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i ZE: ogxAB 2% OqXAB MR &G 69 % TR 2HKHE, & 2 N EEAE ogxA = ogxB 20 A%,
EENF@A N EERE ST, SRR RTREXMIEA B pOLAS2 ks LA AN, =4
NG ARNEEZRNZ—, BATCE5AKIT 114 ogxA = 32 /4~ ogxB F 4= A4 B .
OQXAB i it it 42 HAT KP4 4%, KRB RE G R 1, 3840 T 6 KRG XERE. ZAE B A7
I BRATTFMAEA, ERGEHERCEETEMTAA®E, 2AXS REMEELRE K BRM.
AL L8 T AR HE R AT 25 K oqxAB AL S5 K B 69 L I, wFZhALH]. B R INARATAE S, A
A e R AFn F A 5 P A TRAR PR R B R AR B4, R ogxAB A [ 69 AT R AL T AT
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Drug resistance and prevalence of quinolone efflux pump
resistance gene ogxAB

MU Hao® WANG Hao-Ju® DING Hong-Lei"
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Abstract: The ogxAB is a multidrug-resistant efflux gene encoding the OgxAB efflux pump. It comprises
two open reading frames, ogxA and ogxB, and confers bacterial resistance, especially to quinolones.
OgxAB, discovered in E. coli plasmid pOLAS2 is one of the important members of plasmid-mediated
quinolone resistance (PMQR) genes. Until now, 11 ogxA and 32 ogxB alleles have been found respectively.
OgxAB can be disseminated horizontally through the transmissible plasmid and to increases the resistance
level of the receptor, resulting in the more difficult treatment. Although the gene is currently mainly
prevalent in Enterobacteriaceae, it cannot be excluded in non-Enterobacteriaceae bacteria, which will
pose a huge threat to human and livestock health. This review summarizes the discovery, drug resistance
mechanism and epidemiological characteristics of the ogxAB and its alleles, aiming to provide literature
data for the rational use of quinolone in clinical treatment and the process of food animal production, as
well as reduce the prevalence of 0gxAB.
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WETEIZE )R — R G PR 2, Qi
R A iib S MRPAOF B N L7/ P i e
B PUBRRET, DA RR FH 23 i R ae A g A5y
PE, T RITFECA RO . B PR L L
JRARIRGL TR FIRYT o AFUR:, METR 2 I TE LG
ARSIk BRI [RIEST A P v T4 i 25
YT 25 AR TR, A0 P A i 25 ML A £
Flv, H TR 5 1 9 5 TR T 24 (Plasmid-mediated
quinolone resistance, PMQR)/& = Z i 25 L =2 — .

&R AR T A Bk i) PMQR JE: A
AL FE W T A 1 D S IR (gnr) . 2 SEE
L TEE R AL [aac(6))-Ib-cr] . ZRhd AN HER 1)
A (gepA F1 ogxAB)., 3k S I [R38 12 A [a] () i 24 411
X s S 25 AR T 2 . ogxAB 2 —Fh 2 4h
HER RN, BEgmigi) OgxAB 12 —FhZ HEiyzy
HMHEZE , VR T TRIRZS 25 T 28 NE R | JRHH s |
AP B AR RS2, IR R
B EFVE BT 25 . ogxAB T 2004 AETETiHME 2,
i 1) K 7 352 5 i (Escherichia coli) 4 itk pOLAS52
TR RN, FFUESEH AT USRI 54 TR 65— AR
WEH TR 2T A VD B B U . S, FERA TR
HRHL R ogAB FE[R, JLHETESE )
B- PN ik e it (Extended-spectrum B-lactamases, ESBLS)
FL TR ) R 2 S R B A R . AR ogxAB
A 5 2 P s i e 245 ) AR i 2, R
i OqXAB [T B T TE M R 25 W B R R R R
FEKCEI Y, MG IAYFMERE . 10 45k, A
30 1> ooxAB F5(v HE [R5 % R, 43 A1 L %
BRI L, TRA T % ogxAB [T 25 MLl F1
TATIEL, X ooxAB A4 4% AL\ iR 1 & i
p AP B
1 AbHEREEE ogxAB R H 4G hr K B ) R B

OqxAB J:[H T+ 2004 4F i Hansen 2512757442 )\
T W B4 R 5 A BT A Bk pOL AS2 Hhgie A B,
B JSIESE ogxAB JER T 2 AN SEHE (ORFS) 4

B, B ogxA F1 ogxB, E 14 B4 & AA 391 4~
IR 1 050 NAILFR I E I OgxA Hl OgxB.
oqxA F1 ogxB i H FE— MR F i %, IFHAER:
S R AL R — LRSS A 3. Uk pOLAS2
O 45 B8 7R T ogrAB Y8 E 1S 5+, Bl ogxAB
BRI R ogxR (55 ogqxAB ELA 999%I K%
BRI A PR B IR A — AT 1526,
FR—A 6 731 bp HEERE T Tne0101, 2000 4E,
Kim 2 RARIE T ogAB TEII FRAGAS GO, J48
i oOxAB ANMUAEFE T R A TR A Bk L, [R]EH
FETE Tl 46 72 T A i (Klebsiella pneumoniae) i 4 ¢4,
I b, HIRATRE A 74%, UiHH 1 JFORIEH7 1) ogxAB
A RESE M 4R 52 B A B A e bk B dfigkmsk, JFH
ICHTENT R 58 T AT YL R LT BEAF7E ogxAB (1)
“SERGEEA, B, TERRE ISR 154 B
il 4 5 B AR 44 h oaxAB P , 28343 51 HE X & BR
B F Bk 1 ogxA Fl ogxB 507 F- YLtk I [ AH R
PR R S0 AL B ik 96%, S A T IR 4 A 1)
OOXAB e I T4 o A — i

TEPUE R ERE T, ogxAB IEFEHR i 7t
(3 1), 2012 4 Yuan S5 7E_F IR —K =P R
Bt 5325 1 K 35 A TR B IR R BT ogxAB 114 45037
ogxA2.. ogxB2 il oqxB3®, =5, Hilt ogxAB %
A ERAWr R . BIHACY IS RE 11 4
OgxA ZE KL, 324~ ogxB ZE A KL . Hih, ogxB
UL 2875 15 2 G148N . G540S, A551V . D749E .
Y 783F; 1 ogqxA 5845 55 BT & & PR PE
(2.

