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Recently, the explosive increase of carbapenemase-producing Enterobacterales (CPE) in the worldwide poses a
serious threat. The purpose of this study is to investigate epidemiology, detection, and treatment of CPE. Three main
carbapenemase are reported worldwide, which were KPC, NDM, and OXA-48-like. KPC type are mostly found in
USA, China, Europe, and Latin America. NDM type are mostly found in South Asia. OXA-48-like are often seen in the
Mediterranean and Northern Africa. In Korea, CPE have increased explosively since 2015. In 2021, 18,099 CPE were
isolated, which were Klebsiella pneumoniae, Escherichia coli, and Enterobacter cloacae in order. The CPE genotype
was distributed with KPC, NDM, OXA type in order. Phenotypic detection methods include carbapenemase production
tests (CPT) and differential tests of CPE. CPTs include modified Hodge test, modified carbapenem inactivation method
(mCIM), Carba NP test, among which mCIM is the most widely used due to easy accessibility and accuracy. A lot of
genotypic methods are being done for quick results, and commercialized kits using multiplex real-time PCR and microarray
are widely used. Colistin and tigecycline are used as the first line of CPE treatment and are used in combination with

second line drugs such as meropenem and fosfomycin.
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Carbapenem<> extended-spectrum pB-lactamase (ESBL)<
xgsle] thFst p-lactamaseol] tisl oHdslE® g o
g ItellA HIE7A] AREE 5 Q= A o] th(Jacoby
and Munoz-Price, 2005). Z]<*l| carbapenem= 7|43l 5}
+ B-lactamase (carbapenemase)®] =& 13 24 It
o] g wl§- & $1¥-E& T3 3 Th(Paterson and Doi,
2007; Queenan and Bush, 2007). Carbapenem®l] T3+ WAl-&
1) carbapenemase®] A4, 2) ESBL %= AmpC f-lactamase

g3t Edwolol o3 porin®] FHHE 1T =
(impermeability)©] Aol EAHE Aol Lehd 5
o] FollA carbapenemase?] Aol 71 FL23F WA
oln Ambler®] ofH|=AF A= 7127
93] class A, B, D carbapenemase”’} 4’34 o2 FQ3}
(Nordmann and Poirel, 2002) (Table 1).

Class A carbapenemase= 1414 B Zejiw| =0 &

A=, SME (Serratia marcescens enzyme), NMC (non-

=
_E,
o,

metalloenzyme carbapenemase) 2 IMI (imipenemase)= 4%
Aol EA8}aL, KPC (Klebsiella pneumoniae carbapenemase)
2 GES (Guiana extended spectrum)= Z2}2=n| =0 E2)|3H
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Table 1. The classification of carbapenemase and microorganism
from which the enzyme was isolated

Ambler

classification Enzyme type Microorganisms
Class A KPC, GES, SME?, Enterobacteriaceae
NMC?, IMI* P, aeruginosa
Enterobacteriaceae
Class B gll)l\l/}/l,slll\l\/l/[ﬂ P, aeruginosa
> Acinetobacter spp.
Enterobacteriaceae
Class D OXA (OxA-45)
cinetobacter spp.
(OXA-23)

Abbreviations: KPC, Klebsiella pneumoniae carbapenemase; GES,
Guiana extended spectrum B-lactamase; SME, Serratia marcescens
enzyme; NMC, non-mtalloenzyme carbapenemase; IMI, imipene-
mase; NDM, New Delhi metallo--lactamase; IMP, imipenemase;
VIM, Verona integron-encoded metallo--lactamase; SIM, Seoul
imipenemase; OXA, oxacillinase

*The genes are presumed to be chromosome and non-mobile

TH(Walther-Rasmussen and Heiby, 2007). KPC2} GES& &
garEs 8 WS G dgstnE A
o7 ¢ FQ838hH, KPCEol & E3hste] A7l
714 gl HA o) g KPCE W22 B-lactam A
ol W”d o] B-lactamase & A|A(inhibitor)ol] &A= 54
< 731 9JU(Yigit et al., 2001).

Class B carbapenemase+= B-lactam A E 7H=1-3)5}
7] 98l oFdo]2(Zn™)o] IR E metallo--lactamase
(MBL)Z 24 gt} wtehd EDTAS} dipicolinic acid$}
22 27} ©]29] chelatorell &3 &A= B-lactamase
AA ol = GAEA] 2E=TH(Lee et al., 2003; Kimura et al.,

2005). EA71A] ThFst 8154 MBLo| £ ¥ A=, IMP,

VIM, GIM, SPM, SIM, AIM, NDM “-°| >3t} MBL
A= Pseudomonas aeruginosa, Acinetobacter, Serratia,
Klebsiella pneumoniae, Escherichia coli, Enterobacter, Citro-
bacter & TFFSH 13k A1 ol HA tH(Maltezou,
2009). AFAA o2 HAIEHE WY MBL2 3AAG] &4
sht Q1B 1 &(integron) ] T3 CE EAlskE E5
’d MBL 2= Eefar] o] E2§th MBL A4 %
WAt A 7Hd &3 53 <] NDM (New Delhi MBL)
2 2009\ Q1%=o] el JAZ AeHIQlol AN Feld
K. pneumoniae| X # H.31% 2 3(Yong et al., 2009) ©]
< g4 F7kske] @Al 7g £3F Class B carba-
penemase”’} = Itk NDM 72 A}= KPCH.t} £33 3
Ho] o5/ 7.8 Ax(mobile genetic element)Z. =43}

