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Carbapenem-resistant Enterobacteriaceae (CRE) poses an increasing public health threat and has
limited treatment options with high associated mortality. Genotypes of carbapenemase that threaten
public health (blaec, blanow, blame, and blavw) and blaoxa-as-ike genes were detected by phenotypic
and molecular diagnosis, and related gene distribution patterns were investigated. Phenotypic
testing using the modified Hodge test confirmed positivity in all 41 strains examined, and carbapenemase
inhibitory testing using meropenem-+phenyl boronic acid or meropenem+EDTA confirmed positivity
in 18 and 8 strains, respectively. Polymerase chain reaction revealed the presence of amplification
products in 28 strains of blaec, 25 strains of blapwm, 5 strains of blawe, 1 strain of Hlau, and 13 blaoxa-as-iike
strains. In addition, 7 strains of blacpc+blanow, 1 strain of blakectblamp, 1 strain of bianowtblaoxa-as-iike,
1 strain of blaxomtblavv, 4 strains of blakec+blanowt+blave, and 4 strains of blakec+blanom+ blaoxa-4s-iike
were identified. Melting curve analysis using real-time PCR was wholly consistent with PCR results.
The study shows genetic identification of highly specific CRE by real-time PCR could be used to
provide early diagnoses and infection control, improve surveillance, and prevent the transmission of
CRE.

Copyright © 2022 The Korean Society for Clinical Laboratory Science.
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do7|=7 31504 = X373 Escherichia coli 2} Klebsiella pneumoniael 213+ 7t
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972 918 S ool Hiek ofd A= HolA| gk=tt
H, ekEo] Yido] Q= A2 2050E7FA] wid Zqt rgo] A
RS = ikl Bars|a Q5] 13l ARk A =
At =2 AFE izl o 2FE W (multidrug resistant,
MDR)¥} JHQst 9F= WAd(extensively drug-resistant,
XDR), 13 24 Ali{gram negative bacteria, GNB)°f| 2]
AR 22 B 7|3 =8 A7 E]IEH6-101.

B-lactamA| Aol thet W71 o= Fabd A, 7=
o) v, AEE AR FAHole Y, 7
sfjof] 2J5t YA o] k. L FollA 1% porinel2t
E2]+= 2 (outer membrane protein, Omp)2] & &
AT QR A3 0 2 0] 21UZ TAAZ 0 EXN Ao 24
2 0 2 Udof| o] = 5= Utk A O = Pseudomonas
aeruginosa= 17291 1EIH] porin®] Ydo] Ay W
2ol gzt Al 2 0 & Ypde] §lom, ofi=p-lactam
Al YA gt Al /9] 583 ARFe|EH 1]

2|3 ZA|etke] B-lactam WA 52 B-lactam 128
£ Adholk= 840) WA ofsf fie st ESBLE A/dsk= Al
2] T7H= carbapenem?®] W ARE-Z ST IFS ENE
o2} carbapenemase /4= 57 1%, Carbapenemase
= & WS Aol A Ao SRIE 1o, 74
o)A serined} & FE-2 2= o] EAo|HH11]. o]
¢k B-lactamase= oH|=A4t ADo] Wt 4719] =8 TIF
(class A, B, C, D)o & BE=x=r} (Class A= &4 299
serine PB-lactamase, class B= metallo-p-lactamase,
class C= AmpC B-lactamase, class D+ oxacillinases&
32361, 7t class= carbapenem 52 @340l thsf ot
&t @S 2h= B-lactamases HFokl Qlth. CPE=
carbapenem B-lactam 118]E 0|30 2 7l<rE5|ol= &
E5 carbapenemase AL W30, Awkd o2 S5
ZgtAn|Eo A BAEE B-lactamase?] WET class A, B,
D 15500 &SHARE AAA] AdE HE AR 7S 74 &
AoM = A 4= QleH12].

Class A= ESBL¥} Klebsiella pneumoniae carbapene-
mase (KPC)E 2281, XA ASSK Serratia marcescens
enzyme (SME), non metallo carbapenemase A (NmcA),
Serratia fonticola carbapenemase-1 (SFC-1), penicillinase
(PenA), Francisella philomiragia carbapenemase (FPH-1),
sulfhydryl variable-38 (SHV-38)), Z2tA0|= A4S SHKPC,
guiana extended spectrum (GES), French imipenemase
(FRI-1)), = & = & E3Kimipenemase, IMI)ol= FE]
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E2 REZIEH13). o] 5 7P & LE %] KPC= A AlAl0] A
?JO™, serine carbapenemase KPCE= 19969 Klebsiella
pneumoniae”lA A5 ERIE) AL, o] % thiE9] 4 U
Mt P aeruginosa®t Acinetobacter baumannii®} 22
ol ZoflA F/=IATH 14, 15]. KPC A= E=tAn|= w7
Ao, A MAFCZ HAR= K. pneumoniae ST2582] 94
S5+ #70] QlrH16]. ©] KPC 3-412K= 55 pKP-Qil Sk~
U & E= S HA T Ho|Aof] 2fsf 24k, Tl ofn|
AF 28] oJe] 1E 2 S Qe TES ASSel= KPC /4
A= iR FARE 242 FAlske 2714 19 FEi= ot
[17]. YEFE O Z class A carbapenemaset= imipenemel] %l
23 Alltol] et W dE 41713l carbapenems 2Rt
Tt B-lactam®] 71231E 71551 SHTH18].

