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4 % (carbapenem) & & T M -
B R o FBUGTL R 1 2 17 1 A 4
(carbapenem-resistant Enterobacte-
riaceae, CRE) [1,2] ° 1R 3% &7 FTt W K
LB EHAHA (Taiwan healthcare-
associated infection and antimicrobial
resistance surveillance system, THAS)
zHE - BEWERA LB ER
FERBEMMREEEY  RFE
CRE #y Ik & #2013 4 1 9.4% & F
¥mE 2022 £ % 3 F W 26.6% > H
EAEE BT M3 (3]

HOR R H OB LR WG AR
HOO BB A8 E R F 8GR
(carbapenemase producing CRE, CP-
CRE) X 7k & % ¥ & J% B (non CP-
CREEWME H¥FAHEEN R
REBEBAEREDEHE
FTEBERMERWOLER ¥R
B A KPC (Klebsiella pneumoniae
carbapenemase) » NDM (New Delhi
metallo-beta-lactamase) > IMP
(Imipenemase-type metallo-beta-
lactamase) ~ VIM (Verona integron-
encoded metallo-beta-lactamase) ~ LL &
OXA-48 (Oxacillin-hydrolysing beta-
lactamases) % o WA E T~ £ R
AREHEEEE  WEZERRA
PRERFRTRN LI WEfEER
ST BREAMLERR
ERWHBE L[4 BRE—HE
KPC £ [ # fifi 3k 3¢ & 18 IK B & 1996
FREBRMFBERMMNBBI 2%
[5]° & KPC # tk T & % & % B 3k

UL B4 - KPC R & 2
R R T A [6,7]c EEB W
5] KPC-2 12 M & B & % 2010 F 7
— 45 EW S EHH (8] WHIE 2011
£ 54 KPC2 LIt B Ir i K B
M EFEZHER 9] EEE—EA
22 4 (1998 E 2019 ) WyBEM
MAFHY - SHRFTHIGENN R
F K E B AT 3 B IMP-
8 ~ NDM-1 » #1 VIM-1 # # % KPC-2
Ao H 3 OXA-48 [10] °

% KPC B 8 4 47 o & 11145 &
KPC-17 £ KPC-2 # 1% £ — 18 ix &
B (F207L; Ambler (ABL) numbering)
[11] - T ¥ &8 W AT R 24 L A
HATTRE 2014 FHEE Y 1 HE
KPC-17 B F Z 4 [12] 5 L& I
HIDLKPC-2 ZEHEER[9]° AT -
R4t KPC &£ B A % £ L
KPC2 A% > ZEMEREE KL
P SCBR AR B KPC-17 [12-15] - B 87
B R A 2 R bR b R R AT IR
7o Bk R R & AT 2020 F
E 2022 g AW H KPC WH % - #
B L8 KPC-2 # KPC-17 WA T [F %
EAEkRzZEN  LWTYHREHEFEAD
Z EHBREE BREBREEERE
BYIBRERAS RIVERERE R
GTHEE -

MARAE
BRI ERINE
A A RE R L > EBEA

SRR



F£2020 4 1 A 1 H &2022 4 12 H
31 HHM CRE 2B &R T FHEH%
MAREZREZEBEMAXEEZT 02
REH  AE22 M2 URER
i A o CRE % B & [l & F &t %
carbapenem 32 3 £ % (doripenem K
ertapenem ) E A M E R ZHEREH
% wHEMERA THEKREZH
BherRFBERER (Fl: F—RKE
B W AE A K. pneumoniae © F — IR %
Escherichia coli H 3%} doripenem &
ertapenem H LMW ) ; Wi CRE &
RBREE  BRENBEEKRFFRAX
BE o WERGAREFTFHTE S
KPC # - 3 # 4 i KPC-2 & KPC-
17 FALEAT A4 o
HZRFEEBEREwERNER
REFEEZEEH WA BERE
RERFE EHRRE - ZERT
ERE (BE3MEA 61EA -~ K12
TAW)  URAERFER L - FIT
FEHA - FHERmEHER - EHZRA
o= A0 wF R G R At I (E BT S O AN
A ERBUHERERKILTE ~ #L
AFERRERT— & MAERHEAE
MANFHEAERAR B EREREH
EREDHFERA =R L2 8#IRE
HBORAESR - EH/TERADE
B FUHBREEEE (—RKAT
Bl RE®RER) c HHRINEEAEE
T I BERIR ~ HBY AR AR
HRETAER —RAERERZTHE
WEBEK > FEEREYHER AR
AE - AR B EEKLS
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FRES

