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Background: Recently, there have been reports of in-
fections with multidrug-resistant Pseudomonas aeru-
ginosa. To determine the mechanism of the resist-
ance, we investigated the prevalence of Ambler class
A and D B-lactamases, their extended-spectrum de-
rivatives, and class B and D carbapenemase in mul-
tidrug-resistant P. aeruginosa isolates.

Methods: During the period of March 2006 to May
2007, clinical isolates of multidrug-resistant P. aerugi-
nosa were collected from patients in Chungnam
National University Hospital, Daejeon, Korea. Inhibi-
tor-potentiated disk diffusion tests were used for the
screening of metallo- 8-lactamase (MBL) production.
PCR and DNA sequencing were conducted for the de-
tection of B-lactamase genes. We also employed the
enterobacterial repetitive intergenic consensus (ERIC)-
PCR method for an epidemiologic study.

Results: A total of 37 consecutive, non-duplicate,
multidrug-resistant P. aeruginosa were isolated. Twenty-
nine of 37 isolates harbored blaoxa-10 (56.8%),
blaoxa-2 (18.9%), and blaoxa-1 (5.4%). Only one iso-
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late produced IMP-1, and it also harbored blaoxa-1.
None harbored Ambler class A B-lactamase or class
D carbapenemase. The strains producing OXA type
B-lactamases showed a significantly higher resist-
ance to aminoglycoside compared to non-producers.
The ERIC-PCR pattern of the 19 OXA-10 producing
strains indicated that the isolates were closely related
in terms of clonality.

Conclusion: OXA type B-lactamases are the most
prevalent among the acquired p-lactamases pro-
duced by multidrug-resistant P. aeruginosa isolated
at a university hospital in Chungcheong Province.
Besides (-lactam antibiotics, the strains harboring
OXA type B-lactamase showed a significantly higher
resistance to aminoglycoside and qunolone. (Korean
J Clin Microbiol 2008;11:98-106)
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KONSAR surveillance ZAtel] 2]&}4 imipenem WAl =57
9] vlgo] 20%%E =X, olF HF-E tHAlA Foldlrk
[3]. 50| cefepimee|t} carbapenemol] tgt A& 55
= 71" = sl Ambler class A2} Dol <8l extended
spectrum AB-lactamase (ESBL)2] A 32 class B2} Dol 43
£ carbapenemase®] AJA]o]ti4].

Class Aol sl AAlTel 93l &3] A== TEME
3l SHVH ESBLZ EwAlRt SEdellMs 45 ez
4 #] AUH5]. VEBE[6] 2 cephalosporinA] Aol 73t
llEA S 2 PER-1F[7] BE3F S5vollAl A& & vk o
t} 2y sl F2 HaElE ESBL-S class Dol 479
+ OXA¥ B-lactamaseZ FEluvElelle de] 74 9low
ESBLY] OXA-17 B4 =&d5 By uf Jri8,9].

Z57ro] AAS= carbapenemaseoll= 20001 dolZ ]}
S|4 BelEl SggtollA] A3 HarEl class Al GESY
ESBLJ[10], class B metallo- 3-lactamase (MBL), ~Z2] 1 class D
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2] OXA® carbapenemases-°] ATt

o] 714 74} carbapenemaseQ] MBL-2 19881 U X.of| 4]
X& vEAE|9Y o[ 11], imipenem S 7HrEallsle divhe 9
alellA] IMP-12.2 HHE 2], T F PES v]R3 o
vglelld VIM3[13,14], SPM-133[15], GIM-18[16], L&l
SIM-18[17]%5-¢] MBLe] Has|gic)

Class D] OXA3¥ carbapenemase+ 1985110l AFEeN o
A Ze2l= imipenem WA Acinetobacter baumanniiol A xS
gel=ldom[18] A2 i, oFAlol, Belbds AAAI- e
2 A58 31[19], Fell A% 20051 Foll £elE S5ollA
%5 =t dek20].
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20061 3EHE] 2007 597HA] Fieta o Tty
Aekzizrelsttel] ol A 28l s 5 cHAWA
+ 53l 37575 o= sloick EelE Suate] FHS
FAQl cefepime, amikacin, ciprofloxacin, piperacillin / tazo-
bactam¥} meropenem % 37}A] o] A2l Aol WAS HY
735 HHANAEToZ Baaich21]. Al WAl aitglel
HeE SAUE F5E Ao, TY dAtolA] uhE 2
g8 TFe TANNA ALfslelet. Eeld 7] 75
AEA 9l A}k v gl Vitek GNI card (bioMerieux Vitek
Inc., Hazelwood, MO, USA)Z &Helslit}.