Class B B-lactamase= B-lactam= 7 F<e&-5lol7] Y3t =
& BE QJIXEA 2719 Fol(LubE o g 7n™) S Ie & 5}
7] W2l metallo B-lactamase (MLB)Z%= &4 AH19,
20]. MBL= gR91et 714 ®91E 7FA% monobactams=
ALgt 2= B-lactam ] FYAE AT 4= JTH211. Class
Boll &5k= MBL+= /4 0= 7P #HA/do] & carbape-
nemase®|H, 724 9 7|54 FZ& 7|HEO = B, B2, B39
A 7] RS2 UetH11]. 7 RIS Verona integron-
encoded MBL (VIM), imipenemase (IMP), New Delhi MBL
(NDM)y E3ks10] JArA © & B % 7 -2 MBLo] B 3}
HEFoll &3t} o]2f3t MBLS URIE 02 o] 54 SefAm]
T = Al 7He) W 53R AgZ 8ok sl BAHA
9] 3 YA oA tE A= AL = = DNA A&
transposon®t A2 A& TR HE o F A28 18419
H|S 9 S B0l wl2A] A-35kar 2eket 4= QA sh=74
A A9 integron & ol YIRIRHH22].

iAol ol A% class D carbapenemase™
oxacillinase-48-like B-lactamasesE ERHH3]. Oxa-type B
-lactamases+= A. baumannii 'L K. pneumoniae w=FollA|
U 84 1502, OXA-48 2 ¥ g2 7 A =E of
A 97| wizol RV FH o & o] QItH11, 23]. OXA-48%
AR} carbapenemaset= penicillins@} carbapenems®] H]
A st 7|l S -5 FA| 9t cephalosporins® -F-Eo A
=ttt 1A HEC] H ofEi& 4= o, o= "R 9180l
2ol EHTH24]. 2 752 carbapenem A1 ol2et &
AE50] ESBLYH -2 T B-lactamases?t T WHAE o, =
] A0 2 0]ojZ|:= porin WSl S HAYE 4= QITH3).

AA KPC= =, o|Azd, dol| 2|7} 9 {383 oA



of9] AF =7}of|A 1551, class B New Delhi metallo-
B-lactamase+=©FA|o}, class D OXA-48-like carbapene-
mases= FolZE}7 H {HoA SAlSITH25).

A A Wdete] -8 HIF2 53] carbapenem®] Tzt
Uds EEAIXl MDR I3 &4 w=ol, CREL 3
carbapenem resistant A baumannii (CRAB), carbapenem
resistant P aeruginosa (CRPA)x= A|ARA7]7Hworld
health organization, WHO)2] SHIA| A “9-X19] A
55 5 2] DAl fIx_TH20].

12|31 carbapenemase®] A4k 7 AIA19] carbapenem
Udel 7127} E= 38 HiAUSeH, B yete] 55 HAo
tiet-SEo| B 2 gt Ate] A v S71Rtol wheh waek vkt
= 48 = 3tk CREY FHAkE Alofok= 8 I S sht=
Q1 A vl elsf A8 CRE 8 &AP7F CREE B3t
SAfe] UFNES thIEF= ARMo |t fPe] ek 75
o, Y H ek AukE et AL TS 3t o]
23t carbapenemase producing carbapenem resistant
Enterobacteriaceae(CP-CRE}= 23} H 81} QJsf| o=
A|2Eof| T=RJEH 712 ULl 7|8 ol W= A Hupd 4= ik
[27]. CP-CRE®] 25l {l=t3} = SHE Al&55H| A'H5HH HY
Alsl7] It e T oY 2XE AIBT 4= 3o, ol
A=A, A1 9 =57} ol A ol 2Rt =2 A 771
= A 7 AL 9}, CP-CRES] 4]
, BIPARI gt A= 2 A BA 4] A7 1A AR

ok o
i
)

oY, o

N
T
ok
T
o
=}
ftfo
4>
3:0

ol o
Y
E:
>~
3
1o
ofy
ko
roh
o)
o
i
kil
)
ot
=
O
¥
O
&
i
f
Ho

7 4= = S-S 7L ATH25).

o] & A= ssEA HFo] Hal U= CPES] AP 9
Aldatal et HES ffote] 20199 10€5H 20209 62
7HA] = 3€ carbapenem A€ Aol WS 7= 18524
UHftSE ARES1O] carbapenemase?] SRS 5 Alaxec,
blaxom, blawe, blavv, blaoxa-ss-ike TAARE EAFH HAFL
FARITE O = HE5k I FAAF B g ERIsHT:
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B0 ARESE F= AEA Y S YlA 20199 10
EEE 20208 6¥€7HA] 4% VITEK 2 automated

instrument ID system (BioMérieux, Marcy-! Etoile,

HI
>
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France) AST cards (BioMérieux, Marcy-1 Etoile, France)
o]-&35}o] imipenem, meropenem 2 ertapenem®l] 24 W
Aol ER1E I 33 Wt 41 75 o2 B0 o] &
St
2. 59 5F

FE o] o]- 835t 2] uljefH 41 w=++= VITEK 2 automated
instrument ID system (BioMérieux, Marcy-1'Etoile, France)
2 0]-85}o] Gram nagative (GN) kit (BioMérieux, Marcy-
I'Etoile, France)Z Allit 573= ottt Trypticase soy agar
(TSA)IA S41E o ke 3t & FR99] g7t
McFarland 0.57} =5 3t} A4S GN kitol] 53t &
VITEK AX] 2.2 o] )= loaderol Fo] F2H 7HIE
S 9=t 25 VITEK Z2 08804 578 | w5 2 J3e
Hieisii

i
o

w
b
rot

&% carbapenemase & A&

of o]-83} 41 w5+ carbapenemase AEAALE T
A3 SRS Aot AAF = B2 McFarland
0.5 9= 3 Mueller Hinton BiA]o] H5-0. & 1.5 HE51%
o}, 713 HlR|9] E9of| imipenem, meropenem L ertapenem
(10 pg, BBL, Cockeysville, MI, USA)E 5 & 37C v
710014 18~24A17r w5k, clinical and laboratory
standards institute (CLSD)9] 7|&& wet AME gAT A

Al 21742 =751 B=o1ATH28]. Carbapenemase H&
¥ A&2 modified Hodge test (MHT)E o859t} 5

b

g J

T FRAS Agaof Hol 1:1022 3A5}3iH o] % FRAH
< MacConkey ¥iR|(BD Difco, New Jersey, USA)ol| 1127
eIt YukA o 2 MHT AARHE-2 Muller-Hinton BiA]
£ o83t MacConkey Hi1A|2] E<5 SphE2] ZA] slofA Al
FZ2RE B-lactamase®] =] FIEE=E CPEQ] A= THI:
‘¥ 91610 MacConkey HIX| 2 B1g510] AASE | 2HEH29].

