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FANLCLipid AV YEERICA 4+ U HiET 52 & TRE
WEEITLESELZERMONTEY, IhxfiRsEpE R
AR T OIS L 7261258 S Cw b7, AifZE Tl
PMBN % W CHUR & B PR T & o 3 2 FEB 4t %
ML, 4t ARBE Tl S/ 2 1A A (Meropenem,
MEPM) AR5z P s AT H AR V88 L C DU SE %
AT oM & R A7 70T %,

R EFE

L7 3

Clinical and Laboratory Standards Institute (CLSI) M-100
29th edition® [ZHE W A7 V2SR ATiFHE &K E X 1, modified
carbapenem inactivation method (mCIM) K& 1 PUl A H
HH 3 wifE D IR 5 #E#k (Escherichia coli (EsC), Klebsiella
aerogenes (KaC), Klebsiella pneumoniae (KpC)) % ZMh
ZFNIKRTOEY, PMBN Z WA 2 ) —= v 7540
MEHliH L7zo AV S vy 5Bl T a7 74 ) v 7o
Yhu—nikE LT, OmpF BL P OmpC DHRET FTH
% OmpK35 B & U8 OmpK36 O FEHAPEH D K. pneumoniae
ATCC13883 # Hv 72", 2016 4- 4 A 1 H# & 2021 4+ 3 A 31
H ORI Y BRI ColE 3, 2ok E I vzl
PRI BRI O 9 5, TP R [ 4 VN4 22T
AL I 2 78 3 W AT H B o B (2017) P2 SR L,
MEPM MIC >0.25 pg/mL % 7~ L 72 4 )V N~k 2AKIEZ VI
PAHTE H MR @Il BEvk (554k) 2 A2 ) —=> 7 O%f
GLlL, ANNREAI—VYEEOFEEL mCIM 12 & ) HE
L7z WHEOFEANILL T @Y 1 E. coli, 7 (9 H mCIM
Bt 1 #k) © K. pneumoniae, 16 # (9 B mCIM Bk 7 #k)
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Table 1. Verification of optimal additive concentration of polymyxin B nonapeptide.

EsC KaC KpC
PMBI MEPM MIC MEPM MIC MEPM MIC
(hg/mL) (4g/mL) Fold (4g/mL) Fold (4g/mL) Fold
256 <0.06 >256 0.125 32 025 16
128 05 32 0.125 32 025 16
64 05 32 025 16 025 16
32 1 16 025 16 05 8
16 2 8 05 8 1 4
0 16 4

The chemical and antibiotic are abbrebiated as follows; PMBN, polymyxin B nonapep-

tide; MEPM, meropenem.

Control  EsC KaC KpC

— 50 kDa

OmpC/O F[ e i :
PP “ L 37kDa

OmpA

Bl

Figure 1. CBB staining of outer membrane proteins isolated
from K. pneumoniae ATCC13883 (Control), EsC, KaC
and KpC. OmpC, OmpF and OmpA are labelled in
the panel.

K. aerogenes, 58 (5% mCIM gtk 1 #) : Klebsiella oxy-
toca, 3% (9 H mCIM B3 4 2 #) ; Enterobacter cloacae
complex, 19# (9 B mCIM Bz 14 12 #k) : Serratia marces-
cens, 3% (9 B mCIM by 1 3#%) : Citrobacter freundii

complex, 1%k (9 H mCIM Pk 1 #k) © Raoultella planticola,

1 (95 mCIM BP0 #R) o 42558k 5 H mCIM [ &
27 ¥k, mCIM BMEX 28 % CTH - 72,

NESNIERBATOT 74U T

Lysogeny broth % M\ T 37C TH3E L 7- EsC, KaC, KpC
% 10 mM TrisMg* /¥y 7 7 — CTE#E L, WA ZBE0k6k
Wel 720 a0 (100,000 g, 1 HERY, 25C) TiF7-XL v b
% 2% N-lauroylsarcosine (&% 5 4 57 A 7 ) &4 10 mM Tris-
Mg /Ny 7 7 —T¥igt:, HERGFOBERLEZITH 2 &
THMEZ B L 720 AV S X213 11% R) 72 )T
I NV THEER, NLy NCBBATA Y TV (FAFA
T A2) TYeAt L, iBright imaging system (Thermo Fisher
Scientific) % Fv TH#f% L 720