N

1] 519] Clinical and Laboratory Standards Institute (CLSI) A
Holl uwl2}22] amikacin, gentamicin, netilmicin, tobramycin,
ceftazidime, imipenem, piperacillin, ticarcillin, B! ciprofloxacin
(BBL, Cockeysville, MD, USA)¥} aztreonam, cefepime, mer-
openem, piperacillin—tazobactam, 3! fticarcillin-clavulanic acid
(Oxoid, Cambridge, UK)el| thet 7+4-& Mueller-Hinton 3H4
vl A] (Difco, Cockeysville, MD, USA)E A-&-3}o] t]jA= A4t
o2 Belelglet. Aol vk 24 Al % (minimum in-

hibitory concentration, MIC):= Mueller-Hinton §Julj 2] (BBL)
5 Agslo] Ml Fs] Ay o2 F8l9lrl. Amikacin, genta-
micin, netilmicin, tobramycin, aztreonam %! piperacillin
Sigma-Aldrich (St. Louis, MO, USA)ell4] Fdato] A-g}glo.
o, 71 9] Age Al ceftazidime (FH]2FE, A2, ),
cefepime (B A2, A2, ), imipenem (MSD, Elkton, VA,
USA), meropenem (AstraZeneca, Cheshire, UK), ticarcillin %
ciprofloxacin (ICN Biomedicals Inc, Costa, Mesa, CA, USA)©]
Aot AR E 3l Escherichia coli ATCC 259229} P
aeruginosa ATCC 278535 “FAloll A|gste] & HS o] ==
A steleieie.

3. Inhibitor-potentiated disk diffusion (IPD) 2 0|28t
Metallo- S-lactamase Al Mud ZIA}

tHAIUA 5572 oAb & IPD ZAHE{23] AAlske] MBL
AR FFE Ausladtt. MacConkey 3 iR (Difco)oll 4]
35°C, 24A17F &<t wiokst 7 AEs Fo] McFarland 5
0.500 22 & HFoHS Mueller-Hinton SHA sl z]ol] HEs1 )
HEZ} FHo] ul2 X F 70| 10 g imipenem diskE F ¢
T Ael7t 4~5 em7tA o] HA| sto] wiA] flell &
1E3 5 7 F 3 79l tlAFu 0.5 M EDTAEY 10 #15
Bsigick 35°C, 18A17F ekt vhs A E FH53lo] imi-
penem¥} imipenem-EDTA t]2=32.2] At 27} 7 mm ©]/g<]
TFE MBL A4 AHAAS] Ho= Febsleivh23).

¥
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4. EXMSEE W0l O3 Sactamase FEE Eol

B-lactamase®] FAF & FAsl7| Al o|n] Haul v} gl
71E8] AAIE Agslo] T A AodlHE-S(polymerase chain
reaction, PCR)Z -383}3Ith(Table 1). th4 TFFE brain heart
infusion YAJul=|(Difco, Cockeysville, MI, USA)ol| &s}o]
37°CRE a5k 18k wljokgt & DNA purification kit (Promega,
Madison, WI, USA)& A&-3}o] uljoko 2 HE] DNAS 33
s}9Jrh. DNA 2205 1L), 10x Taq buffer (2.5 L), 10 mM
dNTP mix (0.5 #L), primer Z+ 10 pmol, 0.7U Taq DNA poly-
merase (EA1E, A, 3h=) B S5 E3ste] 25219 1t
28-S ukE9lr). Gene Amp PCR System 9600 (Perkin-
Elmer Centus Corp., Norwalk, CT, USA)2.Z 95°Col|4] 5&7+
HES A7) 3 95°Col| A 202, 59°CellA] 40, 72°CollA] 30324
303] 5% WhgAIF1aL, 70°CellA] 547F Ak uk-gA 1. 2
2] PCR AYAHE-E ethidium bromide”} 3% 1% agarose geloll
A 4027 A7) Este] MEE Flslgich. S54HE25 DNA
extraction kit (Qiagen, Hilden, Germany)Z %2] ¥ BigDye
Terminator Cycle Sequencing Kit (PE Applied Biosystems,
Foster City, CA, USA)$} ABI PRISM 3730xl DNA analyzer
(PE Applied Biosystems)E ©]83}o] %37] A4S EAsSit)
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Table 1. Oligonucleotides used as primers for amplification and sequencing