2 OOxAB AhHk3R 5 Rl i 25 AL

OgxAB JZ 1 ogxAB JEH 4tB MR B,
‘B JE T 25 45715 4 ifd 531k (Resi stance nodulation
division, RND)KIEMIMIFR RS, FEFHE2
IRBAPE R R Z Eiif 24 . RND FKIGHMIFRE &
F1HH AcrA-AcrB-TolC =B il -5 8 A2 At 4
B, Hrr, AcrB BN Z YRS, A KE
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#F 1 ogqxAB FEEFRIERFIIHS
Tablel Origin and GenBank accession No. of ogxAB alelles

. s . SOLS GenBank &35
LR Al %ﬁ@é |\1um§r%cf&l amino I GenBank accession No.

S Species acid Country Nucleotide Protein

O0QXA2 E. coli 391 China JF912902.1 AEM45929.1
0QXA3 K. pneumoniae 391 China KF414055.1 AGZ20216.1
ogqxA4 K. pneumoniae 391 China KF414056.1 AGZ20217.1
0gXAS5 K. pneumoniae 391 China KF414057.1 AGZ20218.1
0OgXA6 K. pneumoniae 391 China KF414058.1 AGZ20219.1
OQXAT7 K. pneumoniae 391 China KF414059.1 AGZ20220.1
0gxA8 K. pneumoniae 391 China KF414060.1 AGZ20221.1
0gxA9 K. pneumoniae 391 China KF414061.1 AGZ20222.1
0gxA10 K. pneumoniae 391 China KF414062.1 AGZ20223.1
OgxA1L K. pneumoniae 391 China KF414063.1 AGZ20224.1
ogxB2 E. coli 1050 China JF912902.1 AEM45930.1
ogxB3 E. coli 1050 China JF912901.1 AEM45927.1
ogxB4 K. pneumoniae 1050 China KF414064.1 AGZ20225.1
ogxB5 K. pneumoniae 1050 China KF414065.1 AGZ20226.1
oqxB6 K. pneumoniae 1050 China KF414066.1 AGZ20227.1
ogxB7 K. pneumoniae 1050 China KF414067.1 AGZ20228.1
ogxB8 K. pneumoniae 1050 China KF414068.1 AGZ20229.1
0gxA9 K. pneumoniae 1050 China KF414069.1 AGZ20230.1
ogxB10 K. pneumoniae 1050 China KF414070.1 AGZ20231.1
ogxB11 K. pneumoniae 1050 China KF414071.1 AGZ20232.1
ogxB12 K. pneumoniae 1050 China KF414072.1 AGZ20233.1
ogxB13 K. pneumoniae 1050 China KF414073.1 AGZ20234.1
ogxB14 K. pneumoniae 1050 China KF414074.1 AGZ20235.1
ogxB15 K. pneumoniae 1050 China KF414075.1 AGZ20236.1
ogxB16 K. pneumoniae 1050 China KF414076.1 AGZ20237.1
ogxB17 K. pneumoniae 1050 China KF414077.1 AGZ20238.1
ogxB18 K. pneumoniae 1050 China KF414078.1 AGZ20239.1
ogqxB19 K. pneumoniae 1050 China KF414079.1 AGZ20240.1
ogqxB20 E. cali 1050 China KF414080.1 AGZ20241.1
ogxB21 K. pneumoniae 1050 China KF414081.1 AGZ20242.1
ogqxB22 K. pneumoniae 1050 China KF414082.1 AGZ20243.1
ogqxB23 K. pneumoniae 1050 China KF414083.1 AGZ20244.1
ogqxB24 K. pneumoniae 1050 China KF414084.1 AGZ20245.1
ogxB25 K. pneumoniae 1050 China KF414085.1 AGZ20246.1
oqxB26 K. pneumoniae 1050 China KF414086.1 AGZ20247.1
ogxB27 K. pneumoniae 1050 China KF414087.1 AGZ20248.1
ogxB28 K. pneumoniae 1050 China KF414088.1 AGZ20249.1
ogxB29 E. coli 1050 China KF414089.1 AGZ20250.1
ogxB30 K. pneumoniae 1050 China KF414090.1 AGZ20251.1
ogxB31 K. pneumoniae 1050 China KF414091.1 AGZ20252.1
ogqxB32 K. pneumoniae 1050 China KF414092.1 AGZ20253.1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



