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Antimicrobial resistance, clinical infection characteristics and mcr genes

of carbapenem-resistant Enterobacterales
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LIU Zhou (Department of Laboratory Medicine , The Second Hospital of Anhui Medical Uni-
versity » Hefei 230601, China)

[ Abstract] Objective To analyze the clinical infection characteristics and resistance mechanisms of carbapenem-re-
sistant Enterobacterales (CRE) , provide reference for clinical prevention and treatment of CRE infection. Methods

Clinically isolated CRE strains and patients information in a tertiary first-class hospital from July 2021 to June 2022
were collected. Antimicrobial resistance genes were detected by polymerase chain reaction. Induced antimicrobial re-
sistance of mcr-9 positive strains was detected by inducing test. Results A total of 167 CRE strains were collected,
mainly Klebsiella pneumoniae (38.9%) and Enterobacter cloacae (35.3%). CRE strains demonstrated multiple
drug resistance phenotype, with 3 strains (1.8%) exhibiting polymyxin B resistance. Most CRE strains harboured
blaxpm (52.1% s n=87) and blaxpc (34.7% , n=58). Patients with CRE infection were divided into NDM group and
KPC group according to carbapenemase. Univariate analysis showed that in terms of influencing factors as stay in
ICU =7 days, endotracheal intubation, and use of carbapenems before infection, KPC group was higher than NDM
group, however, curing rate was lower than NDM group (P<C0. 05). Multivariate logistic regression analysis

showed that gastric intubation, pulmonary diseases and malignant tumor were independent influencing factors for
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the prognosis of patients with CRE infection of different carbapenemase genes (P<C0. 05). Polymyxin B resistant

strains all carried mgrB point mutation. 7 (4. 2%) CRE strains harboured mcr-9, most of which also harboured

blaxpm. MIC values of 4 mcr-9 positive CRE strains after polymyxin B induction were higher than those before in-

duction. Conclusion CRE in this area mainly harbour blaxpu and blagpc » and a few also harbour mcr-9 and blaxpu -

showing multiple drug resistance. Clinical prevention and control should be strengthened to prevent its clinical

transmission.
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Yy a2 4 A (g Iy R 2E AR A B2 F]) , Biometra
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JBE A% AL Tanon 1600 Y ( | ¥ K BERME A BRA R &
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25 TR 28 W) 20K T (MIIC 755 3570 G M
FEZE A FD S BR B YRR PCR 514 (328 1R

THABRFD .
1.2 Fik
1201 EM SRR AR R TR TR B O

fil W K AT B[] T i (matrix-assisted laser desorp-
tion ionization time of flight mass spectrometry,
MALDI-TOF-MS) Xf if 4 W bk i 47 % & . i 1
VITEK 2 Compact 4 B 3l i 4= 1 43 #r & 58 K Il
TR 24 W) UM L 45 SR ) o 2 BRSE [ i R N S 58 =
HEAL P 2s (Clinical and Laboratory Standards Insti-
tute, CLSD 2020 AF R AR, R PB 25 okl i
7R A6 I 22 K T 2R B I T 94K B2 (minimal inhibitory
concentration, MIC) , B I & K& PB Wit 2537 52
2 W Bt B 25 W) O IR 5 & 51 4 (European
Committee on Antimicrobial Susceptibility Tes-
ting, EUCAST) 2020 " ¥ v 30 bt . 5 45 14 bkl
KIp B4/ (ATCC 25922) Flfiti 48 5 75 1 B (ATCC
700603) » B AR R I T2 BOR AR 25 i PG

1.2.2 HREEFBERARMAEEARN R
Rl 85 4% K 0% (mCIMD I 56 1t B EDTA #% #
B I CeCIMD 328 560 A6 W0 B 75 25 M g R 2 L o
Tk 28 b $E A R DNAASE R R 2R 45 Tl e =X s iz
(polymerase chain reaction, PCR) & il % Ul ik & 2%
W5 Wi R DR (blagpe blamp ~blaviv ~blaxom T blaoxa s 3
D e o iR 12848 3L ] mgrB FFORLA S 1) 22 K 18
EI 242 FH Gner-1~mer-9) , 519 R L b &1 5 %
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SCHRL6-8 14 SR I 35t B M 6 B #EL UK 43 BT PCR 7= 497,
VEICPH M 25 % 1 A T A 4 R A BRA |1 )
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Table 1  Primer sequences for PCR detection of drug resis-

