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[Abstract]  Objective  To analyze the distribution of plasmid-mediated quinolone resistance gene
(PMQR) in carbapenem-resistant enterobacteriaceae(CRE) ,and to explore the mechanism of quinolone resist-
ance. Methods A total of 43 non-repetitive CRE strains isolated from the hospital from July 2021 to Septem-
ber 2022 were collected. The automatic microbial analysis system was used for strain identification and drug
sensitivity test. The PMQR, carbapenemase and f-lactamase resistance genes were detected by polymerase
chain reaction(PCR) ,and the quinolone resistance mechanism of CRE strains was analyzed. Results The drug
resistant rates of 31 strains of carbapenem-resistant escherichia coli to quinolones were 93. 55% — 96. 77 %.
The drug resistant rates of 12 strains of carbapenem-resistant Klebsiella pneumoniae to quinolones were
66.67% —83. 33%. The drug resistant rates of 43 CRE strains to B-lactamase blockers were 79. 07% —
100. 00%. It was 100. 00% sensitive to polycolistin and tigacycline. The drug resistant rates of amikacin and
tobramycin to polymyxin and tigecycline and aminoglycosides were low. Among the 43 CRE strains, 88. 37%
carried one or two PMQRs,of which the detection rate of acc(6') Ib-cr was 83. 72% ,the detection rate of qnrS
was 69.77% ,the detection rate of qnrB was 2. 33% ,and gqnrA and qepA were not detected. Carbapenemase
resistance genes were mainly NDM (88, 97%) and KPC(32. 56%). B-lactamase resistance genes were mainly
SHV(83.23%) and CTX-M15(67. 57%). Conclusion The detection rate of PMQR in CRE strains is high,
which is related to the quinolone resistance mechanism of CRE,and may lead to multidrug resistance with the
combined action of NDM,KPC and CTX-M15.
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it Wik T 8 9 25 W FF B REAN B (CRED 19 )32 40 A
JE X oA B A R B . CRE B AR A7 e 2 24
i 245 265 i PR A0 8% Gl 36 7 i SR AR O PRI wfl oo s 5 i 25
PO TR 245 W 1) T 24 0 e AR R DL A — b, e R TR 2K T
B 259 A TR) DU 72 10 #F BB 40 R g 1 YR 9T b B
AR B A R A T AR e Y T 2, O T M
MRS He i 25 it 25 AL A F o © 2 A AR 2 il L (H 2
KT CRE X M 35 i 2 25 Wy /4 Tt 245 AL 1 4l 18 08 A 2
U o AW 5 3 2k o3 A SR A T M A R 2 R A
(PMQR) 78 CRE H i 73Aii » 734 A1 5 it 245 B O
i PR & B 112 28 B v 25 ) 4 (4t T 5 0 BB R 0
1 #MRtEF*E
11 MR s 2021 4E 7 H & 2022 4F 9 A A
BEllf R o B AR H 2 1 43 £k CRE 18 bk , A3 b S X
WS R E B B = — R 2. A EESE W
FRAS 1 Ryl PRARAS 09 — R o S 95 S B 248 3107 T
A Ta) L, B9 R A KA 3R A R ATCC25922,
1.2 X885k VITEK-2 Compact 4 H 3h % 4
Yor b & 58 ik [ A= W dlg B3R 0 W) 5 3R 6 T B B
(PCR) §" 3 ¢ ProFlex4483636 ( Applied Biosys-
tems) ; LKA (TS —AUAR) ) BEIE BUR 0 BT R 456
GenoSens1880 (- 13 B M} 22 (AR A7 FR A 7)) 5 ZE N

W1y M b AR A A S . 2X Taq PCR
MasterMix(VICMED),100 bp DNA Ladder[ KR 4=
R AL RO H R A,

1.3 Zh6kE R VITEK-2 Compact 4 [ 3hiH
A=) 53 AT F Ge AT 2 R 06 R TR R A L 2 R 00 A
2 BRI PR AN 52 36 % A5 E AL D3 25 (CLSD 2021 4F i b
THE ] B

1.4 405 DNA % 2k k. BUSE &% A 100
pL TCHE W ZE K, AR A)E 100 CE W 15 min, MU
HEVK 10 min, ¥ HJF 12 000 r/min &L 5 min, B F
THW . —20 CRRAFEI.

