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Background: Carbapenemase-producing Enterobacte-
riaceae (CPE) has been increasingly reported world-
wide in the past 10 years, which is an important in-
fection control concern. Since the epidemiology and
characteristics of these CPEs vary according to in-
stitutes, we aimed to characterize CPEs in a uni-
versity hospital during the recent 4 years.

Methods: From October 2011 to September 2015,
CPE isolates from clinical specimens and hospital
surveillance cultures were collected. Carbapenem re-
sistance was confirmed by disk diffusion method and
Minimal Inhibitory Concentration (MIC) was deter-
mined by agar dilution method. Carbapenemase pro-
duction was tested by double disk test using amino-
phenylboronic acid and dipicolic acid. PCR and se-
quence analysis were performed to detect blakpc,
blamp-1, blaviv2, blanom-1-like genes and blaoxa4s gene.
Pulsed-field gel electrophoresis (PFGE) and Multilocus
sequence typing (MLST) were conducted for KPC-
producing Klebsiella pneumoniae isolates.

Results: Twenty-five isolates (11%) of CPE were
identified among 222 carbapenem-resistant Entero-
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% cptol AR, Ao A3] ) 38 831 7199] T £
Q13|71 = shri{1]. 20001t E07 carbapenems || g
Bl B-lactams 33 < 9= TEM, SHV, CTX-M 5<] ex-
tended-spectrum S -lactamase (ESBL)E AJAsl= Enterobacte-

bacteriacae isolates during the study period. The
most prevalent CPE was KPC-producing K. pneumo-
nia and others were IMP-1, VIM-2, NDM-1 type and
OXA-48 producing CPEs. Most of these CPEs
showed resistance to carbapenems with variable
MICs. The sequence types (STs) of KPC-producing
K. pneumoniae were ST307 and ST11. The PFGE of
ST11 and ST307 showed clonality in each group
suggesting the possibility of in-hospital outbreak.
Conclusion: The prevalence of CPE has been in-
creasing. In our institute, KPC-producing K. pneumo-
niae was the most frequently isolated CPE in the re-
cent 4 years. CPE including KPC producers can
easily transfer their resistance. Therefore continuous
monitoring and more intensified infection control for
CPE should be considered. (Ann Clin Microbiol
2016;19:39-47)
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riaceae7t AAAIF o2 2A=E 3, ESBL AA Al 7]
= X 5317] 13k carbapenem®] A}-g-0] F71eFSAcH?2]. Carba-
penemy- FHLIZ X & &5 7HAH, ESBLS A3s= 1
& AT Sl X5 Aot 9<releh. whebA] ESBL A
A Enterobacteriaceae 731 X85 93t FQ A AL
nom, gt FHFe] P2 oAk a2t H<E car-
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(carbapenem-resistant Enterobacteriaceae, CRE) 74352 ZA|
AR o g Aol Zrlsle FAlolH[1], vl Avte| 2R
(Centers for Disease Control and Prevention, CDC)ol|A] &3t
WA Al T 2133 918 (urgent threat) &2 AR E vhF F£9
Aqko] At gle3].

Carbapenem WAl 9] FQ3%F 7|42 carbapenems E3lsl=
3491 carbapenemaseel] &3k A2, o] 52| FAA= trans-
posons “E3}o] plasmid Zhell §A] A5}E 4= 9lo] carbapenem
WA Akl tisk $e7F AR Qhrh4]. 1993 HEE
NmcA & carbapenemase 234 AU A< (carbapenemase-pro-
ducing Enterobacteriaceae, CPE)°] Wt = [1] o]% t}okdt CPE
o] Hasa g} o] 5ol o3t A5 A8 oFA A dol|
AlgkE 7H 251, A A5 2, 3k dISE £l
st AE-S S7HA71tH4]. 53] carbapenem WA Kiebsiella
pneumoniae®] 73%- 2| & 37304 w2 A HA= 7S Hod,
W W A e SRR AR

el A = CPEZF A1 B W7 AGH o8 Zrkska gl
(6], 201 1458 A el ine o ga=iztsdwol CRE 7
A5 TIAA BA Ags AR ek FllellA] WAt
+ CPE Zedell thizk A= Agt=lo] glem[7-9], B3k CPE
e AT Qe A9 9 73t okE 4 Qi Tl
CPE T8} 7hedell tist AR Fheddte] 9 32 85 9
gk F23k 7|2 2kgo]7el E dFollAe 3 ik Bl
2 447 FLel¥) CPES] 4 ook 9l SA el viste] st
37} 3t

