-R (5 -ATA ATT
TGG CGG ACT TTG GC-3') ¥ VIM-F (5 -ATT GGT CTA
TTT GAC CGC GTC-3'), VIM-R primer (5 -TGC TAC
TCA ACG ACT GAG CG-3)E Z+7} A3} tH28].
OXA3d class D S-lactamase 54 2}2] &S A= A
2§ primerE 11218} T} (GenBank, http://ncbi.nlm.nih.
gov). OXA-23, -279] &S 93 primer2 & OXA-23F
(5 -GAT GTG TCA TAG TAT TCG TCG-3")¥} OXA-23R
(5-TCA CAA CAA CTA AAA GCA CTG-3'), OXA-24, -
25,-26 ¥ -409] &S 93} primer2E OXA-24F (5 -
GTA CTA ATC AAA GTT GTG AA-3' )3} OXA-24R (5 -
TTC CCC TAA CAT GAA TTT GT-3' )& AF&3l5Tth A
YAl TS TSBell HFato] 37C = oFw &l &3l
okl g 1 mLE F 8k A SE3F 13,000 xg= A3 7,
FeHE WEa, Ak S/HF 500 plof] FFAF T
o] 5 10&3F & F, 13,000 xg= AR staL, A A
Fl5tol Al DNA FZ9 0 2 A&-351 3t DNA 5 5 ¢
L, primer Z} 1 #L, deoxynucleotide triphosphates (ANTP)
2.5 mM (8 pL), Taq DNA polymerase 2.5 U (0.5 xL), 10X
buffer 10 pL & ZF5 755 pLE £35}+0] premix S THs
1 t}. o] Z Gene Amp PCR System 9600 (Perkin-Elmer
Centus Corp., Norwalk, CT, USA)2. & 94 & 25% 3¢
denaturation, 52°C & 40* %} annealing, 72°C & 50% 3t
extensiond}+ 30 cycle?] PCRS A 3§ 311t} (Fig. 1). =&
AFE 10 L Z 2% agarose gel (Promega, Madison, WI,
USA)9] Fof ¥ 4083t 7] 53] 4] bandE &<l
3t} = Z 45 S DNA extraction kit (Quiagene, Hiden,
Germany) & agarose gelo| A #2] 3, Sequenase Version
2.0 DNA sequencing kit (U.S. Biochemicals, Cleveland, Oh.,
USA)E o] -8-3}o] A dideoxy-mediated chain termination
[29]0 2 F3For A7 E S FA skt (Fig. 2).

8. PFGE

OXA-23 A 732 MacConkey gH7 o] Al o vl &k 5}
12712l SHE JES g3 oz 2% g 5, Brain heart
infusion (BHI, Difco)ol] & &3a}o] 37°C CO, &27] |4 18
Al ZE vl et ATt AldtEl kel 0.7 mLE 4 oA 123
13,000 Xg2 923 2 A A} saline-EDTA &4 (0.15 M
NaCl, 10 mM EDTA, pH 8.0) 1 mLeof] F3}] 4ColA 1
#7F 13,000 rppmo 2 A4 F2)stdth HAS Pett IV &
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o} (1 M NaCl, 10 mM EDTA, pH 8.0) 500 gLl F-A] 71
B 130 uLE B39 50T 2% low-melting agarose (InCert
Agarose, FMC BioProducts, Rockland, Me., USA)¢} &3+
3+ 3, &3kl 200 uLE plug moldol] ¥ 31 4 o] A 10E-7t
Hkx]sle] 14| 3} T}, Agarose plugS lysis 4 (1 M
NaCl, 0.1 M EDTA, pH 8.0, 10 mM Tris, pH 8.0, 0.5% Brij
58, 0.2% deoxycholate, 0.5% sarkosyl) 1 mLel| ¥ 31 37¢C
water bathol| 4] 1A]ZF ¥F-2-A]171 &, 0.1 mg/mL proteinase
K (Sigma, St. Louis, Mo., USA)7} E°]9)+ ES €< (0.25
M EDTA, pH 8.0, 1% sarkosyl) 1.5 mLo|| @31 50°C ol A
18A1 7F ¥F-2-A] 7] T}, Agarose plugS phenylmethylsulfonyl
fluoride (PMSF, Sigma) &< (10 mM Tris-HCI, pH 8.0, 1
mM EDTA, pH 8.0, 1 mM PMSF) 1.5 mLel] 2 31 21 & of 4]
4A1 Z7F ¥F2-A] 7] &, 1 mM EDTA-TE buffer (10 mM Tris-
HCI, pH 8.0, | mM EDTA, pH 8.0) 1.5 mLoj] 2 32 2 &0
A 1084 6¥ A= 5}31, thA] 0.1 mM EDTA-TE buffer
(10 mM Tris-HCI, pH 8.0,0.1 mM EDTA, pH 8.0) 1.5 mLoj
Yy A Lo A 30%-7t A2 31t} Agarose plugE rest-
riction buffer (10 mM Tris, pH 8.0, 100 mM NaCl, 7 mM
MgCl,, 7 mM 2- mercaptoethanol) 1.5 mLef] ¥ 11 A 2of A
1A]ZF ¥k2-A)1 71 &, 16 U2] Smal (Takara biotechnology,
Shiga, Japan)©] )+ restriction buffer 100 Lol ¥ 31 37¢C
o] A 18A] 7t ¥F-2-A] Z t}. Size marker 2+ Lambda ladder
(Bio-Rad Laboratories, Hercules, Ca., USA)S A}-8-3}%1

