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ABSTRACT

Background: The prevalence of carbapenemase-producing Enterobacteriaceae (CPE),
especially the KPC-2-producing Klebisella pneumoniae, is rapidly increasing and becoming a
menace to global public health. This study aims to present the molecular epidemiology of the
KPC-2-producing K. pneumoniae isolates emerged in a tertiary hospital in South Korea and
describe its clinical significance.

Methods: This study included carbapenem-resistant K. pneumoniae isolates collected from a
tertiary hospital from April to December in 2018. Antimicrobial susceptibility of K. pneumoniae
isolates was tested using disk diffusion method. PCR and DNA sequence analyses were
performed to identify the resistance genotype. In addition, the molecular epidemiology was
investigated using pulsed-field gel electrophoresis (PFGE) and multilocus sequencing typing
(MLST).

Results: Total 100 KPC-2-producing K. pneumoniae isolates were collected, which were
mainly classified into two pulsotypes according to the Xbal restriction digestion pattern by
PFGE analysis (pulsotype A, n = 31; pulsotype B, n = 63). The isolates exhibiting pulsotype A
belonged to ST395 and the remaining isolates exhibiting pulsotype B were attributed to ST307
by MLST analysis.

Conclusion: This study investigated clinical information and molecular bacterial profiles for
KPC-2-producing K. pneumoniae isolates. These findings indicate that the proper infection
control activities are needed to prevent the spread of multidrug-resistant organisms such as
CPE, which could cause high mortality in clinical field.

Keywords: Carbapenemase, KPC-2 beta-lactamase, Klebsiella pneumoniae, Pulsed-field
gel electrophoresis
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INTRODUCTION

Beta-lactam YAl WS 7HA]A| oh= G Q] Hele 28l & 4 (extended-spectrum beta-
lactamase, ESBL)E AJ/d 5= 1533 v (Gram-negative bacilli)2] ZHrHol| w2k 1], 1833+ 7+
A5 4 A& YA 7Hak| ) (carbapenem)A| YA A-8-0] F7Fsto] ZhakE Wi/
W Al<t(carbapenem-resistant Enterobacteriaceae, CRE) =3+ F4 =2 Z715HHA] A MAZ o2 &
A7} =21 JTh2,3]. ol A<= Escherichia coli®t Klebsiella pneumoniacll 4] 1% 1] TH] 71afH]
4 WA Eo] Bl EQIA|TH4), 2 7|yl 2al| &4 A/ Sl (carbapenemase-producing
Enterobacteriaceae, CPE)] £-2]of| st B 117} 2|42 © 2 Z7}skal QITHS). CRE= 7HHH| ] £
a4 vH]A YA A *ﬂ-_rlL(carbapenemase—nonproducing Enterobacteriaceae, CNPE)x} 7} ] F-5)
T4 B HFUHAITHCPE) L& T2 = Q) Te-g/dwe] 7t dlIA 2 8A ol oigt Wi
5ok 8 712 7HHE Y 2 °HB—J- "H” Oﬂ olgt A =2 dstolct. 7l i
FAE HAFsH= FA = ZekA0] = (plasmid)2t EFA L Z (transposon) 52 22 ol5/d 74
2 Z~(mobile genetic element)ll o= -7} ot 557+ &2 o|F7F WA 9] Mulrt 71Hss)
7] whizoll, AA| = o] & 7] ¢o|u A HALR]of| 2] Zhd wha] H ZHA| Q] thi/do] HTH7]