LA WETRTAMIEAETN 25 505 ogxAB [T 25 BIL I K A T 4l 1513

&2 ogxAB FUEREMEEARFIESR

Table2 Comparison of amino acid substitutions of ogxAB

SRS RATNLR SN RANLE
Allele Mutation site Allele Mutation site
0gxA2 1159V ogxB13 G148N, R522H
0gxA3 D100N ogxB14 G148N, G540S
ogxA4 D100N, 222DN ogxB15 G148N, G540S, A551V
Q575I, Y 783F, V839
0QgXxA5 A152T ogxB16 G148N, G540S, A551V, Y 783F, D928H
0gxA6 A161S ogxB17 G148N, G540S, V566A, D749E, Y 783F
OgXA7 A169E ogxB18 G148N, G540S, V733L, Y783F R1041T
0gxA8 G16C, A245V 0gxB19 G148N, G540S, Y 783F
0gxA9 G236E 0gxB20 G148N, G540S, D749E, Y 783F
0gxA10 T341l ogxB21 G148N, G540S, D749E, V839D
0ogxA1l A346T ogxB22 G148N, G540S, D749E, V839l
ogxB2 H434Y, V635T ogxB23 G148N, A560T, D749E
ogxB3 V839l ogxB24 G148N, A654T, D749E
ogxB4 T137S ogxB25 G148N, D749E
ogxB5 G148N ogxB26 G148N, D749E, V885M
ogxB6 G148N, N251T, D749E ogxB27 G148N, Y 783F
ogxB7 G148N, N251S, Q325K, G540S, A551V, Y 783F ogxB28 G148N, A989V
ogxB8 G148N, Q325K, Gb40S, A551V, Y783F, V839, 0gxB29 H434Y, V612I, V635!
G1001R, R1041T, P1049R '
ogxB9 G148N, Q325K, G540S, A551V, Y 783F 0gxB30 N533K
ogxB10 G148N, A448T ogxB31 G540S, V566A, PS68H, D749E
ogxB11 G148N, 1475N, G540S 0gxB32 G540S, V566A, D749E
ogxB12 G503D, G540S, D749E

PrAR | EEA L R AR A, R
iy N e S DB WA N o R e S5 v AN
RSN . BRI, B 220 25 £
I TH (Salmonella)H AcrB #% sk K F-ims, fiiH]
AcrB 11 Hfil] 7 F B 5 5 2K B (Carbonyl  cyanide
m-chlorophenylhydrazone, CCCP)Ji5 , %43 & ¥k Fh 3
VLA, ERR MU RN BB E 5N A
AR U EEARL, UEBH T AcrB FEZ 2T 23
i S S (1O {EA 3¢ OgrAB 2 1) HLAAA:
FIBLHA A R

OQXAB = ZA - ST 25 Y Z50e iR . SR
M RNV R ANE R R ZG, ISRE T LT
AR RIS, Bt & BZ AR i ]
DR ARE P e 2 DR ) 240 7 SRR . ogxAB. R UAE

TETRORL b, IAAAE T IR RH B A e a0 |

R TR S B AR, HABBAT AR g AR B
OgXAB il i PR S Rk AR A G M 25 . HA Y
OOXAB 1= FZ B, 114145 ogxAB A T 1Y 4% (2 4
FEERS R R BT, OgxAB kRS N 80 £
L BB A2 BT 260, pah, K ogxAB
TR N BIZAR K IR AT G, ®ER . AR
GAMENE | WP M BR 2 PR R ) B A
M EE (Minimum inhibitory concentration, MIC)
SyRITHE 128, 64, 32, 16 F 2 £%%% 3iH] ogxAB
X T TR ()T 247 1 32 0t Bk A 2 . A TR
W, 25 S RS HERN A ooxAB FHPEBTRLAY B
FEVPI TRIFELE 5 d IRORIEZAL B, X RAL 93
A5G ogxAB FHE BTRL I B FEVP T T B AR 4
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29AbI . Z5 RN, TESCIRAL RN RRAL ok A
B R IRA RAERE T ogxAB FHYER . 73 4b,
TESZHGZHH, ogxAB BHE K AR A B (1R 15 4 1 %
BT IR X W] ogrAB BRI Bk AT LATE
SR AR R Z 483G, IF HR0ORJE % T LA
PR R . I, SHUEPUE R D
1EIZFE PR FEAS [ 240 7T (A4 () E T B

3 oqxAB E:FHMFHITHRER

Bl AATTN 22 F i 2 PR G2 1 B AR B R R
T Z2 24T 25 AN I ogxAB B 1AM THYSETE
HAl, ooxAB FZyifT TR e AE . KIaiksa
VDT T AN 18 74T i (Enterobacter cloacae)Zs: i
FIEFHE . Mo, 77 S AT 5 (Enterobacter
aerogenes) . i v 75 14T i (Klebsiella oxytoca)™
SR8 (Raoultella sp ) A duffig L8, i
K & % 5L K 78 I 3R 1 (Enterococcus) H - & R
A8 BRI, BT RPN FIRI BN AT ogxAB YK
WARIE, A AEP . KO dESEYH . R SRR
CLRN ] ogxAB, 7EAZE. sy, Ay
A= SRR B B I R B AT B R R, AT
AR 2.
3.1 oqxAB EEEEINIRITIER

TEESN, ogxAB YA H i 3 B IR M R

#+ 3 oqxAB ZEEISMURITIER
Table3 Prevalence of ogxAB genein foreign countries

SRR SRR AA T, R R S RTEIR &, ok
VAT AR sE B AT, ogxAB BHIE 5
ik 92.5%; THARAIMEAERR FEA— K == Bl
E TR FLEE ., ogxAB FHIER S 24.4%04 . [
TR ERAN, TEHARRRIGE, R R
F| ogxAB MIVATHRALN 2.2, AL T E Y
33.79%"°F1 80.999%617 . FERKYHIE M 14 38 i 2 fi v
Kt ogxAB, K% ogxAB JE[H n e A b5 2 51
ATV PR AL RS T R IR TN T
IS Yy AN A S AR AR SE R R RS . N
B IE:, TEHD A 2 g8 v o B 3 A IH R sl ey
AR R TS HHZ AL, AT, ogxAB CL41E
H AR BRI 2 80 A A 7E (3R ).
3.2 ogxAB EREEZKERIRITIER
321 ogxAB EFKEABEFAIRITIER