tance genes
gfg 2? ST (5 —37) ’tﬁ;”‘

blakpc  KPC-F TGTCACTGTATCGCCGTC 1 009
KPC-R  CAGTGCTCTACAGAAAACC

blayve  IMP-F GAAGGCGTTTATGTTCATAC 587
IMP-R  GTACGTTTCAAGAGTGATGC

blayma  VIM-F  GTTTGGTCGCATATCGCAAC 389

VIM-R  AATGCGCAGCACCAGGATAG

blaxom  NDM-F  GCAGCTTGTCGGCCATGCGGGC 782

NDM-R  GGTCGCGAAGCTGAGCACCG-
CAT

blaoxass OXA-F  GCGTGGTTAAGGATGAACAC 438

OXA-R  CATCAAGTTCAACCCAACCG

mer-1 mer-1-F AGTCCGTTTGTTCTTGTGGC 320
mer-1-R - AGATCCTTGGTCTCGGCTTG

mer-2 mer-2-F - CAAGTGTGTTGGTCGCAGTT 715
mer-2-R TCTAGCCCGACAAGCATACC

mer-3 mer-3-F - AAATAAAAATTGTTCCGCT- 929
TATG

mer-3-R - AATGGAGATCCCCGTTTTT

mer-4 mer-4-F  TCACTTTCATCACTGCGTTG

116

mer-4-R TTGGTCCATGACTACCAATG

mcr-5  mer-5-F  ATGCGGTTGTCTGCATTTATC 1 644
mecr-5-R - TCATTGTGGTTGTCCTTTTCTG

mcr-6 mer-6-F AGCTATGTCAATCCCGTGAT 252
mer-6-R - ATTGGCTAGGTTGTCAATC

mer-7  mer-7-F - GCCCTTCTTTTCGTTGTT 551
mer-7-R - GGTTGGTCTCTTTCTCGT

mer-8  mer-8-F  TCAACAATTCTACAAAGCGTG 856
mer-8-R - AATGCTGCGCGAATGAAG

mer-9  mer-9-F TTCCCTTTGTTCTGGTTG 1011

mer-9-R - GCAGGTAATAAGTCGGTC
mgrB  mgrB-F  ACCACCTCAAAGAGAAGGCGTT 347

mgrB-R  GGCGTGATTTTGACACGAACAC

1.2.3 ZHEZFFSRE R Akata 5705
KRG AT 5 . R BIR 5T mer9 B T RS B

e AN TR LI 0.5 32 B PR 1 WL B 0. 3 mL
BEFE] 10 mL MHB B %% ,37C 150 r/min f 5L IE
PRG3R 1 ho A PB BZJWAUEE 0.125 pg/ml,
FEEEFE 3 ho ] PB 25 Sk i 50 (MIC 360 € 75
S HIT G W PR PB g MIC fH .

1.3 %o N WHONET 2021 k{41 24
k86 £ P . N GraphPad Prism 8. 0 ) SPSS
25.0 A AT GEIE . SR F ) Bl R R s T EOR R
P Bk b o 25 R R T I BB LU AR AL R AE AR SR
RHRE.P<0.05 AERAFRIT¥EXL. ZHR
3BT R I Z 30 logistic [ 54341 , P<<0. 05 R #E4 A
[F % 75 5 445 it 24 3 1 (KPC F1 NDM) CRE Jg& s /2
UG B S e R

2 FR

2.1 EAARGEREZEAAS>A 4 A CRE 167
B IR 5 T A TR 198 W R AR R I 3R A TR R
Fo WK 2, BRARE T E OB IR I B BUR L4
WA B 530 R 74,26 .19.15 .14 Kk, CRE J&YLfy
I PR B AR IS 16~92 %, SE4E RS 63.5 £ 16. 4 %,
e 63, 5%, kg 36. 5%, HBEAE B R E L
ICU41. 32%) %5 #hRE (8. 38 %) FIE I B (8. 38 %)
HETEZHAT A IRRHE .

&R 2 CRE B0 B Mo A i

Table 2 Distribution of bacterial species in patients infected

with CRE
o S B 7354 o HE (%)
it 9 3 B A B 65 38.9
FA 8 1 FF B 59 35.3
K 352 75 B 25 15.0
B 6 3.6
PR A 4 2.4
7 R B AN T 3 1.8
35 95 L QAT AR R T 1A 2 1.2
R % R IR 1 0.6
L OREY ) 1 0.6
fife 1 R L 15 IR T 1 0.6
&t 167 100

2.2 #Z# R CRE B KAHEZIEU L BN
P iz + BT 7 390 28 25 W 10 T 25 6 ==95. 8 %%, X BAER
B-PN Bk S 25 1 W it 245 28 A 80. 8 %6 , X 5 Mg 45 i 2%
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T 25 2k 84, 4% ~99. 4% W A KB K2
VI 253 32.9% ~63. 5% , %5 B 2% 19 it 245
FH21.0%., 3 CRE(. 8% %} PB 2y, Hi N
R (P = (S NN A REA) 77 S R N 7B

i DRV BT K R L L2 A B 28 % i R T 2 2% 45 A
P, 25 WA G # R L (X P<<0.05) i R 7L 76
AT T 3 R0 25 B i 24 535 8 T B VA o A 1
MKW A (¥ P<0.05), W3 3.

