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PR TR O LR L I IR & S Tn bV, LA
W7 T A EMATRIRGSE ORI RR E L CXEHEO A )V
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LAB%, mer B $ T2 mer-l 25 mer-10 T TONY T
VIAHEINTEY, HHzEZ 7S5 % 500
nTws?,

CLSI (Clinical and Laboratory Standards Institute) 8 X
(" EUCAST (The European Committee on Antimicrobial
Susceptibility Testing) & CL OIEHIEZ AR BT 5 E
WlEhi & LT, M7 Bk (Broth microdilution : BMD)
EHEREL T B, CL OFEFNERZ R E i 5128 7:
0, BHMELRYT CLIX, BEWETHLTIAT v I
¥ #$ 5 Z & TMHB (Mueller-Hinton Broth) HT®»H ®
CLIBENTH»Y, FMERERRZESREIHON LN L
R, CLOGTENPKEVWZOERER ECHHLIC Wi
EORE R S N TV 5Y, Simmer H5ICX > TEEEN
72 Colistin Broth Disk Elution (CBDE) &, Enterobacterales
& Pseudomonas aeruginosa (281} % CL @ 35 &z Pk 3k
OYEN L LCTAREN, BMD & D EA (essential
agreement) X 90% PLE, VME (Very major error) % ME
(Major error) HMEL, #EROBRIPES THDH I Lo
A NCHEOAFTPESICTELZ L0 HHRAIHEL
Fige shr" 7,

4lnl, BMD &2l & L, CL O3EHNEZ MR —
DTdH 5 CBDE 22V T HEME 217> 72O THET 5.

R EF®

1. &

2016 4 1 H~2019 4£ 12 H ORI Y s A - B3
WX N7z BAERRR AR A S CL 2 ng/mL &4 &IN5 BER b
(in house, 32—t ¥ b V¥ : HABD) ERIZHEHL,
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Table 1. Specific primers for the detection of mcr-1 ~ -9 genes

Product
Genes Primer sequences length References
(base pairs)
, F:5-CGGTCAGTCCGTTTGTTCS 208 o
mert R 5.CTTGGTCGGTCTGTAGGG-S )
, F:5-TGTTGCTTGTGCCGATTGGAS 566 o
mers R 5 AGATGGTATTGTTGGTTGCTG-3 )
,  F5-AAATAAAAATTGTTCCGCTTATGS 020 10
mers . 5. AATGGAGATCCCCGTTTTT-3 )
, F:5-TCACTTTCATCACTGCGTTGS L6 0
merd R 5. TTGGTCCATGACTACCAATG-3 ' )
5 [F:5-ATGCGGTTGTCTGCATTTATCY Lo 0
mers - R 5. TCATTGTGGTTGTCCTTTTCTG-3 : )
s [F:5-AGCTATGTCAATCCCGTGAT-3 - 0
mero - R 5 ATTGGCTAGGTTGTCAATC-3 )
, T:5-GCCCTTCTTTTCGTTGTT-3 551 U
mers R 5.GGTTGGTCTCTTTCTCGT-3 )
g [F:5-TCAACAATTCTACAAAGCGTGY 656 U
mere R 5 AATGCTGCGCGAATCAAG-3 )
epg  TB-TTCCCTTTGTTCTGGTTG3 Lol "

R: 5-GCAGGTAATAAGTCGGTC-3

F: forward primer, R: reverse primer

GRS HTEE VITEKY MS (bioMérieux) |2C Enterobacter-
ales & A5 & 1L72 73 ¥k (Escherichia coli 17 %, Klebsiella
pneumoniae 31 ¥k, Enterobacter cloacae complex 20 ¥k,
Klebsiella aerogenes 3 #%, Citrobacter freundii complex 2
) & mer-1 4 E. coli 4 BRDFHTT M x5 & L7z,

2. CLMH&EEF mer DE

mer-1 P& E. coli 4 %% B {, Enterobacterales 73 ¥ %
*f& & LT, polymerase chain reaction (PCR) % 72
CL Tif P & =¥ mer-1 ~mer-9 O #47 > 720 5% &Y ¥
MR EE M (HA BD) ISR L/zau=—»5, ¥
7Y — =7 A" DNA filii ik (gL 2 wcr > 7
L — k DNA Z it L7z %i2, PCR I#fE 50 ul, TaKaRa
Taq™ Recombinant Taq DNA Polymerase (¥ % /354 %)
025 uL, 4¥4¥4 1 Forward 3 & O Reverse 77 1 ¥ — 4 25
pmol (Table 1), 10xPCR buffer 50 uL, dNTP Mixture 4.0
ul, IREFERKIZTHRESO UL 1274 5 X ) i L7z, PCR
SMh1Z, & mer BIZFITEDORBEMEZHNTITo 72971,
PCR W % 2.0% agarose gel A5 KEN LI T CL &L T
mer OYIEZ R L 720

