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B E ATHIBLEAFTEYRIMTRAMSARGAREFTHEL. T2 BG39KEDRIITRALA
IR A R AT 40K PCR kit 47 PMQR B F . 3- M Bt rci A B  AABF L AR WX EZ LA B Bk
EARASHRELALN, ZREAV. LERFTEHBRVITRASIHRA Y ZRTEGRG G 2EFHFHK 97.4%
(38/3D) 2 #HF RV E BREYEZ AFTBR . FAREE WHRERARLF 9ot 25 F35 53K 1002%6(39/39) , 3 3k Fork
Sk EEFEE MAFEFRRRE T L00WH R B B4 8 &t h 2,30 £ & w253 2 % CIP-NOF-ENR-AML-
AMP-KANA-TE-FFC; £ &4t 69 B- 1 BE B 86 5 B A blarem # blaoxa s £ %4 $ #9 PMQR B F & qnrS.ogzA,
oqxB F2 aac(6')-Ib-cr; T 2 B AABF E LA RH aadA2 Foant (3 -la; T B B WHREELEAA tetB; £
Tr h B BE R A B A floR, @t 25 3 B/ v blarem + blaoxa + gnrS + ogx A+ oqx B+ aac (6') -1b-cr + aad A2 +
ant(3")-la+tetB+ floR % B (R A2, BRIGKREFEDERBEEET S AARLHHEHNZARNGE, 54 A
LR B AK TR TR F L,

KR K DITRE; i, /HEAR; Al
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Detection of drug resistance and resistant genes of
Salmonella from pets in Urumqi, Xinjiang

LIN Yajun, GUO Fei, XIA Lining” , YAO Xiaohui
(College of Veterinary Medicine, Xinjiang Agricultural University, Urumgi 830052, China)

Abstract In order to investigate the resistance to antibacterial drugs and the drug-resistant genes of Salmonella
isolates from pets in Uruma;i, Xinjiang. Thirty-nine Salmonella isolates’ antimicrobial susceptibility were tested by agar
dilution method. PCR method was used to detect the resistance genes of PMQR, -lactamase. aminoglycoside.
tetracycline,amide alcohol and peptide. The results showed that: The isolates were 97. 4% (38/39) resistant to
ciprofloxacin and amoxicilliny The isolates were 100% resistant to norfloxacin, enrofloxacin, ampicillin, kanamycin,
tetracycline and florfenicol; The isolates were 100% sensitive to ceftiofur,apramycin,amikacin and gentamicin. The main
resistance profile was CIP-NOF-ENR-AML-AMP-KANA-TE-FFC. The blarew and blaoxa Were the mainly detected genes of
beta lactamases. The gnrS, 0gxA , 0gxB and aac(6")-Ib-cr were the mainly detected factors of PMQR. The aadA2 and
ant(3”)-la were the mainly detected genes of aminoglycoside. The tetB and floR were mainly detected genes of
tetracycline and amide alcohol. The coexistence of multiple genes was blarew + blaoxa + gnrS + ogxA + ogxB +
aac(6')-Ib-cr + aadA2 + ant (3")-la + tetB + floR. Therefore, to avoid no drug available for treatment human illness
situation occurs in future, animal specific sensitive medicines should be used to in pets not drugs for human, especially
not new drugs.
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TR B (Salmonella) J2& 3 B 3l ¥y U5 14 40 b6 1%
LR o 22— T R S R R e
T ) IR VD 1) DA 114 3 B I Sy UL I S A 4% Ik
YL 1 4 K P TR K I R s FE TS . AR
K W GIEMNEDTTIRE B H G2,
IO e BEE LS . LR 2RI T IR R
WY BRI R WV ) IC O X B B P Ak
AR ARNDE B E UAR . FHEER.
AHERX T HER KRKRER . FIBERFNES
Vo= e 2, 5o sl W IR v 1 IR Y i 24 R 8 4R T
o WITIRKE I Z Eif 2532 M 20 fh4d 90
AR 2000 ~30 0 B M B T A 2R 70 %6
WA e T TR 2 L B- PN T i 2 L SR S L 2 Ik Sk
SRR 24 W) 00 RH DG T 2 Ak R AR TR T TG TP B A
W R D T B B I TR 24 1 Rt 2 5k
MWT AR 2 . (5 B BT R UL X BT 5 T ) IR VD 1] IS
TR TR 245 14 0 AR G T 24 & PRAS: I ) 41 T8 L A BF 5 40
Xof g W) 2 A vy B A Vb 1) IR AT I K O BT
25 W) 1Y) 245 W AR e a6 B R G T 24 Bk PR B A
B TE O A 11X T ) R AN TE TR 2 1 XURS: B A L AR S
e DK 2 BT 245 L 8 20 Tiof 245 T ik D ) 1) A% 3k 1Y)
WU S22