& 3 CRE X 9LH 259 i 25 % (0)

Table 3 Antimicrobial resistance rates of CRE (%)

TR 25 (=167 PRI EME =065 FHEHFFHE®R=59) KIFHEF G0 =25) x> P
WR 3 5 R/l W (L 460 98. 8 98.5 100 100 1.301 1,000
Pl B 7 R / 5 iz 4k R 99. 4 98.5 100 100 1.301 1. 000
Sk ik 100 100 100 100 - -
kAt e 98. 2 98. 5 100 100 1.301 1.000
S 7 100 100 100 100 - -
Sk F g 5 95. 8 98. 5 96. 6 96. 0 0. 605 0. 664
Sk 76 R /7 /47 £ 40 97.6 96. 9 98.3 100 0.917 1. 000
KT 99. 4 98. 5 100 100 1.301 1.000
S 80. 8 95. 4 84.7 56. 0 21.458  <C0.001
T e 55 e 100 100 100 100 = -
DR 100 100 100 100 - -
JB b b g 100 100 100 100 = =
(PN T 32.9 72.3 0 28.0 70. 862 <0. 001
ZATER 63.5 81.5 57.6 56. 0 10. 008 0. 007
B & 21.0 27.7 22,0 8.0 4,061 0.131
ZEERY B 84.4 90. 8 78.0 84. 0 3.891 0.137
BN R 99. 4 100 100 100 - -
PB 1.8 4.6 0 0 3.957 0.293
T — R EEHT IR R
2.3 BAEEHBAAZNBEARSA mCIM 70 = No detection
eCIM R 56 45 5 7% . 145 BRI (86. 8 Y0) =ik 5 25 4 60 | = IMP+KPC
. mCIM RIS H 58 ki FHH: 3 Ak, eCIM iR I8 46 50t NDM+KPC
89 B BB bR PCR K0 7 45 5 57 58 4 40 o
(34.7%) blagre: W . 5 mCIM i B 25 5 — 505 87 =30 o\DM
Bk (52.1 %) blasow BATE (L35 blaxow: 52 #k \blaows 207
27 B blaows 5 B blaows 2 ¥k blanows 1 ¥R 52 107 . N
\ o NN e e s o g g g WA
B (1. 2% blaww, BAPE . 5 eCIM {50 25 - — 5, H &%@%@(&&\@ R
2 bR I A 2R O 2 0 EORIRAS e g
(blaxows + blagecs B blagees + blawp.) . 58 H i U SES W
KIPC B 75 5 4 i P b 5 2 B ¢ 52 6 {174 (51 S
B,87.9%) .87 #7= NDM R fii 7 55 I il 141 1k LA B B 1Rl B BT A 2 3 R 4 A
1 B A7 B (55 K. 63. 2% Al K B 1 i B (20 £k, Figure 1  Distribution of bacterial species and carbapenem-

23.0%) A FE, WHE 1, 7= KPC B9 fiti 4 7 5 1A
B 2R T 9% (30 #,40.5%) . 7 NDM % i [ty
R 5 A TR ORI B 38 1 A TR 2 R R TR K A W
(25 ¥k.53.2%)

resistance genes

2.4 e RAFAE MR T ERE SN K
B4y KPC 41 (56 #£) F1 NDM 41 (86 #£) , HE % A
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B 5T 2 BBk A B 2 L 2 MR . KPC
HEBHEAEICU HE=7 d il &+ NDM 44,
KPCHBHTAEME L& T NDM 4, B E
PREG K F A ik T NDM 44, CRE J& 4t fif KPC
R Bk T Bl R S 25 L s T NDM

%4 KPC 411 NDM 41 CRE & %k

H L KPC H & A W0 R G5 & T NDM
2 AEAT G I O I R GEENN MA R A T R S
PR H B KT NDM 41 (3 P<<0.05), H Mgl
BF IR TS  KPC 21 88 35 i PR A 8 507 5% L IR
F NDM 4 (P<<0.05), W3 4,

IRFFAELH] () ]

Table 4 Clinical characteristics of patients in KPC and NDM groups (No. of cases[ % ])

