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[Abstract] Objective To study the prevalence of plasmid-mediated quinolone resistance (PMQR) genes in
carbapenem-resistant Enterobacteriaceac (CRE) and its resistance mechanism. Methods  Clinically isolated CRE
strains in a hospital from March 2015 to March 2018 were collected, then identified and performed antimicrobial
susceptibility test by VITEK 2 Compact analyzer, carriage of PMQR genes gnrA, gnrB, qnrS, gepA and acc(6”)
Ib-cr were determined by polymerase chain reaction (PCR) and sequencing, the horizontal transfer of PMQR genes
were verified by plasmid conjugation test. Results Resistance rates of carbapenem-resistant Escherichia coli and
carbapenem-resistant Klebsiella pneumoniae to quinolones were 100% and 15. 56 % — 33.33% respectively. Detec-
tion rate of acc(6’) Ib-cr gene was the highest (87. 72%), followed by gnrB (77. 19%) and gqnrS (17.54%),
2 strains(3. 51%) carried gurA gene, gepA gene was not isolated, 84.21% of strains harbored 2 or 3 PMQR
genes. PMQR gene was transfected into all the 8 conjugated strains, but minimum inhibitory concentration value of
quinolones didn’t change significantly. Conclusion The detection rate of PMQR genes in CRE in this hospital is
high, but there is a certain sensitivity to quinolones.
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R 36 A T il & 5 7 A1 AN B 3 i A T T
W %5 B 2K % FF % (carbapenem-resistant Enter-
obacteriaceae, CRE) i 3£ % 73 2 18 #% , 51 &2 5 &5 19
i JE AT TE At S0 ) AL AT 0T e s 2 24 )
T R 250, B gl AT e . v i
FZ5Y A 20 A 60 4RI IR G . H #HRIA
I A 20 R R A R T AU B 2 A el
FA B0 25 Bk 10 7= A2 . ARk A RIZ T 2 W kT
R Xof W T T 245 ) £ T 245 4L 1 40 B IR 25 0 % DN [m]
Ji@ Tt K AH A S K T IV A8 A L A HE SR b 98 R A K
15 T 45 7 T Y A8 W, TG D¢ CRE S s 15 1 25 245 )
it 25 ML ) AF 58 SR AR 2D . BOA BIF 58 4R 0T 5 BE CRE
X I A LTS 245 K PR ) 485 4 15 D0 B it 25 ML by i R
o BT 25 S AR

1 #RE7FE

1.1 Bk R ILE 201543 201843 A
e 38 4 25 AR F 2 CRE, i 358 5 1 Sy X 0 i
Bim R R EUE A B b 2 > R 2 T 25
SRS A BT R B AR . B AR O K R A
ATCC 25922, &5 WK A KR4 B J53AZR
(B HAN 245) .

1.2 ZHhip# X% K VITEK 2 Compact 4* H
SN 03 BT AGHAT 25 O IR E-test IX4R 25 S X
Zr AU R L Vi B v 1 2 A 2R (E-test I04R A5
FI B 22 B AR 2% WD o IR AR 9 1ok S 4% JE s
% B IR TN VD B 2 s R (2 AR R T
OXOID 2 \]) . Hi4fE 2016 4 3 [ I IR 55 5 = by 1fE
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1.3 st K WAd SR I Wk £ I bR
Ak DNA, PCR ¥ 91 PMQR 3£ K gnrA . gnrB,
gnrS.qepA.acc(6’) Ibcr, 5| ¥) & B3 X 1T,
o B A DAY A RS A S . BN R R
25 pL:Go Taq Master Mix 12. 5uL, B FIE51 9
(10 pmol/L) % 1 uL, & Hx DNA 1 pL, ddH,O
9.5 pLl, YIS 94 C HIUAE % 5 min; 94 C A8 P
30 5,55 CiRk 30 s, 72 C A 60 s, L0653 35 K5
72 CHEAR 10 min, § 3G =Y % 1. 5% B BEEE L
HLUK G » TSR AMBE S L8 5 o i RGE WL 45 R . Y

