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Molecular Characteristics of blaoxa-23-Producing Acinetobacter
baumannii Isolated from a University Hospital
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Background: Multi-drug resistant (MDR) Acinetobacter
baumannii has emerged as a significant infectious
agent in hospitals worldwide. The purpose of this
study was to determine the molecular characteriza-
tion of MDR A. baumannii clinical isolates.
Methods: Two hundred eighty-five strains of non-du-
plicated A. baumannii collected from March to Novem-
ber 2011 from a university hospital laboratory located
in the Wonju area of the Gangwon province of Korea
were analyzed for MDR genes.

Results: All of the 285 imipenem-resistant A. bauma-
nnij isolates were encoded by a blaoxa2:-like gene,
and all isolates with the blaoxa2s-like gene had the
upstream element ISAba1. The 16S rRNA methylase
gene armA was detected in 153 (50.2%) clinical iso-
lates, but rmtA, rmtB, rmtC, rmtD and npmA were
not detected in any isolates in the present study.

INTRODUCTION

Acinetobacter baumanniioll 2J8F 74935 X Foll= imipenem,
meropenem¥} 7+ B-lactamaseol] H] 2% QF4 3t carbapenem 7|
o] eHAYAlEe] AHgElo] skovt, chAWA A baumannii T
So) 24 Qstel AE ORI Qs olelel Atk
Lockhart {112 W9 W] Z3AA oA B2l 4. baumannii 5
30% 457} carbapenem¥} quinoloneA] HFA7} E3HE Hol =
374A] ole] St A Algell WS vEhiE o el 74
< 293}k v} k. Acinetobacter spp.2] carbapenem WA el S+
= 7142 OXA¥ 9] carbapenemaseZ4] OXA-23, OXA- 24/40,
OXA-51 3 OXA-589] 47 F2 o] glom, o= Hapd
ol Bel® A baumanniiolA] OXA-1430] 1= (2],
OXA-182% 222 FfollA] £el= A baumanniiol A 7135

The gene encoding aac(6')-Ib was the most prevalent
aminoglycoside-modifying enzyme. The sequencing
data for the quinolone resistance-determining region
of gyrA and parC revealed the presence of Ser
(TCA) 83 to Leu (TTA) and Ser (TCG) 80 to Leu
(TTG) substitutions. All but one of the 285 A. bau-
mannii isolates showed similar band patterns on re-
petitive extragenic palindromic-PCR profiles.
Conclusion: The molecular characteristics of the re-
sistance genes of MDR A. baumannii isolates ob-
tained from the Wonju area of Gangwon province
were similar to those of other areas in Korea. (Ann
Clin Microbiol 2013;16:126-133)
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AH3]. AA7IA] el OXAY carbapenemase 2 OXA-
23-like (OXA-23, -27)8} OXA-24-like (OXA-24, -25, -26, -40)°]
T 7HA b8 FelE BEREch4-6]. OXA-23-2 19854 A5
eleollA E2]= imipenem WA 4. baumanniioll Al XS 7AZ%E]
93, oA 200410l imipenem WAlS E53t 4 bau-
mannii®] 77.8%14 0XA-23 AAS H s}l ow[7], 2006
oll= imipenem WAlS 53}t Acinetobacter spp. 155 & 255
(33.3%)0l14 OXA-23 BAS B s8] A baumanniiol A
HEAH %)= insertion sequence 1SAbale OXA-235 AAsh= 4.
baumannii®] 7359 blaoxas TS upstreamol] EAfs}od
promoter®. A&} blaoxax TAARE ZHe WHAIA iAWY
AL s vl Fofels 2oz dEA 9heh9]. OXA-51-like
= BE A baumannii® Aol EAsl2E FE9 TAE
A8E 4= 9o, OXA-51, -64, -65, -66, -68, -69, -70, -71, -78,
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-79, -80, -82 5-°] OXA-51-likeol] &3 10]. OXA-519] carba-
penem -3l vl <FsbH, 1S4balo] OXA-51-like F3121<]
upstreamol] $]X|3}A] 952 7-9-ol]= carbapenem Aol gk
< 719 v]XA] =Tl 11]. 22 1S4bal o] upstreamol] %3}
Al =™ o] insertion sequences= OXA-51-like -f- Aol promoter
sequencesE  Swol0l, OXA-519] g AHS FkelAt
OXA-512] u]ekel carbapenem H3llsulitoll OXA-510] 22k
AAEIAE A baumannii Tl T8t carbapenem®] Z| 42 A
SET 3wl AR Srkshe Aeg 4w gicli12].

