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Emergence of Conjugative Multidrug-Resistant Pseudomonas aeruginosa
Miyoung Lee*
Department of Biomedical Laboratory Science, Daejeon Institute of Science and Technology, Daejeon 35408, Republic of Korea

The emergence and spread of multidrug-resistant Pseudomonas aeruginosa (MRPA) have become a serious
problem worldwide. The involvement of metallo-g-lactamases (MBLs) in inducing carbapenem resistance is
particularly acute. However, unlike other members of the Enterobacteriaceae genus, new clones of P.
aeruginosa are constantly emerging and rapidly replacing previously prevalent dominant clones. There-
fore, this study aimed to perform antimicrobial resistance gene analysis, integron gene cassette analysis
using DNA sequencing, and plasmid transfer analysis by conjugation to investigate the antimicrobial resis-
tance dynamics of 18 P. aeruginosa strains isolated from various medical samples at a general hospital in
Busan from September 2017 to September 2019. All 18 strains showed extensively drug-resistant (XDR)
phenotype and were resistant to most antibiotics, except colistin (100%) but were susceptible to aztreonam
(22.2%) and ceftazidime (16.6%). Approximately 66.7% of the strains had Class 1 integrons showing various
antimicrobial resistances. Notably, IMP-6 ST235 (66.7%), VIM-2 ST357 (16.7%), and IMP-1 ST446(16.7%) were
identified. The identification of IMP-1-producing ST446, previously unreported in Korea, is noteworthy
considering the emergence and prevalence of another MRPA high-risk clone.

Keywords: Multidrug-resistant P. aeruginosa (MRPA), extensively drug-resistant (XDR), metallo--lactamases (MBL), imipenemase
(IMP) type, Verona integron-encoded metallo-B-lactamase (VIM) type, multi-locus sequence typing (MLST)

M B Sl6] ol AR A FatA Y WA ARE T3 BEHA
ot WA Aol A MRPAE 37k A9 &#AY

Pseudomonas aeruginosa= 213t G4 93 W4 7+ carbapenem”|, aminoglycoside )|, fluoroquinolone#] of] &=
e 4oyl AT VIAEF o HE, AAE, & F YWAES YEE P aeruginosa® R EH AutHQl
A, A S 5 Hggo] Astd Ao A9 thFet d F9 BEFo 2T extremely drug resistant (XDR) 2@

AZAE dov)e °J1417L°“?F°IEH1— |. P. aeruginosa® B Hole 437t WA FEWAd =LA P
FA el WAE w2 WAL AW (multidrug-  aeruginosa®] carbapenem WA QUi o] 24, {5
resistance, MDR) 2. = 'ﬂ'gﬁ' FPeE TS ATsH P HZY B 3t carbapenem FIHE FTh, Es
aeruginosa 4 FE A 7o AZst EA7F H2 et 2|,  carbapenemase Aol &ldtt}. P. aeruginosal] EA| 3=
P. aeruginosa G THE AMGELS &3] F718t Q) carbapenemase AAF §AA = EE class 1 integron S
o, AWA P. aeruginosa (multidrug-resistant P.  transposon®] $]X] 0]—11] aadAl, aacA4, 5 aminoglycosideZ)|
aeruginosa, MRPA)O|| oJ&t Ajztdo] A AR R 37 oA WA 2 qacE 5 qulnolone HAS AR} 5
33l Q= =A|olthd4, 5]. GAWA L F+EFHZE Magiorakos  HtEo] MDR = XDR 3 F S Hol= A7} wrlg]. o]
gt WA &9 £7l+= metallo-B-lactamase (MBLs)QF T&