1.5 FRFKEM PMQR A qnrA.qnrB,qnrS, qepA,
acc(6') Ib-cr; Wk 7 % M i i 25 3% B /5 KPC. NDM,
IMP; 3 P Tt i Bl it 25 36 AT CTX-M15,.SHV, 1 H
PCR #ARY 34, 51975 W3 1,152 % k[ 1-3].
AR Z2 B SR S A R AR B AR R 25 pl s mix-
Taq 12.5 pL A& 2 pL, EREFSI4 1 pL, WK
8.5 pl;95 CHIAM: 5 min, 95 ‘CAE M 30 5,55 Ci
K 30 sGB AR EEWZ 1),72 CHEMH 60 s,35 DFI,
J5 72 CHEAH 5 min, PCR P=#120Hr: 1. 5% S5 b
LUK , B8 S AR AT R A dri IR, =ik iR T
A=) T AR PR RN 7 25

x1 PCREIMFIKEREBNEE

N 44 TR 175 (5"—3") FIKE b IR KRECC)

gqnrA F:ATTTCTCACGCCAGGATTTG 516 53
R:GATCGGCAAAGGTTAGGTCA

qnrB F:ACGATGCCTGGTAGTTGTCC 469 53
R:GATCGTGAAAGCCAGAAAGG

qnrS F:ACGACATTCGTCAACTGCAA 417 53
R: TAAATTGGCACCCTGTAGGC

qepA F:AACTGCTTGAGCCCGTAGAT 596 53
R:GTCTACGCATGGACCTCAC

acc(6')Ib-cr F: TTGCGATGCTCTATGAGTGGCTA 482 56
R:CTCGAATGCCTGGCGTGTTT

KPC F:ATGTCACTGTATCGCCGTCTA 882 56
R: TTACTGCCCGTTGACGCCCAA

NDM F:GAAGCTGAGCACCGCATTAG 758 59
R:GGGCCGTATGAGTGATTGC

IMP F:CTACCGCAGCAGAGTCTTTG 587 53
R:AACCAGTTTTGCCTTACCAT

CTX-M15 F:CACACGTGGAATTTAGGGACT 995 56
R:GCCGTCTAAGGCGATAAACA

SHV F:AAGATCCACTATCGCCAGCAG 230 59

R:ATTCAGTTCCGTTTCCCAGCGG
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1.6 Siit2hbs 1 SPSS26. 0 48 44F # 47 %k
Pt o3 AT BT R DL B B B A L R AT 25 Rk
Pk X K86, P<<0.05 HESRAS T ¥EX.
2 % R
2.1 ok WA BN 43 Bk CRE f14% 31 kit
HEHEMERIGFFE (CRECO) . 12 BRI B 75 % 4 2
Jifi % 72 T A B (CRKP) . 73 A8 dE CRE K AT 1
6 BRIt R L TR A A 6 BRAE X B4R AT, 31 Bk CRE-
CO X ¥ B M A AR E M m 2528 R
96. 77 %, X i I V> B B Vb B R T 25 R 3k
93.55%. 12 #k CRKP Xf 3 N ¥ &2 i it 25 K 4
83.33 %0 X 2RIV B U B L BT U B it 24
RN 66.67%, CRECO,CRKP %} £ B # & M
TN ER 100. 00 ok, WL 2, 43 Bk CRE X 3 Ik
J¥i T BEL vty 751) 215 245 0 1 Tif 24 238 AR ey, G o ke 2 it e T 24
BN 79,07 Yo XAl B PN ok i il L ¥ 550 2 2 P T 24
FRIGTE 94. 59 %~ 100. 00 % s X & 7 fisf Jig FF W s - i
2558 88. 37 Vo s W 2 B A B BT oK R AL 25 % R
44,19 % W ZAT B F M 25 %2 55.82%, 4E CRE iy
6 K KM FF TR R 6 AR il A v B A B O B3R 2 4 3

U,
x2 CRECO 5 CRKP XK & B E H WM
HHEIKEER(Y)
CRECO( =31) CRKP(n=12)
S
[ R . 0 4 w5 A BUR
PsCpgbk/ vEfidifR  93.55  3.23  3.23  100.00 0 0
WEHIPUAK/ fUMBELAE 96,77 3.23 0 100. 00 0 0
SkAaAthRE 100.00 0 0 100. 00 0 0
PR liE/A 100.00 0 0 100. 00 0 0
Sk i 100,00 0 0 100. 00 0 0
M 77.42 0 22.58 83.33 0 16. 67
R KR A 48.39 0 51.61 33.33 0 66. 67
ZARR 64.52 1290  22.58 33.33  33.33  33.33
SOTTERCHE R 90.32 0 9.68 83.33 0 16. 67
KRR 96.77 0 3.22 83.33 0 16. 67
LR B 96.77 0 3.22 66.67  16.67  16.67
WD B 93.55  3.22  3.22 66. 67 0 33.33
BEPGYb R 93.55  3.22  3.22 66. 67 0 33.33
ek 100.00 0 0 100. 00 0 0
KB B 100,00 0 0 100. 00 0 0
E=SIIBZES 0 0 100. 00 0 0 100. 00
EZ 1k 0 0 100. 00 0 0 100. 00