BREES 285
M DLHER - ob > R ARIRE=
FHMBESARBEREY > B
AARBZIE SR > NIRRT HAE
BB A o

SrHE

N DN R U T o R |
£ &£ KGR E KPC2 R KPC-17 W
M ER - BHEVNBBEEITE
R - B B R IR AT
HERGELEFEHEFHEY > I
DA S AR t g 2R PR AL T | 4
WEE FAHIFEFEM > NUFL
BRE2SHE TS BHANKES - &
% | Mann-Whitney U # & K lL B
MM ER o B 2BARA BB K
WETMLRERAN S AL - I
VL Fisher's exact test Fb#3 Wy 46 [ &
HABIMMER - W BRRTHE
ARz R IR K AR OR R B R
AR RBE R AR K B A R A
M (Logistic regression) fh H H 4 R »
I DA b (odds ratio, OR) & 3 95%
2 ¥ E [ (confidence interval, CI) 2k
E3 o R LR version 4.2.2 45t
BREETERMN EUpEANR
0.0S RAEHAFELWHEES -

w R

EI# 2020 &£ 1 A 1 HE 2022 4
12 A 31 HHIR > A g3 2 5 726 th
HEBENERERE LR T8
AN EFRARER— HAE
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x— ERSFEHEBEREGLRER

qane Syl HARE 2020 4F- 2021 4 2022 4
KPC-2 102 25 45 32
KPC-17 34 14 11 9
NDM-1 10 2 5 3
NDM-5 21 0 6 15
NDM-7 1 0 0 1
OXA-48 2 0 0 2
OXA-181 73 0 11 62
0XA-232 1 0 1 0
KPC-2+NDM-5 1 0 0 1
KPC-2+NDM-5+0XA-181 1 0 0 1
KPC-2+0XA-181 1 0 0 1
NDM-5+0XA-181 10 0 1 9

W 136 B H KPC > H W 75% 4
KPC-2 (102/136) ~ KPC-17 B 1k 25%
(34/136) : 4 i1 32 k% H NDM -
NDM-1 * NDM-5 ~ & NDM-7 4 7| %
1021~ & 1 % ; OXA % ik B # i
76 % © K%L OXA-181 &£ - H
HIBHEKRESEFTREL LT
BomEEEAR - RMBH - EE=ZFH
M AR Z VL KPC-2 A BERATR
A KPC-17 RIH B &/ % o

R ARRARREADES T
HREEEESR  FRB 1220 5F
Pk 59.8% (73/122) ~ B Ak 40.2%
(49/122) 5 34 F # KPC-2 41 % 74.8
B KPC-17 #1 % 76.1 )& » B2 &
Bma @ ERE REERK
B WARAGTELYEEZLE -
HHRBEREREEEESL - FH 27

LEERARREERYMELT - £
Pt B ] 44 3% = % (all-cause mortality)
% 24.1% (27/112) °
MERBBRZAT K= BH
W # A DL K. pneumoniae 83.8%
(114/136) & K F ' E. coli 9.6%
(13/136) ¥ & % = - t¢ i KPC-2 =
BT &% W& K. pneumoniae 1k
80.4% (82/102) ~ £k # E. coli 11.8%
(12/102) ~ VA & 3 b 7.8% (8/102) ;
KPC-17 8] & K. pneumoniae 94.1%
(32/34) T % ~ H b 5.9% (2/34)
B8 AR IR VLR TR 36.8% (50/136) Fa ik
T 302% (41/136) A £ H R A1
H12.5% (17/136) ~ L& F 11.0%
(15/136) ~ MK 2.9% (4/136) ~ LA K}
b 6.5% (9/136) * W ALTE ¥ & R i 8
RIFLEBEEEZR - TN AREHE K