O

MATERIALS AND METHODS
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2011 10978 201540 9L7HA] AllEghamede] gl 9
ZHA) wjek Aol 4] Belsl CPES e slgit #E 54
< Vitek 2 (BioMerieux, Durham, NC, USA) 22 matrix as-
sisted laser desorption/ionization time-of-flight mass spectrome-
try (MALDI-TOF MS) (Bruker Daltonics Inc., Billerica, MA,
USA)E o]-&sl3ict. 3 3katol|A] ofe] #5371 Feld 7% 2
Z Feld 59 FFe 45 Ui S sk 2] wiek>
S A ste] ertapenem disk7} E01UE trypticase soy
broth (TSB)oll 3+ 5] 35°CollA 24417F Hiek %, TSB 100
#LE MacConkey HlA]ol] ertapenem disk2} &7 2417+ Alt)
uljek sk, Ertapenem disk Z1 21 mm o] Wol] =4)g Z=k
% EnterobacteriaceaeZ 235w 7 kg Adsle] 54
g 24 Alde Al
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CPEZL B2l9) S5 RI1%S FHoE 2Astol

BAE2] 1Y, AM, 99 A, Y9 A A, ¥ Foll et
of orolsi}. He2lHl CPEZ} 7tede] 1) WaFe 34
of A B 7 infection© 2, 79 F4E DOSA ke AL

3} o2 AZ=E 7S colonization® & H-H3livh.
3. &M A4 AL R carbapenemase MM 0F =0l

Ampicillin-sulbactam (SAM), piperacillin-tazobactam (TZP),
ampicillin (AMP), cefazolin (CFZ), cefoxitin (FOX), cefotaxime
(CTX), ceftazidime (CAZ), cefepime (FEP), aztreonam (ATM),
amikacin (AMK), gentamicin (GEN), trimethoprim-sulfamethox-
azole (TMP/SMX), levofloxacin (LVX), tigecycline (TGC), er-
tapenem (ETP), meropenem (MEM)2] 165-2] kAol the}od
Vitek 2 A58 Au] 2 ol gato] 244 AAZ AXelo] car-
bapenemel] W49l 73-$- ertapenem¥} meropenemol] thal disk
AHO 2 zone diameterE 2HQ1S}3, imipenemZ modi-
fied-Hodge test (MHT)®} ertapenem, imipenem S 2 dipicolinic
acid (DPA)/aminophenylboronic acid (APBA) double-disk syn-
ergy test (DDS)E AJ3¥s}3ic}h. DDSE 271 carbapenem disk %
shEls okAdolm okAd o & Fakslgin) Dipicolinic acid DDS
ol A 9FAel 749 metallo- S -lactamase (MBL) Al o] & &}
Q1s}7] A8l blaxom1, blane-1, blayn233 ALY tiste] PCR
5 AJ38813). 2™, aminophenylboronic acid DDSoA] %4191 7
F blagecoll TH8to] PCRE AJ283l3ith. MHTellA] oFA)5 Hod
carbapenemase AJ4 o] A=, F 7149 DDS EFollA &
Al A= blaoxass0ll g PCRE A88s}A ). PCRoll AHE-
% primer A Y.+ Table 13} Zt}. Imipenem, meropenem LE]
3 ertapenem®] #| 4 Al E(minimal inhibitory concentration,
MIC)= 2015 Clinical and Laboratory Standard Institute
(CLS) 715l ke dx1s]dnio 2 salsiglon], 4= el
£ $13l Escherichia coli ATCC 259228} Pseudomonas aerugi-
nosa ATCC 277853 #55 °]‘§'J5P‘;\’§Jﬂr[l()]. K pneumoniaeoﬂ
tHetod colistin®] MICE 2H1sl7] S8l X34 S Algs}