Enzyme Class  Primer pairs Target Sequence (5°-3”) Amplicon size (bp)  Reference
Class A TEMF 0 ond derivative ATGAGTATTCAACATTTCCGT %61 2
TEM R TTACCAATGCTTAATCAGTGA
SHV F _ CCGGGTTATTCTTATTTGTCGCT
SHV R blasyy and derivative TAGCGTTGCCAGTGCTCG 831 24
PERF GTTAATTTGGGCTTAGGGCAGA 455 .
PER R CAGCGCAATCCCCACTGT
VEBF CGACTTCCATTTCCCGATGC 650 ’s
VEB R GGACTCTGCAACAAATACGC
GES F GTTAGACGGGCGTACAAAGATAAT
GEs R Dlaces blamc TGTCCGTGCTCAGGATGAGT 903 24
Class B IMPF CATGGTTTGGTGGTTCTTGT 488 .
IMP R ATAATTTGGCGGACTTTGGC
VIME ATTGGTCTATTTGACCGCGTC 780 -
VIM R TGCTACTCAACGACTGAGCG
SIM F GTACAAGGGATTCGGCATCG
blasnv[ 569 31
SIM R TGGCCTGTTCCCATGTGAG
SPMF Jasns CTAAATCGAGAGCCCTGCTTG 708 31
SPM R CCTTTTCCGCGACCTTGATC
GIMF o TCAATTAGCTCTTGGGCTGAC 7 31
GIM R CGGAACGACCATTTGAATGG
Class D OXA-IF group I AGCCGTTAAAATTAAGCCC 908 -
OXA-IR CTTGATTGAAGGGTTGGGCG
OXA-2F GCCAAAGGCACGATAGTTGT
OXAR  Dlaoxa group TI GCGTCCGAGTTGACTGCCGG 700 2
OXA-I0F laoxn. group | TCTTTCGAGTACGGCATTAGC 760 ’s
OXA-10R CCAATGATGCCCTCACTTTCC
OXA-23F GATGTGTCATAGTATTCGTCG
OXA23R DMaoxam. 21w TCACAACAACTAAAAGCACTG 1,058 27
OXA-24F Do 25 a5 a0 = GTACTAATCAAA GTTGTGAA - .
OXA-24R )2 2640 TTCCCCTAACATGAATTTGT
OXA-58F CGATCAGAATGTTCAAGCGC
OXA.5gR  Dlaoxass ACGATTCTCCCCTCTGCGC >28 30

Abbreviations: F, forward; R, reverse.

5. Enterobacterial repetitive intergenic consensus polymerase
chain reaction (ERIC PCR)0f| 2|5t 24SHA O1ZAM XA}

DNA purification kit (Promega)Z T4 752 DNAS &
sto] 4 DNAZ A-23}91t). PrimerZ+ ERICIR (5-ATGT
AAGCTCCTGGGGA-TTCAC-3)3} ERIC2 (5'-AAGTAAGTG
ACTGGGGTGAGCG-3)& "8 ZAAlFe] vk A& A
St tH32]. £FHHE2 DNA 358 (5.0 #L), 10x Taq buf-
fer (5.0 L), 10 mM dNTP mix (1.0 #L), primer Z+ 20 pmol,
1.4U Taq DNA polymerase (£AE)E ZHTE E3lslo] 50
pLe] Eaoz Alelslch. 95°Cold s uS A %,
92°CollA] 502, 52°CellA] 55, 70°CollA 784 353%] S Wt
SAIZ1aL, 70°CellA] 1037 A7 vk Ak S5 (10#L)
< ethidium bromide”} Z3H% 2% agarose gelsoll 7] g+
% BioDoc-14™ Imaging system (UVP, Cambridge, UK)S ©]

