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Abstract: To investigate the prevalence of plasmid-mediated quinolone resistance (PMQR) in
Salmonella isolates from food animals, susceptibility of 316 Salmonella isolates from food ani-
mals to 20 antimicrobial agents were determined by the broth microdilution method, the preva-
lence of PMQR genes in the isolates were detected by PCR. The results showed that 316 Salmo-
nella isolates exhibited different resistance to 20 antimicrobial agents, 95. 57 % of isolates showed
multi-resistance; The positive rates of gnrA, qurC, gnrD, gnrS, gepA, qurB, aac(6)-Ib-cr,
oqxA and ogxB genes were 0%, 0%, 0%, 0%, 0%, 7.91%, 15.19%, 7.91% and 8.86% ., respec-
tively. ogxAB gene was the first time reported in Salmonella; 98.11% of PMQR-positive strains,
which showed multiple-resistance to 8-17 antimicrobials, harboured two or more resistant genes,
gnrB & aac(6”)-Ib-cr was the most common in these strains; The results of PFGE displayed 53
PMQR-positive strains belonged to 5 PFGE patterns. Some strains ,which had different resistant
phenotype or genotype, showed same PFGE patterns. In conclusion, 316 Salmonella isolates
tested showed serious resistance to antimicrobial agents; gnrB, aac(6’)-Ib-cr and ogrAB genes

were frequence in strains; Clonal strain was epidemic in some resistant isolates from different ori-
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IR . BEE DU ) L W T IR 2 R
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Table 1 Primer sequences of PMQOR genes of Salmonella

519 % FK H Y5 A 31 (5'-3") F B RN/ bp EE PN
Primer Target gene Sequence Fragment size Reference
qurA-F ATTTCTCACGCCAGGATTTG
gnrA-R qnriA GATCGGCAAAGGTTAGGTCA o16 [o]
gnrBF GATCGTGAAAGCCAGAAAGG
qnrB-R qnrB ACGATGCCTGGTAGTTGTCC 469 [o]
gnrS-F ACGACATTCGTCAACTGCAA
gnrS-R qnrS TAAATTGGCACCCTGTAGGC 417 [9]
gnrC-F GGGTTGTACATTTATTGAATC
gnrCR qnrC TCCACTTTACGAGGTTCT 7 [10]
gnrD-F TTACGGGGAATAGAGTTA
qnrD-R qnrD AATCAGCCAAAGACCAAT 168 [11]
aac(6)-Ib-F TTGCGATGCTCTATGAGTGGCTA

e aac(6')-Ib A 482 [12]
aac(6))-Ib-R CTCGAATGCCTGGCGTGTTT
qepA-F CCAGCTCGGCAACTTGATAC
gepA-R qepA ATGCTCGCCTTCCAGAAAA 570 [13]
0qzA-F GATCAGTCAGTGGGATAGTTT
0qrA-R 0qA TACTCGGCGTTAACTGATTA . [14]
0qxB-F TTCTCCCCCGGCGGGAAGTAC
0gzBR 0qzB CTCGGCCATTTTGGCGCGTA o12 [15]

x2 36 KERIMIED

MTREX 20 AHAMHEFINBLER

Table 2 Susceptibility of 316 Salmonella isolates from food animals to 20 antimicrobial agents

%

#§%) Antimicrobial agent

% Rate of susceptibility

Fr4)-# Rate of intermediate

i} 2 % Rate of resistance

AMP
AMC
CEZ
XNL
STR
GEN
AMI
KAN
TET
DOX
CHL
FEN
NAL
NOR
OFL
LEV
LOM
CIP
ENR
SUL

57.59 1.27
48.41 3. 48
84. 81 6.96
66. 46 4.11
50. 95 0. 00
68. 35 3.16
87.02 0.95
75.32 7.28
17.72 21.52
17.09 10. 76
67.72 3. 80
56.01 7.28
11. 39 3.16
57.91 22.15
76.58 8. 54
78. 80 5. 38
71.52 18. 04
79.11 8. 54
36.71 50. 95
14. 56 0. 00

41.
48.