Table 1. Primers used for carbapenemase gene PCR

Gene Primer sequence Amplicon size

KPC Forward TGGACACACCCATCCGTTAC 500 bp
Reverse GACGGCCAACACAATAGGTG

VIM Forward TTTGATTGATACAGCGTGG 459 bp
Reverse TGCTTCCGGGTAGTG

IMP Forward CATGGTTTGGTGGTTCTTGT 448 bp
Reverse ATAATTTGGCGGACTTTGGC

NDM Forward CAATATTATGCACCCGGTCG 726 bp
Reverse ATCATGCTGGCCTTGGGGAA

OXA Forward TTGGTGGCATCGATTATCGG 744 bp

Reverse GAGCACTTCTTTTGTGATGG
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%L, CLSIell 7]5o] WAxo] QiA] ¢ro} The European
Committee on Antimicrobial Susceptibility Testing (EUCAST)
9] 713& Agsl9rH11]. CREE HlA= oz s} o]
2] carbapenem Gt Aol WA-& Ho] AL} carbapenemase -
AZE PCRE 913 CPE FFE A3}

4. K. pneumoniae 30| CHSH MLST % PFGE

Klebsiella pneumoniae carbapenemase (KPC) A4 K. pneu-
moniae &l tI8le] multilocus sequence typing (MLST)
9l pulsed-field gel electrophoresis (PFGE)E A|3¥3l3]t}. MLST
+ 7709] housekeeping AR rpoB, gapA, mdh, pgi, phoE,
infB, tonBE PCR % 37|49S EA4sl3rKTable 2) [12].
Sequence type (ST} 2+ f4ALe] A7l B4 A3
MLST database (http://www.pasteur.fr/recherche/genopol/PF8/
mlst/Kpnuemoniae.html)ol] 918 % 41t}

PFGE+ Bio-Rad (Hercules, CA, USA) A& "ol wlz} Xpal
(Roche, Mannheim, Germany)Z DNA A%+ 3 CHEF-ER"1I sys-
tem (Bio-Rad, Hercules, CA, USA)S o]-&3slo] AHES £
3433, InforQuestFP (Bio-Rad, Hercules, CA, USA, Version
45) Zgado g BA43le] dendrograms ATt

RESULTS

AT 717 &<t % 222709] CRE ##7F 2el=9la, 1 5
257F(11%)7} CPEZ #Q1=|9ir}t. dx™ CPE WA 74
AR F7rskar 53 201540l 917 16702 A S}
s} kFig. 1).

CPE7} 2|5 3HAr] H it thol= 58.24](0-84A4)0] A2

i Bl 11 12 Blssslglek(Table 3). AAlS] Fie 44
(570), EH@7), A@7), 522, 7IeH5ZDHE vhgslsd
3, WA 25¢F T 11TF(44%) ek e el A9
SHO R AR o kel A= 571(20%) E2l=I et i
ZHA] ek 20134 8L RE] Al AR, 20156 997HA
CRE FAEL 506% (36/711)YL, CPE FAEL 225%
(16/711)SJe}. 257 9] 3 5 CPE 28] % 302 oW A
g 32 57(20%, Isolates 1, 2, 3, 10, 12)0]9, o] & 21
(Isolates 1, 3)oll4]= CPE7} HQltFo]it).