o) ol 2] WIE Hol7t glom
o434 gzt gl Aoz B33l

.
oo

FH AN Yy

AI717E T % 37579 et Ss o] shake] A
oA H|=E|9lev] amikacin 91.9%, gentamicin 97.3%, ne-
tilmicin 91.9%, tobramycin 86.5%, aztreonam 56.8%, ceftazi-
dime 75.7%, cefepime 78.4%, imipenem 67.6%, meropenem
67.6%, piperacillin 54.1%, piperacillin-tazobactam 48.6%, ti-
carcillin 97.3%, ticarcillin-clavulanic acid 83.8%, ZL&] 3L cipro-
floxacin 94.6%2] WA&-& Y3 tKTable 2).
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Table 2. Antibiotic susceptability profiles and B -lactamases of multi-drug resistant Pseudomonas aeruginosa

Antibiotic susceptibilities

Isolates B-lactamase
AMK GEN NET TOB ATM CAZ FEP IPM MEM PIP TZP TIC TIM CIP

P2 R R R R R 1 1 R R S S R R R
P3 R R R S R R R R R S R R R R
P4 R R R R S S R R R S S R S R OXA-10
P5 R R R R R 1 R R R R R R R R OXA-10
P7 1 R R S R R R R R R R R R R
P15 R R R R R R R R R R R R R R OXA-2
P17 R R R R R R | R R R R R S R OXA-2,
P18 S R R R R S S R R R R R R R OXA-10
P21 R R R R R R S R R S S R R R
P23 R R R R 1 R R R R R R R R R
P25 R R R R R R R R R S S R S R OXA-1, IMP
P26 R R R R R R R R R R R R R R OXA-10
P29 R R R R R R R R R R R R R R OXA-2
P31 R R R R R R R R R R S R R R OXA-2
P34 S S S S R R R R R R R R R S OXA-2
P35 R R R R R 1 1 R R R S R R R
P40 R R R R R R R R R R R R R R OXA-10
P41 R R R R R 1 R R R R S R S S OXA-2
A2 R R R R | R R S S R R R R R
A3 R R R R 1 R R 1 1 S S R R R OXA-10
A8 R R R R R R R | R R R R R R OXA-10
A9 R R S R 1 R R 1 1 S S R S R OXA-10
Al10 R R R R R 1 1 R R R S R R R OXA-10
All R R R R 1 R R 1 1 S S R R R OXA-10
Al3 R R R S 1 1 1 R R S S S R R OXA-10
Al4 R R R R | R R | | S S R R R
Al5 R R R R 1 R R R 1 S S R R R OXA-10
Al6 R R R R R R R 1 R R R R R R OXA-10
Al R R R R 1 R R 1 1 S S R R R OXA-10
A19 R R R R R R R R R R R R R R OXA-10
A26 R R R S R R R R R S R R R R OXA-2
A32 R R R R 1 R R 1 1 S S R R R
A36 R R R R | R I R R R R R R R OXA-10
A41 R R R R 1 R R 1 1 S S R R R OXA-10
A42 R R R R 1 R R 1 1 S S R R R OXA-10
A43 R R R R 1 R R S S R R R R R OXA-10
A50 R R S R S S R R 1 S S R S R OXA-1

Abbreviations: AMK, amikacin; GEN, gentamicin; NET, netilmicin, TOB, tobramycin; ATM, aztreonam; CAZ, ceftazidime; FEP, cefepime; IPM,
imipenem; MEM meropenem; PIP, piperacillin, TZP, piperacillin-tazobactam; TIC, ticarcillin; TIM, ticarcillin-clavulanic acid; CIP, ciprofloxacin.