OgXAB 55 — IR TE IR [ K H G i () Hie 1 S 7
2010 4EM ) M FRFEIS T RNy B B R R A T vh
Kt o ZEMEZ R IR I ogxAB 1A H H B A KT
M. 2012 4, Yuan SFEIRIGE TIGIK I ogrAB LA
FEFR BRI T A 750 6.6%, [FIEH5
TERTE SRR IAT oqAB BIAS: H 3R ik 100%™, w5
T E ARG PR L 43 25 A Il R v B A T 114 ogAB 1 FH
M 74%H1 50%64% ) 2014 4F: Zhao Z5HiiE, IETF

0y BRI (R HIX BRI e % SCHRR R
Year Species (amounts) Region Species source Detection rate (%) References
2018 K. pneumonia (82) Egypt Human 92.5 [20]
2017 K. pneumonia (11) Dublin Human 90.9 [21]
2017 K. pneumonia (11) Algeria Fish 100.0 [19]
2017 E. coli (92) Japan Chicken 2.2 [22]
2017 K. pneumonia (114) Egypt Human 88.0 [23]
2016 K. pneumonia (66) Turkey Human 84.6 [24]
2016 E. coli (97) Iran Human 69.9 [15]
2016 E. coli (127) Turkey Human 14.1 [24]
2014 K. pneumonia (22) Korea Human 50.0 [25]
2013 E. coli (113) Italy Rabbit 15.0 [26]
2013 K. pneumonia (107) America Human 88.8 [27]
2013 K. pneumonia (83) Iran Human 60.2 [28]
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MIRIE 12 181 30 K7 BB i NIRRT
. ogxAB FA: 1 3.89%61%% , BIEE X —#6; HH 41K
FZ RN 6.6%, {HZATER o T i )R] 4 1y
TE NG KI5 B oqxAB HYZAS 1%, FilE, Liu
SRS T AT RS DS A ILRRE o B I R R A
T4 OgXAB ({46 HH R EL 1 THZE 42.0%%, o |5 F Hs
o S O HRA TIE L T T Hi0E . 2016 4 Kao
LRI R IR, 2010-2015 4F 8] 7E 1 [H &V A
P 43 B A TS A 3 ) 24 ) 1) R P 35 75 TR 71, ogxAB
e R 6%, TAEYD T B AP I 10.2961%7
2015 4 Ho 454t i& , 7EH [EFFHs, M 2004-2013 4F,
FE PR I YL N Hh 43 85 1 K5 7 T ogAB S [ 11
FATHR N 25.2007, AR F 2 Wi 76 v 1T 4 E 19
28.03%1% (3 4).
322 ogxAB fEHKER R HIRITIER
TEFRE, FHXT oqxAB TEE i sh ¥ h it I L =]
SNEH L, PR FEEE A G, 1 RS
%, R RZE, RERRFRE . FEKRE, Frid
OQXAB . T ELHA T FHR . MUK iR s A ]
, FEOMIER SFEBZMT A IR, Bl
VT4, TRl AR 2010 4Esi4lGE 7GR . IS
(A ZE A B3 5 ) R B 5 A TR B 7 i 6 Y, RS
OOXAB. BH 4 T B 1T LFE Sl 4 A2 =2 [l 443800
M 2012-2017 4, FEFREEIE KGR A TR T ogxAB
f BHPE ARG 5N 44.6%-80.6%, B\ 25 T X9 K
[t 12.0%-72.7%, FLitis T H ARG g 2,296,
2015 4% Xu S5l 1 MR IE VT AN R AE 3 0 125 1
() 198 #R A iR A ESBL BHPERRET, ooxAB 1
R 63196, AUk, Li ZEtElRE
ANFEGH, DG5S ORI AEGFEVDT T ogxAB
I PE 8 30.8%, FfH. 70%f ogxAB PH I Ak &
H blacrxw P, 1] ESBLs KK 5 ogxAB
Pz e fE T shniE K s s s Anvb 1 1, 9B
SEANTH TR 28GR . W25 PEEsE . BT IR E N
#th, Ho il Wong %576 1 [ 75 s il 1%L 43 51
A B 53 B 00 K 2 A DRI DA PR 43 S b 1]