3. EFIBZERER

3-1. Broth microdilution (BMD)

BMD k70 —X > 7L — 1 CGEWHMbLY:, BHitiE B
Hi © Mueller Hinton broth, @M% : Ca™*, Mg'") % Hw,
WA G, DT ol ) Ffti L 7ze 5% b VML s

KEE# (HABD) 12C, KA&EMT, 35T, 18 EMF;ERE,

BRI O 310 = — % 0.45% WE EIEAKICE® L, McFarland
No. 1 IZH#E L7ze @B L-WHE S HIC 10 f5AML, #
MW E Lco OBFEHRRIE 7 -y 7L — D%
%7 W12 00025 mL §OEM L2 GREERRERE % 1x10°

CFU/Y = V) @REA ST T35C, 18 W%, MIC
2 L7z

3-2. Colistin broth disk elution (CBDE)

CBDE 1% CLSI M100-S30 (Z# L, DL N ol ) Ejii L 7=
(Figure 1)o D1 #fE%DH 720 10 mL & MHB % A7 75
AREE (25 mL) ZAARHE L. @FNZhoREREIC
CL74 A7 (10 ug, ®WHLE) %20, 1, 2, 48AR, K
VT v 7 ZIFH—THI10HERML, 30574 A7
O CL 2B S 72, G5% by VIEHEKE M (H4A BD)
VT, KASMHT, 35C, 18R 2%, BH Lo#
MO a1 =—% 045% R 3K IESE L, McFarland 05
IR, BREHWWE Lz, @OTCL 2 38724
B B 2 50 uL AL, KV T v 7 A3 F49—
WCTRM L7 (RAEHEMERE : 75x10° CFU/mL) . ®AK
ZfF T 35T, 18 MfiRE#E L, MIC 2 H@E L7z # 7T —
5 & CLSI M100-S30 (2##L L, CL MIC<2 pg/mL % [H
M (Intermediate : I) |, CL MIC>4 ug/mL % [t (Resis-
tant : R)J] & E L 72Y F 72, CLSI M100-S30 Tix CL ®
B NS [ (Susceptible : S) | @ F 57 T —FigHs
REINTWRWD, HEROMRTIE 1] % [S] & FEE
L L, BMD #' [R] TCBDE #° [S] @34 % Very major
error (VME), BMD 23&: T CBDE 2D ¥4 % Major
error (ME) & LT VME rate (%) 8 XU ME rate (%) %
B L7z, F72, EEREHELHHE (International organization
for Standardization : ISO) 20776 (2nd edition) 23> T
RN BT 5 AR R E OV EO—D & LTl
ENTWw5 Bias # 3K 72", +1bias i, BMD & CBDE %
Wi L7280 MIC 28+ 1 ML LoMEz &5 L, +1 809584k
L3z [>4] ootk AL 7285 T, —1bias i3,

HARRRBA AR Vol 34 No.3 2024, 7
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(A) Pre-culture

(B) Post-culture

Culture under
ambient air at 35°C for
18 hours

Figure 1. Colistin broth disk elution method
CBDE is performed using four of 10 mL cation-adjusted Mueller-Hinton broth tubes for each isolate. Final concentrations of colistin are
(a) 0 ng/mL (growth control), (b) 1 pg/mL, (c) 2 ug/mL, and (d) 4 ng/mL, respectively. Representative pictures for (A) Pre-cultre, and

(B) Post-cultre. In this isolate, a colistin MIC is determined as 4 pg/mL.