Table 3. Prevalence of Ambler class A, B, and D B-lactamases in
multi-drug resistant Pseudomonas aeruginosa

Class Type of [B-lactamases No.(%) of isolates
Class B IMP-1 17
Class D OXA-1 2 (5.4)
OXA-2 7 (18.9)"
OXA-10 20 (54.1)"
Combined IMP and OXA-1 17
OXA-2 and OXA10 1en'
Not detected 9 (24.3)

P23 strain: IMP-1 was combined with OXA-1; TP17 strain: OXA-2
was combined with OXA-10.
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Table 4. Comparison of the antimicrobial resistance (%) between the class D B -lactamase producers and non-producers

Class D [-lactamase producers (N=28)

Class D f-lactamase non-producers (N=9)

Antimicrobialagents
MICsy MICy Resistant (%) MICsg MICy Resistant (%)

AMK =64 >64 100 =64 >64 66.7
GEN =16 =16 100 =16 =16 88.9
NET =32 =32 92.9 =32 =32 88.9
TOB =16 =16 100 <4 =16 444
ATM 16 =32 46.4 =32 =32 88.9
CAZ =32 =32 82.1 =32 =32 55.6
FEP =32 =32 82.1 =32 =32 55.6
IPM =16 =16 57.1 =16 =16 100

MEM =16 =16 57.1 =16 =16 100

PIP >128 =128 57.1 <64 =128 44.4
TIC >128 =128 100 >128 =128 88.9
CIP >4 >4 92.9 >4 >4 77.8

Abbreviations : See Table 2.
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Fig. 1. ERIC-PCR patterns of genomic DNA from clinical isolates of multi-drug resistant Pseudomonas aeruginosa harboring blaoxa-10. Lane
M is 1 kb DNA size marker. Nineteen strains of OXA-10 S-lactamase producing clinical isolates show A or B pattern.

Ambler class D B-lactamase FAA} 7S 93l & 3759
CHAWA S5is S & PCRE 3F A3 blaoxa blaoxaz
2|3 blaoxarell T 22t 235(5.4%), 7(18.9%) B 20%
(4197} FAMEE Bek, o F 8 FPINE o7}
blaOXA-Iooﬂ l:é.‘/q °ﬂ ook Aé“ﬂ'%‘% 3193\5—’—“:], blaOXA-l()oﬂ ook A&‘ 'ﬂ"g‘
2 5Ol 20% Fol blaneoll FHS B PRFI S319l]
t}. 2 9] class Doll E8= blaoxa.ss, blaoxaz 3 blaoxassoll ™
A= A 7+F BF SRS Hdrl Ambler class Aol
4815= ESBL (blasuy, blares, blaper, blaves, blages) s 73%%
7] $13F PCRoll= <MW= HS 571 3 F= glold
(Table 3).

W T T blane- TR 52 IMP-1 -F-41712] <17
A4zt AXSATY. blaoxa1, blaoxaz H blaoxao TR 5%
A8l Q71D A7 blaoxaa, blaoxaz B blaoxa-o T3¢
oF 714 o] dXEsict.

4. Class D B-lactamase MM T30 CHSH &x7A MIC S

OXA¥ B-lactamases A sH= TFFE°] OXAE B-lacta-
maseS XA b= FFE Ko} aminoglycosideAd] @Al

(amikacin, gentamicin, netilmicin, tobramycin)$} cephalosporin

Al &+ Al(ceftazidime 2 cefepime)l] theh WA go] 7+ 3t
26.0%2} 26.5% =9t} T3 quinoloneA] ¥ A|(ciprofloxa-
cinyoll A= W&ol 151% & Aoz Jelyet
(Table 4).

5. ERIC PCRO]| 2|5t ofst™ OZIM FA}

OXA-10 B-lactamaseS A s= H5d 19575 ez
ERIC PCR< A8t 23} 1500 bpoll Al 772 =S HIl A
3} 2000 bp o]t HIE oJA JNE Hel B¥e] #EF
thFig. 1).

