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Abstract Objective To investigate the clinical distribution and drug resistance gene distribution of
carbapenem resistant Enterobacter cloacae in our hospital in recent three years. Methods 33 strains of carbapenem
resistant Enterobacter cloacae isolated from Shanxi Bethune hospital from January 2017 to September 2020 were
selected as the research objects. The bacteria were identified by MALDI-TOF(Bruker, microflexlt / SH), and the
bacterial susceptibility test was carried out by automatic microbial analysis system compact vitek2. Modified
carbapenem inactivation test was used to screen resistant phenotypes. Carbapenemase genes (bla,,., bla,,., bla,,,
bla,,, and bla,, ) were detected by PCR. MLST typing and homology analysis were performed on all strains.
Plasmid conjugation transfer assay was used to study the transmission of drug-resistant plasmids. Results 22 strains
of Enterobacter cloacae were resistant to ertapenem, imipenem and meropenem, and 11 strains were only resistant to
ertapenem. Among them, 16 strains produced NDM-1, 4 strains produced NDM-5, 2 strains produced IPM-1 and 1

strain produced both NDM-1 and KPC-2. bla,,  and bla,,., genes were detected in two of 11 strains of Enterobacter
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cloacae resistant to ertapenem. The main epidemic strain of MLST was ST418. 14 strains were successfully

transferred by plasmid conjugation. Conclusion The number of carbapenem resistant Enterobacter cloacae in

our hospital increased since 2017, and an outbreak in 2020. Main carbapenemase gene is bla

and ST418. Drug

NDM?

resistant genes can be transmitted in plasmid level, so that strengthening the screening and control of clinical drug-

resistant strains is the key to clinical infection treatment.
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Tab. 1 Primer sequence of carbapenem resistant gene
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F:CTTGTCTCTCATGGCGGCTGG

KPC 798
R:ACGGAACGTGGTATCGCCGAT
F:ATGCGCTTCATTCACGCAC
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F:GGAATAGAGTGCCTTAAGTCTC
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R:GGTITAAGAAAACAACCACC

F:GCMCTTCTCCCCGAGATTGA
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R:TCCGCAGCACCRGGATAGA

F:GGAATAGACTGCCTTAAYTCTC
NDM 257
R:TGCGGAGCACCRGGATAGA

F:GCTTGATCGCCCTCGATT
OXA-48 438
R:GATTTGCTCCCTGGCCGAAA
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Fig. 1 Department distribution and specimen source of 33 carbapenem resistant Enterobacter cloacae
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Tab. 3 Antimicrobial suscepbility testing results of 33 strains of
carbapenem resistant Enterobacter cloacae

AR MICy(pg/mL) i 25 51%
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Fig.2 MALDI-TOF test of carbapenemase activity
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Fig. 4 Electrophoresis results of drug resistance gene amplification



. 100 . TR E AR R 20224F 1 7 454754513

MLST(<AIl Characters>) MLST
o< < m ¥ Y @ A
. 8.5 .8 2 SE & 5 & 2 F B ky sT AKR
53 35 154 44 45 4 6 9 418 2 IR
53 35 154 44 45 4 6 10 418 5l
53 35 154 44 45 4 6 12 418 9%
53 35 154 44 45 4 6 13 418 PR
53 35 154 44 45 4 6 16 418 JR
53 35 154 44 45 4 6 19 418 5l
53 35 154 44 45 4 6 20 418 13 153064
53 35 154 44 45 4 6 21 418 73
| 53 35154 44 45 4 ¢ EI8 418 K
53 35 154 44 45 4 ¢ BE20 418 FR
53 35 20 44 45 4 6 11 114 23
53 35 154 44 64 4 6 22 418 9%
59 35 154 44 45 4 6 E21 418 R
53 35 20 44250 4 6 1 851 Jioi
52 21 20 44 45 4 6 15 66 9%
52 21 20 44 45 4 6 17 66 51
275 20 148 44 39 4 257 El  STnewl &
275 20 148 6 45 4 6 E22 916 SR
11 6 4 6 45 4 6 E4 887 9%
9 6 14 6 11 4 6 El4 82 5l
4 35 4129 37 24 32 EI9 51 9%
—— 46 21115 44 45 12 32 8 295 9
49 21 19 4 39 4 162 Ell 171 23
58 6257 9 67 37 6 14 744 BT
59 33 12 115 67 40 6 E7 419 %
59 33 62 9 62 25 6 3 754 5l
59 33 62 9 62 25 6 754 A
50 33 62 9 62 25 6 6 754 9
355 33 62 44 45 25 6 7 ST new2 %
— 8 33 6 9 9 6 85 74 P
8 33 57 9 9 6 8 E5 86 9%
42 11 52 37 23 16 3 2 55 e
744
1119
55 - y
. 5T newl 419 ’
@ O
74
.295
[ #
H =
B s
O ot il
O tinsmwm
B 24w