2.2 PMQR W 43 ¥k CRE ",88. 37 % iEH A
1 A8 2 4 PMQR, H i ace (67) Ib-cr # iF Ny

83.72% . qnrS Kt F N 69. 77% ., qnrB K H R N
2.33% XA KA qnrA 1 gepA. PMQR 7£ CRE-
CO 5 CRKP H iy 734 W3 3. #7r PMQR 9" 1§ &5
RUE T,

=3 PMQR 7 43 #% CRE 2 1B R

CRECO(n=31)

CRKP(n=12)

PMQR BRE MR WM AR
(n) % (n) ¢Z3)
qnrB 0 0 0 0
qnrS 2 6.45 0 0
acc(6')Ib-cr 8 25.81 0 0
anrB+qnrS+acc(6') Ib-cr 0 0 1 8.33
qnrS—+ace(6') Ib-cr 17 54. 84 10 83.33
KB 27 87.10 11 91. 67

43 Bk CRE v, Xf M 145 i U Y CRE BRAX 3 i
H 100. 00 % #E4F qnrS Fl acc(6') Ib-cr F A, A I % ngs
WA CRE () PMQR 5 H 3R K T 0 i i i 25
CRE, L% 4,
2.3 TR 24 5L RN B P T M T 24 3 P
Kl 43 #k CRE ik 7 85 v it i 245 & ARSI 155 #5C
KPC & & # i F 4 32. 56%, H: s CRECO W
19.35% .CRKP # 66. 67%,CRECO 5 CRKP H iy
KPC kil R L, 25 A G it 2% 5 L (P <<0. 05);
NDM SR K R 88.97% , CRECO fil CRKP iy
NDM Fi 2 W #, 22 5 g1t 2 8 L (P>>0. 05) ;1%
ARG IMP B K, B P I e it T 247 5 A1 A 0 155 40C
CTX-M15 # i & K4 67. 57%, SHV & i K K
83.23%,CRECO I CRKP # iy CTX-M15 #il SHV
KRR, 2R LG ¥E XL (P>0.05 ., #45
fiif 25 FE - G S5 R DL IR 1,

4k CRE % 6 Bk KW #F  F1 6 B il 48 50 75 10 7 h
B qnrS ¥ H FR H 19, 37% . acc (6') Ib-cr # H F N
15.78% , KA i qnrB. qnrA F1 qepA., SHV £ %K
¥ 20. 6 % . K H H NDM,KPC,IMP 1 CTX-M15,

1 : M. Marker; 1. qnrB; 2. qnrS; 3. acc(6') Ib-cr; 4. KPC;5. NDM;
6. CTX-M15;7. SHV,
B 1 oM ZgEE PCR =4 Bk E
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CRECO(n=31) CRKP(n=12)
PMQR i 245 #k FF 4 23 HUR R BH 23 it 245 bk FH 2 HUR R T %
(n=30) (23] (n=1) (23] (n=10) (23] (n=2) (23]
qnrB 0 0 0 0 1 10. 00 0 0
qnrS 18 60. 00 1 100. 00 9 90. 00 2 100. 00
acc(6')Ib-cr 24 80. 00 1 100. 00 9 90. 00 2 100. 00
3 it it qnrsS J PR, X 1 i 1R AR Y i ER R R 3 51 34 Dk IR i

I JLH 4K, CRE B AT 3 [l ok s, i H 2
L2 25T 245 1) A, 30 A5 I R H0 B Y IR T 1 24 ) 1k
PEBOR BRI PR . CRE 38 8 o % s 37 1 1 24 5 I IR 1K
i Y5 A K e g T I 24 90 14 T 25 AR 8 DL L T A 9
Wil CRE (1 it 25 #L %I AR A o 2. A BEE & EHE T
PMQR 5 CRE Wi B it 25 (1 5 & .