R

B-lactam A|Al= 71 del AEE 3 Q= Al 5 st
&, penicillin, cephalosporin, monobactam %! carbapenems Tt}
& ALR EFE, DA 150714 o] B-lactam] 3
A7E el AGE L 9leh34]. et ol2idt FtA] A4S
7k WA Fiolgke wAES Sitelglen, of
WAAITE X &5 SelA A2y - AlE sto]of o)
ofrglo] EFo| Eojgitt

M o to
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a4 ZHe] B-lactam@ Aol W3k WA FE B-la-
ctam&TFAE 7FrEelsl= B-lactamase AJAlol olsl e}
=4l 53] 954 B-lactamase T4 A= plasmidL} integronol]
A 57 ot Al A ke AR S R
slo] Al WAE 343] AT 2Qlo]

£ AT e AW Sete o s 54 B-lacta-
mase®] FAHE A8l 7EH B-lactamase®] THFE
o] class D8l OXA¥ B-lactamaseE°|%ch OXAE A-lactama-
sex= oxacillin?} cloxacillinol] thal] 73t AE 7IA= 842
SETollA HIWsA A&, o] a2 HE g ESBLE
A= A2 oxyimino cephalosporinsel] thall VA& 2+
th35]. & odFol|Al= narrow-spectrum  S3-lactamaseQ] OXA-
100] 7F =& wIE(514%)E ZAZFEon I thgow
OXA-2 B-lactamase (13.5%)7} %k} HFH OXA¥ ESBL
SPUE HAESA gdrt 20051500 Tujell 4] EelE S5
S o g =ARE Aol A 5[9] class A B-lactamaseSol] H]
3l class D OXA B-lactamasego] HIWsHA] 7Zo] FYa 1
Z OXA-109] 7AZEgo] AY =%om(13.5%) I th2o g
OXA-4 (4.4%), OXA-2 (2.3%) B OXA-30 (2.0%)°]gc}. v
W F 1550.3%)Ro] OXAE ESBL& AJAste] & -
oF AR AZE Beick 20054 B17]X R Fete e
2 OXAY B-lactamase =2 HIEE ZARE A3 OXA-10 B-
lactamase®] H157} 714 =9k vhl OXAY ESBLE AEE|
A ekkekar diek36]. L2v} 200610l tintollA 2] OXA
% B-lactamases& AYHshs 52 735 OXAH ESBLY
OXA-17& 713 ol A4 or 2T So] L nlgo| 74D
3 = Folaka PrH37]. F&1rollAl OXAE B- lactamase
o] FElF AQA, A 0 & Aol Kol A&
OXA¥ ESBLO| HEgo] vla3 I 2o vehdrh

OXA¥ B-lactamase ABATE o2 A2 MIC 24
A3} U4 A F aztreonam¥} carbapenem ] A S A2
Sk iR Aol el =2 WA &S E3lrk 53] ami-
noglycosideZ] Aol that WAL the Aol vl
453 =%etl ol 20061 =l iRkl A[38] el H S
TrollA] HodXl ZAve} dx|elqick. rEgt ol A% class D -
lactamase s A sl= S5 2 73-F- aminoglycoside®} quino-
lone] dHFAlol] el xS Helvks B37th leh9).

71 =2 e g 735 OXA-10 B-lactamase BAFE o
Ao Z A3t oABAle =AY Sl ERIC PCRe 433t
73}t 7 09| patterno] WEE YL F 195 F 557 A¥S
vebion] U] 145371 BYS UERIET] o] A= o]
ol 247 FYst eddolA feiEld e F355H et

AN Ssrol Adske 54 B-lactamases 7HY &
L HEE A8 Zlo] OXAY B-lactamaseq] ¥HY carbapene-

mase°l] $8= OXA-23, OXA-24, B OXA-58 B-lactamase™

ZAZEE|A] ¢gkt) o] 5 OXAY carbapenemase™ Acinetobacter
baumanniiol A &3] =T A oE dHA UL FlellA
& o] Havt B e19] FedelAs =7 Havt 5
3 9l FhljellAE 200540l OXA-23 B-lactamase”} S-2
2 SeollA == vl gich20].

B ool Eel®l FE5A B-lactamaseZoll class Aoll &3]
+© B-lactamase™ M7= A] ket 20061 Eoll Tl A A5
© & SHV-12 B-lactamases AAsl= S5l Haxglon}
[39] L ©]£]9] class Aoll &3l= B-lactamase= H31¥ 2 o]
gl =57Fo] TEME 32 SHVY ESBLS AAshs 2$-&
EF Ao® dHsled], ol ol ATl S B-lactam 3+
AN ek WAS 253t plasmidd TEME 32 SHV
¥ ESBLE A4gshe Akct gedAlel oJaliA 3414 cepha-
losporinase s ¥ sk Zlo] B &4 W ol az[40], &=
gk o] & AlTo| class D2 OXA¥ ESBLa{37] &3] A48l
uitell TEM 22 SHVE ESBLO] H 24 0] Aol vk
Ao G| wiieg] Aog 53