14
11

8.23

29.
49.
28.
12.
17.
60.
72.
28.
36.
85.
19. ¢
14.
15.
10.
12.
12. 3
85.

43
05
49
03
40
76
15

48
71
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WITIREE PMQR J[H PCR A I 25 5 WL 5% 3,
WP 25 R R 25 BRI qnrB 5115 EU643617 Bk
Ry 96 20 ~ 99 00, 2% W] 3k 46 T Ak 465 47 Bk (A
gnrB2 WA ;5 ¥R I ogx A ogxB.aac(6”)-Ib-cr 5

HEMFS FN811184 ,FN811184 F1 FJ594765 AH {8l 4

®3 36HBERIYIEDTRE PMOR EF AKX

A3 51R 99 % .99 % 1 98% .

2.3 PMQRPAMEEBEBSMAREMYEXE
53 #k PMQR FH ¥ & B 1 fk (1. 87%0) #5 4y

oqrB B JL L Wi 24 2% AL N 5 M Ah, H 4y 52 %k

(98. 11 Y0 #5347 2 P K LA LAYt 25 3 1R, 52 8~17 Tiif Y

L E 251 L L gurB& aac (6 -Tb-er FEGE D,

Table 3 The positive rates of PMQR genes in 316 Salmonella isolates from food animals %
A Type qnrA qnrB qnrC gnrD qnrS  aac(6’)-Ib-cr  qepA oqrA oqxB
& No. 0. 00 25.00 0. 00 0. 00 0. 00 48. 00 0. 00 25.00 28.00
BHEZ Positive rate 0. 00 7.91 0. 00 0. 00 0. 00 15.19 0. 00 7.91 8. 86

R4 DIIRESEH PMOR ERBMES EMARE

Table 4 The information of PMQOR genotype and multi-resistant phenotype in strains
it 24 5 P 7 22 8 i 25 B Bk Multi-resistant strains
PMQR genotype 5 Tirf 8 Tiif 9 fiif lom 11 12® 161 17 i
ogxB 1
ogxA & oqxB 1 2 1
gnrB & aac(6")-Ib-cr 15 10
aac(6')-Ib-cr & oqxB 1 1
aac(6")-Ib-cr & ogxA &. ogxB 16 4 1

2.4 PMQR PR HE A PFGE #& il

53 #k PMQR FH 14 5 BR 76 R S27 52 2003 4F 43
B )TARBSN A 52 BRI 4325 B U1 AE AR
X IR . WK . o0 B R S s A 2
F S 251 F1 PMQR 3£, DL & PFGE %8 WL &l 1,
Hi /&L 1 AT .53 BREAMERE 402 5 B, Hirp 25 BRAEF]
W Y TG (S, fyris) RE 8 B AR F SR . 4
B[] L i 2 2% 7 K A5 1) PMQR JE RUAN R AH [+
{A)E T [ — PFGE 3% % ; 25 k%5 R TTIK I (S.
give) 53 B b 43 25 I A) L 3l W IR e T 25 RSB R
FH 1A AHJE T [7— PFGE 581 4 3 #k40 J@ T 3 F
AN TR % R

3 3 8

N2 4 R w] A, 316 BE B sh W IR VD ]
IQTAXF 20 R0 18 285 W 35 7 A= [R) KT 1y i 245 4 G
O 24 PO AR BTG AR/ e R R R (R R DU R
2N CZENE IR b e v e S R B TR B Sb TR T

PEAR 1 245 Py it 245 7 F (it 24 S5 8 o 40 260) 5 %o i e v
Wi 2 259y . BRI 25 AT 2000 AE b A R v L
AN SRAFTE 25 W) T 07 3 26 T bk A T BE % 78 D it 24
T 5 SO 25 38 B T 5 AR R I R AR S ™ Y 2 L
2P, 95. ST Ik 2 B 25 bk . LA E A I 25
55 H A R R TR BR LA PR R L AR Sh T L A
w1 7E AR T S F Al [ 5 Rt X 43 8 T R T 245 1 0
FEALE 10 SRV ) R B I 25 0 RN e 2
i 245 00 1 G TR A HR B A% 9 © T 12k 3l A, 25 N 2R %
Bl ) i A1 Ok 5 R BB 5 B ot Bl ) 5 A T
AT YT 259