1231 282} 10 pg imipenem, meropenem % ertapenem
HATE HiSHA] 7k Hlol &8E & Ddda= el &
& t AT ofA Bl FHAl 7FEARZIA] 1015310t vl oflA
18~24A Ml ok IA H H== 912 S5 3t o|
2% Soi7t Al (clover leaf-like indentation)Z AF=FH oF
Aoz TgsldrH28]. 18]l AEAHANA carbapenemase
inhibition test (CIT)E ©]-&5}9 class A carbapenemase
(KPC) ¥ class B carbapenemase (MBL) A3 55 &2ls}
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ot TAFFE= McFarland 0.5 45 QoS tlE &
Muller Hinton BiX]o]] =251t} Meropenem Y22 374
£ At 7HHeE = ¥ HAd F S Class A
carbapenemase (KPC)2] AZ&S 93l phenylboronic acid
(PBA)YE, H= slUofl= class B carbapenemase (MBL)2] &
Z2 919}l ethylene diamine tetra acetic acid (EDTA) A|2F
Z¥Z+10 pl A golmnt. 37T w7 )0l 16~20A171 1
ot & 2179 fAF AAIRE S75H AL, CITY AAPEH
A4 CPE R ARAE wet w5519l om, MHT
CITY AAPEIE v 2 B9t o142 sFAH301.

1o %8 o8 o

&>
-

CRE S¢ 7HHH e g ULt HE

240]] o]-83t 41 ol A kS 3253 T polymerase
chain reaction (PCR)& AA[5}t}. HAke] 252 Wizard
genomic DNA purification kit (Promega, Wisconsin,
USA)9] Gram negative (GN) YH& o|8€sl9ty. 1 &
carbapenem 984 % 53(KPC, NDM, IMP, VIM,
OXA-48-like)oll thet G314+ HARE AA[SIGTHTable 1)
[31-37]. AccuPower PCR PreMix (Bioneer, Daejeon,
Korea) ol Z+2}+5 pmol®] primer 1 puL, DNA 2 pL, 355575
S3boto] F 20 pLe] ¥Eg-898-& ThE2Itt Dual block PCR
C-1000 Thermal Cycler (Bio-Rad Laboratories, Inc.,

California, USA)E ARE51] 95T oA 5& WES- &, 95T

A 45%, 60ToNA 45%, 72ColA 184 & 353] =2
Al7]4L, o]F 72Cof|A 5ELF RS AlFHE S5 PCR
UG- AFE-2 ethidium bromide (BtBr)& E&3F 2% agarose
gelo4] 100 volt AYolA 40811 7G55t ZRlstaict
50| gR1E PCR AF&-2 QIA quick gel extraction kit
(Qiagen, Hilden, Germany)S A&5to] ATt G714
o] BXML2 BigDye Terminator V3.1 sequencing kit
(Applied Biosystems, Massachusetts, USA)2} ABI3730XL
(Applied Biosystems, Massachusetts, USA)Z o]-2515311.
24 A7IMEE v SPAEFSE FEAE (national
center for biotechnology information, NCBI)2] ZH|0]X]
oA AlZdl= blast 2 I(https://blast.nchbi.nlm.nih.
gov/Blast.cgi)& o]-8&-51o] H| 24519t

5. Real-time PCRS| 83 54 242 0|8

carbapenemase SXIXt RICt

AT SR A ARES(real-time PCR)] 83l T4l
(melting curve) 242 0]83F 54 Ak ) iQ™
SYBR® Green supermix (Bio-Rad Laboratories, Inc.,
California, USA)E AF&5}9] real-time PCRS AA|5HSIC)
kg o] 242 iQ™ SYBR® Green supermix 10 uL, primer
5910 1 L, DNA 1 puL ¥ 55758 uLg g0l T 20 uLE AR
STt CFX96 Touch Real-Time PCR Detection System

o

Table 1. Primers for the detection of carbapenemase—producing bacteria

GeneBank

Gene Amplicon size (bp) Primer sequences accession number Reference
blacec 785 5 -TCGCTAAACTCGAACAGG-3 EU784136 [31]
5 -TTACTGCCCGTTGACGCCCAATCC-3

Dlanom 621 5 -GGTTTGGCGATCTGGTTTTC-3 FN396876.1 [32]
5 -CGGAATGGCTCATCACGATC-3

blawe 587 5 -GAAGGCGTTTATGTTCATAC-3’ AF244145.1 [33]
5 -GTACGTTTCAAGAGTGATGC-3

blaym 389 5 -GTTTGGTCGCATATCGCAAC-3’ AF191564.1 [33]
5 -AATGCGCAGCACCAGGATAG-3

Dblaoxa-as-ike 438 5 -GCGTGGTTAAGGATGAACAC-3' ON651448.1 [33]
5 -CATCAAGTTCAACCCAACCG-3

gblacec 106 5 -TTGTTGATTGGCTAAAGGG-3 EU244644 [34]

5 -CCATACACTCCGCAGGTT-3

qblanpm 128 5 -GATCCTCAACTGGATCAAGC-3 JQ060896.1 [35]
5 -CATTGGCATAAGTCGCAATC-3

qblame 172 5 -TTGACACTCCATTTACTGCTA-3' KF723585 [36]

5 -TCATTTGTTAATTCAGATGCATA-3

qblam 247 5 -GAGTTGCTTTTGATTGATACAG-3’ GQ288396 (36]
5 -TCGATGAGAGTCCTTCTAGA-3

gblaoxa-ss-iike 100 5 -GTAGCAAAGGAATGGCAA-3 ON586156.1 [37]

5'-CCTTGCTGCTTATTCTCA-3'
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(Bio-Rad Laboratories, Inc., California, USA)S ©|-&5

o] real-time PCR& AAISIL, w5 F ¥ HIEsto] A
oz 548 APt KPC, NDMO] F-84}+= 95T
o A 58 ¥Hg- & 95T oA 10%, 60T oA 30, 72T
A 1029 W2 & 403] WHEESIeH, IMP, VIM,
OXA-48-like f742H= 95T ollA] 52 WS- 2 95T ollA 10
%, 55T fA] 37%, 72T N4 10x9] ¥R 403] ¥HE519]
ot 240 0] &3 HE F-3A = upA9F PCR ¥H80] &
@ F 65T 95T7HA] 22 0.5Ce £ 2 L& F
77T A g3l A B4 sHIH HAHE S = (limit of
detection, LOD)9] EQ1-2 #FE44E o]-&sto] EA5H]
t}. SYBR green©f|4] H[E0]4 S35 4HE9] 4] ol R 2RI
A3l no-template control (NTC)& AAISIE AL, NTCO] 1
S22 FB= At Y A] BEgAHol, WkEF A2 74