T RS %k 80.6%1 28.03%7 % MiACEE,
OOxAB TEFR EITESE . 16 LA S Bl 7 i v s B I
11, I ELBAYERA AR AR (R 4). (E1TER
(S, M 2001382, WeZ Bdk k1t A KRIER S
FUK=FRaa A, A5 I FIAE AR 35 kg
RE M . X T RE 2 T2 ogxAB TEX & H ki Kt
TERG G R AR A R 22—, R e D 2 M o fi
FHAT ARG ooqxAB (R H %, ARSIt 76 55 PRI
ZRER S, W, XS A4 2E L SRAGEEE by
BEIAVPITEEY, I R0 AU G
VT TR P ARIN 2] ogqxAB. Hidr, FEREUR B RE A A H
Fe iR, SRR R R & ) o
3.2.3 0gxAB fEE s A IME R RIRITIE R
ogxAB WTEFRE RSO . M5E) . R
SRR IR PRI B . Liv SRR, A
2012-2014 4, TE] e B . b o B R
YA T AN E] ogxAB Y BHYER 4318 56.25%
58.59% >, I FIHAZhY G ARKMEI LR, W
1B IR RI 2] OgxAB [ 5 A4 TR X A HE A
WTER R BRIZ AN, 755 AAIRIE KGR
1 RS s E] T ogqxAB, Wang 55 T
LA B | A AT S SR R0 v 43 A Kl 7 BT
K ogxAB FIFETER S 31.15%%8, 2012 4 Li
SEHE T WAL SR R K . i
HRRE] T ogqxB, HAE LA 2 I K T5 G Bi 4l
HI AR AT S AT ogxB, TESZ IR A7 % /K 2 ) R R
Birh ogxB 114 32 kP, Wang 255 3 Xt AR [ F
(1) OgxAB JE | FE: BTk I 3 A e A 0, ke U IR
TR R TR R X PR () R A 3% 4 T v ogxAB S
PR R 18] HAEAE 2 bp 225, FF Haxioki 5
AR NTRVD 1 T R ogxAB Y TR ATHLUE 5 ik
99%, FHIEAT L, R 5 0 K A4 BT AR
OQXAB TEAN [ F U5 A4 B AT R} A4 T ) A% 4% 1) = 2241
HITO DR, ogqxAB AN AT LB i 24 kTR H AL
FoAL R LU i B st A T FE IR KA 4%, 45
B O A =R A R SR E R (K 4)
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#F 4 ogqxAB EERERIRITIER
Table4 Prevalence of ogxAB genein China

Ay AR () Hh X RRIR (OES SCHRR R
Year Species (amounts) Region Species source Detection rate (%) References
2018 Enterococcus (87) China Pig 65.50-79.30 [13]
2018 E. cali (270) Henan Dog 58.50 [30]
Cat 56.25
Human 42.00
2017 E. coli (1354) Guangzhou Animal 33.79 [16]
Food 17.34
Human 18.07
2016 K. pneumonia (74) Nanjing Human 67.57 [40]
2016 Salmonella (154) China Chicken 72.73 [41]
Human
2016 E. coli (248) Taiwan Human 6.00 [31]
2016 E. cali (97) Sichuan Rabbit 51.50-63.90 [42]
2016 E. coli (739) Guangdong Animal 80.99 [17]
2015 Salmonella (82) Shenzhen Animal 91.00 [43]
2015 Salmonella (76) Taiwan Human 10.20 [32]
2015 E. coli (590) China Human 3.80 [29]
2015 E. coli (341) Hong Kong Human 25.20 [7]
Pig 80.60
Chicken 41.50
2015 E. coli (198) Heilongjiang Pig 63.13 [34]
2014 Salmonella (130) Shandong Chicken 30.80 [35]
2014 E. coli (207) China Chicken 23.19 [44]
2013 S Typhimurium (239) Hong Kong Human 28.03 [33]
S. Typhimurium (546) Beijing Human 29.12
2013 Salmonella (63) China Animal 31.70 [45]
2013 E. coli (696) China Animal 47.13 [46]
2013 E. coli (46) China Human 26.10 [47]
4 NG floR, tetAR, strB. strA, sulll 1 aph, KRIEHIT

OOXAB M 2004 LK ES, E LK T E+1
AR BAE e FSa BN AT, HETARINZE R
R, HEHFREE N 2O T TR o 2 M 48
SR ARE KWIR A FEADT TR AHX AR E ogxAB
HETET IR, 75 2idf— 2P i eskaE s
OGXAB J& IR AATE T BRI T R A S A 40 7 LA
KA I ZTHL] o A2 RS2 A54HF ooxAB St
DAL B4y Jooer A AR A A e AR 25 6 D5, 511U ogxAB
PAAMEHA PMQR JEA | ESBL FE[K . rmtB., fosA3,

XL AR ZE M 25 LR . R X A G
OqxAB JE [N I Z T M 2 WAL IREE . SR Z
[ENSE7 S UL S e A (NE BRGNS e S TR uNE Y
P EM R T, AAIMENR
BT TR R, AP EEREAE AT, T
B 148 (ERE IR 2N, HAE R S Ir0E
RRZMHIR . WAL ER S B I R X
FE D RIREIGE . NRTHROR IR, 3075 2 HLEL ogxAB
SERTEA TR SR IR AR TR R AR 225+
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LA VLB, i TFEME ooxAB HYiAT, —
TEIP BE g HAEAFHIX . AE Y. AR
PRAGIATI DL £, SR HRA T RS A S [

W, AT FRA TR IS, LAPEAL ooxAB JE[A

MIRSE | SR B R R R BelE, L
T Xof Z RN (g RS BRI . A4 B0
OOXAB [HRFF . S xt HOLRL ISR 0 Jy i, 38
ot TR 2R R TR A4 1 AR A TR AR, LU
W14 oOXAB FATHIBT ARG S HE . — RAE T
b AT, AT R 5 T A TR TR 257 T Y
WFSEIESE, VI TR A4 (A A BRI IO T 251k 5 55
S S IE AR LI — BT 2 Bk A
OOXAB I B 25 5 Il 1% KL (R A5 46 . TRL 45 PR e P
FURZam2smn, WTmMARA_EFER ogrxAB fIAT .
POEAGERBIE T AR . IR TR . S EEMb A5
ZIA SR RA AR, HER B %5 R A e
SH 11 165 7 B S iR phe I R i B

REFERENCES

[1] Ruiz J Pons MJ, Gomes C. Transferable mechanisms of
quinolone resistance[J]. International Journal of Antimicrobial
Agents, 2012, 40(3): 196-203

