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Abstract:Objective To understand the epidemic characteristics, resistance phenotypes and homology of
carbapenem resistant Enterobacteriaceae (CRE) and to provide experimental basis for the control of CRE
transmission and treatment. Methods A total of 91 strains of CRE were collected from the clinical samples of
Jingzhou Central Hospital from January 2017 to May 2019. VITEK 2 Compact automatic bacterial identifica-
tion system was used for bacterial identification and drug sensitivity test, modified carbapenemase inactivation
test (mCIM) and ethylenediamine tetraacetic acid modified carbapenemase inactivation test (eCIM) were used
to detect the phenotype of carbapenemase, PCR was used to amplify the drug-resistant gene, multi locus se-
quence typing (MLST) was used to analyze the homology among strains, WHONETS5, 6 and SPSS23. 0 were
used for statistical analysis. Results Among the 91 CRE strains, there were 42 strains of Klebsiella pneumoni-
ae, 23 strains of Escherichia coli and 15 strains of Enterobacter cloacae,and 11 strains of others. CRE strains
were highly sensitive to tigecycline and amikacin, but resistant to most other antibiotics. The sensitivity and
the specificity of mCIM were 97. 1% and 100. 0%. 60 strains of CRE strains had one kind of carbapenemase
gene,and 8 strains of CRE had two kinds of carbapenemase genes. The detection rate of virulence gene wcaG
was 2.4%. The MLST of carbapenem resistant Klebsiella pneumoniae was 12 strains of ST11,8 strains of
ST37,8 strains of ST17,2 strains of ST147 and 1 strain of ST48. The MLST of carbapenem resistant Esche-
richia coli was 17 strains of ST167. The MLST of carbapenem resistant Enterobacter cloacae was 6 strains of
ST418,4 strains of ST93,2 strains of ST74 and 1 strain of ST175. Conclusion The resistance mechanism of
CRE strains to carbapenems is complex. There are many molecular types,and each strain has different charac-

teristics.
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LR AL B | 2 RN R TR B 2 AR AR BE
CRE YL 1] 52 AN W7 38 22 1 a4 Sy i il i ks 4
K WE B ¥ CRE B A7, AR 98 LALAS Be e 2 4K 43 B
CRE B bR R0 55 6 G2, % FL AT 5 A5 L it 245 300K A 43
T 2550 45 7 T R T g BRARE AT
1 #EREFE
L1 ARAORIE W EHIN T oo BE BE 2017 45 1 A
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T 1 10 o 4% kO K 3R A 1 ATCC BAA-2469
i %6 S AT ATCC BAA 1705 B M B ¥ 06 L il 46
TR ATCC BAA 1706 (BAMEFR M .
1.2 & 5K Vitek 2 Compact 4 H 3h 40 B &
SE N 2 8o T AR (i [ A g g L3R 28 DD L ABI 7500
PCR X (£ E ABI A 7)) .PowerPac 3000 Hi ki ( |
VAR Ok A i B2 22 7 i AT BR A F]D BioDoc-Tt2Imager #E
AR Z 58 (S5 UVP 2R . R AR K 7 R 4 B
FRHE CTSB, AL M I A1 A= i 700 28 w1 L 4l T 5 P 41
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% BT EP &P, —70 CIRIR KA AR AL .

1.4 HHRE EEMAHE KA CRE H
TR 27 ol < 1 3 Sl 22 95 B Py ) 00 T 48 B o A B 9
AR W P B RAT I ) BT A AT A R S A .
Vitek 2 Compact it % AST-GN16 24 & | #1725
I s F E-test 32 52 I W i 15 e 1B Al 55 e 1) e 1K 1
PR (MIC) 24 B 45 5 e IR S5 0 I PR R 52 56 =5 A
HEAL P23 (CLSD 2018 A5 M 12

1.5 SRS IR EIKE RS CLSI 2018
6w AT R Bk T M K5 1SS (mCIMD Fl & — i
CFR PR R T B 0 KGRI (eCIMD i 36 7= ik 75 %5
975 T B B AAE mCIM PP, eCIM FHE 25 R A A
B, R Z s eCIM 3 56 B 25 SR AN 1 it