JFORLAT T B4 W i R 2 iR 25 (PMIQRO 1 gnr L aac
(6")-Ib-cr.qepA.oqzAB %KW Z 5, Hbh qnr
(qnrA .qnrB.qnrS.qnrC M qnrD 48) %% QNR &
F %8 HRE R4 DNA [8]fig g A6 b 2 A4 i TV R~
SZ VTR S A ) s aac (67) -Tb-cr SN i 2 2
Ok b i o 308 2o Xof s 45 T 288 s 00 B IR I VD ) IR R
A LR T SR AL T A AR K 1 25 5 gepA
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Dice (Opt:1.50%) (Tol 1.0%-1.0%) (H>0.0% S>0.0%) [0.0%-100.0%]
PFGE PFGE

s1, 2007, g,  Pmis 11, aaciy")—ib—cr & ogxd & ogxdf
g, 2007, JBle, Frim 11, ac{8’)-Iber & ogrd & ogxP
53, 2007, Hig, Pris 9, oA & ogxF

gd, 2007, e, Fmin 11, ac(8’)-Ibor & ogxd & ogxd

o . s, 2007, FElE,  Fyrim 19, &ac(8’)-Ib-cr & ogxd & ognd
e s,

%, 2007, e, Fmin 11, 880(8')-Ibor & ogrd & ogxF
ST, 2008, g,  Pwis g, ogrd & ogxF

sg, 2008, #ig, Fmis 9, ogrd & ogxF

g, 2008, e, Fmin 12, 880(8')-Ibor & ogrd & ogxF
510, 2008, e, Fmwin 11, a0’ )-Iber & ogxd & ogxd
Si1, 2008, JEJ8, Fyrism 12, sac(s’)-Ibcr & ogrd & ogrd
1, 2008, JE)e, Fmin 12, aac(8’)-Ibor & ogxd & ogxF
13, 2008, e, Fmin 11, a0’ )Iber & ogxd & ogxd
o4, 2008, JBle, Fwim 11, ac{8’)-Ibor & ogrd & ogxP
gi5, 2008 JE)e, Fmin 11, aac(8’)-Ibor & ogxd & ogxd
Sif, 2008 JE)e, Fmin 11, aac(8’)-Ibor & ogxd & ogxB
s17, 2008, g, Frism 11, &&c(8')-Ib-cr & ogxd & ogxF
S18, 2008, e, Fyris 11, sac(8’)-Ibwcr & ogrd & ogrP
1o, 2008, FE)e,  Fmin 11, aac(8’)-Ibor & ogxd & ogxd
50, 2008, JB)e, Fywim 11, @ac{8’)-Ib-er & ogrd & ogxP
o1, 2008, FEle, Fmis 11, 8808’ )-Ibor & ogxd & ogxB
592, 2008, iR, Fris 11, &&c(d’)-Ib-cr & ogxd & ogrF
go%, 2008, e, Fmin 12, 8808 )Iber & ogxB

o | aod, 2008, Ble, Fwin 11, ssc8’)-Ib-or & ogrd & ogxf
' ; s26, 2010, FE{R, Pmim 1L aac(ﬁj)‘ﬂ:'cr & ogxP

526, 2008, TBjs, Fredenep 16 aac (5’ )-Ib-cr & ogxd & ogxF
a7, 2003, JElE, Interitidis, 1T, o@xd & oqyF

