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Abstract: Objective To investigate the mechanism of levofloxacin (LVX) resistance mediated by efflux
pump OgqxAB,AcrAB and QepA in Klebsiella pneumoniae(KP). Methods A total of 106 KP strains isolated
from outpatients and inpatients of Yizheng Hospital of Nanjing Drum Tower Hospital Group from July 2018
to December 2020 were selected (repeated isolated strains from the same part of the same patient were exclu-
ded) ,and the susceptibility of KP to commonly used antibiotics was detected by micro-broth dilution method.
According to the results of drug susceptibility test,24 LV X-resistant KP strains were randomly selected as the
experimental group,and 27 LVX non-resistant KP strains were selected as the control group. The efflux pump
phenotype of KP was detected by carbonyl cyanochlorophenylhydrazone pump inhibition method,and the ex-
pression levels of the corresponding expressed genes OqxA,acrB and QepA of efflux pumps OgxAB, AcrAB
and QepA were detected by real-time quantitative reverse transcription PCR, and the mutation of acrR gene
was detected by conventional PCR and sequencing. The differences in the expression levels of KP efflux pump
genes between the two groups,the correlation between the minimum inhibitory concentration (MIC) of LVX
and the expression levels of efflux pump genes,and the differences in KP efflux pump phenotypes between the

two groups were analyzed. Results There was no statistically significant difference in the results of KP efflux
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pump phenotype test between the test group and the control group (P>>0.05). There was no statistically sig-
nificant difference in the expression levels of KP efflux pump genes OgxA and QepA between the two groups
(P>>0.05),but there was statistically significant difference in the expression level of acrB between the two
groups (P<C0.05),and the expression level of acrB in the experimental group was positively correlated with
the log, MIC of LVX (»=0.544,P <C0.05). The mutation rate of the regulatory factor acrR in the experimen-
tal group was 58.33% (14 strains). There was no statistically significant difference in the expression level of
acrB between the KP (14 strains) carrying the mutant acrR gene and the KP (10 strains) carrying the wild-
type acrR gene (P>>0.05). Conclusion The efflux pump is one of the mechanisms that mediate the resistance
of KP to LVX,and AcrAB plays a significant role in the efflux pump mediating the resistance of KP to LVX.
Although OgqxAB and QepA are widely distributed in KP,they are not the main mechanism that mediates the

resistance of KP to LVX.
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1.6 acrR FEHEBAKM xF LVX i 25 KP IIf IR 43
Bibk. A 1 Frk s ik T PCR ¥, DUIESE acrR
HAINT T2 % KP M MGH78578 (CP000647) " i 58
1.7 Siil=#4b3 ] Whonet5. 6 54 THLH 254
MOBAMESE T 5 ] SPSS20. 0 B3 1 ¢ K 5 43 9 41
2 IH) 3 N 23K K 10 25 55 R LA 43 B MIC 5
SRR Z A K R R A X7 5K Fisher #f Y 1
RIEAMPA Z AN HER LB 22 5. LA P<C0. 05
OB Sy 22 526 Ge it X

2 & 3

2.1 ZGHOR I K B Bk 1 A IR 56 5 106 £ KP %}
LVX U %Ky 69. 8% (74/106) , i/ E K 3. 8%
(4/106) , it 252k 26. 4% (28/106) , I, 32 2., rpoB %t

PCR Hi ¥k 45 B 7n . BEHL 2L BUAY 51 Bk 5k 38 0

KP, LK 1.
®1  MHEXEEINYFEINNFEMKE
L SIMKE &%
519 19751 (5" =35 oy Xt
rpoB F:CGTATCGTAAAGTGACCGACG 114 [6]
R:GGCCGTTTTCATCCAGGTTG
OgxA F:CGCGTCTCGGGATACATTGA 190 [7]
R:AATAGGGGCGGTCACTTTGG
acrB F:AAACTTCGCCACTACGTCATA 158 [8]
R:AGCTTAACGCCTCGATCAT
QepA  F:ATCACCATGGGCACGCTGGGCGAC 401 [9]
R: TGCCCCGCGTCCGGATCACGATAC
acrR F:GCTAAGCTGCCTGAGAGCAT 969 [5]
R:ATGCAAATGCCGGAGAATAC
rrsE F:GTCATCATGGCCCTTACGAG 94 [8]