K. pneumoniae ©1%1°] ZFWMt, Acinetobacter spp. 2 P
aeruginosa ‘&l % 2] = AT,

Class D carbapenemase™= penicillin 2t} oxacillins T 2
7ErEElEhs 42 wiitel OXAE &A= Ud#A glon
A. baumannii®}t ZF At A 2] ¥ THWalther-Rasmussen
and Heiby, 2006). OXA-23, 24/40, 48, 58, 143, 519] carba-
penems 7HFEEEllSt OXA-51S Al€]shal Eepm] =0
EA) 3L OXA 23/24/40, 582 A. baumanniiol X 2] ¥|4]
TF OXA48L Aol A el =m iAol 71
&3} Class D carbapenemase”} =] $1TH(Poirel et al., 2012).

o] ArellA A= AL
(carbapenemase-producing Enterobacterales, CPE)2] <8} 7
= agjal A zeb Al tisf 7]=skqlch

carbapenemase =

2 g
1. &sk(Epidemiology)
1) 2Z(Distribution of CPE around the world)

(1) Klebsiella pneumoniae carbapenemase (KPC, Class
A)

oA 7Hd &3+ carbapenemase= 19901 North
Carolina®l| 4] #-& ¥ %] %] 21(Yigit et al, 2001) 7]= A A]
o elol {4, ofrlo}, @Aopo} B golH|E 7} A7t
A #-2] = 31 9\ CHMunoz-Price et al., 2013). 53], #l=, &
=5, olejg], 1E]X, o|zgfel, Hepd, o2 e, FEH
o} & tiubol A= KPC7} Z 951 (endemic), = ol A=
F43] gtkEar itk KPCE AA CPE & 7Hd g ¥
2 glom thekslk KPC WMF(variant)o] EA13R=] 20213
7HA] 82714 WFo] ¥ 1% A UHLebreton et al., 2021). ©]
SollAl KPC23 o] 7H¢ de] #A 9low, o]ojA KPC-3
o] Bl I M= KPC-28 0] 71 $-Al5h =
CPE ko] 8 Qo= oelx] UTH(Yoonetal., 2018).

(2) Metallo-B-lactamases (MBL, Class B)

IMPE o] 1991 dEoA A5 EE]E o]l oo},
4, SolHelgh, HoprlEgt 2 55 FolA] wEelEa
21Tk NDM-10] @150l 2009 23 -] ¥(Yong et al.,
2009) |5 A%, 7|28 ofAlol, 1, FHoldE Tt
T SoA dEHom AL P aeruginosal A=
KPC2} NDMo| FAlo] H2]¥7|% 33t} 32 NDM3E
o] Tk XL 1%, y7|2~gh WEEhd A o] #(Nordmann
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and Poirel, 2014), 7L 9| Hm] olx|oKF, Fh=, AR,
divh, &5, 9 o= Bart S7kskar JIvkKim
et al, 2012). MBL & NDM&©] 7} w@o] ®a= o]
% NDM-1°] siUlE& xgete] AlAllA 71 &ajt)
K. pneumoniae X 7174 &3] &2 5 A TH(Nordmann and
Poirel, 2014) =59l A= Acinetobacter 7504 © A=
FE8 ) o= NDM-19| Acinetobacter &4 A
o2 AGHANE 7S AAFEHQIn et al., 2014).
NDME Hoh= vl =EX5 IMPE 2 VIME = A7
oA L 2

(3) Class D carbapenemase (OXA-48 like)

127]9] o} o= 73k, o] T 0XA-23, 24/40, 585
7HA 3L = A baumanniiv FHoNA 53] LAV Ha
Rom, =g AEFFEE Folrlof, FTE, o, dobHE|Tt
T3l mEelA] 2= AL 9ok OXA-483 o] Turkeyoll A
A5 Hew olE OXA48Y Aol HAAAR HA
o, Turkey, =23, g|H|o}, o]FE, ¥lYx, 1wy} 4t
3= A9 o] th(Nordmann and Poirel, 2014). L <] F-H(ZZ
2, 29Ql, olggoh, i, ARg-t]oteirlo}f, ol = #E L}
Soll A B2 ATHLee et al., 2016). OXA-48%} 3+ 72 o}
HizAato] X3HE OXA-181- AZolA Ag Held &
AAAA FE] =5tk 71 €] 0XA-2049F OXA-2325%
OXA-48 =55 =] AtH(Potron et al., 2013).