BMD & CBDE % iR L 72Bso MIC 25 —-1 LN o &
AL, 18R LAV [Z1] & o lebREBRALL 72
BT 52 L THIEL, +1bias & —1bias ® 7 % Bias
L L7

3-3. MR R

N 8RS B 48 L 1d Simner 5 @ G LI ¥ P L T E. coli
ATCC 25922 B & U P. aeruginosa ATCC 27853 % ffi Fj L,
BRI & & i S e MIC A EE#E#IBHIN (E. coli © CL
MIC range 0.25~2.0 ug/mL, P. aeruginosa : CL MIC range
05~4 ug/mL) THh5I & xR L7,

& R

1. CL W& EF mer DR

mer J R 75 4 <~ — %P\ 72 PCR D #E#, E. cloacae
complex 2 ¥k & mer-9 25HiH 27225, MO S 1X
WINO CL i EEEF DB S e d o7z,

2. CL EHIEZ MR

BMD #% flv» Cill & L 72 Enterobacterales 77 ¥RIZ B} %
CL @ MIC (& 33 #k (429%) #»% MIC<2 pg/mL (D), 44 #
(571%) S MIC>4 ug/mL (R) & % & 7z (Table 2-1),
WHERITIE E. coli 78 [T1 13 %k, [R] 8 ¥k [mer-1 ##4 E. coli
134 ¥R RTHAMIC 2 ug/mL ()], K. pneumoniae %% [1]
12 ¥k, [RJ 19 %k, E. cloacae complex %% [1| 3 ¥k, [R] 17
¥ [mer-9 A 2 BRIZ3XT>8 ug/mL (R)], K. aerogenes
& C. freundii complex (& 5 #R3XTAT] & HE S 7z (Ta-
ble 2-1),

CBDE % H\Cill% L 7z Enterobacterales 77 ¥RIZ B} %
CL @ MIC (& 28 ¥kA® [1), 49 %k (636%) #% [R] & & &
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7z (Table 2-2)o WAEH T E coli 1& [1] 8%k, [RJ 13
#mer-1 B#F E. coli & 4 %3 XT 4 pg/mL(R)], K pneu-
moniae \& [1] 124, [RJ 19 #, E. cloacae complex & [1]
3Bk R 17 % [mer-9 BRAEMRIE 28 E B >4 ug/mL (R)],
K. aerogenes & C. freundii complex 13 5 Bk3XTAHY [1] &
H%E S 7z (Table 2-2) o

BMD =z & L7244, CBDE @ EA (X 100%, CA &
935% (72/77 ¥k), VME 1% 0%, ME 1% 15.2%(5/33 #k), Bias
1X+325% CT&H - 72 (Table 3)o 72, mer RA R D EA
1% 100% (6/6 k), CA X 333% (2/6 %) T - 7= (Table
3o

z =

A3 CL o HH &2 kD —>Tdh % CBDE 122
W, HERENTHE LZRmNOWETH 5. CLIHERO
43 Bl 1% 2000 4E i #2 A 5 P. aeruginosa, Acinetobacter bau-
mannii, K. pneumoniae 7& & THEINTW/2A, Th b
DOHE T ERET & LTtk hLoBRFEREZHHEL TV
5 b0DT, (& - T AWKV O LEZ SR TY
729, LarL, 2015 4FEICHETHDTT I DT I A3 M
CL i # 51 mer 2B, & 512k NHE E coli 205
IR EIN, BEE TIZ5KEES » BTHE STV AR,
F72, HAREWNTIZ 2017 £ICIPHENEC mer-1 & fa T4 E.
coli 5% ThHrEd s S, LB, #4238 C mer-1 8
{18+ 4# Enterobacterales 2t E T 57,

BAE, HARENOBERMAEDRAEZ CHA I T2 HE)
FEHNRZ ML R Etest 2:1d CL O JE51 &2 25 IEAf L2 52
TERWIENMEE 25 TWwWb, Chew HOIMEICL B L
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Table 2. Results of CL-antimicrobial susceptibility testing
2-1. Broth microdilution (BMD) method
MIC (ug/mL)
n
<1 2 4 8 >8
E. coli 17 8 1 4 3 1
mecr-1 4 4
K. pneumoniae 31 12 3 2 14
E. cloacae complex 18 3 15
mcr-9 2 2
K. aerogenes 3 3
C. freundii complex 2 2
Total 77 28 5 7 5) 32
2-2. Colistin Broth Disk Elution (CBDE) method
MIC (ug/mL)
! <1 2 1 >4
E. coli 17 8 1 8
mcr-1 4 4
K. pneumoniae 31 12 19
E. cloacae complex 18 3 115
mcr-9 2 2
K. aerogenes 3 2 1
C. freundii complex 2 2
Total 77 27 1 5 44
MIC: minimum inhibitory concentration
Table 3. Comparison of the results of CBDE for Enterobacterales with those of the reference method (BMD)
Agreement with reference MIC No. (%) of isolates
n
-2 -1 0 +1 +2 +]1 EA CA VME ME Bias (%)
All isolates 77 0 0 64 13 0 100 72 (93.5) 0 5(15.2) +325
E. coli 21 0 0 16 5 0 100 16 (76.2) 0 5 (38.5) +52.9
(mcr-1 positive) 4) 0 0 0 4 0 100 0 0 4 (100) +100
K. pneumoniae 31 0 0 28 3 0 100 100 0 0 +20.0
E. cloacae complex 20 0 0 20 0 0 100 100 0 0 0
(mcr-9 positive) 2) 0 0 2 0 0 100 100 0 0 0
Other Enterobacterales 5 0 0 4 1 0 100 100 0 0 +20.0