7HebE| 2ol & 4= Ambler®] 27 ol whef o2t Zo] 37FA| 2 FR-E T (i) class A; KPC
(Klebsiella pneumoniae carbapenemase), GES (Guiana extended-spectrum beta-lactamase) 5, (ii) class B;
NDM (New Delhi metallo-beta-lactamase), IMP (imipenemase), VIM (Verona integron-encoded metallo-
B-lactamase) 5, 18] 2L (iii) class D; Oxacillinase (OXA )48-like S{1,6]°] l:} Lee EJ 5-2] A2 3}o)|
w2 R[], AR 2Rl HarE 7hp| ] e & A UiAl 22 A4 20121 3970|312
L}, 2017897 2,953F2 F55tA . 7hbd Zal a4 Al FollM, KPeg ol 71 &332
om, 1 Fol M KPC27F 7P 2 H]E-2 AFXISFITE. blagyc., 7 A= 20101801 K. pneumoniae
oA AF o2 AZH o] 7P ol B E|QJTH9-11]. Yoon E-J 5] Ealof| A%k, = 7}
gl 2ol a4 FuiAlte] 22 A%2 15 t, KPC-2 AY/d K. pneumoniae”} R o] /-2 2}
A5HA AL, T WA= NDM-1 234 E. coli, TF2-2 OXA-48-like 23”3 E. coli7} FE ©] ATH5]. KPC-2
A8’d K. pneumoniae®] strain type (ST)= A HFS- wl ST1132} ST2580] HA| A A 0 2 7P S5,
THloll A= ST} ST3072] 3R 13 A u7F Hare vf QITH5,8]

2 Aol A= 2018\ 42K E 1297FA] 2] =] 3F S oA 2] KPCR 7HtE 2
3l &4~ A/ K. pneumoniae52] A} 514 A& 85| 1L, A/ o) ol & Elskarzt skqict.

m{o

MATERIALS AND METHODS

1ohat 2%

2018 =4} 1719 Zag ol A 4828 1297H4] A AoA E2]E K. pneumoniae 75
< imipenem, meropenem 2! ertapenem-s Z 35t 7HLEH| ] A YA B S Hol= 5

£ S5 5L EAollA K. pneumoniae”?t B 2] © 749 2| % 2e| 25 £ASHIT
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52| FAL A E X ZAZFE A 7] (matrix-assisted laser desorption lonization-time-of flight mass
spectrometer, MALDI-TOF MS) 7]%+2] Bruker Biotyper (Bruker, Billerica, MA, USA)S- A28t}
3% K. pneumoniae w52 MacConkey HiZ|(BANDIO, Pocheon, Korea)ol| BiFoto] -2 o+l
T A2 YT EX Zef|o] Eof 9f| =3t ¥, mlEHA 8ol5 T asto] 2bds] ARAIZ] &
MALDI-TOF MSE Al35Hilth 75 574 H4-2] 7|52 2.0 o422 513l

3. SR 24N A

7hat| ] Al FAYA| A A F-2 Phoenix M50 (Becton Dickinson, Franklin Lakes, NJ, USA)2]
NMIC-203 3{g-& o]- 851 ct TEoh 219 2 M H thuEFF5 T4 =2 piperacillin, ampicillin-
sulbactam, cefazolin, cefotaxime, ceftazidime, cefepime, aztreonam, cefoxitin, imipenem, meropenem,
ertapenem, amikacin, gentamicin, tigecycline, colistin, ciprofloxacin, & trimethoprim-sulfamethoxazole
of thigto] Y=t i o = A Zh/d AldS Al3Y5H3AT Clinical and Laboratory Standard
Institute (CLSI) 4] 7|<Eo| whe} 5519 0 M[12], EF w5+ E. coli ATCC 259225 ARSI
ok