I F LA YA

1. BAICl EY

2 A= AHA Y S Yol =19 41 42
o7 BAS 5191, #5= VITEK 2 automated instru-
ment ID system (BioMérieux, Marcyl Etoile, France)<
o|-g-oto] A Halct. XA Acinetobacter baumannii

943, Pseudomonas aeruginosa 9o, Klebsiella

c

[o
ol

pneumoniae 83, Escherichia coli 5w=F, Enterobacter

cloacae 345, Enterobacter aerogenes 2,

29.3%
(N=12)
30

22%
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Acinetobacter pittii 15+5, Citrobacter freundii 191<F,
Pseudomonas putida 1915, Pseudomonas rhodesiae 1
=, Serratia marcescens 1452 ER1I6Itt. EelE A
O] Y%= urine 1270(29.3%), blood 97H(22%), sputum
871(19.5%), tracheal aspirates 470(9.8%), broncheal
aspirates 371(7.3%), ascitic fliud 17§(2.4%), pus 17
(2.4%), other 370(7.3%) <=°.& et Figure 1).

2. B33 carbapenemase A A

QA 5 AHE 2= =0l tell imipenem, merope-
nem % ertapenem 2FA|E ©]-& 5to] T A TS A
ot FAA 4 Al CLSI 7hol =2l o] v /g w
7 7122 & SF3IrH28]. 11 & AEAIYQI MHTE AAlstH
of AE W=E0 3, ertapenem= °]-8%t MHT 23}
4157 BFoA G AHE ERIstItH(Table 2).

83 AEARECE CIT FAARE AAlsI, #4283
meropenem+PBACIA 4155 % 18wt50llA & A=<
QI8}AAL, W= K. pneumoniae 745, P. aeruginosa 4t
2, B coli 445, E. aerogenes 2=, C. freundii 1952
ERHT} Meropenem+EDTAS] E42T} 4145 5 845
oM FdE RISV, W= £ cloacae 34, A
baumannii 245, K. pneumoniae 14, E. coli 145, P
aeruginosa 1952 YERFTH Table 3).

183 MHT2F CITY] S v O = B¢ oAl o1,
EXZE3}KPC 18+, class B cabapenemase 847, class
D cabapenemase 1595 ERI5I3tHTable 2).

25 (N=9) 19.5%
,E (N=8)
5 20
2
z
a1s 9.8%
B3
(N=4) 7.3% 7.3%
10 (N=3) (N=3)
2.4% 2.4%
5 (N=1) (N=1)
Q . .
Urine Blood Sputum Tracheal Broncheal  Ascitic fliud Pus Other Figure 1. Frequency of detection in
aspirates aspirates specimens.
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Table 2. Carbapenem resistance gram negative rod bacteria analyzed in screening test

Disk diffusion

Carbepenemase
inhibition test

No. ID Strain HZA(;);éﬁte:st Interpretation
IMP MEM  ETP MEMH+EDTA MEM+PBA

1 KBN12P06891 Enterobacter aerogenes R R R Positive Negative Positive KPC

2 KBN12P06956 Klebsiella pneumoniae R R R Positive Negative Positive KPC

3 KBN12P07156 Klebsiella pneumoniae R R R Positive Positive Negative  Class B carbapenemase
4 KBN12P07157 Klebsiella pneumoniae R R R Positive Negative Positive KPC

5 KBN12P06899 Klebsiella pneumoniae R R R Positive Negative Positive KPC

6 KBN12P06900 Klebsiella pneumoniae R R R Positive Negative Positive KPC

7 KBN12P06901 Klebsiella pneumoniae R R R Positive Negative Positive KPC

8 KBN12P06957 Klebsiella pneumoniae R R R Positive Negative Positive KPC

9 KBN12P06958 Klebsiella pneumoniae R R R Positive Negative Positive KPC

10 KBN12P06847  Pseudomonas aeruginosa R R R Positive Negative Positive KPC

11 KBN12P06890 Enterobacter aerogenes R R R Positive Negative Positive KPC

12 KBN12P06954 Escherichia coli R R R Positive Negative Positive KPC

13 KBN12P06953 Escherichia coli R R R Positive Positive Negative  Class B carbapenemase
14 KBN12P06896 Escherichia coli R R R Positive Negative Positive KPC

15 KBN12P07135 Citrobacter freundli R R R Positive Negative Positive KPC

16 KBN12P06893 Enterobacter cloacae R R R Positive Positive Negative  Class B carbapenemase
17 KBN12P06894 Escherichia coli R R R Positive Negative Positive KPC

18 KBN12P06895 Escherichia coli R R R Positive Negative Positive KPC

19 KBN12P06952 Enterobacter cloacae R R R Positive Positive Negative  Class B carbapenemase
20 KBN12P06951 Enterobacter cloacae R R | Positive Positive Negative  Class B carbapenemase
21 KBN12P06844  Acinetobacter baumannii R R R Positive Positive Negative  Class B carbapenemase
22 KBN12P06845  Acinetobacter baumannii R R R Positive Negative  Negative Class D carbapenemase
23 KBN12P06846  Acinetobacter baumannii R R R Positive Negative  Negative Class D carbapenemase
24 KBN12P06863  Acinetobacter baumannii R R I Positive Negative  Negative Class D carbapenemase
25 KBN12P06864  Acinetobacter baumannii R R R Positive Positive Negative  Class B carbapenemase
26 KBN12P06865  Acinetobacter baumannii R R R Positive Negative  Negative Class D carbapenemase
27 KBN12P07178  Acinetobacter baumannii R R R Positive Negative  Negative Class D carbapenemase
28 KBN12P07179  Acinetobacter baumannii R R R Positive Negative  Negative Class D carbapenemase
29 KBN12P07180  Acinetobacter baumannii R R R Positive Negative  Negative  Class D carbapenemase
30 KBN12P07083 Acinetobacter pittii R R R Positive Negative  Negative Class D carbapenemase
31 KBN12P06831 Pseudomonas rhodesiae R R R Positive Negative  Negative Class D carbapenemase
32 KBN12P07166 Serratia marcescens R R R Positive Negative  Negative Class D carbapenemase
33 KBN12P06862 Pseudomonas putida R R R Positive Negative  Negative Class D carbapenemase
34 KBN12P07183  Pseudomonas aeruginosa R R R Positive Negative Positive KPC