[2] Hansen LH, Jensen LB, Sgrensen HI, et al. Substrate specificity
of the OgxAB multidrug resistance pump in Escherichia coli and
sclected enteric  bacterialJ]. Journal of  Antimicrobia
Chemotherapy, 2007, 60(1): 145-147

[3] Norman A, Hansen LH, She QX, et a. Nucleotide sequence of
pOLAS52: a conjugative IncX1 plasmid from Escherichia coli
which enables biofilm formation and multidrug efflux[J].
Plasmid, 2008, 60(1): 59-74

[4] KimHB, Wang MH, Park CH, et a. ogxAB encoding a multidrug
efflux pump in human clinical isolates of Enterobacteriaceae[J].
Antimicrobial Agents and Chemotherapy, 2009, 53(8): 3582-3584

[5] Yuan JY, Xu XG, Guo QL, et al. Prevalence of the ogxAB gene
complex in Klebsiella pneumoniae and Escherichia coli clinical
isolates[J]. Journal of Antimicrobial Chemotherapy, 2012, 67(7):
1655-1659

[6] Piddock LJV, White DG, Gensberg K, et a. Evidence for an
efflux pump mediating multiple antibiotic resistance in
Salmonella enterica serovar  Typhimurium[J]. Antimicrobial
Agents and Chemotherapy, 2000, 44(11): 3118-3121

[71 Ho PL, Ng KY, Lo WU, et a. Plasmid-mediated OgxAB is an
important mechanism for nitrofurantoin resistance in Escherichia
coli[J]. Antimicrobial Agents and Chemotherapy, 2015, 60(1):
537-543

[8] Wong MHY, Chan EWC, Chen S. Evolution and dissemination of
OgxAB-like efflux pumps, an emerging quinolone resistance

determinant among members of  EnterobacteriaceaelJ].
Antimicrobial Agents and Chemotherapy, 2015, 59(6): 3290-3297

[9] Chen X, Zhang WQ, Pan WJ, et a. Prevaence of qnr,
aac(6')-1b-cr, gepA, and ogxAB in Escherichia coli isolates from
humans, animals, and the environment[J]. Antimicrobial Agents
and Chemotherapy, 2012, 56(6): 3423-3427

[10] Zhao JJ, Chen ZL, Chen S, et a. Prevalence and dissemination of
0ogxAB in Escherichia coli isolates from animals, farmworkers,
and the environment[J]. Antimicrobial Agents and Chemotherapy,
2010, 54(10): 4219-4224

[11] Chen Y, Sun J, Liao XP, et a. Impact of enrofloxacin and
florfenicol therapy on the spread of ogqxAB gene and intestinal
microbiota in chickens[J]. Veterinary Microbiology, 2016, 192:
1-9

[12] Guillard T, Lebreil AL, Hansen LH, et a. Discrimination between
native and Tn6010-associated ogxAB in Klebsiella spp.,
Raoultella spp., and other Enterobacteriaceae by using a two-step
strategy[J]. Antimicrobial Agents and Chemotherapy, 2015,
59(9): 5838-5840

[13] Yuan L, Zhai YJ, Wu H, et a. Identification and prevalence of
RND family multidrug efflux pump ogxAB genes in Enterococci
isolates from swine manure in China[J]. Journa of Medical
Microbiology, 2018, 67(6): 733-739

[14] Pak KS, Kim MH, Pak TS, et a. Prevalence of the
plasmid-mediated quinolone resistance genes, aac(6')-1b-cr,
gepA, and ogxAB in clinical isolates of extended-spectrum
B-lactamase (ESBL)-producing Escherichia coli and Klebsiella
pneumoniae in Koreg[J]. Annals of Clinical and Laboratory
Science, 2012, 42(2): 191-197

[15] Tayebi Z, Heidari H, Kazemian H, et al. Comparison of quinolone
and B-lactam resistance among Escherichia coli strains isolated
from urinary tract infections[J]. Le Infezioni in Medicina, 2016,
24(4): 326-330

[16] Wang J, Zhi CP, Chen XJ, et a. Characterization of ogxAB in
Escherichia coli isolates from animals, retail meat, and human
patients in Guangzhou, Ching[J]. Frontiers in Microbiology,
2017, 8: 1982

[17] Fang LX, Li XP, Li L, et a. Co-spread of metal and antibiotic
resistance within ST3-IncHI2 plasmids from E. coli isolates of
food-producing animals[J]. Scientific Reports, 2016, 6: 25312

[18] Literak I, Micudova M, Tausova D, et a. Plasmid-mediated
quinolone resistance genesin fecal bacteria from rooks commonly
wintering throughout Europe[J]. Microbia Drug Resistance,
2012, 18(6): 567-573

[19] Brahmi S, Touati A, Dunyach-Remy C, et al. High prevalence of
extended-spectrum f-lactamase-producing Enterobacteriaceae in
wild fish from the Mediterranean Sea in Algeria[J]. Microbia
Drug Resistance, 2018, 24(3): 290-298

[20] Hamed SM, Aboshanab KMA, El-Mahalawy HA, et .
Plasmid-mediated quinolone resistance in Gram-negative
pathogens isolated from cancer patients in Egypt[J]. Microbial
Drug Resistance, 2018. DOI: 10.1089/mdr.2017.0354

[21] Anes J, Hurley D, Martins M, et al. Exploring the genome and
phenotype of multi-drug resistant Klebsiella pneumoniae of
clinical origin[J]. Frontiersin Microbiology, 2017, 8: 1913

[22] Ozaki H, Matsuoka Y, Nakagawa E, et a. Characteristics of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1518

TEY I8

Microbiol. China

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31

(32

(33]

(34]