R ER

MEPM (k7 7 —~) XU PMBN (polymyxin B non-
apeptide hydrochloride, Sigma-Aldrich) 13 2—9—k ~
b7 A3y CGRIHMEE) 2 W T2 AR 2 R L,
CLSI M-100 29th edition®” |2 #E4iL U 7= AR A Bl (35°C.,
PR 4k, 182 1) 12 & ) EsC, KaC, KpC % MIC
ZE L7z. Table 1 IR —EiRIED PMBN % MEPM 7
BRFNHEM L, EsC, KaC, KpC % & % (2 MEPM MIC

ZWE L7z, PMBN RBMSEMFIZB17 5 MEPM MIC &
DEEFEM L7z, kAR E LA Z ) —= v 7T,
MEPM O 7 FURFINI b L e # i B2 128 pg/mL @ PMBN %
WML, PMBN @I/ R BMNGAIC BT 52 MEPM MIC 07
R L720 PMBN @M/ RIBNNC & 2 MEPM MIC 07258
215 (£1%7) LN % essential agreement (EA), 4% (=
2% 7%) % technical uncertainty (TU), >8f% (>3%%) %
disagreement (D) & L, D O340 APUH I EH KT
LI L7zo PMBN OFEH % BHERYIZEHI 3% 728, Etest
(B2 a—-Txy) ZHOTEEO PB O MIC %%
M ILEANHE VI E L7z mCIM FPERE & [/ Ba P REIC B 1T %
EA & D OBRMEE BT g SRBEIC X Y iREO Sl
ERE L7720

REENER

AT S8 D Tt 0 LI 55 5 b DX J53 B PR A 5 M B e
H&ETRBEEZHTVD (KiRF 5 : 21013-00),

& £

PMBN O EERINBE DRt

F3, EsC, KaC, KpC 2Puiigeid sy TN s %
CRE AT 5720, IMEY v 7 HoRBTa 7 74)
VT AT o MMBMMHAICE DL FTER—-Y) VThH b
OmpC &AEF1 7B X0 OmpF &E 01 7 DFHAPEICFER
NTwbary bu—VERIZI~N, EsC, KaC, KpC ® 3#T
BRI UG TR0 P72 EBAPZLLRP LT
(Figure 1)o L72055 T, 2@ 3¥RIZHIMER—) v OB &
WA X 0 PSR E M AMK T L 722 CRE &4l S 2,
PMBN O Z @73 Ni E O BT L 72 #Td 2 &HIk L7z,

2 ¥\, PMBN RN o BRI % RS % 729, EsC, KaC,
KpC @ PMBN MIC ##ll5E L7z, %&#:® PMBN MIC i3 % h
Z1 512 ug/mL, 1024 pg/mL, 1024 ug/mL & % S 1 (Fig-
ure 2), WENORIZHB W TH PMBN 126 LEswv MIC %
AT EDRER S Nz,

5% s 2 DT X 5 PMBN O @i i 2 B & H 2
$572%, EsC, KaC, KpC @ 3k THBE IR ST 256
pug/mL BLF @ PMBN % #1 L, MEPM MIC % {ll & L 72
(Table 1), EsC Tl 256 ug/mL PMBN % ##1 L 72 MEPM
BHRINZBWTHDOFE 2RO % - 72 (Table 1) . Figure
112”3 & 912, 256 pg/mL PMBN f4E FI2 B\ T EsC ®
RE I THH, MEPM L OHFHICE ) 2 3 38FHE
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1024 512 256

Figure 2. Susceptibilities of EsC, KaC and KpC to polymyxin B nonapeptide (PMBN). The panel shows the visible growth of each isolate

at the time of determining PMBN MIC.