Agarose plugE 1% agarose gel (SeaKem Gold Agarose,
FMC BioProducts)2] &l ¥ 11 6 V/cm, switch time 0.5-60
Z = 20A] 7 contour-clamped homogeneous field machine
(CHEF-DRII, Bio-Rad) 2.2 A 7] 53} tH30]. 1 ug/mL
ethidium bromide g} © 2 3057t 921 & 2087 &4
319 a1, A& A1 Z < 3} o] 4] PHC 34 Photoman camera (Po-

—1058bp

Fig. 1. Detection of amplified products of blayy,.,; genes
after 2% agarose gel electrophoresis. Lanes: 1 and 6, DNA
molecular weight markers (X174 DNA/Hae [I Markers,
Promega); 2, Positive control, OXA-23-producing A. bauma-
nnii; 3, Negative control, imipenem-susceptible A. bauma-
nnii; 4 and 5, Clinical isolates of A. baumannii resistant to
imipenem and showed positive results in modified Hodge test.
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1. Imipenem Z+d 24N

2003 1€-99 el mAIt) st B3y 47 A ol
A & 19352 A baumanniiz} £2] % 1 t}. ©] = imipe-
nemol| ZFFAQ] o= 1415 (73.1%), W32 525
(26.9%) 3 t}.

2. Carbapenemase % metallo-$-lactamase
MMRF MY

Imipenemo]] WA Ql #3523 2 oz Al Al
o] T 407 = A Aol AA A FEEH A,
w2 1252 9 3A HE gate] HAdA Eel=H AT
3672 TE5V1AA, 1= AAAA, 4= 24 A, 35
= AWy ZHel e 2 A oA 2l H AT 525 F 41
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Fig. 2. Pulsed-field gel electrophoresis patterns of Smal-di-
gested chromosomal DNA restriction fragments from A. bau-
mannii isolates resolved in 1% SeaKem Gold agarose. The
gel was run for 20 h at 6 V/cm with pulse times of 0.5 to 60
s. Lane 1 and 15, molecular weight standards of Lambda lad-
der. Lane 2, 3, 5-13, Smal-digested chromosomal DNA from
A. baumannii isolates (A1). Lane 4, Smal-digested chromo-
somal DNA from A. baumannii isolates (A5). Lane 14, Smal-
digested chromosomal DNA from a A. baumannii isolate (C).
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Table 1. Characteristics of OXA-23 B-lactamase-producing A. baumannii isolates

MICs (mg/L)
No. Ward Source PFGE
AMP A/S PIP CEP FOX CAZ CTX FEP ATM IMP

10708 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 Al
11468 502 E-tube >256 32 >256 >256 >256 >256 >256 64 256 32 Al
12817 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 C
13710 502 E-tube >256 32 >256 >256 >256 >256 >256 64 256 32 Al
13994 502 E-tube >256 32 >256 >256 >256 >256 >256 256 @ 256 32 Al
14190 502 Sputum >256 64  >256 >256 >256 >256 >256 64 256 32 Al
14249 502 Urine >256 32 >256 >256 >256 256 >256 64 256 32 Al
14615 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 Al
14910 502 Sputum >256 32 >256 >256 >256 >256 >256 64 256 32 Al
14911 502 Sputum >256 32 >256 >256 >256 >256 >256 64 256 32 Al
15034 502 Sputum >256 32 >256 >256 >256 256 >256 64 256 32 Al
15289 502 Sputum >256 32 >256 >256 >256 256 >256 64 256 32 B
15348 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 A3
15657 502 E-tube >256 32 >256 >256 >256 >256 >256 64 256 32 A5
15929 502 Sputum >256 32 >256 >256 >256 >256 >256 64 256 32 A4
14192 351 Sputum >256 32 >256 >256 >256 256 >256 64 256 8 A5
14687 511 Wound >256 32 >256 >256 >256 256 >256 64 256 32 A2
16836 504 Wound >256 32 >256 >256 >256 >256 >256 64 256 32 A4
18031 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 A2
17885 502 SCVPtip >256 32 >256 >256 >256 256 >256 64 256 32 A4
17877 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 A4
18909 361 Urine >256 32 >256 >256 >256 256 >256 64 256 32 A2
19654 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 A4
19706 502 Sputum >256 16 >256 >256 >256 256 >256 64 256 32 A4
20180 341 Catheter >256 16 >256 >256 >256 256 >256 32 256 32 A5
15173 352 Wound >256 16 >256 >256 >256 256 >256 64 256 32 A4
15382 508 Sputum >256 16 >256 >256 >256 256 >256 32 256 32 Al
15647 361 Wound >256 16 >256 >256 >256 256 >256 64 256 32 Al
21090 502 E-tube >256 64  >256 >256 >256 >256 >256 64 256 64 A5
21161 504 Wound >256 16 >256 >256 >256 256 >256 64 256 32 Al
21115 502 E-tube >256 32 >256 >256 >256 256 >256 64 256 32 Al
21312 341 Urine >256 32 >256 >256 >256 256 >256 64 256 32 Al
21503 502 Urine >256 16 >256 >256 >256 128 >256 32 128 32 Al
21846 502 Sputum >256 32 >256 >256 >256 256 >256 64 256 32 Al
22202 502 Sputum >256 16 >256 >256 >256 256 >256 64 256 32 Al
22222 502 E-tube >256 16 >256 >256 >256 256 >256 64 256 32 Al
16544 502 Sputum >256 32 >256 >256 >256 256 >256 64 256 32 Al
23070 509 Sputum >256 32 >256 >256 >256 32 256 8 4 0.5 Al