o] A tH9]. Metallo-B-lactamase™= zinc ion®| 2|3} &4 3}

% i - -
Pf}?);fsfg;g;-‘gfigtg;.;r Fax: +82-42-580-6119 E= 8424 monobactame A| L3t RE B-lactam A g
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imipenemase (IMP) typeX} Verona integron-encoded
metallo-B-lactamase (VIM) typel 2 &7} Fojgton
7R ZhZk 17709} 1070 9] Wo g o] i EirH11]. 1
U AHA group?l Sdo Paulo metallo-beta-lactamase
(SPM-1) type¢] E1EHA|[12] MBLS| Aute} Ho|= g+
Al W =9 At a3t EAI7F H Ut Carbapenemase
-producing P. aeruginosa (CPPA)= AU A|F£9 T8 £
S} g f2e 2250) A4H o2 FHeL 3o, of
Aol Qe WA AW FEES e 92A sk
itk HAIAA .2 MBLs®] 713¢0] gt olaleh 9534
of gt ATE FAA WA AE ot o] &
9] o] oL gtk o] & AL A= ALY g FF
WA £2j8 MRPAS tiFe g 29y 24L& F
AT A B A WA A o ABd 2 F
+A WA ARE 92 4 Sl RS st gkt

EETETE

#+39 #3373 53

B A3E 20179 99 R E 20194 9¥7bA] 27 HAE
g Tl o=d dAAZRE £2E MRPA 18
S5 gAo = sttt o] F 5Y ExloA S5 ZEd
FE WA AQdstnh 2 A A7 AAA
o AAE Fe71Ee met Y= on, A&
o] 7] TP 93| (Lo W T 1044342-20230516-
HR-014-03)¢] <& Wttt & FAA= 33 =H3le
o 3 B A Foo Zag AR =7 o
slct.

B o

Al 22 L A A4 A

YSHAAZEE &2 WgE #5F= VITEK-2 (BioMérieux,
Franco)ol o13 SH1% 5.2 0] 165 1DNA #7142 248
53 BE 259 $32 AQAAT13]. F2A %A
HAAF= VITEK 2 AST N225 7} = (bioMérieux Vitek Inc.,
USA)¢} Clinical and Laboratory Standards Institute
(CLSI) A Ao wz} 3AA- cefotaxime, ceftazidime,
cefoxitin, aztreonam, ciprofloxacin, amikacin, gentamicin,
imipenem, Meropenem-©] 3t Z+4=4-& Mueller-Hinton
(MH; Becton Dickinson, USA) SHujA| & A}g3lo] A=
A o2 Frekieh14]. Colisting A | 73] A
02 FAY9A 5T (minimum inhibitory concentration,
MIC)E &Istuth14]. A= S )4 Escherichia coli
ATCC 259229} P. aeruginosa ATCC 27853 37 Al &3}
of 3§ el J=AE el
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Carbapenemase 34 #59 28 AP 9 AYA 74
A AE

Carbapenem E8/43} A QL Tsai 5 Wil ozt
3 =] 9l tH[15]. Modified carbapenem inactivation method
(mCIM) HAEE 93} 2719 tryptic soy broth (TSI; Difco
Laboratories Inc, USA)o|| 10 ul ¥jZo|2 S ZHz Yo
HodS gtE & li}o)|= 10 ug meropenem diskES @11
U] 3t EH o= EDTA-modified carbapenem inactivation
method (eCIM) testE $J3}] 10 pug meropenem disk®} 5 mM
9] ethylenediaminetetraacetic acid (EDTA) 20 ug &7}s}
of 4A|7HEet 35T Mgttt A3 E AW E. coli
ATCC 259225 YAgH vix] o] &2 A3 #F7} meropenem
= 2ot ARE RS FAA taa AHL
CLSI 7hol =2kl met 79 AH S S5t si4 sttt
[14].

AW #3 A3 FARE Felstr] Al SER
A A ) ¥H-8-(Polymerase Chain Reaction, PCR: Verity 96-
Well; Applied Biosystems, Singapore)>Z EA35}STh
Carbapenemase (IMP, VIM, NDM, KPC, Guiana-extended-
spectrum f-lactamase, OXA-48-like)?} Extended spectrum (-
lactamase (ESBL)?] ZAE 3ZQIsl7] 3] TEM-,
sulfhydryl variant (SHV), CTX (cefotaximase)-M-1-,
CTX-M-9-8-& A&3th16, 17]. E3}, plasmid-mediated
AmpCs (blaacr, blasce, blacyy, blapms), aminoglycoside
resistance Z & AR armA, rmtA, rmtB, rmtD) [17, 18],
fluoroquinolone A&} A% ¢l R} (gepA, qnrA, qnrB, qnrS)2)
£4E 2oL, 20). ool 7Y A A
oprDe] Mol ZAFFG O [21], ZF AL 3730x] DNA
analyzer (Applied Biosystems, Germany)E ©]-83}% &7|
AgS BX439 3, NCBI® BLAST (https:/blast.ncbi.
nlm.nih.gov/Blast.cgi)@} H|m3le] §AHEL AT
(Supplementary Table S1).