4, LHM7|1H 2

7Hat| 4l W73 K. pneumoniae 58 T/ 2= ESBL (CTX-M-1, CTX-M-2, CTX-M-97 %
CTX-M-257%), AmpC (CMY-1, CMY-2, ACC, ACT, FOX), & carbapenemase (KPC, IMP, VIM, NDM,
GES 2 0XA48)0]] thalo] PCR 2 AJA-S 21333191t} PCR 2738 ESBL} carbapenemase®)
74-%- pre-denaturation 95°COl| 4] 5, denaturation 94°COJ| 4] 302, annealing 56°COI|A] 20, extension
72°COllA] 40ZE 304t 22 Bl SFAIZ] & 72°CollA] 72 Bt ¥RSAIZ AL, AmpC= pre-
denaturation 94°CO| 4] 55, denaturation 94°COl|A] 302, annealing 58°COl| 4] 30, extension 72°CO1|A]
152 25A101 22 53 SEAIZ & 72°Col|A] 782 B HRSAIATRILE T A2 A7
BS E5) Ao A7HS NCBI2] BLAST (https:/blastncbinim.nih.gov/Blast.cgi)@+ Bl 25to] -5
AS 25t B Ao A AR H primer2] ¥ 7] 4 E-2 Table 10]] 2|5

of

5. Pulsed field gel electrophoresis (PFGE)

K. pneumoniae®] 3714 (gDNA)E- plugll L A|A 4], Xbal (TaKaRa biotechnology, shiga, Japan)
St A S 2] 2]5k2L, GenePath System (Bio-Rad Laboratories, Hercules, CA, USA)®Y 6 V/em,
switch time 2.1% 11°C 27122 X 7]9-531tt 5<Y pulsotype] 7|52 th3} o] A5t
T}: (1) PFGE banding pattern g 3712 band P|9Fe] X}o] & Ho|= 72, 12|11 (2) 1.0% Dice Al
(coefficient) 2H& T (arithmetic averages)= ©]-8-5109 unweighted pair group®l| 7|22 A/ dH A5
9] band -FAHJ S InforQuestFP Version 4.5 (Bio-Rad, Hercules, CA, USA)Z #4150 80% ©]/4<l
742119].

Annals of Clinical Microbiology 2020 June Vol.23(2) 83



Jun Sung Hong, et al.

Table 1. Oligonucleotide sequence of the primers used in this study

Target gene Primer name Primer sequence (5'to 3") Amplicon size (bp)

Blacrsans CTX-M-1 48 25F GACTATTCATGTTGTTGTTAWTTC 973
CTX-M-1 +28-+49R  TAAGGCGATAAACAAAAACGGA

blacryao CTX-M-9 42—21F GAATACTGATGTAACACGGATT 962

CTX-M-9-1 +23-+44R  ATATAAATAGAAAGTGGGGCAC
CTX-M-9-2 +27-+46R  CTGATCCTTCAACTCAGCAA

blacyy., MOXM F GCTGCTCAAGGAGCACAGGAT 520
MOXMR CACATTGACATAGGTGTGGTGC

blagys CITMF TGGCCAGAACTGACAGGCAAA 462
CITMR TTTCTCCTGAACGTGGCTGGC

Blapy, DHAMF AACTTTCACAGGTGTGCTGGGT 405
DHAM R CCGTACGCATACTGGCTTTGC

bl ACCMF AACAGCCTCAGCAGCCGGTTA 346
ACCMR TTCGCCGCAATCATCCCTAGC

blayes EBCMF TCGGTAAAGCCGATGTTGCGG 302
EBCMR CTTCCACTGCGGCTGCCAGTT

blagox FOXMF AACATGGGGTATCAGGGAGATG 190
FOXMR CAAAGCGCGTAACCGGATTGG

blagpc KPCF ATGTCACTGTATCGCCGTCT 882
KPCR TTTTCAGAGCCTTACTGCCC

6. Multilocus sequence typing (MLST)

PFGE HIER- 9] fAMI S 7|50 2 A2 pulsotype = 29151, ZH2H2] pulsotypee]] Th
off thEA Q] 175 F49] Adsto] 7712] housekeeping -F-4AFS!
infB, tonB= t/d 2= PCR ¥ 7| A B4 21851l oH, FA41% A7|M LS K. pneumoniae
MLST database (http:/bigsdb.pasteur.fi/klebsiella/klebsiellahtml)2} H] 2 5}0q allelic typet sequence
type S BHolsteict