2) =L 2Z(Distribution of CPE in Korea)

A4 AAANA T2 2= CPEE KPC, NDM,
OXA48 =918, =oM% KPCEo] 717g wom o]o
~] NDM, OXA-48 2= #2]= 31 9t} 20101 NDM-1
(Kim et al., 2012)7} KPC7} =iljell A 23 28] %] 2 1(Rhee
et al.,, 2010) 20113 K. pneumoniae®| ¥l KPC-22] 3 HA]
k8 (outbreak) (Hong et al., 2013)°] AAZ T} 2013\ K
pneumoniae®} E. coliol*] OXA-48 W o]& 2l 0XA-2320]
Hero 2 wAs3) © M (Jeong et al., 2015), ©]§ CPEL 4]
EH o7 F7Fete] 2021 18,099719] CPEZ} 2] =3
THKDCPA, 2022). CPE= SIR1¥ 3t &2 K. pneumoniae
(10,463; 57.81%), E. coli, E. cloacae =012 7182
KPC (81.77%), NDM (14.67%), OXA (1.94%) <=0 2 H-]5]
At} 53] KPC27F KPCH 9] 97.95%5 *}A8131 3L NDM
-1°] NDM$] 79.25% ©]1o™ OXAH-S -2 OXA-
181802t} 3 OXA-1813} NDM-5Z FAlo] H-f-3h

61578 Easto] F 71 oY FAARS BAW w5

20,000
®|VMP ®mOXA mVIM mNDM ®mKPC =GES mOther
18,000

16,000
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Fig. 1. Distribution of carbapenemase genes isolated from Entero-
bacterales in Korea. A total of 18,099 CPE isolates were reported
in National antimicrobial resistance surveillance 2021 annual report
in Korea [KDCPA, 2022].

% 23854 28] = ATHKDCPA, 2022) (Fig. 1).

3) 2 22|Fe| e E2(Genetic characteristics
in Korea)

KPCE A= CPEZ} HAAIA o= 71 Wo] &3
31 KPC9| cloneol| tialA= & ¢&A k. K pneu-
moniae ST2580] HAAMAH &2 714 A3k clone®] A2t
(Chen et al, 2014), ol X= K preumoniae ST307°] 717
S-AlBkaL o)A ST11 <=°]th(Yoon et al., 2018). = Liol|A]
7} E3F ST307S Italian cloned} 4K o] &L iy
T CTX-M E45 Bl wdshes 548 714 Qi
STI1E= S5l F-33H= clone. & 4ejx] vk wheba
ol ST307 w9} STI1 w2 ke =7F 9 %
A7F o] F7hel gk Z19)S AJAFeITE KPC29F KPC-
37k AlAI A 7 fralsh= o} (subtype) 0] A H(Munoz-
Price et al,, 2013), =Ujoll A= KPC2, KPC4, KPC-3 =02
skl vk gHH KPCH O] AAAA Ak o]5/de]
wout Tn3 7|4} transposon Tnd4401 Wi = LA 9o}
(Naas et al., 2008). Tn4401-> transposage 71 A}, resolvase
T2, blaee A7 2E]aL - 7RO A3 E(ISKpn6 3}
ISKpn7)S 7FA=Hl(Lee et al,, 2016) (Fig. 2), F2-& =g}
21 = Abo]E AYHO blgge RS AEe 4= 9o
WA A 2e] &Fato] 4 THChen et al, 2014). Tnd401-> 571
9] o}gdo] Ui=dl ISkpn7¥} blagpe A+012] Z <= (deletion)2]
A7)l we} g = 9o, sllell A= Tndd0la7t 71
&3t} 53] KPC29] Tnd401-2 Thkal, KPC3, 43S
Tn4401b o] T2 B E 3L A TH(Yoon etal., 2018).
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Tn4401b
T 1

- . -
ISKpn7 blapc-2 ISKpn6 IRR

A 99-bp in Tn4407a
A215-bp in Tn4401c
A 68-bp in Tn4401d
A255-bp in Tn4401e

IRL trpR trpA

Fig. 2. Structure of genetic elements of blagpc.,. The blaKPC-2-
containing Tn4401 transposon from the plasmid Pnyc is shown in
horizontal arrows. Two inverted repeated sequences (IRL and
IRR) of Tn4401 are depicted in triangles at either end. Tn4401 has
five isoforms which differ by deletion (68~255 bp) just upstream
of the blaypc gene (Lee et al., 2016; Front Microbiol).

2. 4& YHH(Detection methods)

i

Carbapenemase = o= 2dF A AL 3
A AAE o, HP A Aol = carbapenemase HE
H(modified Hodge test2} modified carbapenem inactivation
method, Carba NP I test)Z} class A, B, D Z'#ZHAKEDTA-
modified carbapenem inactivation method, double disk synergy
test, Carba NP I, MALDI-TOF MS)7} $Jt}.

X

1) Modified Hodge test (MHT)

200913 CLSI (CLSI, 2009)°l| 4] carbapenemase2] 7%l
A WA= Aasield o m 4o g HAREAR
I8l B AARA olgstaL Stk o] W CPEET-
B carbapenemase”} A T2 &AiFelo] carbapenemell
5320 Alito] carbapenem A SHIAME A 4 U=
5 W33 YEE o83 AAPE oI tHLee et al, 2010).
Carbapenem®l] 7+5/4Q1 E. coli& ertapenem Tj2== <} 7+
o] gHujAo] HFES F S iAol tlz== 59
7HA] 8] A (streak)$Hcl. CPEY 79~ Hljx]ol] Ehib=|o] =
ertapeneme 7HEslake] g o F9)ol] Q) E
coli7} AF2HAl DHFig. 3). MHTS] A& 41 ojg] 5
5 ol AJE o Qo) WS EljAle] FakAo)aL
carbapenemase®] &5 7PEE  $121, AmpCH ESBL
7} 22 non-carbapenemase®l] 2J3l Y FHS BY 5 3l
t}. B3 Class A (KPC), Class D (OXA-48), some MBL (IMP,
VIM)oll&= 953 A2 o2 Holtl NDM SolAE A4
o] FX| ¥rhal ¢ A UTHGirlich et al, 2012). wEbA]
n|=} Zho] KPC3ol i)l vetellA =2 ARg-H| a1