Multi Locus Sequence Typing (MLST) 2413} Integron
o A&

771 9] housekeeping SA R} (acsd, aroE, guad, mutL,
nuoD, ppsA & trpE)° tigk PCR ¥ A EE-4-2 0|9 A
oA 7lett AR = Y Ech22]. AE o oste] 28 E
T 7] wEEEo]lE A ES MLST dlo|gH|o] A9 7]&
A gt vlaste] HEFAAY] 429 sequence type (ST)
(http:/pubmlst.org/paeruginosa)& 22135} th(Supplementary
Table S2). Class 1, 2, ¥ 39] tgl integronS AE3}7] ¢
3| Dillon F[23]0] A|AIZE AlEAE AHE-SE] PCRE 473
T SEZAHE2 band9] YA E 213t Class 12
160 bp, Class 2= 788 bp ¥ 979 bp2l AL Class 3



integron® 2 7+53}9th. Class 1 integronWjof] A 5t= &
ARE Zelsty] sl 71& Aol SE ALAE o]&
3] PCRE 428319 tH[24, 25]. DNA & 9(1.2 ul), 10x
Taq buffer (3 ul), GC buffer (6 pl), 10 mM dNTP mix (3 ul),
primer Z} 10 pmol, 0.3 U Taq DNA polymerase (Solgent,
Republic of Korea)?} 2545 E3sto] & Ry 30 ule qt
SE&HZ 94T TR HESAIRL F, 94T oA 402, 55T
A 40%, 72°Col A 8024 303 FE WA F, 72T
A 1027 9% BESAIFTE o8 A BAPE FF AES
ethidium bromide”} E§E 1% agarose gelo| Al 120V 15
27 A7) 953t bandE g T ohA W3 LT
gHog d714E #4& Y5 tH(Supplementary
Table S3).

Az 4

Plasmid®] A 7t5 42 ety 9siA dg 3
(conjugation)S ©|-&3}tt. P. aeruginosa 18 55 7|
TF2, sodium azide-WA E. coli J53S 8 A F= AL
3t th26, 27). AlEd3 E. coli 532 BHI (Brain-heart
infusion; MB Cell, USA) 8] X]o| A 37°C 18A|7F vj¥st &, 4=
g F32 E. coli J53& ALs)A wjgsta APt 5 ml
BHIo 104 2J45t0] e, 278 SAe 250l
4X 7k vkt & 22k A3 E. coli J539] Wi F A&
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1:4 H[EE 4lo|& $ 37C 30=7F vieF & v FAE 100 pg/
ml sodium azide?} 0.5 pg/ml IMPE A7}t BHA Hj X o
A ARAAE NS B 2RE B 258 A
3}o] B-lactamase, ESBLs, plasmid-mediated AmpCs,
ARD, 1121 fluoroquinolones®]| 3t #4125 PCRS &
3 SHIsiet.

2 o

FAA 7 A

P. aeruginosa 18750l 3t 3HBA| ZA AiF= Table
1o Yep it A A4 2= aztreonam] 445
(22.2%), ceftazidime®] 373(16.6%), amikacin®] 373
(16.6%)7F ¥ A4S Eoy UmA 2E A
- cefotaxime, ceftazidime, cefoxitin, ciprofloxacin, gentamicin,
imipenem, meropenem, Tigecycline®] WA& 2o 184F
E % extremely drug resistant (XDR) & E 9] #F %}
84, glycopeptideA| ¢l Colistind] thajA= 1845 25
100% 7442 dep et Haol B 27 Ea ST 7
WA B AT + Ak

A F44 2% L MLST
MRPA 18¢5= 283 AA mCIMI eCIMO| A 25

Table 1. Antimicrobial susceptibilities of MRPA isolates and phenotypes.

