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[Abstract] Objective To investigate the molecular epidemiological characteristics of carbapenem-resistant Entero-
bacterales (CRE), study drug resistance characteristics and homology of CRE., Methods 158 strains of non-repeti-
tive CRE isolated from a hospital in Ningxia from January 2018 to May 2021 were collected, drug resistance genes
were detected by polymerase chain reaction (PCR), phenotypic confirmation was conducted by modified carbapenem
inactivation method (mCIM) combined with EDTA-modified carbapenem inactivation method (eCIM), horizontal
transfer of blaypy was analyzed by plasmid conjugation test, homology analysis was performed by multilocus
sequence typing (MLST). Results 158 CRE strains were mainly Klebsiella pneumoniae (61 strains, 38.61%),
followed by Enterobacter cloacae (37 strains, 23.42%) and Escherichia coli (23 strains, 14.56%), the depart-

ments with most detected CRE were intensive care unit as well as burn and plastic surgery department. The top four
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specimen sources of CRE strains were sputum, purulent secretions, drainage fluid and sterile midstream urine
respectively, the detected drug-resistant gene was mainly New Delhi metallo-g-lactamase (NDM). Positive rate of
23 strains of Escherichia coli mCIM combined with eCIM test was 95. 65% , plasmid conjugation test successfully
transferred blanpu gene of 15 strains from 20 Escherichia coli to Escherichia coli J53AZ", resistance of the conjuga-
ted strains to imipenem. meropenem and cephalosporins was stronger than that of the recipient strains. Fourteen ST
types were detected from 23 strains of Escherichia coli by multi-locus sequence typing (MLST), mainly ST10 and
ST410. Conclusion CRE strains in the hospital mostly come from ICU, mainly carrying blanpy resistance gene,
and have high resistance to commonly used antimicrobial agents in clinic, hospital should strengthen the supervision
of antibiotics use and guide the rational drug use in clinical practice. NDM enzyme subtypes in this region gradually
change, thus continuous monitoring should be carried out to find new subtypes in time.
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Table 1 Primer sequences, annealing temperature, and size of amplified products of drug resistance genes

H 3 A B (5°—>3") B R EECC) 7= BE (bp)
ESBLs 3[4 SHV F: ATGCGTTATATTCGCCTGTG 56 861
R: TTAGCGTTGCCAGTGCTCGATC
TEM F: GAGTATTCAACATTTCCGTGTCGC 56 858
R: TACCAATGCTTAATCAGTGAGGC
Tt 7 2 M g 5 R KPC F:ATGTCACTGTATCGCCGTCT 56 893
R: TTTTCAGAGCCTTACTGCCC
NDM F:ATGGAATTGCCCAATATTATGC 56 813
R:TCAGCGCAGCTTGTCGG
IMP F: TGAGCAAGTTATCTGTATTC 55 740
R:TTAGTTGCTTGGTTTTGATG
OXA-48 F:GCGTGGTTAAGGATGAACAC 57 438

R:CATCAAGTTCAACCCAACCG

W 2R R 4 TR 4 T LB
WO B Fe e 37 C B BSEAL. 16 h R IR 100 L.
BSIR AT 45 2 pg/mL 28 B H M 100 mg/L B A
B ME AR CO, B 47 i 0 40 7 2 4 B0 e 4
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i B 51 W P B4 18 T B 7 4 0 28 DR 1 R A T 1Y)
7 X R R Cadk-fumC-gyrB-icd-mdh-pur A-
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2.2 AAd L 158 tk CRE F8 & 5y
TAEH 61 #k (38. 61%), H ¥k J& [ 78 I #F & 37 #k
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# 2 CRE XHIHE 29 25 %

Table 2 Antimicrobial resistance of CRE

LR 259 A6 00 Ak i [GESEICP)