[e3}
2R

-

(A) Tryptic Soy Broth

(B) mCIM

Incubate 4 hours (35°C
=8 ® ® o
&
Serine Carbapenemase Metallo-p-lactamase
Positive Control Positive Control Negative
Control

(C) Tryptic Soy Broth + EDTA (D) eCIM

..... Negative

a
Incubate 4 hours (35°C) Positive Control  Control
] .

=) )

& &

Fig. 3. Modified Hodge test using a 10 pg ertapenem disc. Isolates
1, 2 are carbapenemase-producing Enterobacterales (CPE) but
isolate 3 is non-CPE. ETP, ertapenem disk.

2) Modified carbapenem inactivation method (mCIM)

AAF 72} meropenem U] 225 AA x| A] i1
Al ol Al 1] %= carbapenemase”} meropenem-S-
H] 2] Sl(inactivation)shi= Y E]E ©]-&-3$+t}. Meropenem Tl
2239} 7 NS Tryptic soy broth (TSB)Oll ¥l 3A17F Bl
Sk S E. coli ATCC 25922 (meropenem®] 3/)E t]~=
S At} wkekol]l 550l carbapenemase”’} 4|
S meropenem U] =7} H|EslE]o] SAte] 27 o]
A(6~15 mm)skal Ga7F EAsHA] o Al 27
< Wgo] gAY 16 mm o]’do] HTHCLSL, 2018) (Fig. 4
& 5). KPC, NDM, VIM, IMP, IMI, SPM, SME 2 OXA-type
o Azl tigh NlE= B Solk= 9%= A Stk
o] W& Algstr] HAsH TSBSF 2+ media ©] 2]l
Alefol o gl Aol slovt st st w8l
oF 3l Class A, B, DE 783 4 §lTHvan der Zwaluw et

al.,, 2015).

3) Carba NP test

M2l FEEol 0 carbapenemase®] 2]} imipenem
o] 7krdlE= As A= W= imipenem©] 7t
R pH7E WM3lE 3 o]ojA pH & A XHphenol red)
o] A5 WsAZITE CLSI A5 Aol ZpAgE #iHo] 7]
o] ATHCLSL, 2018). ©] 1 GAlt3} Pseudomonas
spp. oAl 9575 dRiEe} Bol=E B X1k GES
(Class A)2} OXA-48 (Class D)2] AEA A& £ &t}
Carba NP A= Adstar, A7} wh=m Ajs)abgd s o
o] go]sle] CPE AZol 7Fx7} A tHNordmann et al.,
2012). A Rosco Diagnostica®l|X] Carba NP testol] Tt A|
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Fig. 4. The modified carbapenem inactivation method (mCIM) and
EDTA-modified carbapenem inactivation method (eCIM). Opening
the black box of phenotypic carbapenemase detection. Serine carba-
penemase is Class A B-lactamase such as KPC and GES. Metallo-
[-lactamase is Class B p-lactamase such as NDM, IMP, VIM [CLSI,
2018].

ofo] 3% 8}5]o]

o

wEIL AT
4) Class A, B, D carbapenemase Z'8 % (Differential
test of carbapenemase)

Class A9} Class C carbapenemase™ boronic acid®l <Al
%31, Class B (MBL)™ EDTA X+ dipicolinic acidoll <A
E 22 meropenem H=F9} o] AAE o]&3F o]F
tj23 3<% 7 AHdouble disk synergy test, DDST) H+=
combined disk testE A4 class A, B, D 55 1%
4= 2AtKStuart and Leverstein-Van Hall, 2010) (Table 2). 34
mCIM 7k A9 2 EDTAE 3 7I5ke](eCIM) 2
S WA o® 7ALEPA Class B (MBL)S] 7-%- EDTAZ}
Zn*"S chelating@}o] carbapenemaseZ BB 3}stE R ©f
A} A4l S7HmCM A 243} 5 mm o3 2

=

mCIM
Positive |
Zone diameter of 6-15 mm

OR
Small colonies within the 16-18 mm zone

Negative

Zone di of 219 mm

eCIM

Negative |

A =4 mm increased zone
size compared to mCIM

Serine carbapenemase

No carbapenemase

Positive
A25 mm increased zone
size compared to mCIM

Metallo-B-lactamase

Fig. 5. The flowchart of interpretation of modified carbapenem
inactivation method (mCIM) and EDTA-modified carbapenem
inactivation method (eCIM). Opening the black box of phenotypic
carbapenemase detection. mCIM is used for detecting carbapene-
mase in Enterobacterales whereas eCIM is used together with
mCIM to differentiate metallo-B-lactamse (Class B) from serine
carbapenemase (Class A) [CLSI, 2018].

o])& 4= QITHCLSL, 2018) (Fig. 4 & 5). Carba NP II test:=
Carba NP test® W33t 1S 2 Carba NP Solution Bell
tazobactam (Class A carbapenemase inhibitor)$} EDTA (Class
B carbapenemase inhibitor)Z 3715 AlHIHF 47119 AlE
IHE o] 83+ class A, B, DE TH3= AA] P (Dortet
etal., 2012).