AR ERI SN THEMEA D 5o 256 ng/mL Z K< &, 128
ug/mL B & 0764 ug/mL PMBN f# £ T (2 B v T MEPM
MIC %05 ug/mL & i KWl R L, PMBN KRB
~ MEPM MIC 75 32 {5 F L CTw 7z (Table 1) KaC Tl
128 pg/mL 3 X 08256 ug/mL PMBN £ £ F 12 B\ T,
MEPM MIC %% 32 f#4% F L T\:72 (Table 1)o KpC Tid 64
wg/mL 7% 5 256 pg/mL @ PMBN f#-7E F 28w T, MEPM
MIC %316 f5 T L T 7z (Table 1)o 3HA§TXTIZH W
C PMBN OB A T £ 7 %1221 T MEPM MIC 13§
T BMEMIZH o7 PMBNIZX 2HEFHELZZEL, Hit
PSR IBE M PR % Ml 9 A PMBN O AN B 1 128
ug/mL & HIW L 72,

DIVNARZ LEFRSZHEAMEEMEENRE L AREE

EEBMET DR

H VN SRR P AT B AT 55 Bk 134T PMBN
128 ug/mL FAEFCTHREI Y ba—u 7 o)V EFA%HEOH D
SEZEDTPHBY (data not shown), [ O PMBN I2 &
BB ERMER SN Do,

PMBN O &2 BHE SN TV A4, HHE o U 3R
FBMPEAMET LTz & LTS PMBN I/ ARBINEEC B
I} %5 MEPM MIC 1222588 519, EA L#HE S h b0
REVEDS® %0 Z OFRHIE R IS %728, Etest #J1WvC PB
@ MIC 252 L, PMBN (2 & 5 & @M ITEEH o5 %
MR IZE- L 720 PBIC H A& % 7R3 S, marcescens 3
#:(SmP1, SmP2, SmP3) 2/, K. pneumoniae 2 ¥ (KpPl,
KpN3), E. cloacae complex 1 ¥ (EnN1) @ #16# TPB
MIC %8 ug/mL LL I % 7% L 7z (Table 2), CLSI THE#E &
NTWRIEEEIZRZ LD, 206 #IEPBIHEDO 7L —
IRA Y N THB 4 ug/mL % Ll TWizizbd, KRA71) —
=V 7 TIEEHM O RAL e Lz,

B D 49 £ @ PMBN & I/ @00 4 412 B 1 5 MEPM
MIC BX O ZDE% Table 212/ L7z, 49%DH H TU &
I S N7z DX E. cloacae complex @ 1%k (EnP6) @ AT
Hotze O 1KERW mCIM 22 ko 95 5 EA L4
ESNIHRIE 198, D SN RIE3kTH D, LW
BB BT 2 /R 24RO E A1 14% (3kk/228k) &
A S > 72 (Table 3)o —7J, mCIM Btk 26 o 9
HEA SHESNRIZ 68, D LHES bR 20 5k T
HY, PiREBLE BT 2 RIET 208 E1%77% (20
¥R/26 k) & EwEIANC S o 72 (Table 3)o % 72, mCIM By
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PEHE & mCIM BEYERET o ZME R ITo 70 THAH B R
27272 (p<001), mCIM &tk #: Tid mCIM B 1k #k
(AP SR B PEAC T 2 RIE T 2 A IS W 2 LA
RSz,