CBDE: Colistin Broth Disk Elution, BMD: Broth microdilution, EA: Essential agreement, CA: Category agreement, VME: Very major er-

ror, ME: Major error

BMD % &l & L 72 B » VITEK*2 (bioMerieux) @ EA
13 934%, CA 882%, VME 36.0%, MicroScan (\\ v 7 <
v+ d—)%—) ® EA I not applicable, CA 88.2%, VME
4%, ME 158%, Etest #: ® EA 1% 75.0%, CA 92.1%, VME
12.0%, ME59% T& 1, WO - HiElcBnT
b CLSI 283 2 Mg HE 2 G2 L T e r o 7219, Y
2BV T b HBENSER R Z M2 1E VITEK 2 % HWwC BMD &
CL #AEZ WA RORKEIT 5728 25, EA X 764%(79/
104 %), CA 79.8% (83/104 k), VME 43.8% (21/48 1),
ME 0% (0/56 %) T& Y, Chew 5 D5 & RO RET
Hotze F72, VITEK®2 & O HGIZHB VT, E. cloacae
complex 13 EA 27.3% (6/22 k), CA 27.3% (6/22 ), VME

94.1% (16/17#), ME 0% (0/5#k) #/nRL, TOEHRIIA
BT % A% VITEK®2 % H 72 CL 0 3EH B2 Ml 2 121303
HERET LI ENHMEINTZ L2 &b, CL O3
F 2 BRI 13 B B AR 2 % H 22 B R A BB % Etest
BCBHEDL L HEPLEEEZOND,

CBDE &, 1973 4B MW 2 xf 4 & L 2z 3850 ks Pk
ka3, CLOMICHlZEZ HIE LTERSI N
TH5", CLOMIC T 270 03AEZET L — b
VR B LBEAR K, — MR 7 BRI AR WA A 58 T I ftimT
fe, 2O RETH S, AMTIZB T 5 CBDE ® EA
12 100%, CA 1% 935%, VME i1 0%, MEIX152% & 7%= 1,
Rout &5 D2 TH EA 925-985%, CA 957-982%, VME 1.1-

HARRRBAE W F2HERE Vol 34 No.3 2024, 9
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il

26%, ME 0822.6% & MO RIF LN T, T/,
Simner 5 (&, CBDE T CA 98%, EA 99% % 7~ L VME B
FOME 3 Zholzb LTWAEY, L LA TIZ, ME
13 152% (5/33%k) TH Y, EEEH#E/LHEM (International
Organization for Standardization : ISO) 20776-2 OE3EfE T
H5H3% EHBZTze TOEKRELTUTOWREELSEZ SN
%o RFKE. coli \ZB 1) % CLDMIC % 4i 13 05 pg/mL %
¥—s L, MIC 2 pg/mL ML E& R HHAKTH 2",
L2L, AMEATIECL2ug/mLEHAZY) —= v FE
(in house) FIZHHF LAWkEr WG L Liz7zo, 7L A2
AV MPEOMIC ZRTRESBE o722 L, F 7
CBDE @ MIC 28BMD & JER1EEWEZ R L 72 Wk % 18
B, Bias 25+325% &M AZR L2 L EZHN
720 CBDE ® MIC #*BMD & h 148\ il & /R 3 2RI A
WTh o7z, SRORFEREDS D 5h o722 L%, BMD
DTV —bOFEMIET I AF v 7, CBDE OREFE O FEM
WA ITATH-=ZLnd, AT IHERMOECPERO—
DL B REMENE 2 5 b, Simner H O TIX 110 Bk
H1 2 ¥kAT CBDE @ MIC 28 BMD & 0 15w < Bk #E 5%
oM TWzAs, Rout D Tid BMD @ MIC ¥ CBDE
HOMIC D dEL, MECL YR E>TWDEZ &R
5, EORDLMHAPLELEZOND,