R:ACTTTATGAGGTCCGCTTGCT

£2 106K KPHEAREAYHNAERBE R (2)]

HUHZ5%) TRk T [RES] U2 Tk Ly [GES]
B 94. 3(100) 3.8(4) L9 e 59.5(63) 2.8(3) 37. 7(40)
ER NN 0.0(0) 0.0(0) 100.0106) || JeAtsd¥E 83.0(88) 0.0(0) 17.0(18)
ORTOA/ FP T 50. 0(53) 7.5(8) 42, 5(45) N7 73.6(78) 2.803) 23.6(25)
WRHLPH AR/ flumsg 38 78.3(83) 0. 0€0) 21.7(23) PR 72.6(77) 1.9(2) 25.527)
Lk 64. 1(68) 3.8(4) 32,1340 || FFVHE 69. 8(74) 2.8(3) 27. 4(29)
Sk 50. 9(54) 3.8(4) 45.3(48) || LVX 69. 8(74) 3.8(4) 26. 4(28)
kA A 60. 4(64) 2.8(3) 36.8(39) BTk A 84.0(89) 2.8(3) 13.2(14)
S FufinE 67.9(72) 2.8(3) 29, 2(31) LR 76. 4(81) 4.7(5) 18.9(20)
e 67.9(72) 0.0(0) 32.1(30) RKRER 77.4(82) 0.0(0) 22.6(24)
SR 5 74.5(79) 0.0(0) 25.5(27) F A / Tl g 71.7(76) 0.0(0) 28.3(30)
LHPET 72.6(77) 3.8(4) 23.6(25)

01020304050607080910111213141516M 171819 2021

01020304050607080910111213141516M 1718192021

2223 24

222324 M252627

LRI 01~24 43 B 5F R B MRS o8 LVX-R2,LVX-R7 , LVX-R11,LVX-R15,LVX-R26 ,LVX-R32,LVX-R39 ,LVX-R42 ,LVX-R53,LVX-
R67.LVX-R69,LVX-R71,LVX-R72, LVX-R74, LVX-R77, LVX-R79, LVX-R89,LVX-R94,LVX-R96, LVX-R97, LVX-R100, LVX-R106, LVX-
R108.LVX-R111 ) KP; XF B ZH 01~ 27 43 5| XF I 1 #k 5 & LVX-S66.,LVX-S68,LVX-S70, LVX-S75,LVX-S76,LVX-S78,LVX-S80,LVX-S81,
LVX-S82,LVX-S83,LVX-S84,LVX-S85,LVX-S86,LVX-S87 ,LVX-S88 ,LVX-S90,LVX-S91 ,LVX-S92,LVX-593,LVX-595,LVX-598 ,L.VX-S99 .
LVX-S101,LVX-S102,LVX-S113,LVX-S62,LVX-S103 /iy KP, M 2§ DNA Marker, £c1 K/MM FEZE FHK K K 1 000, 700,500,400, 300,200,

100 bp,
A1

RIEHS XA rpoB EE PCR BikER
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2.2 HhHEERRANKAE SR BEVLEEEM 51 bk KP
H, 9 BRAMNHEZE 2 AL BG 45 oM PR (17.620) . S M
CLSI M100(S28) brife , ik I 41 h A 3 Bk KP R Ky 4b
HEZE R0 B, o 2 R LV X it 24 33 5% Ohy i
B X BRZL A 6 Bk KP 3R 31y S 5 2 B 50 Pk
Horr 2 BRXT LVX A (9 B AR 38 28 30 R A0 HE A 36 ALK
55 BH 1 L3430 2 Ry SRR 25 BRRE LV X B0 T Bk
A4 RRRI N SMHE SR R RIS P . I AL % IR A