2|5l CPEX K. pneumoniae (1857} 7V Bk, 1 o}
Klebsiella oxytoca (25, E. coli (25, Enterobacter aerogenes
(159, Enterobactor cloacae (1), Serratia macescens (157) 5=
0|9tk Table 4). 20131 ool IMP-19} VIM-2% CPE7}
Belglglont, 201493} 201590l KPC A4 CPEZ} 22} 3

167 3 oxa4s 1]
14] 3 KPC
I NDM
124 1R VIM
IMP
10
81 14
6_
4
2_ §
0 = T T N T 1 T -_|

2011 2012 2013 2014 2015

Fig. 1. The number of carbapenemase-producing Enterobacteriaceae
isolates and carbapenemase types reported annually.

Table 2. Gene loci included in the Klebsiella pneumoniae Multilocus sequence typing scheme and PCR primers

Locus Putative function of gene Primer sequence (Stl)lz:; Nu;ﬁzle;s of

rpoB Beta-subunit of RNA polymerase B (F) VIC3: GGCGAAATGGCWGAGAACCA 501 8
(R) VIC2: GAGTCTTCGAAGTTGTAACC

gapA Glyceraldehyde 3-phosphate (F) 173: TGAAATATGACTCCACTCACGG 450 6

dehydrogenase (R) 181: CTTCAGAAGCGGCTTTGATGGCTT

mdh Malate dehydrogenase (F) 130: CCCAACTCGCTTCAGGTTCAG 477 10
(R) 867: CCGTTTTTCCCCAGCAGCAG

pgi Phosphoglucose isomerase (F) 1R: GAGAAAAACCTGCCTGTACTGCTGGC 432 6
(R) IF: CGCGCCACGCTTTATAGCGGTTAAT

phoE Phosphoporine E (F) 604.1: ACCTACCGCAACACCGACTTCTTCGG 420 14
(R) 604.2: TGATCAGAACTGGTAGGTGAT

infB Translation initiation factor 2 (F) 1F: CTCGCTGCTGGACTATATTCG 318 10
(R) 1R: CGCTTTCCAGCTCAAGAACTTC

tonB Periplasmic energy transducer (F) 1IF: CTTTATACCTCGGTACATCAGGTT 414 21

(R) 2R: ATTCGCCGGCTGRGCRGAGAG

Abbreviations: (F), forward; (R), reverse.
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Table 3. Clinical features of 25 carbapenemase-producing Enterobacteriaceae isolates

Admitted Reason for

Interval from

admission to Infection or

Isolate  Year Age  Sex from Admission positive culture Source colonization Outcome
(days)

1 2011 74 F Home Congestive heart failure 16 Blood Infection Expired

2 2011 55 F Home Pulmonary thromboembolism 23 Urine Colonization Expired

3 2013 57 M  Home Hematochezia 3 Blood Infection Expired

4 2013 72 M Home Dyspnea Sputum Infection Expired

5 2013 56 M  Home Hepatocellular carcinoma 4 Blood Infection Discharged

6 2014 6l F Home Vesicovaginal fistula 133 Urine Infection Discharged

7 2014 84 F Hospital A Perforation of small bowel 2 Blood Infection Expired

8 2014 73 M Home Intracranial hemorrhage 0 Sputum Colonization Discharged

9 2014 72 M  Hospital B Quadriplegia 72 Sputum Infection Transfered

10 2015 8 M  Home Aspiration pneumonia 129 Endotracheal aspirate Colonization Expired

11 2015 60 F Home Lateral medullary infarction 12 Sputum Colonization Discharged

12 2015 47 M  Hospital C  Brain death donor Endotracheal tube tip Colonization Expired

13 2015 69 F Hospital C =~ Hematochezia 5 Drainage Buttock Infection Transfered

14 2015 70 M  Hospital D Middle cerebral artery 28 Peritoneal fluid Infection Discharged
infarction

15 2015 78 M  Home Traumatic subdural 77 Stool CRE culture Colonization Transfered
hemorrhage

16 2015 0 F Hospital E Neonatal jaundice 0 Stool CRE culture Colonization Discharged

17 2015 70 M  Hospital D Middle cerebral 79 Stool CRE culture Colonization Discharged
artery infarction