PRk b AR T AR A BR S W DU L 45 R AR NCBI
B3k Fis F BLAST X R B,

1.4 HAeath K WAER Bk 5 I 25 55
KPC.NDM, IMP; 3-P Bt & Bl it 25 3% A . SHV,
CTX-M-15, kil Jr : 2 B SCHR 4]

L5 EEesRE BRKMRARE IS3AZR 4
SRR s 43 0 PR AN B TC R 0. 5 22 IR AL Y
PR B 500 p L WA M 2 4 mL LB § 7 85 57
FEHR A HCEFEIR 35 C 180 r/min, JR % 16 h, B
40 pL J53AZR F1 160 pL K F EP 4 . &
204 000 rpm 5min, & B3P A 200 uL LB K
R SR A8 h B FE & A W B (1 mg/ L) A& A
1100 mg/L) W22 FEILIG F th 85 9% 18 h i HUE K
P TR 7 2R AT 5 i 3o 24 Bt 3  PCROAS: 0 1if 24
PRI S i) e R 42 G R i 2415 D0
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sistant Enterobacter cloacae , CRECL) X} M 25 il 2%
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Table 1 Resistance rates of 57 CRE strains to common antimicrobial agents( %)

Jifi 9 8 B AR T (n = 45) K4 i (n = 5) B3 78 I FF 1 (e = 7)
PUH 259

UK 4 i 245 UK 4 i} 24 UK Ay i} 24
R 7 16 vk /th e 21 45 0. 00 4. 44 95.56 0. 00 0. 00 100. 00 28.58 0. 00 71.42
R/ E 0. 00 0. 00 100. 00 0. 00 0. 00 100. 00 0. 00 0. 00 100. 00
Sk 76 Ath v 2.22 0. 00 97.78 0. 00 0. 00 100. 00 0. 00 0. 00 100. 00
Sk At AR 0. 00 0. 00 100. 00 0. 00 0. 00 100. 00 0. 00 0. 00 100. 00
Sk 70 #4 0.00 0. 00 100. 00 0.00 0. 00 100. 00 0.00 0.00 100. 00
2 i 0. 00 0.00 100. 00 0. 00 0. 00 100. 00 0.00 0. 00 100. 00
A3 0. 00 4. 44 95.56 0. 00 0. 00 100. 00 0. 00 14.29 85. 71
WRY R 15.56 51. 11 33.33 0. 00 0. 00 100. 00 42. 86 0. 00 57.14
LEED R 82.22 2,22 15.56 0.00 0. 00 100. 00 42.86 0. 00 57.14
Fif k- B 91. 11 0. 00 8. 89 60. 00 0. 00 40. 00 71. 43 0. 00 28.75
RK#HER 6. 67 0. 00 93.33 20. 00 0. 00 80. 00 14.29 0. 00 85.71
LA R 6.67 4. 44 88. 89 0. 00 20. 00 80. 00 14.29 14.29 71. 42
5 7 i i R T s 15.56 0.00 84, 44 0.00 0. 00 100. 00 28.58 0. 00 71. 42

2.3 WHAESMLERE 57k CRE 1 91. 23 % 1 HogepA R, LK 84, 21 % 1 KR W B A
DAAR 25 A v v TR i 245 6 TR 0 45 2R 28 Blast X, 2 Bl 3 o s R B RS MR IE O DL R 2.
Hd ace(6”) Iber B3R g, J 87. 72% , Hik H CRKP,CRECO F1 CRECL Hifi 2 # B 8% bk #5 15
qnrB. A BIRK 7719, qnrS 4y B F N 17. 54 %, PMQR 5 HfE M L #R . 22 5 R it2# 2 L, W3k 3,
LR 2 BRI HE A gnr AL BN 305100, KRB H 4 356 DTk ] R I ) 25 R L [T 1~ 2,

%2 57 ¥k CRE i) PMQR 3 RS 5 58 (26)
Table 2 Detection of PMQR genes in 57 CRE strains( %)

Jili 5 v FE AR T (n = 45) KIG R AH (0 =5) B8 A 18 (n = 7)
e ERER PR A= () FH 1 % FHPER (00D FH %5 FH A3 (00)
qnrB 1 2,22 0 0. 00 0 0. 00
acc(6) Ib-cr 2 4. 44 0 0. 00 0 0. 00
qnrS 0 0. 00 0 0. 00 1 14.29
qnrB+ acc(6) Ib-cr 34 75.56 0 0. 00 3 42,85
qurA + acc(6) Ib-cr 1 2,22 0 0. 00 0 0. 00
qnrS + acc(6) Ib-cr 2 4. 44 1 20. 00 1 14.29
gurA + qgurB+ acc(6) Ib-cr 1 2.22 0 0. 00 0 0. 00
qnurB + gnrS+ acc(6) Ib-cr 2 4. 44 1 20. 00 2 28.57

T IR 0T A B P 2 AR ORAG L R A T 3 MROR A
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F 3 57 tk CRE A 25 bk 5 S8 bk PMQR P 17 20
Table 3 Detection of PMQR genes in 57 CRE-resistant and susceptible strains