DALY N 155 89. 68
WK 7 PG ik / il s £ 31 153 79. 08
Sk 70 At e 155 87.10
Sk 76 iy 44 155 81.29
Sk fe i 5 155 66. 45
A th 153 40. 52
. i 15 v 158 100

B 400 134 73.13
B Ok R 154 8. 44
KRR 154 50. 00
ZATEHER 153 26. 80
Lo BRI B 155 43,23
WHYE 155 49. 68
5275 i i Y 5 e 155 71.61
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8.23%.5. 69% ., M blaxow 3 A T KR . #8570
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Table 3
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CRE strains
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B SRR 252 . L 3. wil GO
2.5 mCIM 4 eCIM X B #o | 5% & & 5 B £ A £ — NDM 47 29.75
23 BRI B 75 B 0 25 K W 2 45 T v 22 Bk (95. 65 260) 7= #— TEM 1 6.96
SR 1 bR (43500 B BB BRI o sHY 1 .33
2.6 blaxu KB FOREA R EoR,20 B OXAS ’ +03
B NDM 28 B I 5275 B 06 15 BRI P KOO o
IR e T AR KR A, R T NDMEOXASS 06w
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4y XL MK O Sk f e g A Ly T ADMESIY oo
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2.7 KW%AE MLST R 5 5EEMpes 07 NPMERRCHIEM >
3R B MLST Bl P AT 46 5 78 23 okl 0 NP SHVETEM 0 e
ﬁ%m*ﬁ MLST %*ﬁﬁ%ﬁitﬂ 14$¢ST ﬁ\ﬁé,u I 7 NDM + OXA-48 + TEM 11 6.96
ST10 F1 ST410 Bk £ 4031 5 B (21.74%) 4 fg 07 NDMTOXA4S+SHV y B, 150
(17.39%) . H 0k ST93 (2 #%) Fl ST95 (2 f), 97 NDM=OXA4S+SHV=TEM 7 L
ST90. ST162. ST167. ST209. ST648, ST693, M NDM*KPCHSHV+TEM 2 ey
ST848.ST2705.ST6050 Hl ST12686 % K th 1 #k., N NDMEKPCHOXAUS=SHV ! 068
%%’éﬁﬂ‘ﬁﬂh%d\ﬁiﬁiﬁ%@% B 7 NDM + IMP + OXA-48 + TEM 1 0.63

I 7* NDM + IMP + OXA-48 + SHV + TEM 8 5.06

b« B I (U8 e NDM B A 5

o 8  Skey ST B iAKW NDM
A33 ST410 R S T ur NDM-5
A67 ST410 JLE bl NDM-5
All17 ST410 VARSI Xy ur NDM-5
Al128 ST410 I3 P R bl NDM-5
A28 ST90 28R bl NDM-5
A84 ST648 i 2 v 25T Y R ur NDM-5
All5 ST6050 i & 4Rl se NDM-5
All6 ST693 JHFHH AR bi Negative
A39 ST10 I Js 45 i SR sp NDM-1
A127 ST10 JHFRE A1 R bi NDM-5
A129 ST10 ICU su NDM-5
A130 ST10 YR sp NDM-5
A138 ST10 T8 P bl NDM-5
A23 ST167 2z R sp NDM-5
A56 ST93 R ur NDM-5
Al21 ST2705  JIFAEARFRL bi NDM-5
Al126 ST209 R ur Negative
A52 ST93 ICU as NDM-5
A32 ST848 JF AR AR R su NDM-1
A63 ST12686  ICU su Negative
Al125 ST162 5 PR} ur NDM-5
Al18 ST95 WO R ur NDM-9
Al119 ST95 JN LA se NDM-9

e cur IR L R KL . se Dy et 43 W4 . bi AT, su 51K . sp IR as IR .
B 1 23k RIFHRA W MLST 2501 &

Figure 1 MLST cluster analysis of 23 strains of Escherichia coli
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Figure 2 Minimum cluster tree of 23 strains of Escherichia coli
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