1poB, gapA, mdh, pgi, phoE,

7. AHEE A
C

KPC “§/3 K. pneumoniac”} =2 AHE2] g, A, 2eld HAS] 35, Y 4=, A
&, ol 5ol tiste] ZARSIATE HUE Ste] 49 Hedd ¥ TR1A =57, o
He, SHYE SISttt =3t degAte] 49 A B SR(YTA T S
A Eelsict
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RESULTS

1. KPC-2 MM K. pneumoniae 22| x| A HH

Z 1005-2] KPC-2 A4/d K. pneumoniae”} 2] = It} KPC-2 A4/d K. pneumoniae= 20183 42
o 15 2=l oLy, seoll= 65, 6, 720ll= 42t 1357 Rl =l om, 8ol 2552 7HE
ol 2] qltt. o] % 9¥oll= 1752 Zrastl o, 1080l 8, 11€0]] 115, 12|3L 12¢¥0]| 5
Z2 AA5] 245k thFig 1),

KPC-2 A8/d K. pneumoniae? } 2] %8l EHA}F - 232 5678 (56.0%), 01752 4478 (44.0%) 2= '3
A7} of AP T EQE. $H2ko] AR 0M|RE] 96M7FA] 3 o Lol = 67AI L, 04,
oM B2} 247t 172 A Q] gt HE S2l=20th o) /de] AJlol et E5], 787 2] EA7t 604 ©]
A}0 2 191 3kxo] H|-go| =Qhtt HA| B} Z21.0% (n=21)7} 2 HolA HAH Sxjo]
o, 1 % Z3E Yol A AAH 327} 42.9% (9/21), LU Lol A AL E 342171 28.6% (6/21), 2
Holl A AL 2217} 28.6% (62D AT A1) £ S57] A 22 F57F37.0% 0=37)=
7P Egtom, @ R85 22.0% (h=22), G =8 5 15.0% (n=15) 0= EATH Table 2).

s "=+ KPC-2 A4 K. pneumoniae= YRHE-501A 77.0% (n = 77)7t 28] =] o] 71 &
2] HIE7} =9kom Z5kabAlol| A 21.0% (n = 21), Aol 2.0% (0 =2)7} 22| =it &l ¥
T2 Y TEAANA 17.0% (n = 17)= 71 Hol 2= om, 6485(15.0%, n = 15), 635
5(13.0%, n = 13)°] HE °|3lth KPC-2 */d K. pneumoniae £ $2}2] AA77H Y AFYES
37.0% (n=37)%. 2.1, 304 AFGE-2 25.0% (n=25)3AT}.

Staff education

Environment

surveillance
culture

Active
surveillance
Staff education

Cohort isolation

I!l[

Environment
surveillance
culture

June July August September October November December

mA mB mOthers

Fig. 1. Monthly isolation of KPC-2 producing K. pneumoniae isolates stratified by PFGE banding patterns. Bar graphs indicate the
numbers of KPC-2 producing K. pneumoniae isolates collected in each nine month in 2018 and arrows indicate the activity performed
for eradicating a KPC-type carbapenemase producing K. pneumoniae isolates outbreak. Yellow bar, pulsotype A; Blue bar, pulsotype B;

Gray bar, other pulsotypes.
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Table 2. Patient characteristics