Ambler class Aol <381 blaper. FAARE TUlollA] Hel=]
= A. baumannii7} cefepimeol] thet WAS 53l Wl £
sk 714 F sz deA =, cefepime WA A. baumannii
o] 4] PER-1 49 7A%ES 37.2-86.9%% Ha=QrH13-15].

Acinetobacter spp.2] quinoloneA] Aol thdt WA
DNA gyrase (GyrA)$} topoisomerase IV (ParC)<] subunit A2
Solulolo] SJsjo] b7l Hch 7V Fe Sellel quino-
lone resistance-determining region (QRDR)o]2} &-2]:= GyrA$}t
ParCe| 574 1A ollA WhAslH], 2 GyrA2| 83} ParC
o] 80RiA S =ellA] x|gko] WHAYRITH16,17]. GyrA2] F71H4 <)
Zolwo| & Gly8l, Ala84, Glug7Z Ud#HA glom, o5 Eol
Ho|Z QI3 quinoloneAd] Al WAS F53bH, ParCe]
7355 Gly783} Glug42] opm| At X|3}o] Ser833} Ser80z} 7+
o] #holx]= 7 $-olli= quinoloneol] 2 772 FEolA7IA
WA Fbehe 2oz deiA glek18,19].

Aminoglycoside SF8Aol] tHat 2 WA 7] -E acetylation,
adenylation, phosphorylation¥} 7242 3}e3] ®i3lol] 2]t ami-
noglycoside®] &24)3}o|m[20], ArmA, RmtA, RmtB, RmtC,
RmtDS} NpmAS} 752 G 4-Eo] 2Jslo] 16S rRNA A site?]
3o} fakslo] el BE aminoglycoside gHtAlol] WA
< HolA Elrl21]. 2003'doll= 16S rRNAE methylations}o]
35 WS Yeble A&y 71K e] = lvh22]. 20034
3} 2005401l ] BAloll Al E-21¥ Acinetobacter TF Zoll=
armA FRAAL vl aA Eslickal Barw] ek 23]

A. baumannii®) carbapenem WA F-AAe] BEE= A HH o
2 Zo|7} 9o m 2 o]F carbapenem WA AL X =4
= A. baumannii®] <rZA9} carbapenem WAl EA] o1 ol|
YgHolet. B dFollA= AR AFA &A1) sk el
A B2lE A baumannii % imipenem WA A. baumanniis 4
Wslo] B-lactam, aminoglycoside®} quinoloneA]ol] Tk W41 7]

A& 24519121, repetitive extragenic palindromic (REP) se-

quence-based polymerase chain reaction (PCR)H-& A]3}s}o]

imipenem WA 4. baumannii®] FAH LAEE 2AS L
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MATERIALS AND METHODS

1. Al

oo

=
Fiss

2011 39HE 119714 1 AAelA 2l 4 bau-
manniig WOE i AT A QA ATE vighe
2 5 BaFE Alelst 28552] imipenem WA A. baumannii
£ AHslo] B Aol Agslsich A HAAMEEE M 218
), FUWEOF), BN, 71HAAG N (235, 7HEHE(L
), 7HIEEGH), 4H @D, £2H02H), 71Er AA 1)

2. AE ©F9 33

A AR Tl AT AL Aed AW
MicroScan COMBO NC44 (Siemens Healthcare Diagnostics,
Sacramento, CA, USA)ZE 5743}ic).

3. Amplified ribosomal DNA restriction analysis (ARDRA)S

0|28t A baumannii®| RS =&

T%2] 3% (genomic species)S ARDRA 7]H[24]S A&
slo] Elsgict. PCR REg-oll A8 primert 16S rRNAS]
conserved region®| F3HE 31O Z primer sequences= 16S rRNA
FAALe] 5 A1AF H-919] A9l 5°-TGGCTCAGATTGAACGC
TGGCGGC-3'#} 16S rRNA F31#ke] 3" ek o] Ad9l
5’-TACCTTGTTACGACTTCACCCCA-3"S A-&3]9]c}.