SRR
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%= IMEAOEFE (n=122)'

KPC-2 KPC-17

*
(n=90) (n=32) pi
i
KR + fEERE 748+ 132 76.1 £ 13.1 0.636
(i 0.405
H 56(62.2%) 17(53.1%)
7 34(37.8%) 15(46.9%)
i
ZR ] 50(55.6%) 12(37.5%) 0.100
DAMAE B @ 68(75.6%) 23(71.9%) 0.813
P e © 26(28.9%) 5(15.6%) 0.162
1B 18(20.0%) 12(37.5%) 0.058
i © 20(22.2%) 6(18.8%) 0.804
FEE 16(17.8%) 6(18.8%) 1.000
LAz ¢ 27(25.6%) 12(37.5%) 0.255
Flirsl 55(61.1%) 21(65.6%) 0.678
EBERE 3 0.455
chf 8 (25-75 E4MT) 31.0(16.0-51.0) 27.5(17.0-39.0)
B 1.000
7 21(25.6%) 6(20.0%)
& 61(74.4%) 24(80.0%)
it 1 PERRE A
H2:

a  FRlIER ~ LB ~ R BN ZE 0

b+ R ~ BRI

¢ + 1BMEFHIRVERTIA ~ 1R MNP EEE

d: B~ R

Rl 3 ¢ DERRIEERE

il 4 ¢ PERRIECERE R A

* categorical variables analysis by the Fisher’s exact test and continuous variables analysis by the independent
samples t-test or Mann-Whitney U test

IR RAEFT £ A0 HT - RALRAZH S B A\ BLE A KPC-17 tAH B 23 4
RIFEE R UERE L H (KPC2 % LB E£R o

71.6% ~ KPC-17 % 70.6% ) » {2 & — RMEFRZ B HER AR ER
FNREBERGLELRT - boh > BorRAERRAZBNTEZTHE
P E—F WY EERNERF > & APER (RE) HFH=FHh4
P83 G % 38 A sk 6 18 A WAL % Z % B % KPC-2 ¥ KPC-17 2

IR R 112 4F 10 HEE =+ =80
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K= WEEKRZBEERBEREDN (n=136)

KPC KPC-2 KPC-17 .
(n=136) (n=102) (n=34) p i
Bt 0.701
Klebsiella pneumoniae 114(83.8%) 82(80.4%) 32(94.1%)
Escherichia coli 13(9.6%) 12(11.8%) 1(2.9%)
Serratia marcescens 4(2.9%) 3(2.9%) 1(2.9%)
Klebsiella oxytoca 2(1.5%) 2(2.0%) 0
Enterobacter cloacae 1(0.7%) 1(0.9%) 0
Providencia stuartii 1(0.7%) 1(0.9%) 0
Klebsiella aerogenes 1(0.7%) 1(0.9%) 0
eI 0.836
PRI 50(36.8%) 37(36.3%) 13(38.2%)
7313 41(30.2%) 30(29.4%) 11(32.4%)
B 17(12.5%) 13(12.8%) 4(11.8%)
BT 15(11.0%) 11(10.8%) 4(11.8%)
I 4(2.9%) 4(3.9%) 0
et 3(2.2%) 3(2.9%) 0
g 1(0.7%) 1(0.9%) 0
7k 3(2.2%) 1(0.9%) 2(5.9%)
BHEMR 1(0.7%) 1(0.9%) 0
R 1(0.7%) 1(0.9%) 0

* {fi ] Fisher’s exact test

MARFTEEELZE

41, %% amikacin

gentamicin » VL K tigecycline ° #}
amikacin By 37 2 M th F # > KPC-2
4 % 66.7% (68/102) ~ KPC-17 #1
1% 5.9% (2/34) s KPC-2 ## KPC-17
#} gentamicin By 37 2 Mt F 4 Al A
79.4% (81/102) K 23.5% (8/34) A1 K.
> KPC-2 AL R TI1£H 7.8% (8/102)
# tigecycline & 4 $1 % ¥ ~ KPC-17
MR 2 44.1% (15/34) - T#LH % 3
6~ R 1218 A W3 L FAE R 04
Wk (FREEIASK ERE