Jifi 4 58 T AA T (2 = 45) KB AEHE (2 =5) B8 A1 i (2 = 7))
R WZoH  MEER BURBE O MPER WM FER WZidk MPER HURBE FIEE
(n=7) €ZD) (n=38) (€ZD) (n=5) %) (n=4) %) (n=3) %0
qnrA 0 0. 00 2 5.26 0 0. 00 0 0. 00 0 0. 00
qnrB 6 85.71 32 84. 21 1 20. 00 3 75. 00 2 66. 67
qnrS 1 14. 29 3 7.89 2 40. 00 3 75. 00 1 33.33
qepA 0 0. 00 0 0. 00 0 0. 00 0 0. 00 0 0. 00
acc(6”) Ib-cr 7 100. 00 35 92,11 2 40. 00 3 75. 00 3 100. 00
(bp) M qnrA  qnuiB qmiS  ace(6’)1b-cr 2.4 BARBZER 57K CRE HH 9 }‘%A %
s S JEh S ST 6 b K SR 75 2 B BT
1200 WP 1 B BRI R A T qnrB SR A
20 HAx PMQR B I A 8 bRk Fh . B A
700 - 1 BREES F I A AR B MIC {5 & A el 28 (5 9
600
500 i T e R AU, G T MIC fH
400
300 # 4.
200
100
1 PMQR [H 5 ik A
Figure 1 Electrophoresis map of PMQR positive genes
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Figure 2 Sequencing map of PMQR positive genes
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R4 A TR I O AR 258 MIC {H (mg/L)

Table 4 Detection of resistance genes of transconjugants and MIC values of antimicrobial agents(mg/L.)

I3 B Rk Tiif 245 % (R WR L 75 AR / il s (24 361 3k 76 At g W% 5 AR R Bk R 2
JKP9 KPC.qnrB.acc(6”) Ib-cr =128 4 <0.25 <0.12 <2
JKP15 KPC.gnrB.acc(6”) Ib-cr =128 16 0.5 1 <2
JKP18 KPC.gnrB.acc(6’) Ib-cr 64 <0.12 0.5 <0.12 <2
JKP24 KPC.qnrB.acc(6”) Ib-cr <4 0.25 <0. 25 <0.12 <2
JKP28 KPC.gnrB.acc(6”) Ib-cr <4 16 0.5 <0.12 <2
JKP35 KPC.gnrB.acc(6”) Ib-cr =128 16 <0.25 <0.12 <2
JECO19 NDM., gnrS.acc(6”) Ib-cr =128 =64 8 <0.12 <2
JECO27 NDM =128 =64 =16 <0.12 <2
JECL38 NDM . gnrB.acc(6”) Ib-cr =128 =64 =16 <0.12 <2
J53 - <4 <0.12 <0. 25 <0.12 <2
o AR T RE S BT AT IR R R IR REE R
3 itig ZATFERE AP 25 . AR R, CRE Xt

WV R S 245 ) g N T LR BT TR 24 L TR HC A
BRE ) RN AT A RO Wl R Tz v T
PG, AR T HE 500 B 22 B M i DNA [l i Bl e
AN AV 255 58 MM VR I - B - DNA” =
TCEAAY BN DNA 5+ 30 4 22 RS, bl
% i PR BOK B 22 1 B Z S 2590, 2016 4F CHINT
15 245 s 0 8080 7R ) R i 2R A TR RS A A T 2K 24
iy 25 % 52. 900 BB VL A B ik 60. 1%, i
o A AT T v T 24 AL A B R

1998 AR [FAE 1 i) Jiff % v & 10 18 h o Ok 3
PMQR £ H ¥k 5 % N gnr A Bl )G gnrB.gnrC.gnrS
PEEARGE . gnr SR L AE % 25 1% Qnr BE .
PRAP AT DNA e S 7 4 S K Tl A T 24 1 5 | ke
AT SR TE . v i i s 245 B 1 ik B 96 ace (67) Tbrer
A5 0 G Bl AR S qep A A T B AR R AMHESRE A LA
Ko gyr AT parC 5| E Y A R T8 25 P ) 250 | 3l
25 ) BRI A R LA A R P R ) A [ A
SO TR X 5 T 2 2 i 2

CRE A Z BRI Ay JU A 4F 0] 1 3 75 42 3k 2 4
Bl 58 et DX Tz AT+ PR AL 5 o 3 3R 0 22 K T
REURG G RIL-FJC 25 T T 40 18 %) B 75 85 0 26 40
A2 T 24 1 1 2 B NS s s i 2 245 W) T 2 A A
B PR KPC-2 B CRKP X s i 1 25 ) i 25 %
gyrAFl parC B & 4 K42, A5 CRE i
PMQR W ¥ %K 91. 23% , Hf ace(67) Ibrer
PR O i T P Y R e ) R R ] BE R S O
i i 24 e S i P 5 e o e AR I 4R G —