Carbapenemase .
blakpc Susceptible antibiotics, N (%) differentiation Porin
Isolate 1.D (%) - loss
(%)
Subtype ATM CAZ CTX FOX CIP AK GN IMP MEP TIG CST mCM eCIM
. 4 3 3 18 18 18 18
MRPA strains (N=18) @2 aen en ° 0 0 00 0 0 ey (00) (00 (100
4 18 12 12 12
ST235 (N=12) IMP-6 222) 0 0 0 0 0 0 0 0 0 (100)  (100)  (100)  (100)
18 3 3 3
ST357 (N=3) VIM-2 0 0 0 0 0 0 0 0 0 0 (100) (100) (100) (100)
3 3 18 3 3 3
ST446 (N=3) MPT 0 467y ey © 0 0 0 0 00 yagy 00y (100)  (100)
Transconjugants strains 4 18 15 15 15
(N=15) (22.2) 0 0 0 0 0 0 0 0 0 (1000 (100) (100)  (100)
4 18 12 12 12
ST235 (N=12) IMP-6 (222) 0 0 0 0 0 0 0 0 0 (1000 (100)  (100)  (100)
18 3 3 3
ST357 (N=3) VIM-2 0 0 0 0 0 0 0 0 0 0 (1000 (100) (100)  (100)

Abbreviations: MRPA, multidrug-resistant Pseudomonas aeruginosa; ATM, Aztreonam; CAZ, Ceftazidime; CTX, Cefotaxime; FOX,
Cefoxitin; CIP, ciprofloxacin; AK, amikacin; GN, gentamicin; IMP, imipenem; MEP, meropenem; TIG, tigecycline; CST, colistin; mCIM,
modified carbapenem inactivation method; eCIM, EDTA-modified carbapenem inactivation method. Susceptibility test results of the
antimicrobial drugs were interpreted according to the CLSI criteria. The results for colistin and tigecycline are not shown owing to

the lack of suggested breakpoints.
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Table 2. Possible genes and outbreaks identified in the MRPA collection.

Strain ST Carbapenemase  Cephalosporins ~ Aminoglycoside Fluoroquinolone Inctlzgsr;): cafseerj:tees (;r:; i F;gssn
Pa1 357 VIM-2 TEM171, CTX-M-9 rmt B, rmtD gnrB, gnrS + +
Pa2 235 IMP-6 TEM171, CTX-M-1,  rmtB, rmtc qgnrB Integron 1 aac(3)-l-aacCA5-aadA7  + +

CTX-M-9
Pa3 446 IMP-1 TEM171, CTX-M-9 qgnrS
Pa4 235 IMP-6 TEM171, CTX-M-9 rmt B gnrs Integron 1 aac(3)-l-aacCA5-aadA7
Pa5 235 IMP-6 TEM171, CTX-M-1,  rmtD Integron 1 aac(3)-l-aac (6°)-1b-
CTX-M-9 aadA5-dfrA17
Pa6 235 IMP-6 TEM171, CTX-M-1, qnrs Integron 1 dfrA32-ereA-aadA2- + +
CTX-M-9 ant(2*’)
Pa7 235 IMP-6 TEM-1, CTX-M-9 rmt B qnrB Integron 1 aac(3)-l-aacCA5-aadA7  + +
Pa8 235 IMP-6 TEM171, CTX-M-9 rmt B qnrS Integron 1 dfrA32-ereA-aadA2- + +
ant(2*’)
Pa9 357 VIM-2 TEM171, CTX-M-9 rmt B, rmtD gnrB, gnrS
Pa10 357 VIM-2 TEM171, CTX-M-9 rmt B, rmtD gnrB, gnrS
Pa11 235 IMP-6 TEM171, CTX-M-1,  rmtB, rmtc qnrB Integron 1 aac(3)-l-aacCA5-aadA7
CTX-M-9
Pa12 446 IMP-1 TEM171, CTX-M-9 qnrS
Pa13 235 IMP-6 TEM171, CTX-M-9 rmt B qnrs Integron 1 aac(3)-l-aacCA5-aadA7
Pa14 235 IMP-6 TEM171,CTX-M-1,  rmtD Integron 1 aac(3)-l-aacCA5-aadA7
CTX-M-9
Pa15 235 IMP-6 TEM171, CTX-M-1, gnrS Integron 1 aac(3)-l-aacCA5-aadA7  + +
CTX-M-9
Pa16 235 IMP-6 TEM-1, CTX-M-9 rmt B qnrB Integron 1 aac(3)-l-aacCA5-aadA7  + +
Pa17 235 IMP-6 TEM171, CTX-M-9 rmt B qnrs Integron 1 aac(3)-l-aac (6°)-1b- + +
aadA5-dfrA17
Pa18 446 IMP-1 TEM171, CTX-M-9 gnrs +