1 #MHE5RFIE

1.1 R
1.1.1 #&%

2015 4F 3 H 768 45 58 K ST 24 T W s B
PEATRE R AE K B AT TR R (77 5D
(4 FO B 258 34k 81 s
1.1.2 BsAERE

K ¥ s o o R 45 T (AT CC25922) 1 [ #t M
KA A Y50 BR A 7] s Mueller-Hinton (MH) £%
Fi ke AR EE AL A SR 3 TR W (MIMD) | 22 BE LIS 5 3
SS BE VP TTIRH o B R B 1 db ot WA R A
ARG RRA A .

1.1.3 #&

WEEER S RN Y R IR R BT A
BV Tk i 25 « o] 5 1 b Sk b 1 I A T AR
BBEHI . R EHHER KRR RKEZM R
HR., WARE AR MR B %,
ZRKK . ZFW R, LR bR e 0 E
B 2 W R T

—"%“ [5-8]

1.2 F#HiE
L2.1 JNKRASBEZTG *

KRR TEY ZMEHANE 1 mL KEEFRAG
1) 2 mL EP 47,37 CHER ISR 12 h, A3 MR8
FEMRAE SS Hi g dk B A2k .37 "CHEIR T #% 18~24 h
J5i +SS B FR ke AR B A v ) 6 1 T 4 1
7% PRI 7% L 8 R 2 T Ub 1) IR 6 8 97 A
F,37 CHEIRBE SR 18~24 h, Vb1 G B (1 5 4
AR R AL AT VR )AL S YD T IR TA . PRI
W T R AF A T

PCR %28 AR invA FEH P 51K 58 V1T 1K
W88 H i BER/N g 284 bpttY L B3HS 1 R
K. bE W5l YW invAF. 5-TCATCGCACCGT-
CAAAGGAACC-3", F it 51 ¥ invAR: 5
GTGAAATTATCGCCACGTTCGGGCAA-3",
A TR DA RA A G M. PCR §7 1 5
K% 25.0 pl:2 XTaq PCR Master Mix 12. 5 pL,
dd H,O 9.5 pL, B TFHESI# & 1.0 pl, Btk
1.0 pl, BAFBHCN 95 CHUENE 5 min; 95 C Ak
30 5,58.5 CiB Kk 30 5,72 CHE 1 min, 34 IF
W) 72 “CHEMH 5 min, PCR F=#iE4T 1. 0% B
R W R J P K A
1.2.2 TR A SRR L H R T &

2 3% [ I R 55 50 = b #E 28 51 4 (Clinical and
Laboratory Standards Institute, CLSD) #fi 7# 0% B jig
i B AT X 43 B WU T IR B R AT 12 Fhilii PR 5
PLHE 25 Y W B /DN W M E (Minimal inhibitory
concentration, MIC) B I % . #r 1 5 45 7 bk K
Byl ATCC25922 ., 3 W 45 21 0 5] LU A A
Mif 25 3 FiE 2 s 45 R,

1.2.3 DNA #iia ) 4

Flse P T IR R 427 T LB F- 4,37 C
iR 18~24 h, M 1~2 =R R & M A 150 pL
KA 2l K b, s e IR A), 100 °C A P 10 min,
12 000 r/min B.0> 10 min, B FIEH . —20 CHEFE.
1.2.4 wHERESREFI 5 A