<om, 2010, JElg, FBredeney 6, o

529, 2007, #EiR.  Gives 11, qmP & asac(®’)-Tb-cz
830, 2007, FBi&,  Gives 10, gqmF & aac(6’)-Th-cz
S31s 2007, FiR, Give 10, gmF & aac(s’)-Th-cr
532, 2007, $EiR.  Gives 10, qurf & aac(®’)-Tb-cz
533 2007, $BiR,  Give 10, g & aac(6’)-Th-cz
S3ds 2008, Fi8, Give 10, gmeF & aacl6’)-Th-cz
538, 2008, Fi8.  Gives 10, qurf & aac(®’)-Tb-cz
336, 2008, FiR,  Give 11, gqmd & aac(6’)-Th-cz
537, 2008, Fi8, Give 10, gmeF & aacl6’)-Th-cz
5§38, 2008, fEiR.  Gives 10, qurB & sac(®’)-Tb-cz
339, 2008, 458, Give 11, gqm¥ & aac(6’)-Tb-cz
540, 2008, fEiR.  Gives 11, que? & sac(d’)-Ib-cz
841, 2008, $EiR.  Gives 10, gmF & asc(6’)-Tb-cz
542, 2008, FBi&,  Gives 10, gmef & aac(’)-Ib-cz
543, 2008, TB{R,  Gives 11, gqur? & aac(5’)-Tb-cz
Sdd, 2008, BBiR, Give 10, gmeF & aacl(6’)-Th-cz
S48, 2008, FBIE,  Gives 10, gqued & ssc(s’)-Th-cz
546, 2008, Fifs  Gives 10, gqurB & aac(5’)-Ib-cz
547, 2008, FiR,  Give 11, gmF & aacl’)-Th-cz
548, 2008, Fi8,  Gives 10, qurB & aac(s’)-Tb-cz
549, 2008, FiR,  Give 11, gm¥ & aac(6’)-Th-cz
580, 2008, Fif,  Give 11, gqmeF & aac(s’)-Th-cz
551y 2008, HiE, Gives 11, qued & sac(®’)-Ip-cz
552, 2008, HEiR.  Gives 10, qurf & aac(®’)-Tb-cz
359, 2010, 458, Gives 11, gqm¥ & aac(6’)-Th-cz

1 53 # PMQR [REE# & PFGE
Fig. 1 PFEG profiles of 53 PMQR-positive strains

B AR XEVD 1T IR B PMQR 6 PRSI 245 51 8 7 H0.026%,~11. 34 %65 qnrS K K A0, 57%~
gnrA K Rk 0. 05%0 ~ 2. 77 Ypteo22l sqnrB & &R 10. 29 %pt223] sqnrD K SR ON 1. 81% ~25%%), qac
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(6")-Ib-cr ¥ % H 0. 05%,~37. 1 %70, 0oqzAB Fi
qepA AR NPT TR R . AKTE 316 tR & 53l
PR TR P R A gnrA L qnrS | qnrD 3 ]
qnrB K 13 7. 91 Yo A% F KR 35 {H L5
T 36 [ A H A B KO BE Al K AR R
2020220 qac (6" -Ib-cr Ky 3 15, 19% &5 F Hfih =
A R AR T IR B A R R R A
FUL O RFE D TR B A ogrA (K %
7.91%0) Fl ogxB K (K % 8. 86%0), 53
PMQR BH B A, 98, 11 % 1 Bk 5 B k6 Hy 2 Fag 2
R LA AT 25 35 B, I H LA gnrB 1 aac (67) -Ib-cr
HE DR RS H A i, X 5 oAt PMQR FAE 1 LAt
2y LA O A HGE AN [0 PMQR
L2 KN AR 8~ 17 T i 2 F i 25 1k

53 ¥k PMQR [H M B #k 9 PFGE &0 R 5 4
AU, H b Il A () 1 PR AR A TR 19 0 B I R
b B U A A % T 24 B DR B 24 3R R OR R
[ AH L AR UPE R 100% . A EFRG U T
(i) B [ b, 60 15 9 U0 1) BT 78 Ak b AT R 2 —
R S RE T TEAS [F] BR 45 25 W15 3 Rk % 15 ) R AT
PRSI 2R 5 BB R A A ] B[R] 0 b A S R I S B
JEY B R) A0 23 (8] 1 S B v D o

4 & it

ARRKEI Y 316 HREr o s Wb 1] B i 2 %8
N L % E i 2 B 3k 5 gnr B Rl aac (67) -Tb-cr
FERTE AR TP A R 8, B IRE Y oge AB B
PMQR [H%: 7 3 DL 2 1 24 56 A ) isf o 3ok 32, 52
Z H I 25 %A PEGE 43 87 75 » AS [A] I [8] L A []
RN [E Sl W 05 43 5 0 Tk 24 T R A 7E TR — e B AR Y
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