Abbreviations: MRPA, multidrug-resistant Pseudomonas aeruginosa; ST, sequence type; IMP, imipenemase; VIM, Verona integron-
encoded metallo-B-lactamase; TEM, Temoneira f-lactamase; CTX-M, cefotaximase.

¥/d< UEtH MBLsY & &l5kicth. 18709 MRPA «3
Z 1293 IMP-6 QA ST235 (12/18, 66.7%)%L

VIM-2 A ST3579F IMP-1 Al ST4462 34F(3/18,
16.7%)2 S Y3l chTable 1). AF FFEL ESBLY &=
< WAIAE HEE 4= itk 18719 MRPA #5= 5 12
43 IMP-6 A4 ST235 (12/18, 66.7%)7} 2Hel = ¢,
VIM-2 A ST3579F IMP-1 QA ST446L 34 3(3/18,
16.7%) 2 S U3¢ tH(Table 1). £3F ESBLY =2 &
<& #AE YT CTX-M-1 (6/18, 33.3%), CTX-M-9 (18/18,
100%), TEM-171 (16/18, 88.9%) @ TEM-1 (2/18, 11.1%)
o] &=} 18719 MRPA #59 t3gt fluoroquinolone
Ay AA AAE B4 A3, 16709 FF 88.9%7F
ARE 7HAL itk 16719
fluoroquinolone WA #3F+= gnrB (7/18, 38.9%), qnrS
(12/18, 66.7%)2 E2 =}, qnrBL} gnrS T WA AXE
BT 7F2 370 9 (318, 16.7%) = EA ST °ol5

fluoroquinolone Uj43

http://dx.doi.org/10.48022/mbl.2308.08005

oAl aminoglycoside WS £43% A3, 137F3(72%)7F
YA QRS Besty 9glon, rmtB (11/18, 61%), rmtD
(5/18, 28%), rmtC (2/18, 11%) @A AFA L 2t
(Table 2). Plasmid-mediated AmpCE ZHEE| 2] Fopct. 9
oro] o ol Y {2l OprDe] 24 B EAWOlE
ZARRE A3 MRPA 18750141 9] A4S #&5Ith(Table 1).

Integron?] A&

Integron®] AES Yol A5FFaLAHNSS 3T
23 18 #F 5 12 #F(66.7%) A °F 160 bp =7]¢]
class 1 integron®] HAE&E 3t gt oF 788 bp2t 979 bp
37]9] PCR AH=2l class 29} class 3 integronS AZE A
okorth. 3279 class 1 integron®] FQlEgon BE:
aminoglycoside WA o ZHAE aac(3)-I, aac (6°)-Ib, ant(2")
A AN EE 23sta QAT aacCA5 FRA} FHE=

gentamicin WAJof| &3t} streptomycin 2 spectinomycin®]]



Table 3. Identification of resistance determinants among the
18 MRPA isolates by PCR.