Total Pulsotype A Pulsotype B Others .
Characteristic (n=100) n=31) n=63) (n=06) P-value
No. (%) No. (%) No. (%) No. (%)
Age (yr)' 69.0[60.1-77.3] 69.0 [60.0-78.0] 70.0 [62.0-76.5] 67.5[53.0-87.0] 0974
Male 56 (56.0) 20 (64.5) 33 (524) 3 (50.0) 0.371
Comobidity
Cardiovascular disease 15 (15.0) 7 (22.6) 7 (11.1) 1 (16.7) 0.246
Cerebrovascular disease 10 (10.0) 4 (12.9) 6 (9.5) 0 0.886
Diabetes mellitus 13 (13.0) 4 (129) 8 (12.7) 1 (16.7) 0.999
End-stage renal disease 6 (6.0 2 (6.5) 4 (6.3) 0 0.999
Chronic liver disease 4 (4.0 2 (6.5) 2 (32) 0 0.844
Malignancy 55 (55.0) 21 (67.7) 31 (49.2) 3 (50.0) 0.139
Charlson comorbidity index" 2.0[1.0-6.0] 3.0[2.0-6.0] 2.0[1.0-6.0] 1.5[0.0-3.0]
Specimen 0.163
Sputum 37 (37.0) 15 (484) 21 (33.3) 1 (16.7)
Urine 22 (22.0) 3(97) 18 (28.6) 1(16.7)
Pus 15 (15.0) 397 11 (17.5) 1 (16.7)
Surveillance 13 (13.0) 5 (16.1) 6 (9.5) 2 (333)
Genital 7 (7.0) 2 (65) 5(79) 0
Blood 6 (6.0 397 232 1 (16.7)
Colonization 37 (37.0) 9 (29.0) 23 (36.5) 5(833) 0.626
Admission 0.762
Out-patient department 2 (2.0) 0 0 2 (333)
General wards 77 (77.0) 23 (742) 50 (794) 4 (66.7)
Intensive care units 21 (21.0) 8 (25.8) 13 (20.6) 0
Transfer-in 21 (21.0) 7 (22.6) 10 (15.9) 4 (66.7) 0.798
Clinic 6 (6.0 397 3 (4.8) 0
General hospital 9 (9.0) 2 (65) 4 (6.3) 3 (50.0)
Geriatric hospital 6 (6.0 2 (65) 3 48) 1 (16.7)
30-day mortality 25 (25.0) 10 (32.3) 13 (20.6) 2 (333) 0.328
In-hospital mortality 37 (37.0) 15 (484) 20 (31.7) 2 (333) 0.180
Pulsotype
A 31 (31.0 - - -
B 63 (63.0) - - -
Others 6 (6.0 - - -

"P-value was calculated comparing two groups including pulsotype A and pulsotype B by Fisher’s exact test and Mann Whitney U test in
categorical variables and continuous variables, respectively.

"Mean [interquartile range].

2. KPC-2 MM K. pneumoniae 22| #F2| IetH EM

KPC-2 A8/d K. pneumoniae 2] 7553 80% ©|/d2] PFGE 22 FAMIS 7|20 2 BA3H3
S}, 27}4] pulsotype®] 94.0% (pulsotype A, 31%, n = 31; pulsotype B, 63.0%, n= 635 XA 5t 1,
71 2] 6 7§2] THE pulsotype©] ZRIE| Tk F 7FA] 2.3t pulsotype A, B AF] 2] & FAMI-E oF
70% ATHFig. 2).
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Fig. 2. Dendrogram of KPC-2-producing K. pneumoniae isolates according to the PFGE band pattern.
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Pulsotype A°| £5= K. pneumoniae w352 Phoenix system (Becton Dickinson)- -2 YA 7+
/3 NS AR S W, 5% ampicillin, piperacillin-tazobactam, cefazolin, ceftazidime, cefotaxime,
aztreonam, ertapenem, meropenem, 2 levofloxacin®l] W/d TS B oM, 1FE A|Qst e
Z7} gentamicin®} amikacin®l] 7] S E A THTable 3). t] A3 EHibHo] o5t 7144 &
Q1 AlFol|A] Phoenix system (Becton Dickinson)2] A2} F-AFSE ATHE Hof 10 MLST &
Aol we} ST395 (1poB-gapA-mdh-pgi-phoE-infB-tonB, 3-1-2-4-1-14)0l| 3135+ thFig. 3). T3t
blagpc, ©1 20l blacry s A7 ERIEIQIOH, 71 o] e]o] Tk ESBLE HAfohe 432 e
AmpC B-lactamaser= Q1% 2] 2T} Pulsotype BOY| £6= K. pneumoniae w552 %= beta-
lactam Ao thisto] U BAYP S Blom, 2575 | 2J3t BE w520l A] gentamicin 5HHU
/& BTt fAa3 ibriol of g 7hAd €41 A& ol 4] Phoenix system (Becton Dickinson)
o] Axjol GAleH AxE Hof ] 0H, ST307 (4-1-2-52-1-1-7)0]l S5 Th(Fig. 4). Pulsotype B