35 KBN12P07181  Pseudomonas aeruginosa R R R Positive Negative Positive KPC

36 KBN12P06866  Pseudomonas aeruginosa R R R Positive Negative  Negative Class D carbapenemase
37 KBN12P06867  Pseudomonas aeruginosa R R R Positive Negative  Negative  Class D carbapenemase
38 KBN12P07182  Pseudomonas aeruginosa R R R Positive Negative Positive KPC

39 KBN12P06868  Pseudomonas aeruginosa R R R Positive Negative  Negative Class D carbapenemase
40 KBN12P06848  Pseudomonas aeruginosa R R R Positive Negative  Negative Class D carbapenemase
41 KBN12P06849  Pseudomonas aeruginosa R R R Positive Positive Negative  Class B carbapenemase

Abbreviations: R, resistant; |, intermedius;

3. EXMYEIA BHES 0|&St carbapenemase &

(KPC, NDM, IMP, VIM, OXA-48-like)oll that -5

IMP, imipenem; MEM, meropenem; ETP, ertapenem; KPC, klebsiella pneumoniae carbapenemases;
EDTA, ethylene diamine tetra acetic acid; PBA, phenylboric acid.

A}

of| o] 85 2= #50] ti3ll carbapenemase & 5%

ZAAAAL

£ A=K Figure 2). 423 410F 3 blagec 7

www.kjc
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A= 57H blane A= 57W, blaviv
A= 13700 F HdFE &

= 287M, blaxom
FHAR= 170, blaoxa-as-iike T+
oI5} tHTable 4).
SEH blagpc 2892 B2}, P aeruginosa 84T,
A. baumannii 63<F, K. pneumoniae 53<¢, E. coli 47,
E. aerogenes 231<%, A. pittii 151=F, C. freundii 154, S.



marcescens 1952 UJEPTh SZ5 planpy 250F2] £-4]
B3, K. pneumoniae 237, E. coli 37+, P. aeruginosa
9=, A baumannii 44, E. cloacae 34<F, A. pittii 1+
&, C freundii 191F, P. putida 1545, P. rhodesiae 15
2 Ueth SZE blawe 545 42T P aeruginosa
39, A. pittii 1915, S, marcescens 1952 VYRt 5
ZH plavm 1985= P, putida® O™, S5 blaoxa-s-ike 13
o5 B8ATL E ocoli 495, P aeruginosa 145, A
baumannii 375+, E. cloacae 3¢, E. acrogenes 1+,
C. freundii 155+= YEFST). PCR BAFER F714] o<
FANE 7= 8= blacec+blaxom 735, blakectblane
195, blaxovtblaoxa-sg-ike 1757, blaxovtblaviv 15,
blaxpc+blaxontblave 455, blakectblaxovt+blaoxa-4s-like
45 SRISHAI.

blagpctblaxom 745 BAA3, P aeruginosa 54,
A. baumannii 274599, blaxpct+blane 195+ S.
marcescensSAtt. blaxowtblaoxa-ds-ike 155 A baumannii
RO, blaovtblan 1052 P, putida® FEPT. blagpc+

Table 3. Gram negative rod bacteria showing positive results in
modified Hodge test and carbepenemase inhibition test (MHT; N=41,
Mero+PBA; N=18, Mero+EDTA; N=8)

Treatment No. Name of organism Ngmber of
isolates

MHT 1 Acinetobacter baumannii 9 (22%)
2 Pseudomonas aeruginosa 9 (22%)

3 Klebsiella pneumoniae 8 (19.6%)

4 Escherichia coli 5 (12.2%)

5 Enterobacter cloacae 3 (7.3%)

6 Enterobacter aerogenes 2 (4.9%)

7 Acinetobacter pittii 1 (2.4%)

8 Citrobacter freundii 1 (2.4%)

9 Pseudomonas putida 1 (2.4%)

10 Pseudomonas rhodesiae 1 (2.4%)

1 Serratia marcescens 1 (2.4%)

Total 41 (100%)

MEM+PBA 1 Klebsiella pneumoniae 7 (38.9%)
2 Pseudomonas aeruginosa 4 (22.2%)

3 Escherichia coli 4 (22.2%)

4 Enterobacter aerogenes 2 (11.1%)

5 Citrobacter freundii 1 (5.6%)

Total 18 (100%)

MEM+EDTA 1 Enterobacter cloacae 3 (37.5%)
2 Acinetobacter baumannii 2 (25%)

3 Klebsiella pneumoniae 1 (12.5%)

4 Escherichia coli 1 (12.5%)

5 Pseudomonas aeruginosa 1 (12.5%)

Total 8 (100%)

Abbreviations: MHT, modified Hodge test; MEM, meropenem;
EDTA, ethylene diamine tetra acetic acid; PBA, phenylboric acid.
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blaxovtblane 4at5+ 2983, P aeruginosa 3d<s, A. pittii
192 YER O, blapctblanovtblaoxa-ss-ie 4292
I}, £ coli 24, A baumannii 1955, C. freundi 159452 Y
2571

o|% FAo] o]&3t A= B A7 |AE 45 Bl
RS ER1519 AL, NCBIS] blast T2 13- 0]-85}0]
A7 LS BB R. blakee AL 74%- Genebank
No. CP094994.1°14 5/d(homology)& Bt 99%°]
o, Yl AFET Bt 371 H719] +2HGap 1%)= st
At blaxow A 79 Genebank No. CP095662.1
o)A “5/d(homology) B+ 100%™, H7]2] +-2
P2(Gap 0%y SRIsIATE.  blane AR H$-
Genebank No. AP022367.1°04] A&*d(homology)= B
T 99%°|H, Ll AFHT} Bt 271 €719 +=HGap 1%)
< SRISIAT:. blaym F3AQ] B9 Genebank No.
MN256633.1°14 *F5*3(homology)> Ha 99%°]H, &
2 AEET Het 37] F719] F+HGap 1%)S SRIsHi
blaoxa-4g-iike T3] 74-9- Genebank No. MN654419.1
oA 453 (homology)> Bt 99%0|H, ¢ A FEc} 3
T 170 9719 = Gap 1% SRt