4.

o

TH ZT8HA

AWE A baumannii® EFALTAA A= Clinical and
Laboratory Standards Institute (CLSD)ol|4] AAsl= vzt
APH[25]2 Als¥siodek. A1§ i Al piperacillin, cefta-
zidime, cefepime, cefoperazone/sulbactam, piperacillin/tazobactam,
imipenem, meropenem, aztreonam, gentamicin, tobramycin, amika-
cin, levofloxacin, trimethoprim-sulfamethoxazole¥} colistin®] %}
t}. Colistin®] S AZFAZAAE CLSI[25]2] Pseudomonas
aeruginosa 478 7150l witeh. AL AR E
$stod  Escherichia coli American Type Culture Collection
(ATCC) 25922, Pseudomonas aeruginosa ATCC 278535 A&
sl B-lactam/ B-lactamase inhibitor =&HA| A A =2]
£ $I5tod E. coli ATCC 352185 A-&3iol). etA| vaae
BD (Becton Dickinson, Franklin Lake, NJ, USA)2] Al&F< o]
gslsich

5. Carbapenemase A ZA}

Imipenem WA A. baumanniioll ™g+ carbapenemase®] 24
< AA] fA8ke] modified Hodge test®} imipenem-EDTA
disk synergy testE A|3g3}I T} 26].
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6. SEEACIMUIZZ 0|28t B-lactamase FHAIL| FE

blaoxas-like, blaoxaas-like, blaoxasi-like®t blaoxa-ss-likes
T AEY F I ETHEAEIME271S A °*f+
PCR HF-Zo] Evyt & 29%9] agarose gel& A8-3sto] H7|d5<
s}l ZE ARG u] 2 B9k Ambler class Adll £ ]—
T blaper FAAE SF317] 913l PCRe Al3¥3lSiT15].

1e]|

[

7. Insertion sequence ISAbal HE L SXIX A

fiok
o

IS4bal FAAE #Qlet7] Sleto] PCRE AlHslSAeH28].
1S4bal FAAFE] EAZE ERIS™  blaoxa23®]  upstreamol]
1S4bal7} EAs}e] promotorZ 2H-E3l=A15 &elslr] $Jst
o3, IS4bal& FZ317] $13 forward primer®} blaoxars S35
8}7] 9138k reverse primers AH-8sto] FFEALAdMES O 2
QVsteteH11).

8. SERANMEISH HI|IMAZMYE 0188 quinolone|
el LM J1™ EAL

QuinoloneAd] Al WAS fste A baumannii®
grAS} pacC FAALS] Eddlol & 2QIsl7] Sl3lod Hujer &
[2919] ¥Hell w2} QRDRE THALAMNIG o8 FFalo]
A7IA LGS A8t F59 PCR A9 V1A A
$lsto]  Applied Biosystems 3730XL 96 capillary DNA
Analyzer (Applied Biosystems, Foster city, USA)E A28}

, ABI Prism® BigDyeTM Terminator version 3.1 (Applied
Blosystems Foster city, USA)S o]-&3}o] A7|Ad& ZAAs}
Yot A7IALAA A= A baumannii®) gyrASt parC F74
Ao 7 A71HMLDE 27t GenBank (www.nebi.nlm.nih.gov/
GenBank)ol| accession number X821653} X95819% S=%|o]

S SA} Aotk vl Asto] Setule] of - Hieletlet

25t aminoglycoside| A2 LY

Aminoglycoside gH-3Alol] WS ksl FAAE Elst
7] 98led PCRS Al#88}91t}H21,30]. PCR ¥F-&o] Bt = 29,
9] agarose gel& AH&3to] A7|9-5& A, 7
A9 =712 100 bp DNA plus ladder®} v] s19ict.