71E} class A (KPC)$} class B (MBL) carbapenemase S 71
Z8h=tl gradient MIC strips (eg, E-test)©] AF-8-% T} KPC
gradient MIC strips (Etest® KPC, bioMérieux, LaBalme-es-
Grottes, France)> KPC2] &S A|5H= PBA (phenyl-
boronic acid)E& %] carbapenem stripl| T+ H7}3F & ¢F
Z:9] carbapenem MICE 43l WHolt) PBAS 37}
St carbapenem®] MIC7} #H7F8FA] &2 MIC Ru 74
(MIC ratio”} 88 oA} 7k43t w)shd KPCE XAl sl
TR WA = vk o] KPC HE CRlee) 5
o] =7} 242 92%9}F 100% % H.a% 3l ) CKGirlich et al,

Table 2. Interpretation chart of phenotypic carbapenemase confirmation tests

Carbapenemase AmpC with ESBL with
Confirmation test il 1l
Class A Class B Class D porin 1088 porin 10ss
Modified Hodge test + + + -+ -+
Meropenem =+ boronic acid + - - +/= -
Meropenem * cloxacillin - - - +/- -
Imipenem £ EDTA - + - - -
Meropenem + DPA - + - - -

Abbreviations: EDTA, ethylene diamine tetra-acetic acid; DPA, dipicolinic acid
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2013). H]5=% ¥18] 2 MBL gradient MIC strips©ll+= MBL
A4S A= EDTA Ti= dipicolinic acidE AF&-3}¢]

- ¥
k3

476271 498200 (A) Ertapenem (15 min)

I 520187

|
| I
[, ‘*‘J \ k 542277
. S «\\/WJJ . U\/\_,\,H,.b

(B) Ertapenem + K. pneumoniae (KPC+)
Decrease of peak spectrd (15 min)
and chahge of position dde to

hydrolysis of ertapenem by KPC+

Intens [a. u]

x
an%W 4 N w a2 0 o
&
2
D
2

Intensity
Intens [a. u]

- N @ s

v
1
\ | 64183 538135

I\ pdn J\ ke A
(C) Ertapenem + K. pneumoniae (KPC+)
and APBA (15 min)

-1
o %

Partial decréase of peak height only
by the effect of APBA inhibiting KPC
476222

-

H 498260
it

N

Intens [a. u]
[ —

1
JI W I 542435

NI MM ,/\JJ\\.\ — /\_,J\m A

440 460 480 520 540 560

mz

Fig. 6. Mass spectrum showing the non hydrolysed pattern of erta-
penem (A), the full hydrolysis of ertapenem of a KPC producing
K. pneumoniae after 15 min (B) and the effect of the supplement
of APBA inhibiting the KPC mediated hydrolysis of ertapenem (C)
(Johansson et al., 2014; BMC Microbiol).

MBLS AE38=d] o] &3}l 1o, KPC gradient MIC
Stnp.],}— H]———ﬁ‘]’ /H '9‘ Eo]q

5) Matrix Assisted Laser Desorption lonization-Time of
Flight Mass Spectrometry (MALDI-TOF MS)

MALDI-TOF MSt Alete] Zleke] wll-¢- 2 3ah,
ol carbapenemaseE A& W ATV JAH L
t}. Carbapenem U]Z~=19} 74/\}3}3'15 TS 12417 vl %
gk % carbapenem 3l 4AHES] AHEHS HEIAY,
peak®] A HE= 9]A] 9] WistE Wil el WhHelt)
(Johansson et al., 2014) (Fig. 6). ©] W2 5o|=7} 100%
greoll OXA489] HEEo] o AAIF 0w 77%9] o
TEE WIthal ®aiE sl itk MALDEITOF MS S
oFA7HA] A1 AR AHexpert user)oll A|FHEA O™ F
TotEA ol de] o] 8HA| ARt Aeetar AEAIRE
o] g #o} ¢kO 2 carbapenemase] A& TS o
&S & Row 7|gech

¥ i

6) 22k ZAHMolecular test)
AA7HA] F=8. CPE Aol i= KPC, NDM, VIM, IMP,
OXA-48, GES 5°] 3lewn Z}7te] CPE friAks S53)

Table 3. Summary of detection methods for carbapenemase producing Enterobacterales