WA 275 SCHRL13-23 123 30 45 iy 1% PMQR
F CqnrA ., qnrB. qnrC, qnrD . qnrS. oqx A, oqxB Hl
aac (6")-16) , B~V Bk Wi W 3% B Cblarew « blacrsa
blasiy blayapy ~blagpe blaoxa 1 blacwys ) « 2 I bl H
KEH (armA . rmtB.aadA2 1 ant (37 -Ia) . PU 2
RIEN (tet A HI tetB) I M B S LN ( fLoR) A1 22 Ik
B Gner DB (GR D IERE FRFE K 535 3547 PCR
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B, 518 H Bl TRERGAERARA G, W aac(6) 16 JEFE MY PCR 7= ¥)ifk— L H] BstFo1
PR 100 IR B K S BRI R R BT A o AR SRARAE W aac(67) -Th B E R
SLAARRS AT K H R BT IR OR 6 B AEY) T BseFSTE 04 U0 0 0 38 5k 558 168 FR Kk BT 1) 2%t 1 400 B
PG4T R A w0 P o AT LS B SR . XK AT aac(67) 1o SRS AEAE-cr 25

%®1 PCR3|#FE7F

Table 1 Primers used in PCR reactions

B BEE/C

H Y e [ BiEY| 5 (5'—>3") A 2% 30k
Target gene Primer Sequence (5'—>3") Annealing Reference
temperature
qnrA-F TCAGCAAGAGGATTTCTCA 48.0 [13]
i qnrA-R GGCAGCACTATTACTCCCA
qnrB-F GATCGTGAAAGCCAGAAAGG 53.0 [14]
anrh qnrB-R ACGATGCCTGGTAGTTGTCC
. qnrC-F GGGTTGTACATTTATTGAATC 50. 0 [15]
e qnrGC-R TCCACTTTACGAGGTTCT
qnrD-F CGAGATCAATTTACGGGGAATA 55.0 [13]
b gnrD-R AACAAGCTGAAGCGCCTG
. qurS-F ACGACATTCGTCAACTGCAA 55.0 [14]
s qnrS-R TAAATTGGCACCCTGTAGGC
0qxA-F CTCGGCGCGATGATGCT 57.0 [16]
oA 0qxA-R CCACTCTTCACGGGAGACGA
oqxB-F TTCTCCCCCGGCGGGAAGTAC 64.0 [16]
ool 0qxB-R CTCGGCCATTTTGGCGCGTA
, aac(6")-1b-F TTGCGATGCTCTATGAGTGGCTA 55.0 [14]
aac(6°)-1b
aac(6")-1b-R CTCGAATGCCTGGCGTGTTT
blarem-F TCGCCGCATACACTATTCTCAGAATGA 50. 0 [17]
i blarem-R ACGCTCACCGGCTCCAGATTT
blacrxv-F ATGTGCAGYACCAGTAARGTKATGGC 57.0 [17]
lac blacrsm R TGGGTRAARTARGTSACCAGAAYCAGCGG
blacwy»-F ACAGCCTCTTTCTCCACATT 57.0 [18]
e blacwy>-R ATTGCCTCTTCGTAACTCATT
blaoxa-F ACACAATACATATCAACTTCGC 58.0 [19]
o blaoxa -R AGTGTGTTTAGAATGGTGATC
blagpe -F CGAACCATTCGCTAAACTCG 55.0 [18]
Pl blaxpc -R CTCGCTGTACTTGTCATCCTTG
y blaiap, -F CAATACAAAGCACAGAAGACC 55.0 [18]
A1AP-1