ﬂg"i

10. REP-PCRS E8t #F 2t 2T ZA}

Brain heart infusion brotholl 4. baumanniiZ SRR d5%5
HE510] 37°ColAl 24407 kst Wbl 1 mLE 12,000
pmollA] 1087 JAEe] si9leh. A NG AASI saline
(085% NaCl) 1 miol G417 9xste] A7) pellers
DOKDO—Prep * Genomic DNA Purification Kit (ELPIS-Biotech
Inc., Daejeon, Korea)] <4]ol] w2} genomic DNAE 2|3}

t}. REP-PCRoY| AH&-5 primers= REP1 (5-IIGCGCCGICATC
AGGC-3)3 REP2 (5-ACGTCTTATCAGGCCTAC-3)& AH-&-
sto] Al7FS] genomic DNAS] REP A¥g FZ3l9ich F4
DNA 2 pLell dATP, dGTP, dTTP, dCTPE 27} 2.5 mMe] &
T5 23kt ANTPsE #ZE 557} 200 #molo] =5 A7t}
9}t 2 % 10xbuffer (10 mM Tris-HCI, 400 mM KCI, 1.5 mM
MgCly) 2 ¢L, SP-Tag DNA polymerase (Cosmo Genetech Co.,
Seoul, Korea) 0.5 U, MgCL0.8 #LE H7Fskek. 242k pri-
mer set 10 pmol/ #LE #& Wk 5571 2 pmolo| HEF ¥
< % 897 TR S e °k°] 20 pL7} H =5 3}
o] DNA®| SE-5 AJ38slic). PCR B2 £ 30 cycles A3
stlom, A cycleo] A1AFsl7] Aell 94°CollA] 1027 7H-23F
Zoll w cycle @ 94°CollA] 603 F<F denaturation, 45°Col|A]
603 35S} annealing, 72°CollA4] 28 52} extension HH-3-5 A]3d
st 1e]ar A extensions Y3l 72°CoAlA] 1657 A<
33tk PCR HEgo] ik & 2.5%9] agarose gel& A-E3}o]
#7199 %-S A3¥s}aL, Molecular ImagerGel Doc™XR Tmaging
System (Bio-Rad)& Z7te] S AzS vl st

RESULTS

1 4

2| 2% 5

0

HI

A}t A8 o 72 A baumanniiZ FRF 28552 Ald thd
T ARDRA A|8lellA] Dijkshoorn 5124]9] 77t} Fto] R+
A. baumannii®- E1E| P11, S XA FF L5 blaoxa.si-like

o] AZx=|o] 4. baumannii®-& 21 F 99l

—_

2. g LIME

2855-2] A. baumannii= piperacillin, ceftazidime, meropenem,
piperacillin/tazobactam¥} levofloxacinol] 100% WAdo]9) 3L, ce-
fepime} trimethoprim-sulfamethoxazoleoll 98.2%, tobramycin
96.5%, gentamicin 96.1%, aztreonam 95.4%, cefoperazone-sul-
bactam 78.6% % amikacin 70.2%9] o2 WAES HIo
v, colistinoll = BF ZHAlo]9itKTable 1).

3. Carbapenemase A

28552 A. baumannii 254 modified Hodge test %4 o]
937, Imipenem-EDTA disk synergy testol| 4+ B 24do]2)
t}.

4. OXAEY B-lactamase®} ISAbal HE

OXA¥ B-lactamase GAA}F 742L 93 )23 g 4014)
vk-2ollA] 285F9] A baumannii EFONA blaoxans-like®t
blaoxa.si-like7} 7AEEY 3 A7|FEFAXE Z=F AFo] Fel

ek B3 blaoxaxs-like’t AEH Be A FElTTFEl
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Table 1. Antimicrobial resistance for 285 imipenem-resistant 4. baumannii isolates

Antimicrobial classes

Antimicrobial agents

% susceptibility

S I R

Penicillins Piperacillin 0 0 100
B-lactam/ B-lactamase inhibitor Cefoperazone/sulbactam 1.4 20 78.6

Piperacillin/tazobactam 0 0 100

Cephems Ceftazidime 0 0 100
Cefepime 0.4 1.4 98.2

Carbapenem Meropenem 0 0 100
Monobactam Aztreonam 0.4 42 95.4
Aminoglycosides Amikacin 9.5 20.4 70.2
Gentamicin 2.5 1.4 96.1
Tobramycin 32 04 96.5

Quinolone Levofloxacin 0 0 100
Folate pathway inhibitor Trimethoprim/sulfamethoxazole 0.4 1.4 98.2

Lipopeptide Colistin 100 0 0

Abbreviations: S, susceptible; I, intermediate; R, resistant.