Antibiotic class/ MRPA strains Transcon.j ugants
strains
Resistance gene N=18 (%) N=15 (%)
Carbapenems
IMP-6 12 (66.7) 12 (80)
IMP-1 3(16.7) 0
VIM-2 3(16.7) 3(4.3)
Cephalosporins
TEM-1 2(11.1) 2(13.3)
TEM-171 16 (88.9) 12 (80)
CTX-M-1 6 (33.3) 6 (40)
CTX-M-9 18 (100) 15 (100)
Aminoglycoside
rmtB 11 (61.1) 11 (73.3)
rmtC 2(11.1) 2(13.3)
rmtD 5(27.8) 5(33.3)
Fluoroquinolone
qnrB 7 (38.9) 7 (46.7)
qnrS 12 (66.7) 9 (60)

Abbreviations: MRPA, multidrug-resistant Pseudomonas aeru-
ginosa; IMP, imipenemase; VIM, Verona integron-encoded
metallo-B-lactamase; TEM, Temoneira p-lactamase; CTX-M,
cefotaximase.

gt JAS YetY+= aadA2, aadA5, D aadA7 AR} 7+
A E} trimethoprim W/ ol Tojst= dfrA17 D dfrA32
FHA 7L E erythromycin WA ol #oidhe ered H21%
ZFME7} class 1 integron Wof &3} tH(Table 3).

Aol A

GAYWA A2 MRPA 34 Fdto 3 453
02 E. coli J53C.2 (15/18, 83.3%) A=t} Eo|3tA
T, IMP-1 A/ ST4462 & % HPEA Eooh =&
A4+ MRPA 23] #39 2893} FA%H XDR &8
S 2o, g A monobactamA ¢l aztreonamol 7+
/01T 49t F(26.7%)= FY Tl = S Eh
8% AL, J& ANE= & blamp.s blayns.e 2 ESBL
Wl o}y 2} aminoglycoside®} fluoroquinolone &2 A
TR FA Ago] 7HeE EIstitH(Table 2).

7172 A7 FE AT WA dZol e Elor
S 5 7 o A o5 Aldel Hisf st 9l
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ok E3 AAAR SR aid oF 7ontgo] FAAEE WA 7
Qo2 als) Agah, 205097H7) A7k ARTE 10008
BE ERE ez o ggch28]. A2 7]5(Global
Antimicrobial Resistance Surveillance System, GLASS)
o ZtJE 66712 2mTt T o] 4Fo] 2hAtol| gt A
4} (Antimicrobial Resistance, AMR) Z3}= UHF# 9l Ao
FAA =z AAE AHGEE A Y WAool m$- o, £
eibete 2o WHZY AL B2 TS Hws) B9}
< o, FdAH o2 2 WA ES HofEth 53] MRSA:
WAES B =7} 5 AR 4o, 145 271 &
o A= 7} =%kt Carbapenem resistant Acinetobacter
baumannii®] 7% 357 7} F 12HAR 2 H &
SFTH29]. 2 AT FAY] S o2 RE Y FHY Y
“J(XDR) P. aeruginosa +2] #FNA2 oA WY &
£ 4959 2 b 2R A1E AN P
aeruginosa 18504 8744 A AE F 1759 FA
Al diste] BristAth AA A S 2 polymyxin Fat A
(Colistin)o]] that ZH<4Ao] 100%= 7F =2} Colistin
2 Aat B BN WAol Uekon XDRe Ed
P& 2ol 3UUTH[30-33]. Integron®] EA ofFof wE g
A WS B4 23 B Ao HEH EE class 1
integronj o = streptomycin 2 spectinomycin®l oj3gt U
HE JERRE aadd 84 AHEA ZHE ol AT 7
W] AtE AT 7 52[34] AT} SENAA 2E
) Ao] E3FsET 9lE class 1 integronol| A aadA SHAA}
FHNEZF 71} 2 RIEE S48t 9o, Wei F[35]%
Abrol A B2l FUAl Y] 1A 7t EE AT A3
aadA SR FHET} 714 e EA5 Tk
mahget

fluoroquinoloneA| € 9] A= A7 FE AES A
2ott o) ABEE TR FEAITH36, 19504 ) Ful
B Ao A AFEE o7 fluoroquinolone [37, 38]2 A
AL BT 22, 9%, 287 AR ozt 4 S
AT 5 AR, BRAINE 2 219 9 58] 2
3 A &ste d AdAQ N BA 2 AHSE I TH40]. o