5 HO|=K. pneumoniae 755 GA| blacry s S0 7FA 2L A AT

DISCUSSION

CPEE 94l 2 & A1 AR2lo] 434 Ui dufell 7 5238 oA ide 5 shutz
A, 20179 Arke] 259] SAo wh=™ Fujol|A] 2014 17571, 2015\ 56571, 2161 1,453
2,20179 2,65771 0.2 2} F7HE A Qe A0 2 HAEQIA[R], CPE SOl %= KPC /g K.
preumoniac”} 7H BRLTE A =2, 2 AA7te] 5 7] 717 S<tol KPCE o] 9le] the /139
7hat|dl 2ol g A5 Aok I3 d w2 Rl H A etk

Table 3. Antimicrobial susceptibility results of KPC-producing K. pneumoniae isolates obtained by Phoenix system

Total Pulsotype A Pulsotype B Others
Antimicrobials (n=100) m=31) (n=63) n=6)
No. (%) No. (%) No. (%) No. (%)
Resistant to
Ampicillin 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Ampicillin-sulbactam 87 (87.0) 29 (93.5) 52 (82.5) 6 (100.0)
Piperacillin-tazobactam 99 (99.0) 31 (100.0) 63 (100.0) 5(83.3)
Cefazolin 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Ceftazidime 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Cefotaxime 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Cefepime 80 (80.0) 12 (38.7) 63 (100.0) 5(83.3)
Cefoxitin 99 (99.0) 30 (96.8) 63 (100.0) 6 (100.0)
Aztreonam 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Ertapenem 97 (97.0) 31 (100.0) 63 (100.0) 3 (50.0)
Meropenem 100 (100.0) 31 (100.0) 63 (100.0) 6 (100.0)
Gentamicin 62 (62.0) 1 (32) 61 (96.8) 0
Amikacin 0 0 0 0
Levofloxacin 97 (97.0) 31 (100.0) 63 (100.0) 3 (50.0)
Trimethoprim-sulfamethoxazole 96 (96.0) 31 (100.0) 63 (100.0) 2 (333)
Tigecycline 56 (56.0) 132) 55 (87.3) 0
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(A) ©) "Antimicrobials Susceptibility

Piperacillin R
Ampicillin-sulbactam
Cefazolin
Cefotaxime
Cefazidime
Cefepime
Aztreonam

Cefoxitin

Imipenem

Meorpenem
B) Ertapenem

Amikacin

Gentamicin

Ciprofloxacin
Trimethoprim-sulfamethoxazole
Tigecycline

Colistin

w - "X nnx®IIIITIRIAITRIA

Fig. 3. Representative results of disk diffusion method for antimicrobial susceptibility testing in KPC-2 producing K. pneumoniae isolates
exhibiting pulsotype A (ST395). (A) shows results of zone diameter for 12 antibiotics on MH 150 @ agar, (B) shows results of zone diameter for
remaining 6 antibiotics on MH 90 © agar, and (C) is results of antimicrobial susceptibility. R, resistant; I, intermediate; S, susceptible.