3, IPDEHE o] 83 MBL A7 AllA] P23te] o4
U5 B3 o] #F7t IMP-13 MBL= Aol Brsizict.
YEAA & IMP-15 A s ad-AAIFe] 27k &3 A
o g 4Zld vkstei[41], el A9l IMP-1 A F52] el
+ E3HA ket 20051 Yoon ol 23l IMP-13] MBLe|
imipenemel]l WAIQl St Abo]ollA] kw1 9lgo] Hoix
tH20]. & AFolA e F 3750 tHAWA SsdF 1577t
MBL& A48, ol chAlA e AQle] MBL A4l
o|e]e] thE e’lEell o3t Asds 53 eH9). AL L
HollA chAlA Fede tdes BAESH B4 =
AgE A3l oJsiel vhAllAle] MBL 9 RND 23 A4
o ol SFEFE A 2 Bels 93]d] v Be A9}
poringhe] Bk 7-4- 1l o MAA] cephalosporinase S IHEFAY
A} 722 ok g 71K el o8l fFEsvkar gick42]. & ol
A& o] & SHHs= AIE HolFoh

o] el ZAtollA FHA A9 3 et ollA Feldl vhAl
WA a7 B ststA Gtele] Sle 254 B-lacta-
maset= OXA & B-lactamase]-S #Hlslic) =g OXA 3
B-lactamase A A7} aminoglycoside T+ quinoloneA] 52
Aol et WA-RAALeE FAlel EA & 5 e A
tf 23U B oA HAEE B-lactamase™ EF narrow
spectrum®] B-lactamase®]| 1 2™ P237FE A|2|}3l= carba-
penemase’= ZEFA] ¢kolet. ol FHET ] thAlWA o] &5
4 B-lactamase AP Hr= 1 o]2le] thE Q& F XA
4] cephalosporinase®] I}FAIAL, GHAQ] FE(efflux), T
poringhje] Wk ZhAg olgh A|FEute] F3A 7ha Sl 9
3l Frisl= S FE53A gk vk AW S5
WAZIA S Brel7] fleiAe 3789 97t Hed Aol
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i Z: # < cefepimee]Lt carbapenem7l] FF Aol WA S Hol= vHAWA Sado] kst ek ARES SHA A
olA E2ld cHAlWA SeS o Z Ambler class A, B ZL2]3L D o] &3l+= B-lactamase®} 1E52] <9 4 §-5
A LS 2 REAQ SAYEE Pk shelck

2 20061 395E] 20071 5974 FEgha W) shake] ) dRAel A EelE A Fede o= 3kt
t}. Metallo- B3 -lactamase (MBL) #3432 inhibitor-potentiated disk diffusion X% 2.2 22119 © ] Ambler Class A, B, ZLE]
3L Dof| #dshe 8- lactamase FAAHE A3 S8l SAST 7141 42 skolvh ik FHkde] gl
A5 ol 7] 234 enterobacterial repetitive intergenic consensus (ERIC)-PCR-=S 38311t}

i AR T F 3770 HAIA s ol skl Aol A EelEI Ak 3779 Fud F 2957} blaoxao
(56.8%), blaoxa (18.9%), B2 blaoxa1 (5.4%)% 7FAIL Q= Ao Veldrl IMP-12 AAshs 75+ & 3 o
blaoxa 1= 7FA1 3L 24t} Ambler class A B-lactamase$} class D carbapenemase= HZF] A ¢kkt}. OXAE B-lactamase
7ML Y 759 73 28A 2 ¢ Kok aminoglycosided] Aol it Aol ¥ =2 AoE et
ERICPCR 73} OXA-108 AAHE 19%E FA02 il 28 Az Lehiet

UE: A2 & RN 2o AR SsTel 7 BHAA S50 Y U5 B lactamase’s
OXA¥ B-lactamase)tl. 12|31 OXAE B-lactamases Z3 Y= FF52 B-lactamA] &A% o} z} aminoglycosie
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