Tests method Accuracy TAT Detection Limitation Accessibility
. .. Poor sensitivity for NDM .
Modified Hodge test Moderate ~ Next day Carbapenemase activity Poor specificity with AmpC” High (LDT)
mCIM High Next day Carbapenemase activity None known High (LDT)
Carba NP Moderate ~ Next day Carbapenemase activity Poor sensitivity for OXA-48 Moderate .
(commercial)
Double disk synergy test ~ High Next day Carbapenemase activity None known Moderate (LDT)
Gradient MIC strip Detects only KPC or MBL Moderate
(E-test KPC or MBL) Moderate  Next day KPC or MBL Poor specificity with AmpC ~ (commercial)
MALDI-TOF MS High Withinday  Carbapenemase activity None known %Ic]\);v;)noderate
PCR (multiplex PCR, . - Specific Unable to detect novel Low-moderate
real-time PCR) High Within day carbapenemase gene carbapenemase (commercial)
Microarray High Within day Specific Unable to detect novel Low-modcrate
carbapenemae gene carbapenemase (commercial)
Whole-genome High Several days Carbapenem Unable to detect novel Low (LDT)

sequencing

resistance mechanism

carbapenemase

Abbreviations: TAT, turnaround time; mCIM, modified carbapenemase inactivation methods; LDT, laboratory developed test
Accuracy high, >90% sensitivity and specificity, moderate, 70~90% sensitivity and spec1ﬁ01ty, low, <70% sensitivity and specificity

"Turnaround time, time to results from pure culture of isolate

“Accessibility; High, all clinical microbiology laboratories could perform this test; moderate, advanced clinical microbiology laboratories
could perform this test; low, reference laboratories could perform this test
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o] HZE3sh= PCRY FAl9ll 2] CPE frdaks A
<+ 20+ multiplex PCR 5-°] 271531 A tHMonteiro et al.,
2012). Foll= 523 CPE #3432l KPC, NDM, VIM,
IMP, OXA-48%5 Aol A&E 4 A= F3Hd multi-
plex PCR (Gene Xpert, BD-MAX “5)¥} microarray (Biofire,
Verigene)7} ol A7fE o] o] 8531 JtiDodémont et
al,, 2014). ©] W'H2 carbapenemase®l| T3} specific geneS-
AEsl7] wlol AAAIR O] whE L, AT} oilskal g
g5k Arbolnt, Azl FHzt oo M2 As AESH
Foke wio] o, AEste A avtoloA A
AFe] Aol ofH& 40 Tk 1 9] FArPE WA 71
A B2 (whole-genome sequencing) *Ho| Qo) o= 5
2 carbapenem WA 7S AFtsh=t] o838, WEd
GARE AESsls wHo 2= 0] 831K OL“E}(Mathers
et al, 2015). X|F7H4] 7]&3%F CPES] A= HHe A3
A $H-& Table 3¢ 2. 9F8}3) th(Lutgring and Limbago, 2016)
(Table 3).

Al

7) B3t ZAAKScreening of carriage)

CPE H3t#te] A=4Q1 A RS o] oA
AH oz AFYE|A| AT CPE 7] WA Eo| =1,
B W At JaE= el AldE Havt vk
CPE HAt7ks Z7]ol| HE3dh= 21 CPE #9] vkt
A2 7] S8 Fr1Hom Aldgste Zlo] Tttt
(Doi and Paterson, 2015). |2 AF BFxle} HE3E =}
CPE 7F9le] A Eo] & WeoR o|F¥: 2 11g]al
CPE 749 Al Eo] =2 W] 3ol JYsh=
A goll A Alaet = Qlvh CPE BatAk HAbE A=
(rectal swab)= ©]-&shH, AFHA7= d 29 oW =
AAD717F &<k 15w} :LEW A e He 2d o
el Alaier = ). HAPHS MacConkey <8 Al <] o]
carbapenem= 23 WY & AE3H= ¥ (Landman et al,
2005), CHROM ID Carba®} 72 CHROM H|A]E o83}
+ " [CHROMagar, Paris, France], Ao~ 2% PCR
2 AEseE W 5ol 2% A Yth(Vasoo et al., 2013).
CHROM Hl#]of|i= ChromID CARBA (KPC, VIM, NDM-1<-
%)} ChromID OXA-48 HIA] Fo] A7)=]ar ok v
e Hlgo] AHs AL golahv g3 AP F
513}“1 AR IIAZF] AAE 4= k. AT 4]
oRish FHAREE ATE + Ao BE CPE

AEd o gler arteth

ﬂ!

Fl

)

48 230l 2 el 3

Hu

3. Carbapenemase
(Treatment of CPE)

Al izl 49, #HE, 2 v=TIA 2 =
et T7 T5 HAs oFlshe &8 Altel”] wii
of o5 wollA &t WA S7hs A RERE ot
2137 A4 od ko] w9~ A THRodriguez-Bafio et al., 2018).
Carbapenemase™= carbapenem= ¥ 35H= BE flactam &
FAE ArRAFR ML S e AN 05
Agtsw, F-13] we} carbapenems TFYS == 7}
Tl Al7IEE CPE el A|molA shel Tl
A5 ol FEA] edskth ey dukbE o= ol
37HA] Well oigh w2 A AlE A A Aol
% 3 Felt}h 1) Polymyxins (colistin or polymyxin B)¥}
tigecycline®] CPE 79| 12} A®eko g FH5E X7t o]
= FuAl e HEane] aiprt sirtar
&3 em, 2) carbapenemol] MIC7} 2 W= carba-
penem= polymyxin®| 1} tigecycline™} 3o 2 ARE-E 4=
At} 3) FHFol = A2 B-lactamase A A S L=
E3A7F 270550 9lo™ CPE type M2 @} x}o]7}
DAL o] 5 FtAlE Eihsto] HWekawS ARkl ol
vl AA7bA] CPE el AREE = e tAlE ol

7 2] 8} th(Rodriguez-Bafio et al., 2018) (Table 4).