MBREABEREATEELE
HYUHR)  BRETS HBAL
o4& % - tigecycline By At 7] &
KPC-17 #8 KPC-2 & °

T &

AHEEM2020E1 A1 HE
2022 F 12 A3l HAYM=F " 47
B £ 102 #k KPC-2 # 34 #% KPC-17
Bthe RIMTBHHHKPC-1THHE
KA ASHKPC2 WE 4 &

SRR
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xRN WEEKKIBERERL ST (n=136)
KPC-2 KPC-17 OR(95%CI)*
(n=102) (n=34) Event=KPC-17 ria
Fu=-Z QI
% 73(71.6%) 24(70.6%) 0.49(0.18,1.35) 0.168
it 17(16.7%) 2(5.9%) 0.18(0.03,0.98) 0.047
BN 12(11.8%) 8(23.5%) 1.00(Ref))
3 {8 H A b 0.049
& 52(51.0%) 24(70.6%) 2.31(1.01,5.31)
& 50(49.0%) 10(29.4%) 1.00(Ref)
6 18 H A A ERE 0.034
s 60(58.8%) 27(79.4%) 2.70(1.08,6.78)
7 42(41.2%) 7(20.6%) 1.00(Ref.)
12 i H A #81epe 0.371
s 73(71.6%) 27(79.4%) 1.53(0.60,3.91)
7 29(28.4%) 7(20.6%) 1.00(Ref)

* BFELLL (OR) KA 95% SR (CT) TR EEERHTEER 7347 (Logistic regression) fi AL R

KA WEEKZEMERUESEENEERER 2 (n = 136)

KPC-2 KPC-17
(n=102) (n=34) Pl
UERREE

Amikacin 68 (66.7%) 2 (5.9%) <0.0001
Ampicillin 101 (99.0%) 34 (100%) 1.000
Ceftazidime 101 (99.0%) 33(97.1%) 0.438
Ciprofloxacin 101 (99.0%) 32 (94.1%) 0.154
Ceftriaxone 101 (99.0%) 34 (100%) 1.000
Cefazolin 101 (99.0%) 34 (100%) 1.000
Gentamicin 81 (79.4%) 8 (23.5%) <0.0001
Doripenem 97 (95.1%) 33 (97.1%) 1.000
Ertapenem 100 (98.0%) 33(97.1%) 1.000
Piperacillin-tazobactam 99 (97.1%) 33(97.1%) 1.000
Amoxicillin-clavulanate 99 (97.1%) 34 (100%) 0.572
Tigecycline 8 (7.8%) 15 (44.1%) <0.0001

* {5 F] Fisher’s exact test
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aminoglycoside ¥4 R W HLE K 1L
FEHAK » & tigecycline WL B WL &
BEe Rtz HABE—FERE
FElRw kAT ROWBEFH G E3HE
Ak 68 A NERAHEA > BE 7R
# KPC-17

MERNEZTELENER
FERHANERERWE £
MEZWHER - URNERME
B M o KB H O KPC-17 4 &
aminoglycoside 38 Wy 31 2 1 th £ &
X > 7 amikacin 1£ 5.9% - gentamicin
Bl & 23.5% : T KPC-2 41 R 8 &
# amikacin 3T 2 Wtk % % 66.7%
gentamicin Y & & 79.4% o X Bk ¥
¥ %8 B ¥ aminoglycoside 3 8
EMEBTHSHUT=B - OEH
aminoglycoside-modifying enzymes
(AMEs) ~ (2) %% & efflux pumps HJ i
& & . (overexpression) ~ YA & (3) %
H 16S RMTases encoding genes ( 4
o armA, rmtA to rmtH, npmA, and
npmB) - R F X VL armA F2 rmtB 4-Hq
TRz [16-19] ° Bt 58 40 Af Tk $
REBUAENEZELETERZMNR
wEEIKE (K pneumoniae) * ¥ armA
EERREUATETHRERENE®
(effective self-transmissible plasmids)
L+ K & % £ aminoglycoside #i
B0 uy kA rmeB B B KPC-2
[ B B 76 ) H % (mobilization
plasmids) * 3 /v & = 3 % 07 F 3%
[20] °