4. ol M 2ME 0|23t carbapenemase ST HE
9o

Figure 2. PCR amplification profile of the carbapenemase gene from
the gram negative rod bacteria isolates. M, 100 bp DNA ladder marker;
11 blarc gene, size of 785 bp; 2: blaom gene, size of 621 bp; 31 blave
gene, size of 587 bp; 4: blam gene, size of 389 bp; 5: blaoxa-as-ike gene,
size of 438 bp; M, 100 bp DNA ladder marker.
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o Hof YAREE 2 B FHLo=, Cp7h 30K 2 45
S0 7o) Real-time PCR 2443 4145 5
blagpc SRR = 287N, blaxow 3R = 257N, blane F4}
=578, blami 73R8 = 170, blaoxa-ss-ike A= 1370 &
A #5E BRI51.0m, of= PCR 232} 100% YAI5HAT.
25 QAR] Bt cycle threshold (Ct) ZE Alakee
17.23%1.65, blaxpm 21.44+3.85, blane 17.42+4.02,
blanZ 19.22+0.21, blaoxa-ss-ike> 24.01+4.79% e}
o, 2730 2 Yehd d5ofl= S5 4ol Il 55
AREC] Bl A BA At blakece= melting temperature
(Tm) 87.5C, blaxom=Tm 88C, blaner <Tm 81T, blav
2 Tm88.5C, Hlaoxa-as-ike < Tm 79C-& ERISIFH T Figure 3).
o] gl H FAIE ol&sto] HEFAARAS AAISHIAL,
FAAE=ST(limit of detection, LOD)E &RISH A3} hlakpc
A= 21.48 ng/mL, blaxon A= 31.38 ng/ml,
blanp TA=31.38 ng/mL, blaym FAXR=19.77 ng/ml,
blaoxa-as-ike TR 36.39 ng/mL, O & ZRI=| ]t

Figure 3. Melting curve analysis of carbapenemase gene. (A) melting
curve analysis of blaec amplicon was generated that showed the
fragment melting temperature (Tm) 87.5°C. (B) melting curve analysis
of blavom amplicon was generated that showed the fragment Tm 88°C.
(C) melting curve analysis of blawe amplicon was generated that showed
the fragment Tm 81°C. (D) melting curve analysis of Alaum amplicon
was generated that showed the fragment Tm 88.5°C. (E) melting curve
analysis of blaoxa-as-ike @amplicon was generated that showed the
fragment Tm 79°C.



AW = of2] 7] A WS 7 =
2, 015 % 45 = 95 I A tiFRES ©aoh I+t
Ao} 28 3]u & 4= et AU ol 2fet Azt 2
FO FHES FE AEH o7 FTlsgkor = A o3,
T 9 g =7loA 2 =7HE A1) o] ol 23 AY
Shit S S7HIFeH, ol2jt o' W A2 A AlA
Aoz F7Foh= ofghed AFTES] 8 RleltH38]. ESBL
encoding -8} 2 carbapenemase encoding AR}
B2 o5 QA0A AR IR U 2HRAR] HaE
A5tz ofgt. 181 EStAr|ER st H A 74
A= 7HA AL Qe CPE= W R4S thedsh 15 273 |t
o= AfelollA o ® Agsih, E5] Aidlato] AB4ltsk=
carbapenemase”| 35 A THA 7S & A 2H=}
K. pneumoniaePt} E. coli ©12]9] CPEQ] H]E0] A|&2] 0
& F7Voke 22 AU Aol Agaiel AollA A v
Aol oJ5F -FAF Azttt A= A a4 2420t
35 2l 4= Qo] S-HAHTH39). 121 CPES HE W A
1 9 B 7 SRS =71 1 B =7 UollA]  RIHsHA]

ch

1o

hAfe] ot 3] T2 TIR1E dsk= Zlo] B astH39, 401

olo]] & = CPES] A'E E 4l&5}al et HES 9o
of carbapenem Aol Hlgdo] &h1E Tt 2 Bithet 41+
T ol-&sto] #HPB 2] FAHE carbapenemase -FRARE &
ARIo 2 FHEH WA [AA; B S ERIsII:

AR 2k 2fsl] 2410 o8 B= 5ol sl blaxec,
blaxoy, blaw, blav, blaoxa-ss-1ike A1 gt HARE A
Alst3lor, Yo R U2 o= A7 IAE B4 B9l 74
A& ERIeHaL, 11 At EAo] o]-83t e fARfolA]
F 99%2] AFs*d(homology)< &1L}

FAYH AL B3lollA Aol PCR ZHHE Bl A5t
21} 58 AolA KPC A/ dwt== 18w, PCR HAR= 28
w7 0w, FAFA AARIOA 1097(35.7%)] 9=
A& Rl 1711 33t Axtol4 NDM A8 574
= 897, PCR AAKE 2597 02, EEF A AA
HollA 1755468%)2] 9132 ERlstoirt. 121l S3teiA
ZATJA] class D carbapenemase (OXA-48-like) A3+
+ 1595, PCR Ark= 13957 02, EFA AARY
oflA] 24-(13.3%)2] #1%/d= ERlsih

AHA 0 2 AMGEl= FHFP HARI MHT= CRES] A
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KPC A #55 AAI517] S1sl 7Fd ¥4 2-8=21 21 NDM
% OXA-48-like CPE &M W2 TS H3low,
ESBL ¥ = AmpC B-lactamases M4} A3 porin
W3R QI CRECIA 19 AxkE vehiict41]. 123 o
AAIE ]85t CITHANA boronateE 7|REC2 sl= A}
+ KPC 4t w2 H&0l 22 WE=E 2o, AmpCH
B-lactamse®] & Wd L porin ZEHEO] carbapenem
of] it ZH/do] A H EeldollA] Sold EAPFEAEE
o= ArH42l.