(©) Antimicrobials Susceptibility
Piperacillin R
Ampicillin-sulbactam
Cefazolin
Cefotaxime
Cefazidime
Cefepime
Aztreonam
Cefoxitin
Imipenem

B) Meorpenem
Ertapenem

Amikacin

Gentamicin

Ciprofloxacin
Trimethoprim-sulfamethoxazole
Tigecycline

Colistin

w—-x® X IPTnnI®IRIIIAIRIAIARIA

Fig. 4. Representative results of disk diffusion method for antimicrobial susceptibility testing in KPC-2 producing K. pneumoniae isolates
exhibiting pulsotype B (ST307). (A) shows results of zone diameter for 12 antibiotics on MH 150 @ agar, (B) shows results of zone diameter for
remaining 6 antibiotics on MH 90 @ agar, and (C) is results of antimicrobial susceptibility. R, resistant; I, intermediate; S, susceptible.
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B A3Lof| A, 27FR]9] pulsotype©] 94% (pulsotype A, 31%, n = 31; pulsotype B, 63.0%, n = 63)=
2}215F21 3L PFGE THE 80%01%d LIttt & 7HA] 2. pulsotype®] w552 amikacin H+=
gentamicing A 2J3t tiE-22] Hel A A3A o WS Hol= TAWA] 23S B3l
kA, F F59] thA| W/ (multidrug-resistant) K. pneumoniae S-2(ST395, ST307)°1| 2|5 &<
W F o] Yofiks-g Lpehdith ST3072 20141 ol A 212 285 3 20141 14730114
2015\d0]l= 8271 0 2 U] Hatzk QI 220|202 H[5], ST395+= UlollAl9f oF2] Haizt gl
UG o|efotol| A B A o] QITH13]. 5FA|RH 2 Aol A= pulsotype "= 1572 Ao
A17g5to] MLSTE Al 25k 7] Wiz oll Y A] 2 pulsotpye Wl w-50] L2t STOl| 23 #] 9
S 7hsAd0] UR|TE PFGE HHE §-AFd 0] 80% ©]Afo] B2 -2 clonal complex©l] Z3HE 7102
e,

100782] KPC-2 283 K. pneumoniae +2] S} 2 787 2] S2F7} 604 0)/d2] =l Skl
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KPC-2 Producing K. pneumoniae
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1173 Carbapenemase-producing Enterobacteriaceae (CPEy= FA|A| A 0.2 w2 4] Z7}5ka 1, &
5| KPC-2 AY/d Klebsiella pneumoniae= -2 H]&2 XA|5talL Qo] 3-5H710] Z Y o= 2}
Za Qlek E A= 2 oF Z3h of| A whAet KPC-2 A K. pneumoniae -5 7He] £AF

FO

=)

IL:

SH AT/ -S ERlsto] Y/ o] ol & &elstarzt st
W 20186 425 E 12971A] d/dolA 229 carbapenem ] FAYA 0l B Z4A Q1 K.

4
preumoniac & 4540} 2 700 ALSBHHIL 42U 27 F pulsoype IE 275 74
2 MAstg o MY F22 thito & t)AT S-S B35 gA8A] 744pA] o e Elst
om, Faadafihs gl AJA4J o2 KPCE A4 o 75 ERIsH3ith 3, pulsed-field gel
electrophoresis (PFGE)2}+ multilocus sequencing typingS 53l =AY 5H4] ATHd S 2Holst3ich
A3}t Z 100572] KPC-2 A4 K. pneumoniae”} 22| = 111, PFGE 21} tfEA 02 27}17] 9
pulsotype. 2.2 -2 1 Thpulsotype A, 31.0%, n = 31; pulsotype B, 63.0%, n = 63). Pulsotype A=
8139501 3iFSFA L pulsotype B+= ST307°]] 3 5HATE.

AZ:KPC2 A K. pneumonia 3 A ojHES- Q)5 A H D AMfFakd Q018 ZAFSHE O
0 7090 Al £ AES 27 S VI Aafe] ol e MR e 953 7

Zo| BaFe &4 A3k
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