1.6 TGRS 47 50 A SCEk[3-5 13K 45 .
M B4 TAEY TR RO ARAREG S5 Y.
CRE Hikk DNA #EHUS W40 B 3 N 20 DNA e il 2
PGB 9 R B T A M B SE [N VESBLs LA AL
B K S PCR R VAR & K 50 pl, £ 45
25 pl. 2XSan Taq PCR Mix, F#F514# (10 pmol/1.)2
pL, TSI (10 pmol/1)2 pL, KK 20 pL,DNA
B 1 Ly B PR KU B B A 2 U B0 L 3R 1, AR
92 °C 10 min, 28 ¥ 92 °C 1 min, iE kK 1 min, ZE fi
72 °C 1 min, kL 7EMH 72 °C 10 min.4 ‘CIAfE, BE
TR W R I P UK S G T B ) 0 R S L O R AT A
FR 0 4340

x1 PCR ¥ 5| ¥ F 5E R

S 19 F 51 (5" —3") REBKEGbD  BECO TR UAEL (PO

KPC F:CGTCTAGTTCTGCTGTCTTG 798 56. 0 28
R:CTTGTCATCCTTGTTAGGCG

NDM F:GGTTTGGCGATCTGGTTTTC 621 57.0 30
R:CGGAATGGCTCATCACGATC

VIM F:GATGGTGTTTGGTCGCATA 390 58.3 30

R:CGAATGCGCAGCACCAG

IMP F:GGAATAGAGTGGCTTAAYTCTC 232 54.5 25~30
R:GGTTTAAYAAAACAACCACC

OXA-48 F:GCGTGGTTAAGGATGAACAC 438 63.8 28
R:CATCAAGTTCAACCCAACCG

TEM F:GAGTATTCAACATTTCCGTGTC 861 55.0 30

R: TAATCAGTGAGGCACCTATCTC
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Zmx1 PCR ¥ 835 M FFIER

A 7515 —3" HREBKEGbD  BECO R UEL (U
SHV F: AAGATCCACTATCGCCAGCAG 231 64.0 30
R:ATTCAGTTCCGTTTCCCAGCGG

CTX-m F:GACGATGTCACTGGCTGAGC 499 59.0 30
R: AGCCGCCGACGCTAATACA

Ompk35 F:CAGACACCAAACTCTCATCAATGG 1183 58.5 25

R:AGAATTGGTAAACGATACCCACG

Ompk36 F:CAGCACAATGAATATAGCCGAC 1115 62.0 25
R:GCTGTTCGTCCAGCAGGTTG

magA F:GGTGCTCTTTACATCATTGC 1282 60.0 25
R:GCAATGGCCATTTGCGTTAG

rmpA F: ACTGGGCTACCTCTGCTTCA 516 56.8 25
R:CTTGCATGAGCCATCTTTCA

weaG F:GGTTGGKTCAGCAATCGTA 169 55.7 28
R: ACTATTCCGCCAACTTTTGC

1.7 ZAEFH R (MLST) i 75 B 25259
fili & 5 F AN B MLST AR 4 £ 4 /& http://bigsdb.
pasteur. fr/klebsiella/klebsiella. html ¥ [ 51 4 Fl k5
WEBRVE P 19 gapA . infB.mdh.pgi.phoE.rpoB Fl
tonB 7 AN K T ik F R MKW KR AW
MLST # #& ¥ )& http://mlst. warwick. ac. uk/
mlst/dbs/Ecoli #p EEAEY 1 adK. fumC. gyrB.icd.
mdh,purA Hl recA7 N R ILH ; Tl ik H B IG5 259
B3 5 AT 7 MLST AR 4% %48 % https://pubmlst.
org/ecloacae/FRUEEEVEY B dnaA . fusA.gyrB.leuS,
pyrG .rplB Fl rpoB7 A4 5¢ 5 K 4 3 77 1y Dy 45 1
S S e Y I O I v R X2 DO I v S
ST #1,