WREE oSl s € P iHcsib e e B

LEW =60 % 36(64.3) 55(64.0)  0.002  0.968 | CRE J&yLpiifit FHHL 254
P 0.536 0. 464 ST % 21(37.5) 46(53.5)  3.479  0.062
B 36(64.3) 50(58. 1) W7 B2 0 12(21.4)  2(2.3)  13.926 <<0.001
Ltk 20(35.7) 36(41.9) S ERBEERE  16(28.6) 28(32.6)  0.252  0.616
TG ) 2.089  0.148 e

o IR 17(30.4) 17(19.8) FET P

2 o SR e 39(69.6) 69(80.2) WP 2 55 05 9 41(73.2) 46(53.5) 5.561 0.018
AfEICU H#>7 d 30(53.6) 30(34.9) 4.854  0.028 i R 13(23.2) 18(20.9) 0.104  0.747
CRE JER YL i 1712 28 45 1 S bR 5(8.9) 22(25.6) 6.108  0.013
ik G 48(85.7) 74(86.0)  0.003  0.956 O I R G IR 27(48.2) 57(66.3) 4.581  0.032
SR 31(55.4) 62(72.1)  4.203  0.040 T EX R 3T 17(30.4) 41(47.7)  4.209  0.040
mE S 25(44.6) 38(44.2)  0.003 0.957 I IR 151 J& 4,070 0.044
SEHE 32(57.1) 34(39.5) 5.362 0. 040 VA A B g 29(51.8) 59(68.6)

FAR 17(30.4) 43(50.0)  5.281 0. 021 TS FIRIT 27(48.2) 27(31.4)

ML 115 A [7)K 4% 47 KPC 8¢ NDM JE R i &
Gy R TR RAF RS ANEMAL, 547 2 H &K logistic
1 H 4347 4551 o BB 8RR SO
R S WA AN [ Bk 7 B 4 T 5k ) CRE 2 g 8 2 1l
Jo B ST G RS R R (P<<0..05), WL 5,

®5 CREBEJEBEVEMZHEERSIER
Multivariate analysis on the prognosis of patients

with CRE infection

Table 5§

mer-9 B CRE B # 3 h 5.4 % &HE 1 PB MIC
{57} . CRE113 2 .CRE127 & .CRE129 & CRE167
SRR G MIC {58438 1.4.0.5.0. 5 pg/mL, 75
FIE R 8.64.4.8 pg/mL, WLFE 6,

£ 6 7Bk mer-9 MM CRE W HRERE X PB i S5 45 7
Table 6 Characteristics of 7 mcr-9-positive CRE strains and

results of polymyxin B induction test

S0 R % B Waldxz OR 95%CI P

BAHE 1.044  4.411 2.842 1.072~7.531 0.036
Bl 1.443  7.745  4.231 1.532~11.686 0. 005
MR 1,248 5.338  3.485  1.208~10. 049 0. 021

2.5 SHEERBARRFFRE ZHHLSER
/K3 #k CRE B #k PB i 25 ; PCR J i 5 45 5 5o
HB RN mer-1 ~mer-9 FE L 107 G 614K AF7E
mgrB AL, G AR — 5., 3L 7 ¥k mer-9 W
PE CRE Fitk. i/ 1/8 MIC () PB &b 7 #R 4 4i7

L PB MIC fi§

5 w sk BT Ge/ml)
P S5
CRE025 K75 WA blaxows 1 1
CRE055 A% 4 ki P blanpm 1 2 2
CRE060 K4 i B blaxow 1 1
CRE113 B AT 1 T IR blaxpws 1 8
CRE127 B AT i R blaxpw-1 4 64
CRE129 PRy FHME 2l blagpca 0.5 4
blamp-4

CRE167 B1i4 MAF 4 7 blanpm i 0.5 8
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J FF T B A0 A A — 2 B0k DX R g SR 1 AL
BL2 B0 B - 5205 UM R IR R I s R e
IR A5 . B B P AR O H AT R BIRYT
J AT BR 20 R R 1 EEPIRE 25 . ARk 2Bk A
Ak CRE 1Ak, HILTH 2454 ] 0 fa ™ &, L+
Ut B IR AR I R CRE Bk I 48 5% FL1iif 25 L

ARG il AR 5 T AR B R 3R B B A A
PR K 22 T R P 4 A I W S H W 1) I R s AS it
Z 1 Bl A& 5 T A0 B Ol O WCTE E DL AL 2 B0 A
2020 4F CHINET"" 045 7% o 35 4F 5K fili % 7 55 1A
TR A S AR 56 — T 25 R 202 b Tt BV W A T