HMHEE R ARLA IR S5 R 2 R G2 8 L (P =0. 293,
P>0.05), W% 3,

2.3 gRT-PCR #5 W4l KP AhHEZR AL A OgxA.
QepA RIKKF R ILG T %8 L (¢ =0. 651,
—0.669,P=0.518.0.506, & 2A.2B), i acrB F ik
KEZESRAEG % E X (t=12.76, P <0. 001, ¥
20, HiX I 4 acrB ik /K¥E 5 LVX # log, MIC &
EFH 36 (r=0.544,P=0.006, & 2D),

%3 WAHEKPIERSBHRMHRREABER
. bk MG/l R o bk M) il
LVX LVX+CCCP TR R LVX LVX-+CCCP Eihne s

Xf R 2 LVX-S66 0.25 0.25 - i 56 4 LVX-R2 64. 00 32.00 —
LVX-S68 0.25 0.25 - LVX-R7 64. 00 32.00 -
LVX-S70 1. 00 0.25 + LVX-R11 8.00 0.50 +
LVX-S75 0.25 0.25 — LVX-R15 128. 00 128. 00 —
LVX-S76 0.25 0.25 - LVX-R26 8. 00 2.00 +
LVX-S78 0.50 0.25 - LVX-R32 512. 00 256. 00 -
LVX-S80 1.00 0.25 + LVX-R39 16. 00 8.00 -
LVX-S81 0.25 0.25 — LVX-R42 128. 00 128. 00 —
LVX-S82 0.25 0.25 - LVX-R53 128. 00 64. 00 -
LVX-S83 0.25 0.25 - LVX-R67 64.00 64. 00 -
LVX-S84 0.25 0.25 — LVX-R69 32.00 32.00 —
LVX-S85 0.25 0.25 - LVX-R71 256. 00 128. 00 -
LVX-S86 0.25 0.25 - LVX-R72 64. 00 32.00 -
LVX-S87 0.50 0.25 — LVX-R74 64. 00 64. 00 —
LVX-S88 0.50 0.25 - LVX-R77 64. 00 64. 00 -
LVX-S90 0.25 0.25 - LVX-R79 64. 00 64. 00 -
LVX-891 0.25 0.25 — LVX-R89 128. 00 64. 00 —
LVX-892 1. 00 0.25 + LVX-R94 64. 00 16. 00 +
LVX-593 0.50 0.25 - LVX-R96 64. 00 64. 00 -
LVX-895 0.25 0.25 - LVX-R97 128. 00 128. 00 -
LVX-S98 0.25 0.25 — LVX-R100  256.00 256. 00 —
LVX-S99 0.25 0.25 - LVX-R106 32.00 32.00 -
LVX-S101 1.00 0.25 + LVX-R108 16.00 8.00 -
LVX-S102 0.25 0.25 — LVX-R111 32.00 16. 00 —
LVX-S113 0.25 0.25 -
LVX-S62 4. 00 1. 00 +
LVX-S103 4.00 0.25 +

T — RN MR R AR ZE R P + Ron SR R AR S5 R P .

2.4 acrRERFZAZERMN X5 H acrR FEF PCR -
5 5 0 B P 0 25 7 B 02 (LVX-
R7),03(LVX-R11),05(LVX-R26),07 (LVX-R39),
11 (LVX-R69),12 (LVX-R71), 18 (LVX-R9%4), 21
(LVX-R100), 23 (LVX-R108).24 (LVX-R111) §" 1%
th 969 bp K/ CEFAERD ) H ) R B, iy 14 Bk