18 2015 52 F Home Choroid plexus carcinoma 53 Urine Colonization Discharged

19 2015 23 F Hospital F Tuberculous 21 Urine Colonization Transfered
meningoencephalitis

20 2015 71 M  Home Acute pulmonary edema 3 Drainage Foot Colonization Discharged

21 2015 1 F Home Sepsis 22 Stool CRE culture Colonization Discharged

22 2015 55 M Home Klatskin's tumor 48 Bile Infection Discharged

23 2015 57 F Hospital G Pancreatic cancer, head 30 Bile Infection Discharged

24 2015 48 F Hospital H  Cellulitis 13 Urine Colonization On admission

25 2015 68 M  Home Hepatocellular carcinoma 31 Stool CRE culture Colonization Discharged

F, 145 AZE A KPCE CPE ZollA] 1657} K. pneumo-
niaePth. OXA-48 3 NDM-1¥ CPE ¥F+ E coli® K
preumoniae®. 2015\ 59 1l 2015\ 79l Z+7+ & F4 Hal
59tk CPE & IMP-1, VIM-2, NDM-1 ¥¢] 73$- DPA
DDS 94 B9, 2FF(IMP-183} VIM-2#)S Alelsta
+ EF MHT <4< HSlth KPC B4 CPE ¥ EF
MHT$} APBA DDSOIlA] 94-& E3ich OXA-48 B4 E. coli
+© MHTE= golodeu DDSE 4 ol%ich

Al A A thFslgick(Table 4). 5% 2 &
7} penicillin?} tHF-5-2] cephalosporin, carbapenem %! fluo-
roquinoloneol] A& E9Ic}. Aztreonam, amikacin, gentami-
cin, trimethoprim-sulfamethoxazole (TMP-SMX) WA &< 47+
84%, 20%, 48%, 2 48%31r}. Tigecyclineol] g WA Bl 7t
WAL 1057(40%)0ll 4] El= ek 54322 201590l Zel
% OXA-48 A E. coli 3+ 52| 735 A3k Aol A ertape-
nem MIC7} 4 ug/mLE WA o]} A AJef3l t]2== 2ol 4]

ertapenem¥} meropenemeol] B 7+ S KA, A
sl o 2 2Qlg MICE EE carbapenem A|E Aol 71

Aolglet. o] FFE= MHTOIIA 9k4del9la PCR B 3714
A A3} blaoxass©] A=A F 1852 K. preumoniae
of| A A&} colistin MICE 1650114 74 o] G (MIC 0.5-1
pg/mL), 25 (Isolates 158} 21)oll4] MIC7} 22} 4 pg/mLe} 8
rg/mLE Aol

MLSTE A|eidt KPC A K. pneumoniae 165+ EF+
ST307 (95°) & STI1 (759)°1%ick. ST307- 2014417} 2015
Woll A4, ST11L 201540l Eel=|gic}. ST307 85 9
ST11 75ll thslo] AJe¥gt PFGE A7} 7+ STHE qd3t4lo] 1}
ERar, £3) A7 2 PFGE 4 598 228 Hol W Ul
Fe8e AARsEE) shAE 201410 Dol A] 20151 220l] A F
glE ST307 #FE3 20159 990l Eeld ST307 FF52
PFGE®NA] 80% similarityS- 71528 31313 wf], A& o}& &
Eo & =] dck(Fig. 2).
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DISCUSSION

201590 Awge|ie] FAlel waw Ffjell4 CPEx
20119 165, 20124 395, 20134 917, 20149 17457} &<l
= QeH6]. oA 7 FHollA = CPES] hAJo] A3 F7} Fo]
£ HoliL 9lo] CPEe thet H5%Ql 7HA] & ] #ele] 5
240 AR k. B A= I CPE A 733kl tisled
ARk o g Hrlsloickal B & o] HA, 3t 7)dellA] 437t
wAek CPEol| thsll A3 5l A4, £ e sS4
Ao 3HsGoll oolE Ak