FZol= MHTS} CITS] TS HRT Carba NP AR}
1y " CRE ¥ CR-2. aeruginosa®] tFst carba-
penemases AZ0] 2gH1H 15~30% oyl A= Al&s}
+ ARt Yk FAle| B2 o] npRiEEofollA] A-8E]aL
et 122 g 7YY E2de i (modified carba-
penem inactivation method, mCIM)¥} EDTA-¥H& CIM
(eCIM) HIAEE &-8s'H MBL A4 CRE = serine-
class carbapenemase A3w5=2} A=A A ETE 4= L
o}, 1ol E6kar, mCIM/eCIM AR 23HE A= dl <
6~12AKte] A1l A 0 2 & sfiA]o] Ew, T3t CPER T}
VIMAA P, aeruginosa@ OXA A3 A baumannii 2 A
S0l 2 o & Y= UHAL]L

o|xH 27| Y AAPTHOE &8 MHT 4 CIT HA}
=08 B4 o7 9 94 TR HE W2 HE 58= ]l
gk YA U FAEZ ERIsk7 17} of gLt ol & Bk
S AATRIRI Carba NP2FmCIM 2 eCIME= AAL 340] 9o
TR At i 4= glom, v | AESH O = 5
U] {27} old o8] FHARE SAl0l 71K B BAIA
S} 22 ERlo] AEths FARS &1 T 4= Uitk

PCR ¥ real-time PCR AAHEAET} 4195 5 blakec 28
T5H68.3%), blaxom 2575161%), blave 5wt5412.2%), blavim
1542.4%), blaoxa-ss-ike 13953 1. 7%= SRISIIE.

= Aol 20228 Choit Lee2] A-H40)ol o=
Dblakec 68.9%, blaxom 25.2% 2 blaoxa-s-ike 1.5%2] HEES
oI5, 20219 Yangd} Park®] AH42]o04= Alakee
71.4%, blaxom 22.9% AEES SRISIA. 1814l 2018~
20199 &= =7} HlofElollX= blakec 70.0%, blaxou 24.0%
E U oW A AIAA 2| W= blacee 7F53.18%= 7t
&5 AR, 11 g0 2= blaoxa-ss-ike AL
20.09%, blanpme] 19.42%= WEPHATHA0). E3tHan 52 &
“H4lelA CRE 0l blaxec-2 (51.6%)2k blaxom (35.7%)°]

7 83t carbapenemase AN WASHRL, L E
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A BN blaoxa-232, blane R 716 THYRE carbapenemase &
A} Sdo] SVl 32 ERISISIT, & A+-9] Ao
A 7120 53Rt 25t o g} TRt carbapenemase -7
AFo] 92 891 & 4= QlloH, £5] class B carbapene-
mase 349 HE0] S8R &1 & = SI3iHh

T3 4195 F T ol el RS 7Rl 18 o=
(43.9%)E Folst L, A2} Pseudomonas spp. 7T 184
F T 105F065.6%9E dog X619, thee®
Acinetobacter spp.°| 415:22.2%) & LEFHTE.

o] 9] Ad7tof k2 NDM¥F OXA-48-like carbapene-
mase”} @] A oY EfA 2016¢ 1085E 20179
94 Atolof] 3% CREY] 2F 90%+= 1t o2 carbape-
nemase encoding SRS 7FR| L ATH43]. ESHKPC-2,
NDM % OXA-48-like carbapenemase”} CREO||A] -$-Al|5k
Al A% ¥ F=of| A= carbapenemaseS A= 93571 +F
F % 91 F571 thE carbapenemase S AJ4tok= A& &
91 &+ 4= QJQItH4l. 2022 Tildpani} Rafila®] ATofA=
[39] MDR/XDR P. aeruginosa & A. baumanni®} %
carbapenemase $7+8 &1 & 4=l oW, thEsR-HA
9] P2+ MBL+KPC 0.65%, OXA-48+MBL 4.56%,
OXA-48+KPC+MBL 0.97%% YR, #5=2+= K
pneumoniae’t 7V B H|5-& AHAI51510

19404 penecillinase] L4 ol 7}=Esfiol 22t 34
A|] 2 YA WS =8 HIAUZO R o]2{3k 249
EA2 carbapenemi}t & AHER cephalosporing 3
et FH I3t -lactam HIZVISloh= 58 7, 7FE
Z]2o]| B-lactamase+ mannose-binding lectine MBL ¥
7|€} carbapenemase® 5 Y= HHCH11].

e o5 T 3/ AlldtollAl B-lactamase= H| WA
< Fo= WARARE W 245 Alaedt Afo]o] g ddt 51
A5k, Alz2H /ol A B-lactamases= W] Q5 I
o]l 27| wizol| mPdEol A 2] SHEIE fJsl HEFa o= 91|
o} 183 O3 34 Al B-lactamases= FAA F= E
An|Eof| o, TefRt p-lactam FEAE 72
= Qlet tHFRE) Al S 7H] FElS] BAE A/dSHAIRE A
& UE 1SS B2 2719 p-lactamase S JSHA |t
=CH11L

Carbapenemase?®] class A, C, D& X% IHoA
serined} 389 FE-& Zk= Zo] EAo|H[11], class B=
o5t SIS FAIoIA] &= MBLE 23181} carbapenem
B-lactam 1125 E°]% 0 2 7| iofl5l= S5 carbape-

o (g o>
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nemase RS LdsH, UvH 0 = g 5% ETtAn| I
A AR = B-lactamase?] WEH class A, B, D 150l &9
A9t FAA o] AP tE A 7R 34 8o EAY
o= UTH12L

J8)a FHEE A 8%F £ aeruginosa®) carbapenem W
J g2 A AR R 713 0m, of= o] thet A& &
A Ao AlRteE] wioll & A = ArH44].

T 2/ Al AAde] 71281 f& 74ARe] TH) HEe
EHo] wlAUSo] Q3] 2=, P aeruginosa®) carba-
penem A3Hg2 GAA| A|8k0 =& Q15| porin <A U 7= H
I ) IS 57t 2 Fabd ¥sh WA21Ql B-lactamase
A, carbapenemase A%+ 50 5] FrEHLY. o]
St carbapenem WA P, aeruginosa= 574 849] o]}
1919 BA Y] 7] E Sl vlEA oA Ugtow, X574
P. aeruginosaPllX] 8R1% carbapenemase=class A, B, D
o], o] Z class B MBL2 VoA £2|E P aeruginosa ©ll
Olsf] A4k=}= carbapenemase] 7 YRFAR1 R0 TH20].