* A/S: Fixed ratio (ampicillin:sulbactam = 2:1)

Abbreviations: catheter, tip of intravenous catheter; AMP, ampicillin; A/S, ampicillin-sulbactam; PIP, piperacillin; CEP,
cephalothin; FOX, cefoxitin; CAZ, ceftazidime; CTX, cefotaxime; AZT, aztreonam; FEP, cefepime; IMP, imipenem; PFGE,
pulsed-field gel electrophoresis patterns of Smal-digested chromosomal DNA restriction fragments.

3. PCR ¥ HIIMLEEY 1, metallo-B-lactamase bla,, 2 blay, 329 A&S 9
é‘l’ PCROﬂ OO]:/\(S]% —]1?_]_ ‘&‘?‘E %j\giq" bla‘()XA-ZA,-ZSA-ZG,-m ‘lc—)r
Imipeneme]] WA Q1 & 525 th o= Al st o AAe] HE2 918 PCRO| = AT BF 540l e
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™, blages s, o 2] 7 &2 91 ¢+ PCReI| A &= Hodge ¥
W FEd 415 F 38—1‘7} FAg= Bt (Fig. 1).
PCR 2FE-2] A 7] ¥ L& A. baumannii RYC 52763/97
(Genbank accession no. AJ239129)94 blagys,; F-A A} o
A5t

4. e ESE Y f-lactamase?] pl

blagxs,; 74 A2 %) A. baumannii 3851 t] g} imipe-
nem?] MICE 32-64 mg/LE 25 WAl o] %l 2, ampicil-
lin, ampicillin-sulbactam, cephalothin, cefoxitin, cefotetan,
ceftazidime, cefotaxime, aztreonam, cefepime 5 A] & gt -
lactam 3 A o & of] YAl o] 1t} (Table 1). +H IEFS-

E3la] A 38F BT OXA-239) &l F3l+ pl 6.652] p-lac-
tamaseS A A HS &l d 4= 9l Qi)

5. GMHE

blaog,,; A A2 2 A, baumannii 383 G A =
Smale 2 A sl PFGE? 4 7lo] whalA Al, A2, A3,
A4, A5,B 2 C9 77}1] a8 oz el 2 9lolth Al
P2 2152 7P EslH on, Adglo] 75, ASY 4572
ol 9lon, A28 3591 A3,BY,CH o] Z 152 £
¥ 1t} (Table 1, Fig. 2).

d B

Carbapenem-& f-lactam A A = 7} 7483 7 H S
Y1 ) ew, TEM, SHV, PER % extended-spectrum §3-
lactamase S A st 1TFSAATL] A AR @
2] AR-&-5 3 9l TH32]. Carbapenem W/ it 2] 572} &
/‘\}0 01/\l7<40§a.4-5ﬂoi71- g 11—4,. 1998@ ;\_1
29 g gt Yo A E2l ¥ A baumannii®] imipenem

< 5% E3stA o 21], & ATV T 24l
ety B Ao 2@ A baumanniie] imipenem

WA &L 269%] Eat o, o] = imipenem Uld A,
baumanniiz} §43] &4ksl 1 91-&L A A}stT).
E. o] FLol| A & carbapenemase 2 metallo-S-lactamase 2§

o] Ao Hodge ¥ 2 EDTA-disk synergy'd &
AL-8-3F9 o). Hodge ¥ 2 carbapenemase A4 S A1 3}
7] 98l AFE-3F3I T} =, metallo-B-lactamase A A v+ B
o}y g} IMI-1, Sme-1, NmcA S-lactamase 5 class A2] H] &
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