Escherichia coli isolated from broiler chickens with colibacillosis
in commercia farms from a common hatchery[J]. Poultry
Science, 2017, 96(10): 3717-3724

El-Badawy MF, Tawakol WM, El-Far SW, et a. Molecular
identification of aminoglycoside-modifying enzymes and
plasmid-mediated quinolone resistance genes among Klebsiella
pneumoniae clinical isolates recovered from Egyptian patients]J].
International Journal of Microbiology, 2017, 2017: 8050432
Buruk CK, Oztel Ocak H, Bayramoglu G, et a. Investigation of
plasmid-mediated quinolone resistance genes in
quinolone-resistant Escherichia coli and Klebsiella spp. isolates
from bloodstream infectiongJ]. Mikrobiyoloji Bulteni, 2016,
50(2): 186-195

Yang HY, Nam YS, Lee HJ. Prevalence of plasmid-mediated
quinolone resistance genes among ciprofloxacin-nonsusceptible
Escherichia coli and Klebsiella pneumoniae isolated from blood
cultures in Korea[J]. Canadian Journa of Infectious Diseases and
Medical Microbiology, 2014, 25(3): 163-169

Dotto G, Giacomelli M, Grilli G, et al. High prevalence of ogxAB
in Escherichia coli isolates from domestic and wild lagomorphs
in [taly[J]. Microbial Drug Resistance, 2014, 20(2): 118-123
Perez F, Rudin SD, Marshall SH, et al. OgxAB, a quinolone and
olaquindox efflux pump, is widely distributed among
multidrug-resistant Klebsiella pneumoniae isolates of human
origin[J]. Antimicrobial Agents and Chemotherapy, 2013, 57(9):
4602-4603

Taherpour A, Hashemi A. Detection of OgxAB efflux pumps,
OmpK 35 and OmpK 36 porins in extended-spectrum-B-lactamase-
producing Klebsiella pneumoniae isolates from Iran[J].
Hippokratia, 2013, 17(4): 355-358

Zhao LN, Zhang J, Zheng BW, et a. Molecular epidemiology and
genetic diversity of fluoroquinolone-resistant Escherichia coli
isolates from patients with community-onset infections in 30
Chinese county hospitals[J]. Journa of Clinical Microbiology,
2015, 53(3): 766-770

Liu BG, Wu H, Zha YJ, et a. Prevalence and molecular
characterization of ogxAB in clinical Escherichia coli isolates
from companion animals and humans in Henan province,
China[J]. Antimicrobial Resistance & Infection Control, 2018, 7:
18

Kao CY, Wu HM, Lin WH, et a. Plasmid-mediated quinolone
resistance determinants in quinolone-resistant Escherichia coli
isolated from patients with bacteremia in a university hospital in
Taiwan, 2001-2015[J]. Scientific Reports, 2016, 6: 32281

Kao CY, Chen CA, Liu YF, et a. Molecular characterization of
antimicrobial  susceptibility of Salmonella isolates: first
identification of a plasmid carrying gnrD or ogxAB in Taiwan[J].
Journal of Microbiology, Immunology and Infection, 2017, 50(2):
214-223

Wong MHY, Yan MY, Chan EWC, et a. Expansion of
Salmonella enterica serovar Typhimurium ST34 clone carrying
multiple resistance determinants in ChinaJ]. Antimicrobial
Agents and Chemotherapy, 2013, 57(9): 4599-4601

Xu GF, An W, Wang HD, et a. Prevalence and characteristics of
extended-spectrum fB-lactamase genes in Escherichia coli isolated
from piglets with post-weaning diarrheain Heilongjiang province,

(39]

(36]

(37]

(38]

(39]

(40]

(41]

(42

[43]

[44]

(49]

China[J]. Frontiersin Microbiology, 2015, 6: 1103

Li L, Liao XP, Liu ZZ, et a. Co-spread of ogxAB and blacrx-m-o
in non-Typhi Salmonella enterica isolates mediated by
ST2-IncHI2 plasmidg[J]. International Journa of Antimicrobial
Agents, 2014, 44(3): 263-268

Wong MHY, Chen S. First detection of ogxAB in Salmonella spp.
isolated from food[J]. Antimicrobial Agents and Chemotherapy,
2012, 57(1): 658-660

Huang WQ, Li BW, Gao T, et al. Isolation, identification and
antibiotic sensitivity analysis of Saphylococcus aureus and
Salmonella from a layer-raising farm[J]. Chinese Journa of
Veterinary Medicine, 2017, 53(3): 82-85 (in Chinese)

WOCT, B, @Y, % A4 O IRE AT
WA 20 88 M MG USR], R R A, 2017,
53(3): 82-85

Wang Y, He T, Han J, et a. Prevalence of ESBLs and PMQR
genes in fecal Escherichia coli isolated from the non-human
primates in six zoos in Ching[J]. Veterinary Microbiology, 2012,
159(1/2): 53-59

Li J Wang T, Shao B, et al. Plasmid-mediated quinolone
resistance genes and antibiotic residues in wastewater and soil
adjacent to swine feedlots: potential transfer to agricultura
lands[J]. Environmental Health Perspectives, 2012, 120(8):
1144-1149

Cheng L, Cao XL, Zhang ZF, et a. Clonal dissemination of
KPC-2 producing Klebsiella pneumoniae ST11 clone with high
prevalence of ogxAB and rmtB in a tertiary hospital in China
results from a 3-year period[J]. Annals of Clinical Microbiology
and Antimicrobials, 2016, 15: 1