blajap1 -R CCGATCCCTGCAATATGCTC
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15
o KRB/ C
i 3 14 519 3 (5'->3") - S 30k
) . Annealing
Target gene Primer Sequence (5 —3") Reference
temperature
blaspy -F ATGCGTTATATTCGCCTGTG 57.0 [18]
blaspyv
blasyv -R TGCTTTGTTATTCGGGCCAA
armA-F GGGTCTTACTATTCTGCCTAT 50. 0 [18]
armA
armA-S ATTCCCTTCTCCTTTCCAG
rmtB-F TTTCTGCGGGCGATGTAA 57.0 [18]
rmtB
rmtB-S AGTTCTGTTCCGATGGTCTTT
aadA2-F CGGTGACCATCGAAATTTCG 54.0 [20]
aadA2
aadA2-R CTATAGCGCGGAGCGTCTCGC
, ant(3")-Ia-F GTGGATGGCGGCCTGAAGCC 58. 0 [21]
ant(37)-Ia
ant(3")-Ia-R ATTGCCCAGTCGGCAGCG
B tetA-F GCTACATCCTGCTTGCCTTC 55. 0 [21]
tet
tetA-R CATAGATCGCCGTGAAGAGG
u tetB-F TTGGTTAGGGGCAAGTTTTG 55. 0 [21]
tet
tetB-R GTAATGGGCCAATAACACCG
JoR folR-F CTTTGTCGCTTTCCGTCTACTT 60. 0 [22]
0
folR-R AACTGAAAAGGCCGTAGATGAC
) mer-1-F CGGTCAGTCCGTTTGTTC 52.5 [23]
mer-
mer-1-R CTTGGTCGGTCTGTAGGG
JH PCR J5iE #4758 06 H 40 B 39 R CR 37 Bk A
2 HRE5SM

2 HOVT TR B RV TTEC T 20 B % 48. 120 (37/77) 5
2.1 BYEPITRESELELER WV T TR 4 B % 50. 0% (2/4) . #B4r bk PCR
XPoRAEIR) 81 i kE S AT V0 17 BB 19 43 15 B R WELERILA 1,

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 - + M
1200
700
300

L I 3 2
100

1~18, i B0 T Ak - BT XT BE s + L B4 IR s ML, DNA Marker
1— 18, tested strains;-,negative control; + , positive control; M,DNA Marker

1 18 N E# invA EEH PCR & & R

Fig. 1 PCR identification results of invA gene in 18 tested strains
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2.2 EBYEDITKEMARBR

TPV 1T G B X A 1 K 2 B2 W 1 i
24 1% 0 ™ T, Hrp % 2R T VD 5L ORI BT B MK A T 24
Rk 97. 4% (38/39) X i WP & L BIE Y

BLVEARTEAR R F L UK R R F R JE A it
I E Ik 100% (39/39) (3 2), i % 3k fd ms
WHEHER MK RE RKKEZMZHEER
100 %6 % .

F2 EWEDITREXN QAW TS EER

Table 2 Resistance rate of Salmonella from pets to antimicrobial agents %

25 HUBR LEPIES ifif 24 2%

Drug Sensitive rate Mediation rate Resistance rate
WE VR CIP 2.6 0 97.4
R B2 NOF 0 0 100. 0
B 2 ENR 0 0 100. 0
BiT 25 76 Ak AML 2.6 0 97. 4
3k fumwgnk CEF 100.0 0 0
AR AMP 0 0 100. 0
@ E APR 100. 0 0 0
Bk -R 2 AMK 100.0 0 0
Rk ZE GEN 100. 0 0 0
B % KANA 0 0 100.0
IR % TE 0 0 100.0
FARJEE FFC 0 0 100. 0
Z 5% CL 100. 0 0 0

2.3 EMESITRESHMEHER

TEYVRID 1] QTR B A 245 ) A7 A )™ 2 1) 22 24 T
AIL. Z T 25 LA 8 Wi S 32, O 97. 404 (38/39)
Hoi 24 3% 8 h CIP-NOF-ENR-AML-AMP-KANA-
TE-FFC; JyJe: 6 M, b 2.6 % (1/39) , Heifif 24 33 40
& NOF-ENR-AMP-KANA-TE-FFC,
2.4 BEYMEDSITREMAERKQNLER