1) KPCe| z|=

Polymyxin B, colistin, tigecycline, fosfomycin, selected amino-
glycosides7} | &0l AF8-2 4= 1 01 tigecycline, colistin,
meropenem 59 W aRo] 7 &3] ARSEHT

(1) Colistin (polymyxin B)

Colistin- fatty acid chain®l cationic cyclic polypeptide”} <1
Ay F220]H colistinZ} polymyxin BE 3FLte] o] =4t
23 S @da Alatel] gk AhtAd(bacteri-
cidal activity)> FFAFSICE 2H8 71742 A2l <] 9N outer
membrane)S E3 555 9] lipopolysaccharide?] lipid A
o} Agsto] AletS At 3Hch(Bergen et al, 2012). Al
I % Proteus$}t Providencia, Serratia T &2 A1 W43 o]
H o5 w& A9 a7 543 kol 48
Colistin A543 7d-$- meropenem®} &
A slen i A g P, o .
e A SR ol 119

T [e]
$-ol= A7 Ul(intrathecal) = 213 FY3ct F2 34
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Table 4. Summary recommendations for specific antibiotics in treatment of carbapenemase producing Enterobacterales

Antibiotics Recommendation Effective CPE type
Pol ins If meropenem MIC<8 mg/L, combination therapy with meropenem
olymyx . If meropenem MIC>8 and <32 mg/L, combination with tigecycline or KPC, NDM, OXA-48
(including colistin) . .
aminoglycosides etc
Tigecycline Comblngtlon thergpy of MDR Enterobacteriaceae including CPE, KPC, NDM, OXA-48
use of higher dosing
Fosfomycin Combination therapy of MDR Enterobacteriaceae including CPE, lower UTI KPC, NDM, OXA-48
Gentamicin Combination therapy of gentamicin-susceptible KPC-producing CPE KPC
Tmipenem/meropenem If meropenem MIC<8 mg/ L., combination therapy with polymyxin KPC, NDM, OXA-48
Double carbapenem therapy: ertapenem and meropenem

Ceftazidime/avibactam Alone or combination with carbapenem or colistin in class A, D CPE KPC, OXA-48
Meropenem/vaborbactam Alone or combination with colistin or tigecycline in KPC KPC
Aztreonam/avibactam Combination with colistin or tigecycline in class B (MBL) NDM
Plazomicin Combination with colistin or tigecycline in KPC (not MBL) KPC
Ceftazidime OXA-48 producers are susceptible if not ESBL or AmpC producers OXA-48
(Rodriguez-Bafio et al., 2018)

Go7 ASAH AdEEe] BT 4 A, diFEe  $FHERRE KPCE ¥shs CPES HIw7|Al 7l A
CPE= colistinol] 744 o|u} &< colistin AH&-9] S71= Fol| &3] o] &%t} Colistin} IR7IAI R fosd3 A}
Q18] colistin WA KPC A K. pneumoniae ) <71kl & X3t ST Ert WS dod o Qi

= Aot Mammina et al., 2012). 53| mcr-1°]12H=
AR E3he Eoanert 8 A 9o R Kl
32 gtk NDM B OXA48941 =

(2) Tigecycline

Minocycline & 25-E 1=
A frEefflux)dl ok W 71ds -3letes sl
o 1

r&ﬂ
o
Ml
é
fru
Hu:
gi
O\E
o o
It oly
L
>,

™ aminoacy-RNA %} 75 2H8-S Hro} thild] 314dE& o
Agh= 71d& b= IatAloltk. CPEE X§eh= 19
w3 3ol ALl DS 7HA AL vk Tigeey-

cline> AollA WA s}k
Bt Sl A FEE
o= AHEHA ga 1L

AHg-5 thBarbour et al., 2009).

dletel oA, vl
#HH 9 UTIeA ©
e QA Batelo

(3) Fosfomycin

UDP-N-acetylglucosamine-3 enolpyruvyl transferaseS =2+
gske] Aol Al AEE oAlehs A= KPC A
3 & XFete] tiFe] CPEYl &3t YAIRE TEo
2 ARESHA] Fa WE e o2 ALE-E T QlUh(Falagas et
al,, 2010). Thla Agto] A9 gl= A2 EAFo R <l
3 AbAl of el ol 2 A E o] AWM alE s

colistin HAJo] =&t}

(4) Aminoglycosides

-~

#5421 aminoglycoside”} TH5 HE= W QMO R A}
2t} Gentamicin®] KPC A4 K. preumoniae 7+
o AH&E 4= Atk 53] ST258
TAd0] A=A 9 o™ (Naparstek et al,, 2014) TH=o 2
AHEEHA eha O 2 ALEEIolof JHT) NDM
A2 Mol = 16S-ribosomal RNA methyl-transferase
o 3l =Aa) Wil ALgo] BHA eth A2
ol plazomicin®] 7N = 2™ KPC 34 K. preumoniae|
o] odi= o] adFol Bal HAtk Z1Eu o] A
&= NDMOJ A= ARgo] A A =t