(58. 30 HH 1t 2 000 bp K/NFEAET) (1 Z 7 (]
3) . LM HEx A ) 5 26 I AR WA B e SR
J%# Chttps://blast. ncbi. nlm. nih. gov/Blast. cgi) #7
KP tk MGH78578 J¥ 5| — 8tk 5] 987 L b, 4%
UG BR e 91 08 = O i e (] 4.5) . 10 B4
i B AL acrR JEP A R R 5 14 BR 35 R BB acrR
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B MR acrB L XK TFEZF LT EBE L (1/=0.993,P=0.347),
20 6 000 1 15
P=0.518 P=0.507 P<<0.001 r=0.544, P=0.006
154
. < 4000 .
i 1 i: H 104 . z 10
910 R by : 9
& i) 2 000 R o ne ®
°, — S ol = sl .. .. B I )
1 : .
-5 . . —2 000 . : 0 . R T 0 2 i 6 8 10
A et o) popiH:| B A XEBLA C R pof:t:| D log,MIC
o ABLC Al 4] KP AMERILE OqxA,QepA . acrB Fik KV H AL D B AMEREILH acrB FikIK T4 log, MIC [A1 X R B .

&2 HAE KP SpHER EE OgxA.acrB,QepA Rik

01 02 03 04 05 06 07 08 M 09 10

KK FE LB B acrB RiZKFE 5 log, MICH X R E

IS W 17 U3 19- 20. 21 25 28 %

T :01~24 4351 % B

R AWM S A LVX-R2,LVX-R7, LVX-R11,LVX-R15, LVX-R26 , LVX-R32,LVX-R39, LVX-R42 , LVX-R53, LVX-

R67.LVX-R69,LVX-R71, LVX-R72, LVX-R74, LVX-R77, LVX-R79, LVX-R89,LVX-R94,LVX-R96, LVX-R97, LVX-R100, LVX-R106, LVX-

R108.LVX-R111 1§ KP;M & DNA Marker,

3 KA A acrR EE PCR ik &R

30 40 50
GT TCATAT GT CCTCGAGTGTCC

TTTC

70 80 90
TGTTCAGTGGCTCAAACAACCAC C

B4 HBRAMRSREDR

B #k acrR B A IE [a] Ml 5 1 &

Klebsiella pneumoniae subsp. pneumoniac MGH 78578,complete genome

Sequence ID:CP000647.1 Length:5 3151 20 Number of Matches:4

Range 1:308 856 to 309 405 GenBank Graphics ¥ Next Match
Score Expect Identities Gaps Strand
953 bits(516) 0.0 540/551(98%) 4/551(0%) Plus/Minus

Query 455 TAGGGAAGGTGCGAACAAGTITCCTGATATGAGATCATCATATTCATCCGGAGCGCATCCC 514

Sbjct 309 405

Query 515

TAGGGAAGGTGCGAACAAGTTCCTGATATGAGATCATCATATTCATCCGGAGCGCATCCC 309 346

AGAGGGACATCATGAGCCATCAACTCACCTICGCCGATAGTGAATTCAGCACTAAGCGCC 574

Sbjct 309 345

AGAGGGACATCATGAGCCATCAACTCACCTTICGCCGATAGTGAATTCAGCACTAAGCGCC 309 286

Query 575 GTCAGACCCGAAAAGAGAT TTTCCTCTCCCGCATGGAGCAGATTCTGCCATGGCAGAATA 634
LEEELEEEEEEE e e e e e e e e e e e e ey |

Sbjct 309 285 GTCAGACCCGAAAAGAGAT TTTCCTCTCCCGCATGGAGCAGATTCTGCCATGGCAAAACA 300 226

Query 635 TGACCGCTGTCATCGAGCCGTTTTATCCCAAGGCGGGC AATGGCCGACGGCCCTATCCGE 694
. L AL L LR ELLLEL LY LU ELLLLLLLLLLLLELLLLL]