Table 2. Distribution of quinolone resistant genotypes in 4. bauma-
nnii

Table 3. Distribution of aminoglycoside resistance genes in A.
baumannii

Target . Number of
genes Genotypes Mutations isolates (%)

gyrA  Amino acid
substitution
Polymorphism Ser 71

Ser 83 to Leu TCA—TTA 285 (100.0%)

GGT—GGG 285 (100.0%)

Arg 162 CGA—CGT 285 (100.0%)

parC  Amino acid  Ser 80 to Leu TCG—TTG 285 (100.0%)
substitution

Polymorphism Pro 109 CCT—CCA 149 (52.3%)

Pro 109 CCT—CCG 136 (47.7%)

Lys 124 AAA—AAG 136 (47.7%)

Lys 126 TCG—=TCA 136 (47.7%)

A 1S4bal TR} A& At
5. blapsr2| SEEALMHS

28552 A. baumannii B5NA blapgr, FAAE HAEE A

ekt

6. Quinolone LHA R gyrAQt parC FHXI2| QRDR 7|M

ERY

28559 A. baumannii 7N GyrA2] 83914 IES ser-
ine (TCA)o] A Eedro]ol] 2Jslo] leucine (TTA)L-Z X|3ks]
Ak o E BE FFollA] I X|jhe] WhAelA] ek
Eolulo] 2 GyrAg] 71 ZES SerolA 71498l GGT
7} GGGZ, 16294 =21 Argoll4] CGA7} CGTE 371414
o] ul¥l 7S gholdh 4= Ql9ltKTable 2). parC AR 7%
B TollA] s fdsle B92 ¢eiAl ParCe 80HIA|
=9l serine (TCG)®| leucine (TTG)L-2 X3k g} w3t 7

Genotypes Number of isolates (%)
aac(3)-la 81 (28.4)
aac(3)-1lla 0 (0.0)
aac(6)-Ih 0 (0.0
aac(6')-1b 101 (35.4)
aph(3")-la 28 (9.8)
aph(3)-V1 0 (0.0
ant(2")-la 0 (0.0
rrn 0 (0.0)
aac(3)-la~+aac(6')-1b 52 (18.3)
aac(3)-la+aph(3')-la+aac(6')-1b 28 (9.8)
armA 143 (50.2)
rmtA 0 (0.0
rmtB 0 (0.0)
rmtC 0 (0.0
rmtD 0 (0.0)
npmA 0 (0.0)
armA-+aac(3)-la 1 (0.3)
armA~+aac(6')-1b 17 (6.0)
armA+aac(3)-la+aph(3')-la 46 (16.1)
armA~+aac(3)-la+aph(3')-la+aac(6')-1b 26 (9.1)

=9] X|gho] wkA¥slA] ok A Edwoe]rt 334 ERIEYE
dl, A WA= 10915 ZE=9) prolineol]4] CCT7} CCAZE A
Zqiuolrl wrAEl FFI} 1495(52.3%)0llA] EelE
CCT7} CCGE ElEl F57} 136547.7%)RoH, F WA=
12494 FEQ] lysineoll 4] AAA7F AAGE A Eqdvol7} vk
At FF7) 1365F AU, A HAZ 1264 ZE9] lysineol]
A TCG7F TCAZE A Al o]z} whAist #5271 13657ll4] <+
A=} ofu]Ake] Wshyh gl 109WA] JEollA9] CCG
29| A Eduolr} whdk 13657 124WA19L 1268 Aol =
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Eoduo]7} WhAElATH(Table 2).
7. Aminoglycosided| LHA R FHX} B2 ZA}

16S tRNA methylase -F-AAF2] 88 401 afHE-2ollA] 1435
(50.2%)0lA armA AR A= Qo) rmtA, rmB, rmtC,
rmD} npmA FRAA= HEE)A] gl Table 3). tHEE5¢4
Zzqdsfubgell o3t AME 4%} HAEEL aac(3)-la 28.4%,
aac(6)-1b 35.4%}; aph(3')-Ia 9.8%S3.2H, Al F52| S+4ax7}
BE AEH FHE 8FO8%AL, 265 A FF AME F
AZLL armA SAAE ZAoll 7HA] 3 9lcKTable 3).