EA WU AEAH 2 Q3] fluoroquinolone 7} Al AF&-
si7]0] oh$ el ael SFEAGTHAL, 42]. 2L}, 7ol
fluoroquinolone AHE-3tH & WolA FEH LR tALE
o Ho|AbEE B ATA AgE o oA Widol LA
o4 9loH oA, FE FHAA 3] AHEE= AAQ
fluoroquinolone®} enrofloxacin A}0]9] W2} Aoz A
W 4 SIeHaS, 44, AN T RS o] Aol
Boz ol goo G7AY 2+ Urt. webA @ B2 (One
Health)?] t}ebA| 2 L 9 7193 #e|e} A|gto] a5t
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2 Ao e BE FFoA 9 o9 A M 3
7| carbapenem WA 9] 23 714 F shukel MBL 37
£ 315} th. Neyestanaki $[45]9) AFoA = oo A
229 P. aeruginosa® carbapenemo] tjgt 38 WA 71A
o] MBLs®] A4 Y& 2stgitt. MBL 42 & IMP9}
VIM 3% = A AAR L2 7P gHitE o] Jle fARE
BuE 1 QIth[46, 47). v A= KPC, VIM, NDM, ¥
IMP, gu]o A= KPC, GES, IMP, VIM, NDM, ¥ SPM,
%5 A9 A= VIM, IMP, @ NDM 5| &3] #&dct
[48]. oA &= VIMO] 7} &3t carbapenemase 374 F
olw, VIM-2-2A] ST111 P. aeuginosa S=2| FAto| ojgr
2o}, 28| & oA EuEGTHS]. 53] Lt
IMP-62} VIM-27} SA|S$AAZ HIE3 9o P
aeruginosa® carbapenemo] th3t FE Ao 8 7|AY
< B QT49. ZYIHL 19979 VIM-2-84 P.
aeruginosa’t A& R1E oM, aacA4®} qacE 5 WA
F A7} integronW o] F8HE i REQ] FHFA o gt W
4 29YE Hol= XDR #8F FFATH50]. 20009 =
Ht imipenem H|Z4A P. aeruginosa= 25 blaym.s= 7}
23 9190 H[51], 2005 KONSARS] ¥ 1o ufzwd, &
A= P. aeruginosa &5 % carbapenemase A 4+F= &
10% 9L, FE-2 blayy®l R, blapps 7H #+F =
AR FolFri52]. 20150 o= IMP-6-A P.
aeruginosa~= 7} &35t MBLo] & $lo ¥, ST235+= PAGI-
15, PAGI-16 59| WA+%A} M (resistance genomic island)
S 7HX E20] HuEQtH53-55]. A AAHCZ AUA
o2 HIEI Q& ST235E CC2359 B2l S2o|t}.
CC235= MBLs% 7 thet 39 BlactamasesS OFA|
of, 9, "ot g7t ol 471 e AR A
QlthH49, 56, 57]. E HAFo|A+= P. aeruginosa 12dF
(66.7%)7} IMP-6-A4 ST2352 2|l o, o] AF
o AFLET SUSHA S Ul A Y £A4 EEY S
Ho|x 9Jch. E3H VIM-2 $42 A 3¢F= % ST357
o[, Y | 39tF& IMP-1 4] ST446=2 &= ¢ith
oA to dAFo] ostH, MBLE AAdst= P
aeruginosa= ST235, ST357, ST244 X ST1759} Z-& =A|
ARl FELOEHN, AT S E WL on, ol & A+
2t Zro] F 9 AL = SRlEx §l7] fjZolth58-
60]. THEFAE, FHAAM = otA7tA Bud virt gle
IMP-1 A7 FH 9] WA ST4460] & A4 =it
ST446L CC4469] YA 2202 A AA Koz Bx
SHIL Qlom, CC446 BT+ w2 FoA WA Hl&S
et AFHH LA G T3] MDR/XDR 27
ST2089] 3H9] AF SRThT B moHGckel]. B3 &
Fol A e ESBLY CTX-M-93} CTX-M-19] &2 &