%z =

CPE %\ 72 CRE I2B T % # WS A AlittEn % {135k
PHEHER B 5 7 % < —4% AmpC B B 5 7 ¥ v — € DL
RSB E T AMAG D S5 E THESNTY
5% UHFEOWMAMETIE, WHEPOIMES v 287 B % 53
L, #0270 7740 7355 HhHvIE
EHBR =) Y EETBLOERS OB A T 2 &5 T
DOEFVFENT 2479 2 & THMT 5 2 LITTETHE", L
ML, INSOMFTRIEMETH D ILHEICZ L, A=
TOEMIEETH 5, FA72HIEPMBN 25 2 & Tt
TR SRR W AR T % (R IR 3 2 R ML L, AR
A DARIESZ G IR B 2 S RICA 2 ) —= v TR AT
7o B PN H AT o i CERR 7 BB O &\ E. coli 2N
%, sequence type 258 ICfREENL L) ITH IV NNRE T —
B REAERS MR EGE L T\ % K. pneumoniae & RIFT
CRE & LTI XN TW5 K aerogenes? D 3 18 1 %
I L L7z PMBN O ELEG 2 HWTAZ ) —= >
THEAToIzE T H, Mt EAT o7z 3 WHUA ORI BT
D EHESNDIHEMPFAEL, T2, mEWITHEITTR L
o7z 49D 9 H TU LHESNIRIE T ROATH > 72,
INOOFRLY, REMIHNME HMEICB T2
T O P SE I E B PR T ORISR RETH 5 Z & 2UR
SNz, R I F 2 VRPUEHRICHARMNYE 2 R HAIEA
O RE RSV, CREELTEITIHEEN L
MR Z ISR, o T, MERETHEEINK
8D CRE BAREDH A RIZH B EEZ O Do WA,
a ) XF Vit &L L HIER AR L TR ST
DWW RAZ ) == T ORGP H R I F L VRN
WHICHAMYETIE 2V b O 0 PBIZE W MIC 2R3 3#
WEFENTWZ, TS IE mer B15 T D4R PhoP-PhoQ
7% £ @ two-component regulatory system DG AL IZ X b
Lipid A ® V) ¥ g 3£ 12 4-amino-4-deoxy-L-arabinose % phos-
phoethanolamine D156 % 5217 T 5 LHER S p?, Kk
FERT HBIE, PB OFEH R Z HEMAT & W IS0 L
PMBN O & & BHEMIZEHE 3 5 2 & THRROFRHE %
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Table 2. Results of screening for detecting decreased drug permeability using polymyxin B nonapeptide.

mCIM Taxonomy Name FB MIC - MEPM MIC (ug/.mL) Fold Definition
(hg/mL) without PMBN with PMBN
positive E. coli EsP1 05 32 16 2 EA
K. pneumoniae KpP1 8 >64 >64 1 -
KpP2 1 05 0.25 2 EA
KpP3 05 4 4 1 EA
KpP4 05 2 1 2 EA
KpP5 1 1 2 2 EA
KpP6 05 4 0.25 16 D
KpP7 05 1 05 2 EA
K. aerogenes KaP1 0.5 32 4 8 D
K. oxytoca KoP1 0.5 2 1 2 EA
KoP2 05 0.5 1 2 EA
E. cloacae complex EnP1 0.25 2 0.12 16 D
EnP2 05 0.5 05 1 EA
EnP3 05 2 1 2 EA
EnP4 05 2 1 2 EA
EnP5 05 2 2 1 EA
EnP6 05 2 05 4 TU
EnP7 05 2 2 1 EA
EnP8 0.25 0.5 05 1 EA
EnP9 05 4 4 1 EA
EnP10 05 0.5 0.25 2 EA
EnP11 05 0.5 05 1 EA
EnP12 05 1 1 1 EA
S. marcescens SmP1 >64 4 4 1
SmP2 >64 4 8 2
SmP3 >64 8 8 1
C. freundii complex CfP1 1 0.25 0.12 2 EA
negative E. coli EsN1 0.5 4 0.06 64 D
EsN2 1 0.25 =0.01 =16 D
EsN3 1 2 0.06 32 D
EsN4 05 0.25 =0.01 =16 D
EsNb5 05 0.5 0.06 8 D
EsN6 1 8 05 16 D
K. pneumoniae KpN1 05 8 4 2 EA
KpN2 05 2 0.25 8 D
KpN3 8 8 8 1 -
KpN4 05 0.5 1 2 EA
KpN5 05 05 0.03 16 D
KpN6 1 2 0.25 8 D
KpN7 05 8 1 8 D
KpN8 05 32 1 32 D
KpN9 05 2 1 2 EA
K. aerogenes KaN1 0.5 8 0.5 16 D
KaN2 0.25 8 0.12 64 D
KaN3 1 1 =001 =64 D
KaN4 05 2 0.12 16 D
K. oxytoca KoN1 1 1 0.12 8 D
E. cloacae complex EnN1 64 2 2 1 -
EnN2 0.12 1 2 2 EA
EnN3 05 1 1 1 EA
EnN4 05 05 =0.01 =32 D
EnNb5 05 1 0.06 16 D
EnN6 05 1 0.12 8 D
EnN7 05 0.25 0.12 2 EA
R. planticola RpN1 0.5 64 4 16 D

The test, antibiotics, chemical and definitions are abbrebiated as follows; mCIM, modified carbapenem inactivation method; PB, poly-
myxin B; PMBN, polymyxin B nonapeptide; MEPM, meropenem; EA, essential agreement; TU, technical uncertainty; D, disagreement.
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Table 3. Summary of numbers of isolates
defined as essential agreement
(EA) or disagreement (D).