8. REP-PCRS 0|2

rok
Ell

F2e| 2T AA

REP-PCR ¥ A7]e3 g4 F3H4-2] 27171 100 bpollAl
3,000 bp Atolel] 8-1170¢] MiE &5 EIsict W2TFE 4.

0.46 0.60 0.70 0.80 0.90 1.00
r ' : ' '—P_ Other
=
—'—% Group 1
Group 1-1
[—: T
Group 2
————
Group 3
Group 4

Fig. 1. Dendrogram of the similarity index by unweighted pair group
method with mathematical averaging (UPGMA) among two hundred
sixty-five A. baumannii isolates provided by REP-PCR analysis.

baumannii ATCC 19606 A-838}o] MDR 4. baumannii 4
el ek vlas] 2 A3 AA e el 94 2
T W2 759 55 9] 2719 ] Ko7} 2ls]
Aek. cHAA o el Fe] R S S vl
<3 Fe vebla, 54 SF AE HAqE 53
DNA band §2] =}o]} 100 bp DNA plus ladder$}2] = At
=9 R #F5 7 AolE Y qUdek. TFH A
=9 DNA bandE< Quantity One version 4.5.0 program
(Bio-Rad)S Ahgslo] 4% FAE2] XFo| S unweighted pair
group method with mathematical averaging (UPGMA) WHd-<
o|&3}o] dendrograms #4J8l3itl. REP-PCR Z% Az DNA
9] ZEE tolerance settingS 5.0%% 310 band-based Dice
coefficientZ A48} c}. Dendrogramoll 4 2] AA7E-S 80% 4=
Foll4 REP-PCR patterng= T-i3te] T EE 7= 470¢]
T(group) & & T3l ckFig. 1). AFA & 7 14 F M9
o} T(sub-group) & Z TSR o], FAE 60% w[ToE
ule Ve 55 VEE st 7 79 A E8E S
gHols} g tH(Table 4).

DISCUSSION

Tu] 2470 HAellA E2l= Acinetobacter spp.2] imipenem
WA S-S 19979 1%0114] 2007 22%2 F73t Z7HE Holot
7F 2009vd0ll= 51%% F43] S7keklaL ollst w43 St
+ OXA¥ carbapenemase®] AAdol| &gt Zlo|w| E¥] 4. bau-
mannii®| 73 blaoxaxs-like®] A4 o] F5 Q1o Hyzlgl
th31]. X3} quinolone, amikacin, ceftazidimeol] tht WA &
1999 5E] 20071714 ZH4=skg) o), 20091 oHA] S7ksh=
738kS Holw A 27t 67%, 66%}F 48% 744 Z7FslSiek31].
20051 1-897kA] = 1770 WA 3 329] QAR ol
A FRE 14459] imipenem WA Acinetobacter spp. ZollA]
49F9] A. baumanniiolA] blaoxas AT ZHFEE blaoxass
A7} carbapenem WA Sl F9 WU HarEdcH32].
20104 EA4 A 9] e Yoll4] E2l=l MDR 4. baumannii
% T7%NA blaoxas AL SR lem, o] B4
1S4balo] 1= ArH33]. 20060114 200774 Asia-Pacific
(APAC) A9 9] 10705 417] B hollA £2]% imipenem WA
Acinetobacter spp.<= blaoxax FRAAY] E3E7} 713 =%k
[34]. wetA] TS BIE3E ofAlo} Elsg ek A HellA] el 4.
baumannii®) imipenem WA blaoxass FHAAT} 71 &3 ¢
og oJAZIcE w3t B A5 E3E Fje] ARE F
3l 5 blaoxas FRAZE AZbe] g3 B Al EE
sk e @ 9 ANk 20104 AR FHolA el 867
9] A. baumanniis. NE-E2] B-lactamAl$} quinolone] A
oll A& UehH o™, cefepime?} aminoglycosideA] A

% ¢



Table 4. Molecular characterization group of MDR A. baumannii by REP-PCR similarity index

Number of isolates showing resistance patterns (%)

Quinolone

Aminoglycoside

B-lactam

16S tRNA
methylase

Aminoglycoside

arA parC

modifying enzyme

Number
of
isolates

Group .