WE A A RE 8 R S MR A 2 BIPE R M A R
it 1 BB JE g . JE B ME 35 BR-Bl-DNA =T/ AW, Hol
AT IR DNA, M 3 40 7 &2 - . 1998 4F . PMQR
TEFEER CRKP & M. qnr 3 K 52 #1052 4 5L 1 .
A qnr Al LAY qnr & H . P DNA 36 3 74 B
AIIEHE it , A 5 A s R 6 2 0 % AL g A, v i R A
it 25 WL A0 3% acc(6') Tb-cr 4 S HER T . qepA At
iR A, gyrA Hl parC 755 04 40 B8 4 IR 38 i3 PE
WUAR 3k f 2 s BRI 24 0 1) SRR L 3G I 4 T X g
W2

AW 5T 45 R B8 . CRE H iy PMQR K H %l
88. 37 % , Hoh B I WEH £ Wk 3L 55 B W acc(6') Ib-cr
R R, 83, 7200, A SCHRHE , CRE A9 M 345 1
fif 25 1] G2 acc(6') Ib-cr MM acc(6') Ib-cr BEH
RS PRSP I VD B R SRV B O UR R R £ Ak . A
M-S 2 M2 25", acc(6') Ib-cr ¥ A LLi% S
IR Y 25, Ao R BoR. CRE i
qnrS K # R 69. 77% , qnerB K R K 2. 33% . A
SCHRARIE s qnr LK T LA I gyrA Fl parC A,
T 384 00 200 A T 0 s I PG B 25 e . AR AR T A R
ME] qnrA F qep A, 48 7% M 4 il (14 T 25 B 7T 6E -5 4
B2 T RE oG .

A SCHK R 1, CRECO XF s % B (14 i 24 1 4%
CRKP 5", A BIF 53 ) 1t 25 B0 ¥ ok 3 5 ox —
4546 HAH I B PMQR 7E CRKP A1 46 HY 551 A i
T CRECO, #&7~8 CRE X M i i () i 25 B 1 38 2 2%
AAALH R T PMQR., A BF 55 43 3 43 B 1 0 3% il
fit 24 CRE Y5 s 3% fi & CRE 2 1] PMQR 43 1ii 1%
B WA RIGET 2 E R S, X — 25 Al T RE S ) e
T U Y CRE Bl 80K 0 A7 56, AR B 5EAL 3 1, 1
CRECO flI 2 il CRKP, 3 ¥4 Hi acc(6') Ib-cr Al

JUE A T A v b B FH 25 5 . 31X 3 il CRE #%
i B9 PMQR Jf 3 I R v 345 B FH 2575 5 7= A il 2 3l
iof BURL A 55015 . 2558 RIS CRE W bk A9 ot
b R 22 BT R D L AL 5 A S TR T 24 M AR N Y 2
2t 245 M, Xof s i T BURR 1 CRE AR MEFR F]

AW MEE T CRE T KR 1 itk 7 55 5 i i 24 2%
PR B PN Tk e it I 24 3 PR ) A I . & B A
NDM K5 H R & ik 88. 97% ., CRKP #1 CRECO iy
MDM # I 2 %, 1Mi KPC # R /£ CRKP Al
CRECO % % 1R K, CRKP iy KPC # hh % K
66.67% .M W% T CRECO "Wy 19. 35%, K &
IMP, CTX-M15 [ S &K H #3k 67.57% ., ubBIA
Hi1IX CRE 1L NDM,CTX-M15 fil KPC J ¥, 52
B SCHRROE — %7 . NDM B T4 8 B N Bt e g, 2
XoF 22 TR R R N PR 2R SRR, 5 A Bk T R A T T 24
R DRUAH b XoF 2 M e R I B K 2 Tl ik 5 8 s TG 1)
B DAL 38 0 SE T OB 3 A JB R — i ] B 485 7 e 5
AN SIS 25 5 00 O A AR 2 Sk i 1 B
PR IA) £ 5t 22 Tl 24 3 R (0 K S LR RS0 AR HF
8 PMQR M 25 WA UE T XA 2518, R EE
M2 FEARTFFE A 12 Bl dE CRE XF BB #& 7, qnrS
K N 19,37 %, acc(6') Ib-cr K& H R Ny 15. 78%,
BARIE KT CREH#f S fF 76, 9F CRE XJ B Bk
K NDM L KPC L IMP Hl CTX-M15 ., % B8 5 #
Pyl W v T 25 25 ) BURR . XA B R 5 PMIQR A G Y
W A T T 24 AL ) T BB W5 22 NDM, KPC fil CTX-M15
Mz5,

AW AR FRAS 1 3 72 v, Bl T 5 i PR A 4R
FIBRA BB R £, 0 H CRKP #5080 . 48115
P AN BE T8 4 A0 AR M X 3R AT 9 2 B S, U8 PMQR
fE CRE W 35 i if 25 ML ) o i o E A7 4800 . 4R
PMQR £ 57T CRE W 4 B i 25 ALl . i B2 5 HoAth
fii 245 5 PR e ) 2 5, i B4R 1) T 24 B A T T i — 2P
14 S B0 AR TIE 33X A2 5 22 1 WF SR 5 1)

S % 3k
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