=1
=]
=

b

A &0l gentamicin

rlr o 1o oo

(5) Carbapenems

ﬂ.{

CPE+= carbapenem©l] t}Fst
mg/L to >256 mg/L)E BY 4 9t} Carbapenemol U sh
MIC7} 4 mg/L ©] O]— 9 1552 meropenemsS T 2
et AFESH Fite] Ayt =9 4 vk
a4 ok 2y I‘HTIA CPE: MIC7} o]®r} 3=
o} carbapenem TEARE-S FAEA] =l KPCEH K
preumoniaed| A E-0181A] F /12| carbapenem©] WIS H

o2 AMEE7|%E =1, ertapenem©] KPC &40l &2

29 A %5 2 (MIC) (0.12
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Het=7F 9lo] KPCell Adste] n7]eedS shal, o]
meropenem®] penicillin binding protein®l] Z2¥s}== S}
= 9ol ti(Tzouvelekis et al., 2012). L2t} Lukz oz
carbapenem< ¢]oll 7|3t 12} AEekn}l wWgtgmog
Mg,

(6) Ceftazidime-Avibactam

Avibactam-> class B B-lactamase (NDM, VIM, IMP)<-
A2Jgk i F-E2] B-lactamased] EAS Hol= AR -
lactamase }A|to]t}. wElA] ceftazidime-avibactam-= KPC
type (class A)¥} OXA-48 (class D) CPE] &4S ztom,
NDM® CPECl:= &40 fith. AA o] &tAl= Class A
S} Class D CPES] Wtaiow Akgd & glom &
A8 Foll ¢l th(Castanheira et al., 2014).

(7) Meropenem-Vaborbactam

Vaborbactam-= KPC% CPE (Class A)E A3}, MBL
(Class B)9} OXA-48 (Class D)= SJAISHA] Hali= A=
B-lactamase < #l| A ©] t}. Meropenem-vaborbactam< KPC
CPEC 4] meropenem®] &S Hste] F4a = A
sl @A FDACY &<l=o] CPECl ol v|x= Y2 A 7F
Aol AFE-E 3l 9l THCastanheira et al., 2016).

2) NDM2| 2|2

MBL-2 aztreonamS- A 9| 3t & flactam Aol W]
& do7IARt MBL A4 d5= $5 ESBLE FA0l
A235)7] wlitol aztreonamoll &= Wj4do]t}l. MBLS thH-&
9] B-lactamase inhibitorol] A% x| ATk avibactam->

ESBLS E-3H43}10] aztreonams SAANEIE 4|51 3
(e

-

o] aztreonam-avibactam®] ML HS A5 adE B &
Actar 2ef#] QITHWang et al,, 2014). Colistin 73 7
- rifampin-meropenem-colistin®] W% F3|Holgtal B
%31 )UK Tingdén et al,, 2014). KPCH ¥} +-AFSHA colistin
3} fosfomycin?} BT LW E Hawa 9k

3) OXA-482| z|&

ESBLY| $1& OXA-48-2 extended spectrum P-lactam A
of ZAdol FF gentamicin 53 72 aminoglycoside
of| &= 7+=/d o]t} Fosfomycin, imipenem, meropenem, tigecy-
cline 59 WEQH] in vitrod| Xl &= HSlt) KPC}
-AFSHA colistin, tigecycline 52} fosfomycin, carbapenem
718} A datAle] Mgtane] ARE = vk aE

ANk et ol = B35kl OXA-489] 23k & )7
Ade] d$= vl FA4 ol APFFEC] 50%00 o]&rtal
&+ed#] 2 tH(Navarro-San Francisco et al., 2013).

2 E

< AAAY SR catbapenem= 73l EE &4
Adshs FHHAMIRECPE)S] F24R1 S7F AAe 9
o] ¥l Ut} & A5 HA2 CPES A3}, HEW
9 A5 Hye HAM w3FS FARSHE Aolth Al 714
T8 carbapenemase 3¢ KPC, NDM, OXA& o] ZA|
Aoz ko] o) KPCH2 v, T, 74 2
gelofug] 7ol A F2 HZEE ™, NDME 2 Holr|old
Al FE FEETE OXA4RF > A|FElef Folra]Ttol A
&3] & vk =ulellA 20153 5E CPE7} A o
2 F7kekelom, 202190l 18,0995-2] CPE7} 2] =1
t}. Carbapenemase”} 2]l 1 K. pneumoniae, E. coli,
E. cloacae s=°]0th. CPE %12+ KPC, NDM, OXA
g o® RIS CPEE HESE TdY ol
= catbapenem E3EA FE WHCIDF CPE T7 &
W AAE 2tk CPTOl:= modified Hodge AL, modified
carbapenem inactivation method (mCIM), Carba NP A} 5-0]
Rom, o] Fo mCIMo] A3 Aedo] Fof 7
ge] o] &Fa Q. wE AXE 4] f8 B2 743
Aol AlsE] AL 1=, Tt AAIXE PCRZ} microarray
£ o83 83t 7|E7F g AREH AL vk Colistin
3} tigecyclinee CPE X 5.9] 13} °fo & AME-%™, mero-
penem, fosfomycin®} 722 22} X 549} BBl A8

a9k

=
=

2|

. oo
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