RFZEOHIRHIFEE LT, 3, HHAED CLSI 25HERT 5
Witkz F\C CBDE OB EFEMZ T ERh ozl LA
217 5 N 5Y, E coli ATCC 25922 8 X O P. aeruginosa
ATCC 27853 ®» CL MIC i\ 3113 CBDE I C FRRMEDLT
DOMIC #/R_3 T &5, BAED CLSI MI100 T i A & 45 #
WL E coli AR Bank #0349 (2~4 ug/mL) IZZH &1
Twb, L7295 T, 4#1% E coli AR Bank #0349 % fifi
L 7B SR AEAT ) LEND Do WIS, AMEHTHL G2
DBPUIHE FICHE LWk WG Th 5720, Wik
BrL i  WMEICmY 2B Y, F/2, WHIC X2 HEHELC
LENDHLZENFITFONL, XoT, 5% CBDE 0k
RERFM W R B 2 B L -2 E b, F72, 4 E
cloacae complex 7* S M 7z mer-9 1&, FHtict ¥4 —
LAF T FF—¥EI— T 5 gseC LILEHIHIN T TH
% qseB 7575 2y A7 A DR LBEE T 5,
L7 LA#FZE T3 CBDE & BMD D i TH b, 4l
1% mer-9 25K E N2 WK IS LT oM e B AT 134T - C
Wi\, 5% gseC B LU gseB ODFMEE &0, BT 2479
PVENRHDLEEZEZONDL, & 512, CBDE & P. aeruginosa
LRRHEHD—>TH 5 A, AWM Tt Enterobacterales
DHEMNGELTEBY, P aeruginosa (x93 % CBDE O
I AT o T\, WY TIE P oaeruginosa Zxf % & L7z
CBDE {22\ T, CA 99.3%, EA 96.6%, VME 0%, ME 0.7%
L, CBDE % JH\ 7z P. aeruginosa @ CL O JEH &2 1 i ik
OFRAWEPHE ST TWD", S HOKE O HYiE CBDE ®
VEREEI CTH > 722 & 25 BMD TCL 2% 7R L, mer
AR S N2 2o TR DT R IS D W TI R 2 T b %
Molze L, INHORKIIOWT, etk oM
Je & END A HIERND 7 ¥ 37 OFEETEROMBE S
L, XD T ST H B

BUE, AFICBWTCL ziaMEE LTHAT 2 2 L3t
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BP0, LaL, SBIEA NI VR, T ATy
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FLLTCLAMHT 2y — AN 5 2 LB ashs,
CBDE (3l #, 1EffE, 222 CL © MIC 2 ME T 5 2

EWRETH Y, HEMRAISEL 2R LA HAmELETSH
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Evaluation of the clinical usefulness of the colistin broth disk elution as an antimicrobial
susceptibility testing for colistin in Enterobacterales
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A rapid and accurate antimicrobial susceptibility testing (AST) method is required in the antimicrobial stewardship activ-
ity to detect antimicrobial resistant bacteria as soon as possible. In this study, to evaluate the clinical usefulness of colistin
broth disk elution (CBDE), an AST for colistin (CL), we examined seventy-seven isolates of Enterobacterales from various
clinical specimens submitted between January 2016 and December 2019, including 4 isolates of E. coli harboring mcr-1 and 2
isolates of E. cloacae complex harboring mcr-9, with CBDE. Twenty-eight (36.4%) and 49 (63.6%) isolates were determined as
intermediate, and resistant, respectively, and by using the broth microdilution (BMD) as a reference method, the category
agreement (CA) and essential agreement (EA) of the MIC of CL within*1 tube difference are 935% (72/77 isolates) and
100% (77/77 isolates), respectively, we also observed 15.2% (5/33 isolates) of major error, but no very major error. Regarding
six isolates harboring the mer (4 isolates of E. coli harboring mcr-1 and 2 isolates of E. cloacae complex harboring mcr-9),
four were determined as intermediate and two were resistant in BMD, whereas all six isolates were determined as resistant
in CBDE. These results indicate that CBDE is considered as an accurate and rapid method to detect the CL-resistant Entero-
bacterales., and useful to apply antimicrobial stewardship activity for Enterobacterales.
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