1.8 ZEitsehb ¥ Bl o ok WHONETS. 6 Al
SPSS23. 0 #AF  THECFERER T X7 K50 LA, P <<0. 05
hESFHGITHE L.,

2 & £

2.1 CRE T bk 25 B 45 91 ¥k CRE Wtk , & 4%
W4r % (ICU) 27 B¥EVAMRE 27 #k A RF 17 Bk LB 15
PR ARFBEE 5 bR, TR A b il R v A 42
PRAEA AT 3 MR S A R AT 1R, K
AT 23 Bk B FT B 15 Bk, 96 AT A BR AT B 3
PRCEEMREEMR TR 3 K, &7 F AR AF I 1 MR, A2l Xt
18 Fh 470 T 245 400 fan B it 24, JHG v X 25 o 3 3R SRR B e
(94.5%) s HWk A Bl >k 45 B (62. 6 %) & J ik i Y I
M (36. 2 %0) o Xof oA 47 T 25 W SRR R IR T 30. 0%
BF 74 i T 581 X 2 DR 70 B R 2 R SR 00 B I AR v s T
Jili % s AT M KR A . A 73 9% M KR A
B B oK R ORG, T 60, 0% 19 M1 98 W FF B R
52. 3 Y0 BT 98 v T AP B G BTk R R ARG, LR 2.

2.2 mCIM Fl eCIM B4 #6545 68 kit % I
it 5 D) BE P T Rk L 66 Bk mCTM 45 5. B L 23 BBk
B 07 T B ) T Rk . mCIML 45 31 2 9 B, mCIM
O 356 7 il T B 0 I DAL AR T R BRSO 97 100 R S R
100.0% . 53 ¥k4: I - P Mok Fic ity 32k A1 BH 2 51 L 50 Bk
eCIM 25 BLBH P 5 38 Kk 4x J@ BV 1k Jie g ik [T 9]
H, eCIM 5 53249 5 B L ) eCIM 0 16 7= 42 i 3P Bk
e il 1 AU 94, 300 FR S B 100, 0%, 15 R4
B B T B O Tl 35 DR S T L e CIML 285 SR 24 Sk [ L 76
Wk 22 SR e 77 5 M I SE I B M TR L 70 Bk eCIM &5
PR ) eCIM 1 6 7 22 28 IR R 7 % M il 1) R 032 oy
100. 0% . Fe R 92. 1%,