WS T A 25 25 ) TS 24 30 AT RE R L R . ROl
qnrB(77.19%) .qnrS(17. 54 %) Fl qnrA(3.51%) %
LA 2R A0 5 6 VS R 1 B VA AT B AR AR R
Bt T E " . AR R K gepA
150 B3 [ 1 4 T i 245 B )55 40 T A HE 2 Y E A
TCEBEA M, SR s4. 20 W I E AR F B & A
2 Fpa 3 Ffrwds v i BE DAL L U8 W% BE CRE #5717 18 7K P
i PMQR 2 ,

CRKP t ace (67) Ib-cr 5 1 % Ny 93, 33%.,
qnrB K 3y 84. 44 00, [R] B 485 21 3 I i 3 DR ) R
P 82,2206, JF HAT 3tk Rl 4547 3 F PMQR
FEH . 78 CRKP gty 2 #k gnr A B HALE K
YA TR R BA V8 I TR oP ARG M R PR B IE T gnr A
Gy eI R e E AN T A 458t . % B CRKP
X I i ) 245 0 1) Al B 84, 43 00, W 22 SR TP
AR AERURFE R 17. 78 %, B R BE S5 PMQR 3
PRSI, 76 7K S ) s 7 T 28 2 W i 2 P e Y
i F CRKP it 44 7 KPC.SHV . CTX-M-15 A ,
A REf PMQR JE R 3K K V32 5 M .

CRECO X 1 i i 245 %) 1) it 25 ¥ 1k CRKP K&
CRECL &, 5 " 25 F Al A 0F 58 & B,
CRECO 5 w135 i 25 Wy i 25, {2 A 3 A B O A
PMQR FE [, 30 52 A o] R -5 At if 245 B ) 2 4 €2 4k
14 9 78 S SO s TR 245 40 v 2K TR 25 A0 G . 4 s tlm R
AN 3 F M T R 2 25 06 7 CRECO 5 8 i1 8 e

7 tk CRECL f£7E 6 #R#%47 ZF PMQR P 1Y
M, FHE N qgnrB.gnrS 5 acc(6”) Ib-cr HE WM
WS 25 W) I i 25 7 5 Peymani 555 (14238 — 3K,



2

« 104 - e ] Jk e g ol 4% 5

C

94E 2 A4 18 %45 2] Chin J Infect Control Vol 18 No 2 Feb 2019

WE9E K IVF 2 7 ESBLSs (143 125 Bk 0 22 3 0 H 28 7 980
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FEAE  Z 0TS 25 B ) S S5O0T s 345 P 285 24 0 i 25

AYGRE A 9 BRI H A L BR 1 BRI R
A qnrB HE R FE AL 53— R R W B A iR 50
PMQR JE [ . H Atk PMQR 5 [ 24 1 2 e A 5]
AT S TR A R B MIC H R A —
PRI s A SR 45 R — e 22 R
S L) T 7“8 T 11 e R) 0 S T 495 v s T ) A
W S 25 56 ) R BORL b BT ME R T T AR
PMQR & DS R 75 5 H Tl L ] % 7 19 1 D0 » 76 %) Bk
T8 M 25 25 W) I 25 1 R BRI O R . AT RE AF AR
PMQR FE A AH & HIf R R ik . N5 B & 7 it
KA . AT P G M E AR IF R Rk
X s o ] 245 ) A T 25 B 52 o {EL S 5 A A8 IV P M 5 T
BT 245 W) J5 51 L e v IR 2 T 24 4 B v K P 1 2
T BT 24515 20 - i gk — 2B BF5E . 34 PMQR
B PR K AL B AT o 5 | kS R e i) FE A O SR RO
IVE SN TEpi O

25 LRk . iZBe CRE #5717 5 K F PMQR % [
T SO VT 245 ) ) AROK TR 24 LIRSS PMQR R R4
PR 5 55 o 1 JHC A it 25 B S R iR 2 ) 7 AR A E T 6
BEAEH] . {2 PMQR 3 5 A9 & 35500 R 2 DA 20
F18 T 80 5 N R e e ) 218 245 1) R 18 7 1 25 ) 3k
FEIE 1T, PMQR K& A 3% 35 w] BE 1 98, 5 38 1 B kL
FE A0 T 2Z 8] R AT A 45 5 S50 5 T 2 B 18 245 0 = UK
TR 2. I B A X PMQR 366 R A7 15 B E 4T
I, I 45 T 0 R B A 0 A0 1 A I 2K 40 T 24 0 15 1]
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