B
82‘ Q. W s
E5 MLSTZ BRI Hras i
Fig. 5 MLST typing cluster analysis results
B, NIRRT AT E EEYEE WS, RREREFEZMIUERKRENYE, X5
WREH . URALPUARf I L IE . SRV R Sk BRGE RS IR RBEY S0 5 VA AT R



2017—20204F K Bt i PR 73 B s 5k 75 B 0 B VA I AT BRI S o #r - PR 101,

2GR R — PR AR S R AE R A
SR, ZHUNEEEMEMED M, WRERE
by 5 1 245 P T R U T 1 R i R B . A W A I )E
fth 355 B 24 U D R ok T R M T 247 R ) S 304

FF V) Ji A1 B B T B 0 S B A 3R U PR AR )
FENLHE TR B EETS. MRYE Amblersy
KA G- WG 7> J9435(BIA. B, C. D), Hr,
A, BEMDE AT HEMNG, 11CHKM X E KM
L RO, AL C. DREFMITEMEREAL SN 2R
Mg, B VE VEAL s R 4R B- P W B (MBLs)
TP SONEEDT . ACREEAR R Z NKPCHE, MBS
FEHRAAEVIM,. IMPAINDMEE!S), CRAFEA G AR
T B A I I AmpC U . o5 R B 7 85 04 T K5 6
& CLSIHEAE 1B 5 B3 M g 3 BRI 7 v, AHE 908
I mCIME A e CIMAR S 0T TR AR R AT I 2 3R BRI, 22
PR 4Tt 24 [ V4 B A B Ak CIMEY N B, 327 77 ik
HEEFE . BoeCIM 28R4, 7) A E A
B Y BH VA R AT o8 S R = 2 R, EL RGO i 24 35
K NIMP . MALDI-TOF Al Bk 5 25 45 B3 12 45 A1E 14
FAM VL RYGE, EAREX e B0, B
TE RV I B =TS B EELL A 28 KPC-29E, B
AID2 /D B2, HAHIT 78 2 PCRAG I 245 3 PR A\ 4
T Bk 75 25 45 1 VA I 4 1R 2 B 7= 4 JR ENDM(80%) »
I 272 S A7 R 1 5 DR T 6 5 %t DX T 47 1 24 420 i R 4
UL S X IR AR BT, [ G HNDMUARTK PC 3
DR BR VA B AT B O R A B IRRAE, 20174 85 A i Lk
T8 M L ZE P il o £ 2 R L), S
FRATT e XoF bt BT AR 2 — 25 il 4 2 DR ZEL 900 7 W 9 6 L
Ty AN 5 P AT B TR I A H TR 5 S B O A T R A
PR IV i 5 25 04 il 28 e B AE TR, P AR B3N P R I
NDM-5, it BH i 24 2[RI 76 A [R] B M 1AL 5

MLST 52 73 #7145 S 70 W 43 1 201 74E A 1 RR K
K(ST851), 20184FEFFK(STS5HISTT54), 20194F 34k
AR T B G (B AR ST754 1 —FEST74), 20204164k
A (FEHORRST418) . O A E5 R it 24 B V) Ji #F B 1
20194k 4Pk, 20204F K 74k . 20204F 2 K AT
FEASTA18L(FL128k), 520184 Tin Wik T Hik & 1 £
FERATEEB S 5. 20204E7 5 B MR T ks
W, STHRUNHIAL, HE— B Hk s 4 5 A
N EN s 1IN

gr bRTIR, AR RA H T Bk T B I B VA T i
W R IR E FTH Y, EEm 25K ENDM, 1

LR 4% £ 1 4% S 06 i W i 245 5 DX B AT 7T A 4R g
Jie IR 8 A CREE W IR T MTiE, N
2 5] R I PR AN Be A T T R A, A A R AR
ENIETN R &I IR LN i T K

& E 3k

[1] Santajit S, Indrawattana N. Mechanisms of antimicrobial
resistance in ESKAPE pathogens[J]. Biomed Res Int, 2016,
2016: 2475067.

[2] CaiB, Echols R, Magee G, et al. Prevalence of carbapenem-
resistant Gram-negative infections in the United
States predominated by Acinetobacter baumannii and
Pseudomonas aeruginosalJ]. Open Forum Infect Dis, 2017,
4(3): ofx176.

[3] Pouch S M, Satlin M J. Carbapenem-resistant
Enterobacteriaceae in special populations: Solid organ
transplant recipients, stem cell transplant recipients, and
patients with hematologic malignancies[J]. Virulence, 2017,
8(4): 391-402.