B ore e b

http://dx.doi.org/10.48022/mbl.2308.08005

t 1YY 29 2¥9 4T YL ousH
carbapenemase-producing Enterobacteriaceae (CPE)%}
CTX-M-155 5§ AAbste 2222 T oldeoH62]%t
Wnkafesiol 4 el E Aek. Aol ofa 48 A ol
2 20109 Smillie 52 Hi1of oJatd 3 HFES 18.3%
Hom[64] 2020 Lee 59 AFolAE 575%= 4.34)
7}ateh65]. & Ao Al= 202089 Ao o A &
ol T} 25.8% AT Ao FERA gt Az
shidel DRe Waw Aok WY 2L A AAA
HEE jlow, AY ol &304 Y A&, &
o aMA Ay} 2 ohokdt o A 278 a9l
dol girt. o] g Y S22 W0l F7hstH A
+ %] Ut

HZ FHT 9B S E IMP-7& QA sHE ST357%
ST2350] gHAtE I gl S-2utol = GES- A £
NDM-1-A P. aeruginosa® {-3jo] H1= 1 QIth55,
66]. carbapenemase 4 P. aeruginosa= ZUYA|#E F+5
T g2, 7189 A SEL At HEE SE50]
Uetts o] mi$- wEA I giot. ot WS
o FAHAE T EAGEH B2 v Fasioha A
ZHEoh AR o2 A == EFsta F8 A
WA gt A& o s F7HHT Qle AR ol B+t
Al WEEol et AAA AR ofy 2t Al ARl o
o At QAL AAAA 5, d B2 tEhA| A
A, 2R BN Z3ts 38 44T FoA A, H AU
N A BT AR T A A, AW T
ds JAsAY 24 o e =2, Ao E i RS
At A=ZE 7le MY 5= T8l F2A F AHY =HE
grotof & Zorh, & AFoA #EE MRPAS 43 Mg
ol A FFEAL A3 FoE AL jley,
IMP-1 A7 oA WA ST446°] tiet W71 S E3]7] ¢
A= o B AA gt F7HE % A7 et

o

BN
Sl AL U 4R o

T

1=

it

O OF
a0 9

A WA P. aeruginosa (MRPA)S] && 1} 42 A A
AXoz Azt BA7F FAth. 53] metallo-B-lactamases
(MBLs)9| carbapenem LE=UA o] A== Azt &
o|n, £3] P. aeruginosa= ZWA#+ & #+Z3+= 2 A

& SESO A&H LR Yt 7]Ed SHE Y &
Al 225 diAIsks B o] mff WaA AP ot o
of £ dFellAe 20179 9¥ R ¥ 20199 9E7HA] A4t
3 AP YA gt v g AR2RH B 1873F
9] P. aeruginosa @30 ot A WA A B3}
DNA 9711 ¥ £4& 58 Integron?] 447} 7HHE 24



4 4ol ot Plasmid A9 B4 ¢35t o] tjgt o
SHAE AFSELAL 13t} 1895 2% XDR #EFS 2
ol #F%2H, Colistin(100%)s A| |3t 29| A
o] WAS e S U, aztreonam(22.2%), ceftazidime(16.6%)
of 47 AP Bk 4379 66.7%= thEFe Al W
A& JeEH = Classl integronS 7| 2L 9l glom, Ao
o2 Plasmid A 2= H 2402 of 2ol Hrh(s3.8%). o]
o] A HiAlatol et AATtETt 25.8% et AAE
Ho 3FEA gt Azet et 134 Za 2 o
th. 3], IMP-6 ST235 (66.7%)7} =2 o|=m, VIM-2
ST357 (16.7), IMP-1 ST446 (16.7)0] el Hgict. Zu &
Ae, WAL oA 7R B g urh ¢l IMP-1 A3 A
ST4462] 2l E t}2 MRPA 193 229 HA T 43
olet BN T2 wahe
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