B % 5 % 3L tigecycline
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%ML F E KPC-2 4L 12 7.8% -
i A KPC-17 4L 44.1% > #F % 35 H
tigecycline Bk i 7 tetracycline 37 #2
L Z ¥ # 0 B encoding efflux
pump ] tet(A) E tet(E) % FH ~ 1 it
BEAZEE AR O e (M) £ [21] 5 ¥
tigecycline #y 28 7 &R Pk 4K 7T fé
(1) resistance-nodulation-cell diVision
(RND) & B Kk 1] efflux pump & &
B UERQFEERZ (Flw:
tet(A), tet(M), trm % ) H Bl [22] > H
Rk B — MR B B R R ret(A) R
B KPC-2 £ Bl oy Jir % 5T & 10 K H
(K. pneumoniae) > P& F tigecycline
3 T tigecycline $L2 M [23] °
#H KPC 3 F W ¥ kA 5 2 iy
R TERANAEZTRD  wmE
BRTNE R €W e Bk
TR N B RBER AL
LR 8T 8 A o AR 30 R R R oy 2
Ve R BREREWER &
MEFEELHEZE4 - M6
# & (B 4 : aminoglycoside 3 »
colistin » fosfomycin » tigecycline »
K & %] & meropenem ) F] fE ¥ & &
Mo AF & IRARANEERK
FRPEFURZTEHB Bf
R B E R & B R A
BE—%Y 251 — k7T 244
HERZNALEEBRET  EiE
% CRE ¥ fr /£ R % B - tigecycline
B LA FALL > MR T E (all-
cause mortality) ¥ H £ & [26]° 7
S} % 398 1 E KPC % B o fiF %k 5T



202  EEEEEIIERELL KPC-2 Bl KPC-17 B E BURRE ISR B R e L

FEH K HE (K. pneumoniae) 5| 8 0] H
M 4E F 0 E J tigecycline %8 = %
B K 7 B AL (OR 0.64, 95% CI
0.42-0.97) [26] ° #* & A % CRE JE W
o RN Ol i W N
W 0 ¥ LA tigecycline R & B & » £
polymyxin #g 2 meropenem {# f [27] °
aminoglycoside 3 ¥} A & # CRE &
WAL BREREBRERE R
FuEN o — S 13EART S A
3 8% 13804 i i A BT 4R & 40 T 3R
s~ aminoglycoside 38 & Jk % & w1 fil
HATIRERERZ - EEWE
R FIE 87-100% [28] ° EHRAAHE
fAE R E R AT R S
XAELZEFEMBHKEREE RS
# » B[ {# F aminoglycoside $f ¥4 it &
ik RER [29] - B — LA
B 2 7 40 eravacycline » ¥} 3% CP-
CREZEWmWHH K2 WHE L HF &)
AR 7E M [30] 5 plazomicin B & B R
7 aminoglycoside-modifying enzymes
W fE R - R R B ¥ CRE #13
RAME 2 Tt amikacin & gentamicin
25 EEEWE > BT BAEIEL
EWMEFBEER  WFET T
ik CRE B IEE R E & -

A7 BT AL A Z 3B RR
BAMUGEEAE EE—FHRE
NI E o HA AR KPC-2
CHEHRRNFEEA -89 - K
HRWEF - 8E 7 EEERRE T HER
OB B 5 [31] 0 B RS ARH
B EWNERE - REF RN E R