Number
EA D
mCIM positive (n=22) 19 3

mCIM negative (n=26) 6 20

B <2 &S HELIC 22 B o

IR RT T 5 & %2 o 72 mCIM Bt 22 %k 9 & 3 ¥k
(KpP6, KaPl, EnPl) (IHUHSERLEBYEOMCT AR S L
72 (Table 3)o S5 3FRIFETANA 7 MEEEEF MY 7 4
% M\ 72 double disk synergy test (& 0 FH1EF o Pk % 32
Dz AIUBT sy —EEELEL TV EHEN SR
505 HICHHEEFEEMEET 205352 TL ) EER
Mif P2 L CwieE L 5N 5, mCIM 26 ko) b
RETD LB ENTZDIF20¥THY, KRAZY)—=0 7
2B % mCIM FaPEpk Tl PUm S E B T 253 2 4 v
INRALMREZVEDFHIZ 2 > TV 5 2 EHHEN S iz, —
Ji, B&Y @6 #kIE PBMIC 2MEWIZH b 53 EA &HE
BN, TNOIIPIRSERLE BT L3R 2 rThH N
N DR % G L 72T R tEA D 5o WTAE, SEAIMELC
WRERORB LR WO LA &7 2 RT A5 LT
VLT ERHEINTVDLYY, TIN5 6 BRA A IV ISR L
RIS % JEAS L 72 B8 % BH 5 202 5 72 DI E 2 2 AT
VLETH b,

K12 PMBN im0 A #12 X 5 MEPM MIC 0 7% % &
THRBBMETH ), A7) —= v I GEIPUR IR IE
WK TFICE S ZZHFIZERTE TRV, KR ) —= v
TORGERIHVNES DN EDOFI T T 7 A) Y TR A
fENT S 2 H5ET 5 L TL D MEAREFRARII LD LEZD
N5,

ARG I HRR LS 380 2 DU SRS B AT % i (8
WM 287 AL TH 1), BRAZRITB) 2 56 7 35
iR R oo —Bh & 7 B REVED D 5 o

B L ARBIZEICT I 72 720 Fo UM R 2 Be e A iR o 7 bk
ICIRHL 9
FUIZEMER - P REFIRM R Lo

X 73

1) JREHHSE. 2021, SEAIRERS A BRI o L8 & 52 Up-
date. H Effscik 31: 229-238.
2) H VNN X G PR T B I (carbapenem-resistant

Enterobacteriaceae : CRE) JREAY—~XA 7~ A, 2020 4.
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Detection of decreased permeability in Enterobacterales with reduced susceptibility to
carbapenem using polymyxin B nonapeptide

Masamune Aihara" ?, Yukako Yanagisawa”, Rikako Nishi?, Yuka Yamashita", Yasushi Kibe ",
Makiko Kiyosuke ", Taeko Hotta"
"Department of Clinical Chemistry and Laboratory Medicine, Kyushu University Hospital
?Department of Health Science, Graduate School of Medical Sciences, Kyushu University
?Department of Laboratory Medicine, Hospital of The University of Occupational and Environmental Health

Most carbapenem-resistant Enterobacterales (CRE) in Japan would acquire resistance to carbapenems through decreased
permeation of antimicrobials. However, since there are no clinical tests available to detect drug permeabilities, the mecha-
nisms of decreased susceptibility to carbapenem in clinical isolates remain fully unexplored. We focused on polymyxin B non-
apeptide (PMBN), which is known to increase in membrane permeability, and found that the meropenem MICs of CRE were
reduced by up to 32-fold in the presence of 128 ug/mL PMBN. By using this condition, we demonstrated that significantly
more isolates in the modified carbapenem inactivation method (mCIM)-negative CRE group had decreased meropenem MIC
in the presence of PMBN than in the mCIM-positive CRE group. This method could potentially facilitate the detection of de-
creased permeabilities in Enterobacterales with reduced susceptibility to carbapenem.
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