2.3 MHZGIEFEMEE R 91 #k CRE B HEH .60 #
(65.920) CRE #5717 1 i 75 25 M Bl B 19 L b it ik 7
B2 % v B A EE T KPC(28. 5 %) M %
TR MG K I % A B £ E = NDM(73. 9%) L Tii
T 7 B3 05 25 25 W0 D198 W FF B £ 7° NDM(53. 3%0) .,
8 k(8. 8%6)CRE W k& I 2 Rk ¥ B s il 3 [ L 3 Bk
T Bk 75 5 95 25 24 ) il R v B AR R R, 2 MR A5 A NDM
FIMP 55,1 #B#EH NDM 1 OXA-48 A ;1 R
W 23 0 25 25 W) K A W #5417 KPC A NDM. 2 1A
2 BRI i 7 85 0 2 245 0 BH VA AT B 4% 4 NDM I VIM
FEIH 5 1 BRI B 7 00 S 25 W AR S AR L R A TR R 1
BRI e 75 85 s 2% 2 9 0l 26 o B 10 1R 38 45 4 KPC A
VIM P, 25. 3% 9 CRE B #k B¢ 75 25 M i 5 9 B
PE. 97,6 V0 It Bk 7 B M 25 245 W I AR v B AR TR
ESBLs 5[4, AT 100. 0% #54F ESBLs E[H, 42
R T Bl 7 5 M S 25 W It 48 T A1 T B T Rk R R U o
1A 18R RN weaG(2.4%) ., W3E 3.
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*x2 CRE BHMEHUHBRER (W)
it =9D Jifi 9 5E TEAA T (n =42) KGR AW (n=23) B398 J 1 3 (n = 15)
BLH 25
it 245 U ifit 245 U ifit 245 U ifit 245 U
A e 83.5 16. 4 95. 2 4.7 86. 9 13.0 73.3 26. 6
K 76 e mk 100. 0 0.0 100. 0 0.0 100. 0 0.0 100. 0 0.0
LKA T 92.3 6.5 95.2 4.7 95. 6 4.3 93.3 6.6
kAt il A 93. 4 6.5 100. 0 0.0 91.3 8.6 90.5 3.6
3 fo0 i 78.0 19.7 85.7 14.2 91.3 4.3 66.6 33.3
E SN 100. 0 0.0 100. 0 0.0 100. 0 0.0 100. 0 0.0
KRR 76.9 18.6 78.5 16. 6 86.9 8.6 66.6 26.6
LARD R 68.1 29. 6 76.1 23.8 78.2 21.7 53.3 40. 4
RREHR 73.6 26.3 78.5 21. 4 69.5 30. 4 66. 6 33.3
15/ S N4 36.2 62.6 47.6 52.3 21.7 73.9 40.0 60. 0
Vi 8% 91.2 3.2 92.8 4.7 91.3 4.3 86. 6 0.0
JE fib 357 75 96.7 3.2 100. 0 0.0 100. 0 0.0 86.6 13.3
52 75 Tt e HE L W 63.7 36.2 64.2 35.7 65.2 34.7 53.3 46.6
UL RS 61.5 26. 3 76.1 9.5 43. 4 39.1 66.6 20. 0
ZATHR 62.6 20. 8 59.5 23.8 69.5 26.0 73.3 6.6
Bk 5.4 94.5 9.5 90. 4 4.3 95. 6 0.0 100. 0
WR iz VG A/ it nee 2 3 82.4 8.7 90. 4 2.3 91.3 4.3 60. 0 33.3
(R AT A 7 92.3 7.6 92. 8 7.1 95.6 4.3 86. 6 12.6
%3 PCR ¥ HEER (n, %)
4 T 44 P n T T R A4 Tl e PR 7Y ESBLs 3 & % JEEL R P e PR
it ¢ 53 T A B 42 KPC(12,28. 6) TEM(41,97. 6) Ompk35(37,88. 1)
NDM(11,26. 2) SHV(36,85.7) Ompk36(39,92.9)
IMP(10,23. 8) CTX-m(16,38.1)
OXA-48(1,2.4)
KW ¥ A 23 KPC(1,4.3) TEM(23,100. 0) Ompk35(21,91. 3)
NDM(17,73.9) SHV(3,13.0) Ompk36(2,8.7)
CTX-m(13,56.5)
[ 34 Ja AF 15 NDM(8,53. 3) TEM(15,100. 0) Ompk36(1,6. 6)
VIM(3,20.0) SHV(10,66.7)
IMP(4,26.7) CTX-m(1,6.7)
I QAT TR T T 3 NDM(3,100. 0) TEM(3,100. 0) Ompk35(1,33.3)
SHV(1,33.3)
CTX-m(1,33.3)
JEE AR PR AR T 3 IMP(1,33.3) TEM(3,100. 0)
AR S AN 3 KPC(1,33.3) TEM(3,100. 0)
VIM(1,33.3) CTX-m(1,33.3)
IMP(1,33.3)
oAt 2 KPC(1,50.0) TEM(2,100. 0) Ompk36(1,50.0)

VIM(1,50.0)

CTX-m(1,50.0)

T Hflh CRE A2 4% 1 MR 5 Z R e AR A 1 MR S IE AT .

2.4 MLST 4558 42 BRI B 7 B M5 S0l R e 5 111

MLST 4 4 2%, Hp ST11 # 12 £k, ST37 # 8 ¥k,
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ST17 %I 8 #k,ST147 & 2 #k,ST48 B 1 ¥k, K 11
PR. 23 BRif o T BG4 KA % 4 1 MLST 3%
J& ST167 B 17 #k, K43 HL 6 Kk, 15 BRI AR 7 5 4 2
2591 I AT MLST £ 4 28, Horh ST418 7Y 6 Fk,
ST93 #l 4 ¥k ,ST74 &1 2 #k,ST175 B 1 ¥k, AR43H 2 ¥k,
3 it e

e 5 B M S0 T 2 0 o DR AR TR L 2 B R
2 [ A T | A 1 I DR SR G B AT — o BT R, )iz
T SR R E MR YT BRI N A 3 b (8 4t
W25, CRE & 2 . o [ 40 18 it 24 W00 ) 55 4 2=
B, B TR M KON R T T OBE W 25 R Bk
10. 1%, AR B CRE 32 202 it 4 52 T 0
(42 B L KR R I 75 B (23 B R B 3 1 #F 18 (15
MO s MR Z R T 1ICU FIAMRE, M2 B 3 i )25,
HRPUIK, Bt ICU FSMRHE A BE CRE B #5819 5 8
CRE 2 "EM L EM 4L, AR B/R,CRE
Xof Sk 760 s bk T 2R P AR T 25 2R 34 2k 100, 0 %6 5 A%
TR 2 RN BT oK RO R A v, XS A il —
Y, AR CRE B B934 97 HL AT AR L AR 95 24
TEE L T 2 4 1 IS A R Y ™ R R RN AR R R
W R BUCA SIG )Y )T % . 2018 Jit CLSI 48 H mCIM
5 eCIM Bt & & I 09 R B > 95, 0%, ¢ ¢ >
92. 0% . ASHIFFE 0 16 22 82 IR Tk 5 B 0 TN &2 R 8-
PN TG e it 1) 2 S0 RN R S B 5 22— 30, mCIML K 7