ERERESREMLEMFEE LM
BHEOTREE - XRELETEE
X RKPC-17 REWHREZHF > VU
BT 9 R 4 bb 2 Ak 58.9% A& & [12]
MEMMEHBE - FERBERMN
A GE3IMEAROHEANWE
FEUImA - BA 7 R % KPC-17 » &
2B 304 F1F F Lk % % > carbapenem
FihExe USEANERE
# ) - KPC-2 4 1£ 353% > KPC-
17 # % 41.2% > R 8 & penicillin $
K cephalosporin 1 fl 28 & o &
# penicillin 7 3 18 A W1E F £ 4
J| % KPC-2 #1 65.7% ~ KPC-17 41
55.9% ; cephalosporin 3 2| &4 %l %
KPC-2 4 67.7% ~ KPC-17 41 70.6% °
HAXRERGBERAEREREHR
# & 8 3 CRE # £ (colonization) -
Biawx 1EAWR3IMEA W ER
®HKH ] A [32,33] B—H W
WHA LR FERA AT T WAL
FELBEFHEBEEKPCERAMN
Jifi % % EF 18 K E (K. pneumoniae) >
%1 carbapenem #E 2. cephalosporin 3
[34] ; # f# A fluoroquinolone & |
7] fit ¥ 3 carbapenemase-producing
Enterobacterales ¥ %% % [35] * AHE AR
# cephalosporin #f - carbapenem 2 ~
K fluoroquinolone 387 & H 8 & Y {#
Jl % o

RE T E RG] R M8 F %
EHRIBEREARITE T RERE 5
WIBEAS > ERAAKEE TR R
ZHMB R ERERBENESR

SRR



RS EESEm 5= REZH
HIEABEHREXNBEERELTEZT
HAEE% AR AEERENTER
W %= AR H S H KPC-2
F1 KPC-17 B # T % aminoglycoside
¥ K tigecycline SLEMEF EF - &
BREHEHTHAMABM - FW - A5
Re BB E—F Ry EH %L
M HEEHERDY  BREFLEES
B KB 45 A MBI IRATE R A e
E—FERFEATANES -

=
aff

B OH BOF Bk UG IR
BHEREREEENREHRAE &
19 09 BF 5 88 7 % R KPC-17 #) B tk
HMEBABAHKPC2HWE % £ H
aminoglycoside 38 Wy 31 2 & th £ 8
1K 5 ¥ tigecycline & & © 4t - K
P BB G & 3 A% 68 A NER
WAL 5 R % KPC-17 - £ %
BEXYREEROBELZT > WE
MEUEMRRACTHREEE REH
ER - BATHEHENTE - Fikh&
FEZ BTN ERERET R L
BRI BRI EEEE
fii o

ZER

1. 5 2B i AR B9 4 1 % - CRE JUSETE ARl -
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Comparison of Characteristics of KPC-2

and KPC-17 Carbapenemase-Producing

Enterobacteriaceae Strains in A Southern
Taiwanese Medical Center

Hsin-Yu Lai', Hung-Jui Chen', Ying-Ling Chen?, Hui-Yun Liang?,
Chung-Han Ho®, Hung-Jen Tang'%*, Chen-Ning Kung?

Division of Infectious Diseases, Department of Internal Medicine, 2Infection Control Center,

3Department of Medical Research, Chi Mei Medical Center, Tainan, Taiwan

This study retrospectively analyzed the genetic sequences of 726 carbapenem-
resistant Enterobacteriaceae (CRE) strains isolated from a southern Taiwanese
medical center from January 01, 2020 to December 31, 2022. A total of 136
Klebsiella pneumoniae carbapenemase (KPC)-producing strains (102 KPC-2 and
34 KPC-17) were identified and grouped for analysis. Among the KPC-carrying
pathogens, 83.8% were K. pneumoniae and 9.6% were Escherichia coli. The most
common specimen types were urine and sputum, accounting for 36.8% and 30.2%
of the samples, respectively. Although this study did not find statistically significant
differences between the two groups in terms of demography, bacterial species,
origin, average length of hospitalization, previous antibiotic use, and mortality rate,
significant differences were observed in the resistance rates to three antibiotics (all
with p values < 0.05): amikacin, gentamicin, and tigecycline. Although the patients
in both groups mainly came from home, the previous hospitalization rates within
1 year were also high. Additionally, the patients who were hospitalized within the
previous 3—6 months were more likely to acquire infection with KPC-17-producing
strains. Owing to the widespread use of antibiotics in medical institutions in Taiwan,
the spread of carbapenemase-encoding genes occurs in hospitals, communities, and
long-term care facilities. Therefore, it is crucial to strengthen antibiotic stewardship
and infection control measures to reduce the emergence and further transmission of
carbapenem-resistant strains.

Keywords: KPC-2, KPC-17, carbapenem-resistant Enterobacteriaceae
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