AT 77k 5k 21" AA| CRE % CPET 11%3it}. CPE
% 7P B FEL K preumoniae (12%) %, A Tha] H 5o
B ael Adxslgde). Blol|A F& 2Hls carbapenemase 53
e blakpe (68%)%Act. A ]y T} HatollA 7hAk vl
57 =R blaoxaaz %4 CPET £ AFollA] Fel=]A] ok
th. blaoxass 3 E. coli7t &= Aol A 3 F Fel= e
ul, 7149 EA LR blaoxaas TS 183, o] 7
FollA Ae wAE Ao oA $YEAS THsAo)
ek L3 3Rl A] A7 7HA & AL ohE CPE 5o &
2 5% ek o] gAtollA AAE Far FElHE K pneu-
moniae$} E. coliolX] PCRE E-3l blaxpc S Q1S = itk
HA Zel€9¥ K pneumoniae= amikacin, gentamicin 3
TMP-SMXell ZHrAdolgl ot U RelEl E colis Aol
t}k. K pneumoniaed| X E. coliZ blaxec FAAE ZE3HgH
Tn4401°] plasmid®} @7 % Hz}e]= 212 o] A-ol|A]
By vl 9del13-17]. o] A4 A= 22 71H0lle
Zlog FEE, AR Agt A9 Els HEAe 35
77} ezt

KPC A4 CPER 199000} i3] Felsl7] Aeiela,
200004 ] FHHEE] f-3ollA KPC 234 K. preumoniae?} 3}k
=2 glow B Aol A& endemicstA LFERFAL QlEH18].
KPC B4 K. pneumoniae®| 7t 34| A< elsil
S7H7I= Ao R leh19,20]. wheba] 2 dellA &
2|5 CPE % 4+ FE2l 1654(64%)7} KPC Al K. pneumo-
nigee= A CPE 741 elell Qo] 538 vt Avtz A
Zr5le}. 722 Enterobacteriaceae WollAE 253k S -lactamase
o] Froll wheh Al Al vhekstA Uehv= Zle® o
HA Qheh21]. 2 o]l Aol A= thkst T2 carba-
penemase F-AA7} AR Q-Goll 2 Eabar AxZQ1 gt A
Aol vl om, thEE penicillin, cephalosporin 2!
carbapenem A|g Aol UAdo]itt. Amikacin, gentamicin,
trimethoprim-sulfamethoxazole, levofloxacin, tigecyclineol] T3}
ol & Hlad ookt rAS Bk B odelld =
OXA-48 WA E. coliv A-5%} Aol A ertapenem WA], mer-
openem =7+ WAelglon} disk EHAtHellA = ertapenem}

TMP/
SMX LVX TGC

N A
VI VIV

ofN

Minimal inhibitory concentrations ( /£ g/mL)*

IPM MEM SAM TZP AMP CFZ FOX CTX CAZ FEP ATM AMK GEN

ETP

Species MHT DDS
KPN +
KPN +
KPN +
+

Source
ampicillin; CFZ, cefazolin; FOX, cefoxitin; CTX, cefotaxime; CAZ, ceftazidime; FEP, cefepime; ATM, aztreonam; AMK, amikacin; GEN, gentamicin; TMP/SMX, trimethoprim-sulfamethoxazole;

LVX, levofloxacin; TGC, tigecycline; KOX, Klebsiella oxytoca; EAE, Enterobacter aerogenes; ECL, Enterobacter cloacae; KPN, Klebsiella pneumoniae; SMA, Serratia marcescens; ECO,

Abbreviations: MHT, Modified-Hodge test; DDS, double disk synergy test; ETP, ertapenem; IPM, imipenem; MEM, meropenem; SAM, ampicillin-sulbactam; TZP, piperacillin-tazobactam; AMP,
Escherichia coli.

Carbape-

nemase
typ
KPC
KPC
KPC
KPC

*MIC was measured by VITEK 2 except for ETP, IPM, MEM which were measured by agar dilution test.

25 2015 Stool CRE  KPN
culture
Black, resistant; Gray, intermediate; White, susceptible.