T B 0 T VR R R A O BRUAS IR, SO R RE R R

T — I R A W 3 AT ST B VRS . 5 eCIM BEA
G0 AT 7 B 7 B T A T DS AL L I K 25 B R

AW 5T 45 T m AS g B AT B Bk T R I R
% NDM, IMP #l KPC., T % #2455 f BF 5¢ 45 5
H, KPC Fl VIM Oy 3 2 7 8 M Bl 278 5 Vo) B 58 43 b
XAERMA 5 R G ERIWER CRE Wik, %
(4 it 24 3 PR 227 S NDME Y AR i 5E b, KPC Y
K R T NDM; 91 ¥k CRE B Ak o ACH 1 Bk il B
TR IR IS Wl 4 TR AN B A HH OXA-48 FE[A L (H[H
AMNIRGE 77 OXA-48 250k 7 75 M I 10 T Bk 7 5 0 2%
YR R AR R LN . FHECE M AN 5
K th 8 #R 5 2 Pk 7 B M B 5L IR CRE B8 A%, 42
71N B AR HH R 22 B 24 3 PR AR A L .

AWFFE T, 25. 3% () CRE T kA 72 ik 75 25 45 T
1M ESBLs Mif 2 3% R A 2R Ry 100. 0%, B ILIX 23 #k
ASTFERR R B AR CRE B8 RE 1T 25 ML R & 7= ES-
BLs HAJFBEFLE A BB T & B 0 & 0
BT il 5% v B AN B LA T 2 RN R B0 T
R BB DIRR IS S b A 1 BRI 4% B A R A
H weaG S AT J L R L = 3 0 19 il R
e TR AP TR AT 2578 5 0] RE S SO EE MR,

T Al T B M 28 24 0 il 9% v B A TR L R i MR A TR RN
FAE B #F B E 223 A7 B9 MILST 43 %) o4 ST11 #1
ST167 BIFI ST418 A, 7= KPC fiff iy ST11 & 5 & [=
AT TCBERR A I8 — B T AMNIE S R B T A
HEMIWIG R 7 HE A b ST258 Mgz, 1
HA AR e UL = NDM g B 98 B 41 @ i MLST 3
By STO3 BV AR 24 B bk 2 T W B 48 & A7 AE
sibE Z FEEALRE . CRE Mt 25 0L &2 2% Z2 K 2% , (i 15 Xt
22 P DA 24 4 2% IR M o R T 24 2 R R R G YR T TR
K, B B Jak G 4 i) B 7 2 200 B AL AN 3R CRE 18 A% 19

B2 AR BE CRE B MRk 75 55 M6 KU 259 1
it 25 AL &2 4%, 2 Rt 25 3L A7, o TR B 2
I PR 5 0 17 e CRE W I 0 A T4 SR B %01
B2 e 5 1 15 it . 18 ) CRE B Bk 76 A 5] B8 2 R ] X
R RATRE L.

S % 3k
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S ATE TR o) 75 3 A0 R LV R R AR
JTF Dy REF08 T 52 T e 1 R sl Ay A A o B R T
XA RES R I B R A 56, L, Ak w5 224
REORCE A5 R A > 5L T 8 L AR B0 . VAR B A
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1 AN G2 I BEL A AL R AN AT . BRI AR B g
i H M T8 B SRR RO R, R R X R Y
T K M S BE 2R X R R T IS B B 1Y I
Jiv DL, SRR o & 5 8] B A O 4 T 4% A R T A
(ERUMIDE

L b TSR L A [ SV el BB 25 A THE A IR A B 2K Y
IR AR RN o TR, MR BT A TR R S R AR R R
KA IE [ VR 0 B 45 2R, BR R A 0 A8 R 1Y, SR B A AT
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