T R IS 25K 1 R AT BT BT K 3R A 1R R
T B T 2586 AT B R W . A9 & B 42 v
TR AR R — BV AT A R | TR
BRAH S KR I 2 54247 HAS H S EA
b DX BF 78 o FF B A 1 %L TR 2R R AT AT RE . B
T8 1 FF DI — 2 1 1 2% 0 B0 T I DR 1R AP A
Ga 32 1T B BB TR 245 0 1) 8 FH RT E m HL U e XU
BH 7 B FF B8 G H %6 1m0 ] B 2 5 o Jek e T 30, 1T % A
o TR R B 2 R E S i R AT A T BT S D AL
2y R R i CRE B RO Sk 0 0 R 2 A I B~
PN T B + B R0 28 B A 2RI e 2 R, S S
T 5 2 Wy it 24 2R A G v 5 D A o % i B 3R AR
P, X PB AT UM T 25 A0 1. 8%,
2R T 2 40 AT % B BE B TR IR S PR &
2 2 g R A0 A A0 R T S B, CRE 8 ek e
M I IR IE R . SR . 2 K T R T 25 3L B mer 11
ISR TR T T A OGE

CRE [T 25 AL A = () 7= A B 75 85 0 i 5 (2)
FL 11 Gt A 5 K] 2 3k il 2 % £ R o 1 L B P TR
A 5 (3) AMHESE G i 56 PR 3 3638 5 (D AN AE W I R
Gray . Forbo R T R M B O 4 A )Tz T 24 B
il WFgE R, TR E H AT CRE I R 4> B kb A7
FER) L2 T B3 A B KPC(A 28, A4l CRE
EZ LI NDM #p= KPC B bk Sy 3, 0] i 5 18 F
XA 22 54 K. Bt &3, CRE PLR 5% 45 1
Bt i B AR B o £ I A Ik Z . AR BFIE
BF 70 J 181 A 1 238 5 K 1R A 1A 1T R 5 T R
WAy A A O M T — ST . ABEIE R 7= KPC
Bl AT 6 50 T A T Ok 3L 7 NDM T R LB I8
FREM KR EREE L, S8t g5ig A — 2,

TV 4 DX B i b DX 4% 5 7 A1 T DL KPC A il
R R ¥R A BRI BRI 1 A B LA NDM ALl Sy
F. ZREFE M2 H0H A FET QD g bW
2H 3 VRIAE FR 8 B A T A0 M T 1 i 22 P Be L AT
REAR 22 R TR R s (20l o Tk AhHERE D Re L i 24
Py 0 HCHE H 20 B DT 20 A8 B P s (3D T g
RSN RS s (D B B 5 (5) AW AR 35 (6) J5t
BB mer G5 AR mer FKIRFEH Gmer-1~
mer-9) TE & # Bl 22 2 B0, DL mer-1 1 mer-9 3
W fide) 20 . 5HALIEF R F, #5347 mer-9 1
PR 22 Rl 2 R oh 3R A U (B AE IRk B2 PB i =
T mer-9 ik w Th i HE R . AR
3tk PB R 25 (14 il 48 v w0 i L ek
AL mgrB SRA, AR EZEM mer-1~mer-8 ATER
P s7 Bk PB SBUR B MR 5T mer-9, Horh 6 B[] 1) #5
i blaxow BEH 1 BRIE 2 Bk 7 B M B8 (Dlaxec, H
blaww.) . FEMRHKEE PB %S T, 4 kW PB
MIC {8 H BT T8 IESE mer-9 IR G 30K

AWFFEEE R BoR  IERK AAE ICU I 1] 7] G 25 4
fin s KPC A CRE J& YL #f % ; CRE & YL 7 KPC 4
HBETREHEELHET NDM 4. 858 FIRE N
FAR AL T NDM 4, £ B8 0 5 5] ™
KPC fi i) CRE J& 4y, T & & 5 IR 8 M T AR5 5]
7 NDM %I CRE s ; KPC 41 8 % LA IR £
ey Ll T NDM AL AR A8 MR L0 4 &R
G Wb PR A Bl AR GE B F B AR T NDM 4,
T8 3 AR AR 3 BT AS [] 2 R R TR R o A L S A
I RFRAEHEI KPC 2 i 35 W 3R 40 BE il 9 9% 5 L
5 AT RE PR A il 4 e A T A T R R T
R THAAE LA KPC b 3 51 NDM 41 58 4 i JR
A B RGN LR B T I AT R R
Yo A A A A PR T B B B D% g SO T BR . o LA
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