Table 4. Continued
22 2015 Bile
23 2015 Bile
24 2015 Urine

Isolate Year
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Isolate No. ST

14 1
11,12,13 1"
18,20 1

16 1"
8,9,10,15

22,23,24,25

Fig. 2. KPC-producing Klebsiella pneumoniae dendrogram based on Pulsed-field gel electrophoresis (PFGE) pattern and their sequence type.

Abbreviation: ST, sequence type.

meropenem 5 F7F A0 93, g Aol 4] BE carba-
penem Al Aol ZHAlo|dc) v RE cephalosporin
Al A9} aztreonam, gentamicin L] levofloxacinel] W]
Aolglth OXA-48 F A& AA|E penicillin Al 3HFAIS 73t
Al 7F3lsbARE carbapenem Al Al <FslAl 7R
el FHS cephalosporinel]l T3k Fall 22 wll-¢- defar B
gl owp Quh22]. a2y iRl OXA-48 B4 dEe
ESBL 52| t}E f-lactamased Zo] 7}AaL 917] wiitoll 4l
oz thokdl B-lactamase A4S VERHAUTH23,24]. EelE
blaoxass ¥4 E. coli7} cephalosporin A aFAol] 7-gt WA
< Hol= Z1% ESBL 59 tl2 B-lactamase WL 7140l
At 20143714 E21E K pneumoniae F-5-2 colistinol]
ZrAlolgdont, 20154 colistinell WAl K. pneumoniae F
FA7F 190 of FFEE 77F KPC2H NDMLIE A4
ket FHE FollA KPC AA K. preumonia®] colistin A4
Fol 2RI M Sol glo] 2F A44e 2A} Lesh
Z1cH19,20].

KPC A K. pneumoniae©l] Tk MLST 7ZA3}= ST307 (8),
ST11 (759)9] 27HA =2 E57=9e). |4 KPC A K. preumo-
niae % AMAHZ 7P de] Ag}El sequence types
ST2580]c}H25]. ST11- ST2589] single locus variant®, ST258
o] tonB-79 alleles 2538 A3} ST110] AL Zlog =5
tH26]. ST11 K. pneumoniae= 3 A ollA e Har=|glo
v (www.pasteur.fr/recherche/genopole/PF8/mlst/), epidemic clone
Il (EC IDE 7|EH 7|15 3I3eH27]. B3F ST11: obAlofe}
ol clolelslolAE Fo FEol Selulla), Sol 2ol b
A &3 FEE 4HA Ja2g), deelAe o8 7t
P55 dodle dEAd S22 Husgeh7]. vl B 4
TollA 71 o] WFARl K pneumoniae®] sequence typeSl
ST307¢l] T3k Hat= =3t} o|ge]ololl4] KPC A K. preu-
moniae2] ST258%} ST3072] A outbreak”} H1 & glom
[29], gF=roll A= ciprofloxacin WA K. pneumoniae 530114
ST307¢] & ¥ R=|9lrh30]. ST3070] 2A GAstH o7
ST258¢]u} ST113} @ Xpol & Holw{[30], ST3070] A5 &
215 A7} o5 ok lollA A = deke AL ST307
o] 2JFollA] F4d% F EHellA outbreak”} Yol 714

< AlAIeE PFGE A= ST7F 538 7oA 22 25
LEPHRAI R 212 ST QhollA = w37} glodet. 201413 8ol 4]
2015120l A4 Eel=l ST307 53 20151 9¥ol| £
= ST307 FF5E PFGE dendrogramol|#] A& t}2 sjjel 9]
bandE WGl ol= PFGEZ}F Wit o] -dajo] 212 ST <t
NAE T ZolE FEE T 7] wiEQl A oE A7tk
[31]. 22 Aol B2l A7)7} ehg FFol AU 28 7|7t
A ASH R vk #7075 1kl KA w3 Azle
2 QI8 PFGES] Al 70 bandell =o]7} & 4 lri32].