=285)

(n

©

IS

—

<

g1 9Q
2
=
:

—_
52
N

S

=

—_

<

=N

S

=

=]
8
=]
2| o
‘S| oo
]
S

N

o

=
2
=
<}
E
S | —
A | o~
[=]
g
3=
£ @
= | oo
]
5
N
E
S

1SAbal/
blaoxa-23-tike

blaoxa-3-ike/

aac(3)-la aac(6')-1b aph(3)-la

blaoxa-s1-iike

26 (72.2)

26 (72.2)

10 27.8) 26 (72.2)

36 (100.0) 36 (100.0) 36 (100.0) 36 (100.0)
28 (100.0) 28 (100.0) 28 (100.0) 28 (100.0)

36 (100.0) 12 (33.3) 16 (444) 4 (11.1) 22 (61.1)

36 (100.0)
28 (100.0)
57 (100.0)
55 (100.0)
107 (100.0)

36
28
57
55
107

28 (100.0) 28 (100.0) 28 (100.0)

0

57 (100.0) 57 (100.0) 57 (100.0) 57 (100.0) 55 (94.8)

24 (85.7)
3 (53)

8 (28.6) 20 (714) 0

28 (100.0)
57 (100.0)
55 (100.0)

1-sub

32 3(2)

3(5.2)

0
79 (73.8)

8 (13.8) 20 (35.1) 8 (13.8)

55 (100.0) 55 (100.0) 55 (100.0) 55 (100.0) 55 (100.0)
107 (100.0) 107 (100.0) 107 (100.0) 107 (100.0) 28 (26.2)

34 0

107 (100.0) 57 (53.3) 61 (57.0) 23 (21.5) 92 (86.0)

3 (54)

79 (73.8)

79 (73.8)

0

1(100.0) 1(100.0) 1 (100.0) 1 (100.0)

1 (100.0)

0

1 (100.0) 1 (100.0)

1
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o= =2 WA ECINI, colistinoll= B ZHrA o] =HI[15]
B A7 IE 9F AYQolAX imipenem WA 4. bau-
mannii< colisting A| 2|3t tF-22] A|gt shtAlol chA
Aoldet. B A7) 4. baumannii®] imipenem WA 101
blaoxaas-like FFAARE 7FA AL QIE BE 757} blaoxaas-like
R3] upstreamel] 1S4balo] EAfEt] WAE Fshe A
o7 2lElQdrt 20101 A s 4 &) b oA &
25 8659 4. baumanniid| A= E AFY FLEA blaoxaas-
like®} blaoxasi-like?} Aol AEZY L, 1S4balo] blaoxa -
like®] upstreamol] EANBIAEH15]. ol&3t ZAE = wf ZL=
e 4] A& 1S4balo] upstreamol] EANS}= blaoxas-like 4
A5 RBAsE A baumannii7t /kE]o] wkedElo] glo] qld7]
Aol A &3] E2|=H, carbapenemA] Aol WAl-S kst
T ZoZ #ERIEATE. A blaoxas TAARS] Bl 9]gh
carbapenem WA 9] 20| blaoxass FHAS] T3 Akl
O3k ZAA blaoxar FAAE B3 AlFe] 8 FiHclo-
nal spread)ell €J3k ZQIA= B2 slc}

B od79] imipenem WA A. baumannii= cefepimeol] 98.2%2]
WA ES B o) cefepime WA S 253k dl 523 714
% 3R] blaper TR Be TollA EANEEA] @Skl

AAE XA Eal=]l MDR 4. baumanniidlA = £ A+
oA &1 GyrA®}t parCe] FdHelell &J3k FEe] X|3to]
A= AH15]. FH AQe] tiztdelA] Zeld 4 bau-
manniioll A= GyrA2] 83W1#] codon®] Ser¥} ParCe] 8013}
84 =9 W3brb B 9l=H|[35], ParC £ AFellA =
80W F=9] %|3ho] glolont, g4l FES ¥ gl Ao
& Hol oA & f412} X|gke] A19HQ] Ato|7} Q= Ao
2 AR} ofu]Ate] Z|3te] YehtA] o= gyrAgt parC
o] o ez}t quinolone | Al WAlell F¥s Fv= A&
2lsly] sl vhekdt &2l quinoloneA|d Aol i
g MIC 555 F4d & 5 s Zlelth