Ba L, Zhao JY, Gan X, et a. Emergence and diversity of
Salmonella enterica serovar Indiana isolates with concurrent
resistance to ciprofloxacin and cefotaxime from patients and
food-producing animals in China[J]. Antimicrobial Agents and
Chemotherapy, 2016, 60(6): 3365-3371

Kun QF, Geng Y, Yu ZH, et a. Detection of quinolone resistance
and plasmid mediated quinolone resistance gene in Escherichia
coli isolated from rabbit[J]. Chinese Journal of Preventive
Veterinary Medicine, 2016, 38(12): 944-948 (in Chinese)

METY, BB, WU, . ST R TR R 25 ) i 2
P FORLA B 245 35 DRI []. A e BTy 2244, 2016,
38(12): 944-948

Lin DC, Chen KC, Chan EWC, et a. Increasing prevalence of
ciprofloxacin-resistant food-borne Salmonella strains harboring
multiple PMQR elements but not target gene mutations[J].
Scientific Reports, 2015, 5: 14754

Lin L, Xu X, Ren X, et a. Prevalence and characterization of
cefotaxime and ciprofloxacin co-resistant Escherichia coli
isolates in retail chicken carcasses[J]. Journa of Hygiene
Research, 2014, 43(5): 768-773 (in Chinese)

MR, TR, TS, S BEGNPERNTRS k fEs XUi
Y RIGAT B RRIN 5B RAL BT[], PABSR, 2014, 43(5):
768-773

Li L, Liao XP, Yang YR, et a. Spread of ogxAB in Salmonella
enterica serotype Typhimurium predominantly by IncHI2

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



RESE: MEVRTHAMHEAL T 245 5L 1K) ogxAB AT 25 BIL i K LA 717 0

1519

[46]

[47]

(48]

plasmids[J]. Journal of Antimicrobial Chemotherapy, 2013,
68(10): 2263-2268

Liu BT, Yang QE, Li L, et a. Dissemination and characterization
of plasmids carrying ogxAB-blacrx.m genes in Escherichia coli
isolates from food-producing animals[J]. PLoS One, 2013, 8(9):
e73947

Hao HH, Guo WG, Igbal Z, et a. Impact of cyadox on human
colonic microflora in chemostat models[J]. Regulatory
Toxicology and Pharmacology, 2013, 67(3): 335-343

Chen Y, Ding HL, He Y, et a. Antimicrobial susceptibility
analysis and ESBL gene detection of Staphylococcus aureus
isolated at animal farms in Chongging[J]. Acta Veterinaria et

Zootechnica Sinica, 2018, 49(5): 1074-1080 (in Chinese)

PREE, TELH, s, &5, STl oy FR5H % 4 o (i 49 BRI
it 21 40T B ESBL BEFIATIN[]. & HAc B4Rk, 2018, 49(5):
1074-1080

[49] Wang HJ, Yang DJ, Gao SN, et a. Isolation, identification and

drug sensitivity analysis of Saphylococcus aureus from animal
farms in Chongging[J]. Chinese Journal of Veterinary Medicine,
2016, 52(9): 86-90 (in Chinese)

T2, R, mEY, & mRTT s P AT A R
TG 43 B9 S e 2 W OB A AT ). [ BB e, 2016,
52(9): 86-90

SR o) o SR Y SR RY Y SR R RY R RY RY RY RY o o o

) )y )y )y ) )

2019 #Fth E 8k £ 40 H S B A F W E RS 5 R E %) 2 (3-2)

=2 FEFIEA N FEIMBIPERNE g aT] ANB i BRIR
PEMAEYSSMRERZESE N | PEMEYFSE S MY B vl
13 e N N o 77 1822 H | 200 -
2R R =R p N e pE| 13524227206
74 2 STk | s
PR PR PR TN Rl By a0 | 1a00 | w O
g 15901455682
P E U W S A
5 H LR 2 R R BT i T
15 zgiﬁﬁmﬁgﬁ‘*ﬂﬁ THEERE RIBERE. | 790 | 200 gf a8t com
’ = BT T R 2 a
0 R A EIRBERUE Y | R E U YR SR A . . TH g
8 SRJE VT R I -
16 RAfi 4 LTRSS ST 600 JETLI 18686864920
55U Dol Al e e 2 Pl | b R 2 2 T N R
17 8 200 Jtat
HAR 5T 2 FENVERE JTR 010-53218310
2019 & EFFIES 5k 22 A 25 1Y %
8 EPEWEE%%D TR 54 8 11 Fh 300 f:iF 15 feke
A B F T2 AR AN WA 7l 2 51 2x i3l 13818096617
BIUR R E AW e F | T ER Y Sl A F Ik 10-64806184
20-2
S PY TSN A ER S S22 | 200 T e 13504017500
S5 Jm I R 2 K
] A 2 2 I PR i Ut
20 | (EESHR) fkisms || CEIERIRRER | 500 firk Py
o TR M 0574-8703585
FIBIE
g 14 »—\A/i\ N e
2 | R EET s | PEERREEL) 300 I A
EInES 1590145568
14 20 il TR ljf ik O] 2k A
22 | # b E TR AR A L'Jlfmi%%z% B 067901 | 400 ,M P15 2
Thi% K& 010-64807420
i o o ERUE D S Y . B
5 Gl s 9 1 = -
3 | RS KRR BN A 00 Jbs 01064806013
2019 [ 73 N = P
o : A E A FaER b B 42 104 1115 H | 1000 IJJ I WigiE, T
o bia) 010-64807200
i o ) P E U ) S TR Y TR FrF
25 |5 14w e EiRE A& 10
5 | 4 I A LTRSS i 300 Hi 13953283219

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