o|¥] il A EolEl CPE #F-5-2 AHbA 9l 7hedol v
2014137 201510l AT outbreako] LR} Aoz A7hEl
t}. & 7)ol CPEZ} £2]% Isolates 8, 9, 102} Isolates 11,
12, 13 28] 3L Isolates 22, 23, 24, 25 5% PFGE 79}
sequence types LFERNSIE) W) 7] #ajAle] oA =4 A
3}, o5 Al 25 Wl 3RS A7 FRAA oY WAl A
231 717 Fo] g9k Isolates 12, 13 Z+S W of| 4] AYLE]
o] CPE9] &% frjl & I3t As} 7lsA & Sei=gont, &
S A8 =2A 8 A wiokat g2 A2l E Sl Auhe v
2wk AlY Qhol] FA= )

Bl ol A= T tighE ol A E CPEY] A} o)
3 SAol thel] Ak Hoket i A3 22]E CRE % CPE H]
B2 11%%3L, KPC A K. pneumoniae?} 5 XFA619)
th A9 2 CPEZ} vhAl WA S vl =dl, 53] 20154
5 Feld FFE tigeeyclineol] WAS Hol7| & #1431,
colistin WAl #55 + 5 W=} o]x= CPEQ| whE
Azt 29 Frbste Al WAS 23 o, CPEel tist
743k el welrh Fesivhar of AXIc B 7)ol A] 2 4
Wd7ke] CPE A EAl8te] 12 AHRE 3% =W CPE 3
A e 9 WA AFE A3t Fe3 7| 5Tt & Aolch
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B2 437 O OjorsolofAs 22E Carbapenemase /44
Enterobacteriaceaed 2R el EN 2

"IMChE . o|IfhE RITHHALO|E LAl MFLHA I TA ‘2R AR FctAALe|stnt SoiM|chEtm o|nichEt
5 stmAl Zhoduym}

Brain Korea 21 PLUS Project, “ME2tA el Ztcinla|al PoiMcystm o|njchst Lhnt
orMd’ MZ|od! ZAES? AW’ IR, S42|", MIPE|!, 27, w2kt FFEEY
HiA: Carbapenemase A4 AN Al <5 (carbapenemase-producing Enterobacteriaceae, CPE)ol] 2]8F 7hd&2 | 107+ A
AAF o2 Z7rslelom, ol gt Al ol o3k ZHed-2 oll$7t $A1 §dar A9} S1jde] glo] 744d el 9] Fask ARbol
=ik CPES] A3t} 5412 7]stnic} vhE = Ql7]ol] B Aol A= g tHeh dellA] 3] 5% % CPEY
A SAS sk

2 2011 10858 20159 997HA] AlBgkwd o] o4 1l ZhA] wlek ZAAllollA] ZEeldl CPES| 3 54 4 &
A A AAE B4} Kiebsiella pneumoniae carbapenemase (KPC) YA Klebsiella pneumoniae pulsed-field gel
electrophoresis (PFGE)$} multilocus sequence typing (MLST)E F7F2 A|s¥s}ich

43} A7717F BRF carbapenem WA AWHAITEL F 22257 FRIEINAL, I F CPEE 2557 (11%)3ck. 71 W2
= A8 AL KPC ABA K. preumonia} =1 201501 14577} AFste] Zelw 9, 1 2] IMP-13, VIM-23], NDM-1
3, OXA-48% CPE7} #Ql=|9ith. CPE®] carbapenem %] 4= 4|55 (minimal inhibitory concentration, MIC)+= thaks}3ich.
KPC XA K. pneumoniae= ST3073} ST110]913L, PFGEoA= A|7|HZ £7 clone?] outbreakE A] A8} T)

AE: FHT 437 B 713ollA CPE AL 7kl x, 71 B 755 KPC A K pneumoniae©] AT}, Carbapenem
WA S A7) flske] CPEoll sk &A1 ZRA19F 743kd zhed elzb desiel. [Ann Clin Microbiol
2016;19:39-47]
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