A. baumannii®] aminoglycosideZ] g7l WA 714 16S
rRNA methylaseol] 2]}t post-transcriptional rRNA methylation
I+ AME°]| 9J3k Zlo] F& WA 71AoltH10]. & ATellA=
armA FAAT} 502%% 7V TSI rmed, rmeB, rmeC,
rmtD, rmtEF} npmAE FAEEHA $%keH, AME FollAe
aac(6')-Ib7} 28.4%% 71 &1t 20054 SAHA ol A
2= A baumannii= aac(3)-Ia, aac(6')-1b, ant(3”)-la, aph(3’)-la
9} aph(3")-VI1 59 AR AEE 2, ant(2")—1a9]— ant(3")-la
5 o] 23 e FFE Bl o} 36] E AT
aminoglycoside nucleotidyltransferase (ANT)E AJAsl= 4.
baumanniic ZAZE= A ¢E3kch. 20104 ZALE 4604 Eel=
A. baumanniis. ANT Z72] AMEZ} $1912™, armA, aac(3)-
Ia, aac(6)-IbS} aph(3')-las WA= TF ¥l &L S2%=E 9F
A He} E9keH15]. o] Az £ uff ZUE G Ao

[o}
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+ °F4 nucleotidyltransferase s AA8l= 4. baumannii7} WFed
A gk Ao E of At

REP-PCROI| 23t 7 7Fe] Ak 80% o] gellA] 27| 470
o] o8 FREYI, o] F 1M 7 Y] &Antew FE
o] 7ksetolet. 7 v BEE T 471 10772 7P B £E
= UEbdeh 2 7 ARl WA kel SR I 1-19]
735285 AME 44} T aph(3)-la7} EASHA] ekgkom,
parC FARE] o714 Gol|A] 109914 F=ollA ] e} B e
TFollA GE FRlElo] ok 13 Xpol & Yetleh # 3
(5599 A5+ T 113 vpPIAIE AME FAAF 2 aph(3)-
Ia7} AR ekskom| armAS PRI, parC AR 937]4
dollA 10984 ol A 9] thd e} B drellA AR <l

Rom 124, 12684 =0l A 9] Tl vEeh A gkokeh

MDR A. baumannii® A WAAEI WA A BE
+ AEHoE BUHE slo] B W Asht 2|9 ] i
Z710 ZAY 7 U A=8E TFHloF & Zlo|k w3t A
%29l ZUE]E tlo]ElE MDR A. baumanniiol 218 7+3%
o A2 A WA A S BAE S0 DL 7% AR
2 8% 4 98 Aoz 47
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Ot Oiei8QIofN 2 blaoxaos2 M/EOl= Acinefobacter
baumannii® NEEAY £

TOIMCHSII RTINS, FIEZIALIS Al ol MOISIT HREEA Qs
SARICHSIE MRIATISITHS, SSMHAIIsE

4L 2 dAAACNA 2l HANA A baumannii®] TR BAE sletslaal skgich

HiH: 2011 3€ollA] 1197HA] 5 AFA] &A1 3 dishy oA 22ld S5EEls

WA 4. baumanniis A1 oZ ohAlNA fAAE E43edc)

A1} 28552] imipenem WA 4. baumannii BFlA] blaoxass-like®} blaoxasi-like?} Z1ZEER 3L, blaoxans-like A2
upstreamel] 1S4bale] EANSFSI Tl 16S rRNA methylase?l armA AL 1535(50.2%)o1 A Eel= g o}, rmeA, rmiB,
rmtC, rmDZ} npmA FRAAE 7AEE A 259kt Aminoglycoside 7 4ol Trofsl= F-AA}F Foll A= aac(6)-1b7}F 73
=L HEE YeERATE grASt parCe] quinolone resistance determining regionsoll 4] 3 7] 4] Aol A= Ser (TCA) 83°]
Leu (TTA)2. 2, Ser (TCG) 80°] Leu (TTG)E ofn|:zAte] Zhzk X|3tz|ode). vt o] T EdlAE 3 F5 Alelgt
BE oA FAE repetitive extragenic palindromic-PCR profileso] F+&=] ]},

AE: e 9F Aol Eeld AN A baumannii®] WA 32 S W ok A2t f-A4481ick [Ann
Clin Microbiol 2013;16:126-133]
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