Sbjct 309 225 TGGTGGAAGTCATCGAGCCGTTTTATCCCAAGGOGGGCAATGGCCGACGGOCCTATCCGC 309 166

& 5 i 56 45 AR 43 R

3 4+ it

KP J& i PR UL 2% R 800 18, 2019 4 CHINET
OB B AR 2R W AR I R AR A o A 0 15,
17 %0 AR F K W 35 A EQ B - L% B Bk 7 25 045 25 1)
it 2 26 SRR b Th R 3, X 0 5 e R 95 2 8 T ) T
2RI 2005 £ 3. 0%.2. 9% ETFZE 2019 4ERY

TRE R acrR B EGEF 51 b X E

25.3%.26. 8%, Xt M A Vb 2 i 25 K N 2005 4E Ay
A1 0V 4F N FE & 2014 4F 19 22, 4% J5 X [ I+ &
2019 4E 1 38. 1%, % LVX By Tt 25 Z& L 2017 4E 1
26.6% I FF & 2019 4E 1 33. 4%, ABEFE P 106
PR KP X0 e 55 m F0 55 B 85 w0 T 245 3 43 00 R
23. 6% 25. 5% » XF RN VP A LVX A Tiif 25 3 43
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B 27 A0 26. 400, K F A K. 02 R
PR TR AT BB R R B e A T {UAE B B MACTR
WA XA A ] R R 5 SR E B AN A K G
WCIA R I AR S 4 5 e AR A I R Y I £ F it 2Y
PR E I A ERE K. SEE MR
VI 25 5K

LVX J& T4 3 s i i 2550 i 259 . — B H Fia
7 NP TE 6 DR A B T R R IR R A 4 B TR 1%
G ELA TP AE L e 2 80 FF B H A 8 2
PE T il 98 SRR AR JE AR A i E T . AR R W
LVX RSN B 6 PR s T 55 2 40 04 145 i 28 Bt 5 245 9 36
WY R X 54 E i —8" . LVX 3 5245 AL
JE JE L R A0 P DNA i e B 9 5 4 BH R 40 5 DNA
3 BT S 3R AR BB T

5% 20 KP X 5 v 3 R 2 0 11 24 40 1) Tif 245 4L
HilBR T DNA i JiE 5 F0 4 £ 5 4 1 28 78 2Z A R A
S 2L A B O R T R DL SOA HE SR R R R A AR
FAPTE AerAB-TolC AMIER RG22 40 fii T4 2%
P B b 8 F RND 8 K%, DL 139K 8h 1 o fig i
i ANHE R A IR N 2o A B A E Y
FHE R AR, [l Sk [4,13] 23 . KP AcrAB-
TolC SMFZE AT e 5 H 3 A 06 i SMERE F2 iy
il A A (AcrA) L HMEFE 2 B (1 (AcrB) AN 5 5 18
FEH(TolC)3 Fardl . A KIMEEAN T KP it 2 £
UL T KP Xk 77 25 4 28 85 20 3% 46 R A s T i 1
Wi 2 g 3 R B AN EE A S KP Xt
LVX i 245 14 5 S HES% 32 B A OG5 P 28 1 /K7 A
THRFERZEXRWPAREAZ I, R BN,
X LVX 2518 24 ¥k KPOGRIG4D . B 3 HREH N
HMHEFE F T P e rp 2 R LVXTif 2533 5% ok
PO i LVX JETif 2519 27 # KPR B4 ., 6 Bk 32
PR A1 HE 5 22 G 50 B 1 L Hvh 2 gk LVX it 2 36
Bt S R L AL 1 A HE S e R I 25 R 25 R e g it
RN (P>0.05), Xy AMHER AT BB ) 2 WAT T
KP o fHABFSEAEA /N B S22 5 A il — A0 b
FEo (A1 — 48 B2 A B 5802 — 390 [a] JEPE 43 B, 2019
A CLST ¥ W FF B H LVX B 8% M S8 iT &
MIC<20. 5 pg/mL, #7 DAL 0 b v ) A0 HE 22 2 70 BH
PR 24 7 X LVX i 25 0 v A 09 B AR R HJL A
BRI R 4350 3 Bk A1 HE S 3 Y PH P O T 3 % o X LVX
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