[4] Bonomo R A, Burd E M, Conly J, et al. Carbapenemase-
producing organisms: A global scourge[J]. Clin Infect Dis,
2018, 66(8): 1290-1297.

[5] Shields R K, Chen L, Cheng S, et al. Emergence of
ceftazidime-avibactam resistance due to plasmid-borne
bla,,. , mutations during treatment of carbapenem-resistant
Klebsiella pneumoniae infections[J]. Antimicrob Agents
Chemother, 2017, 61(3): €02097-16.

[6] Nordmann P, Poirel L. Epidemiology and diagnostics of
carbapenem resistance in Gram-negative bacteria[J]. Clin
Infect Dis, 2019, 69(Suppl 7): S521-S528.

[77 Dai W, Sun S, Yang P, et al. Characterization of
carbapenemases, extended spectrum beta-lactamases and
molecular epidemiology of carbapenem-non-susceptible
Enterobacter cloacae in a Chinese hospital in Chongqing|[J].
Infect Genet Evol, 2013, 14: 1-7.

[8] Durante-Mangoni E, Andini R, Zampino R. Management of
carbapenem-resistant Enterobacteriaceae infections[J]. Clin
Microbiol Infect, 2019, 25(8): 943-950.

[9] Davin-Regli A, Pages J M. Enterobacter aerogenes
and Enterobacter cloacae; versatile bacterial pathogens
confronting antibiotic treatment[J]. Front Microbiol, 2015,
6:392.

[10] Arpin C, Labia R, Dubois V, et al. TEM-80, a novel
inhibitor-resistant beta-lactamase in a clinical isolate of
Enterobacter cloacae[l). Antimicrob Agents Chemother,
2002, 46(5): 1183-1189.

[11] Kiedrowski L M, Guerrero D M, Perez F, et al. Carbapenem-



.102.

TR E AR R 20224F 1 7 454754513

[12]

[13]

[17]

resistant Enterobacter cloacae isolates producing KPC-3, North
Dakota, USA[J]. Emerg Infect Dis, 2014, 20(9): 1583-1585.
Sidjabat H E, Townell N, Nimmo G R, et a/. Dominance
of IMP-4-producing Enterobacter cloacae among
carbapenemase-producing Enterobacteriaceae in Australia[J].
Antimicrob Agents Chemother, 2015, 59(7): 4059-4066.

Jin C, Zhang J, Wang Q, ef al. Molecular characterization of
carbapenem-resistant Enterobacter cloacae in 11 Chinese
Cities[J]. Front Microbiol, 2018, 9: 1597.

Humphries R M, Hindler J A, Epson E, ef al. Carbapenem-
resistant Enterobacteriaceae detection practices in
California: What are we missing?[J]. Clin Infect Dis, 2018,
66(7): 1061-1067.

Nordmann P, Poirel L. Strategies for identification of
carbapenemase-producing Enterobacteriaceae[l]. J
Antimicrob Chemother, 2013, 68(3): 487-489.

Bush K, Jacoby G A. Updated functional classification of
beta-lactamases[J]. Antimicrob Agents Chemother, 2010,
54(3): 969-976.

Abboud M I, Damblon C, Brem J, et al. Interaction

of avibactam with class B metallo-beta-lactamases[J].

(18]

(21]

(23]

Antimicrob Agents Chemother, 2016, 60(10): 5655-5662.
Meletis G. Carbapenem resistance: Overview of the problem
and future perspectives[J]. Ther Adv Infect Dis, 2016, 3(1):
15-21.

Lomovskaya O, Sun D, Rubio-Aparicio D, et al.
Vaborbactam: Spectrum of beta-lactamase inhibition
and impact of resistance mechanisms on activity in
Enterobacteriaceaell]. Antimicrob Agents Chemother, 2017,
61(11): e01443-17.

WA, ARERA, B SE AT B AN B A 0 S0
AR PRAR 5 MUV T 3R], o & g 5 A7 2%
&, 2020, 20(6): 671-680.

Zhang R, Liu L, Zhou H, et al. Nationwide surveillance of
clinical carbapenem-resistant Enterobacteriaceae (CRE)
strains in China[J]. EBioMedicine, 2017, 19: 98-106.
B, %, B, 5. FN bl Mbla,, L
) — PR B8 AT T A D0 K2 s PR 7 23 BT [0, o e i R K
B2 &, 2017, 10(2): 130-134.

Jin C, Zhang J, Wang Q, et al. Molecular characterization of
carbapenem-resistant Enterobacter cloacae in 11 Chinese
cities[J]. Front Microbiol, 2018, 9: 1597.