A. baumanni= K. pneumoniae ¥ P. aeruginosa®l| B]
o @ AR HHA| = R AR o 7 2/ Fel
SRR AT FHAAE A7 = ] 588 9T et
= Ao| JA=JTH13, 25]. A baumannii+ MBLs2} -2
carbapenem WA 4-3A%& w24 53 4= 912, MBLs
EBok= A baumannii HE-Z ool A A5= HarE] 11 Q)
th. A baumannii=p-lactam IAC] tgsk= 2 71X ¥
AUS S ARESI= A 02 Ho |, HEFRIARE B4 I
Z-8510] oA Uld gl oigh o B2 A= E e = SH30.

20101 #4502 o]l CREZ+ 2 a1 o|2fis 4525] carba-
penemase F-AA2] 28-S &1 T 4= 192 [40, 42],
AFLof| A= E7] class B carbapenemase 78R HE0| &
71812-E &Rl & 4= QJQlr}. TS o] o] Aol A= Bl
H%] ¢k= of2] carbapenemase AR 7= w2 A&
2 SRISIATY. o= K. pneumoniae °1 E. coli ©12]2] CPE
O] H|go] A&EH 0 & F7Fok= A2 FAA Azt g Al
ol Rt A2 A 7R AARAAL &5 T2 = lo] &
HAHTH39L.

CRE, ARAIN cephalosporin-resistant Enterobacte-
riaceae(3GC-R), multidrug resistant 2. aeruginosa (VRPA),
multidrug resistant Acinetobacter species (MRAS) 53+ 2
2 A W= AR A2 2Rje] Rlo] A& 4ol Hf
5] Algkao|m, ] Al Mg Afo]Q] 48~72A17F o]
of] A5t YA A2l Wi S 25t A d Hal 9 HieF




Aol A= <l ]3}7‘] Sh= 749-7H B 7] dlizoll AEgk A
FE7] - 1= /dgeIh43]. KPC, NDM % OXA-48-like
£ Z5Iol= carbapenemase?] RARS AAof| A E2]% CRE
% 7P GREAR1 A HlA US| [45], A ARt A
A B7IA, a8 250 AuE EAIEY] YA o B2

J4lo] o|2|gt CREQ] Al&3H HES fldl 4=

Ao] 1 8 51t}H36].
-2 A HSHAE 7 |eE R o] A ARG Fol AU 5
of Jom, ulge] HAR= LWFAQI carbapenemase?] £A}
A&} EAE tho] it ElE S Hsto] EejE 45
O] ANl Pt A3E BT = IS A= o 4=l

AR CLSI 7Ie|=fRlo] w2 HEF A HAPREZ HIgt 7]
HFHESHPH O 2 carbapenemase A4 A at=2] HAOIA
£2] 3 3 IR YA 24 ~48A7t0] £ Q9.5 M, 4]
A3} o5 carbapenemase AJ/dok= A9 782 =5}

7] Y= - 7L 8V SARPER HE O] probeE &

H[ZH H 87} glo] 3 flolA Z-8-5)= SYBR Green< -85t
real-time PCR 2415 44FQ] PCR W} A7 9
o] thgt &4 o] 7kAska, o)A Q] Lol Al[46] turn around
time T52] o3& Algettial A ATk T3k o T
AP E T 22 Bol i} WIZ =S 7FX | 4l&stal 51|
A RS 7= T8 AESke A2 ERIsHAITH4A3).

CPEE S A7 1= HIAUSS transposont E2HAI =5
7i5}7] wiol] w7} non-CPE| B8] 94=31%] CPE
of oJgt Ago] A 02 CREQ| thrksrE AAJgkct, J=2
2 AR HE 4o 9 2] A 7 RsAdE ALEsto], o] =gt

A FAAL] ket A7 | AR A2 A BA RAIE
=R ESE] T i XIE«] AEE Qhfiok= S83t =2 A
ojlug, oRg U3 Aol thet A| A= EZoltH20].

HEA O real-time PCRY} -2 4145611 Eo|A]o] 52
HALE B8 A54%0 A9} CRE 27 |31e-E B8t 7344 &
I AlRE A8 FAN =2 AMIER 35EA 982 1%
5= CREQ) A, Xt 2|25 /RS 4= 9lom AHS WA
5171 913t BabARl et A& 9 A7 4485 4 A ks
gk Ao 2 AlmErh

o of

o 5
EH AP ZEE A0 9go] E]1! 9= carbapenemase
FHAVE B blakec, blaxow, blanw, blaviv, blaoxa-4s-iike T3
Ao #APA HAF L BRI = HES I {HAF =

Korean J Clin Lab Sci. Vol. 54, No. 3, September 2022 189

I ol el gotE et EEFA FAFET MHT= 4145
TLEoflA] 9FA)S BRRIG}H, CITE meropenem+PBAE 187F
Z 9 meropenem+EDTANA 8759 FAIS Q1513

PCR 23} blakpc 28¢=F, blaxom 25-7"'7‘, blane 5vH7,
blay 19157, blaoxa-ds-ike 1375004 S5 42 ERI5I31
o E3F Alakectblaxon  THT b]aKpc+b/21MP 1,
blaxowtblaoxa-4g-iike 157, blaxomtblay 195F, blagpc+
blaxpytblane 4555, blakpctblaxpvtblaoxa-4s-like 4972
golstget AA7FE3E A AHESS 0]831 g T B
A43H= PCR 2312} 100% LA gRlsith

AEZ 0 F real-time PCRE 0]-&35t Al&:5}a1 Eo]AJo|
< CRE 27|31gke &3t 70t 2Rl Alebd A= 243
SAMIER 3% B Y8 1156 K= CREQ A, X 3 %
EE /A 5 Qo A HAo5H7| 5t AR et 2
5 @ A7IAES A SAPL 7S A o= AteErh

Hir i
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