T WD 1] TG TR X B A i 24 s AT A 485 A AR A
5 (R 3) o blarew F blaoxa BN T i g 3% B9 K 1
RN 97. 4% s5aac(6')-1b ) PCR 7= ¥ H BstF5
| W oF 47 B DD, 45 R 4 W AF AE-or 2 5, qnrS,
oqzA.oqxB Fl aac(6")-Ib-cr PMQR F F 14 ¥
BN 97. 4% saadA2 F1 ane(37) -Ta 58 3 W15 2%
SRR SR AR R T4 A% R 97, 4% 5 tetB Y
R MK R A 100% 5 floR B e BE 28 3%
Bt R 97.4% , KK blasay s blacyy

blagpc « Dlayppi1 ~ Dlacrsv ~ qurA  qnrB, qnrC . gqnrD |
armA . rmtB . tetA Fl mer-1 FEH . BYIE W TR
T 24 B DR A R v T IR A T 2 R AR
— 3,
2.5 BYMELITREASHHAERRFRR
TEYIRUD 1) IR TR 2 P 24 B PR 2 774 00 ™ o
39 MRID I IR HE AT i 25 BL A . i 3% 4 ), 39 Bk
DT IRB A 5 R 24 B R 3L AE A0, oy 27 Bk
(69. 290 ¥ ') K W [7] B #5 4 blaren + blaoxa +
gnrS~+oqxA+oqxB+aac(6') -1b-cr +aad A2 +ant
(3")-la+tetB+ floR Tif 25 JL K, BT 2 &% S5 A i
25 LR B S AE 28 Y R R AT 39 KR YVD 1T I TA Y S
245 AU 55 HEATT (0T 24 L R R 2R 2 [ AEAE AR OGP . 1
I PG P i 24 Rt 25 28 b i IR AR 2, e vb 1T [
TR 5 01T 1) T 24 B D) 5 A T 7 A T 2 KT 2 3R T i 2
) 2% PIAH G
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Table 3 Detection of resistant genes in Salmonella from pets %

S

0

ERHESES HE UK % FI A i A HE A %

Target gene Positive rate Target gene Positive rate
blarem 97.4 qnrA 0
blasiy 0 qnrB 0
blacay» 0 qnrC 0
blagpe 0 qnrD 0
blayap 0 qnrS 97. 4
blaoxa 97.4 oqxrA 97. 4
blacrsm 0 oqxB 97. 4
armA 0 aac(6")-Ib-cr 97. 4
rmtB 0 tetA 0
aadA2 74.4 tetB 100. 0
ant(3”)-Ia 97. 4 JS1oR 97. 4
mer-1 0

F4 BEYUENTRESHHAEELFER

Table 4 The detection of more resistant genes coexistence in Salmonella {from pets

¥ i 24 A DA A7 2 R AL HrH/ %
No. Coexistence gene type No. of strains Rate
) blarem T blaoxs + gnrS + oqxA + oqxrB + aac (6 "Y-Ib-cr + 27 69. 2
aadA2+ant(3")-Ia~+tetB+ floR
) blarem +blaoxa + gnrS + ogxA + ogx B+ aac (6") -Ib-cr + 9 23.1
ant(3")-Ia +tetB+ floR
; blapxa +qnrS+ ogzA + oqxB+ aac (6")~1b-cr + aad A2 + 1 2.5
’ ant(3")-Ia+tetB+ floR
A blarem T blaoxs T oqrA—+ oqrB—+ aac( 6")-1b-cr + aad A2 + 1 2.5
ant(3")-Ia~+tetB+ floR
5 blarem +qnrS—+tetB 1 2.5

3 Wit 54

R R E w2185
o Ji R 1S 24 1) L B A >4 i A 22 A R L 22
ARG ORI Z —. ALK b 39 tREY
TRV TR X 2 /0 6 B H K6 BT 18 25 W) 42 R it 24 . %)
PR TR b B R BTG bR A i 245 A8 Ak 97, 400, YL
AR BT SRR IR D 1Y U A 24 9 A ep s, X

3.1

PURR 2 (100%0) , ¥ 5 ¥ A& (96, 6%0) . Bl vb &2
(94. 8 %) FBa] 5L J Ak / 78 $7 4 {2 (91. 4 %0) By Tiif 25 %
R G BT BRRE RE AR S R AL TR VD T IR
BT 245 P 8 A b S s, TR Y 1] BB R A T AR
(16.0%) FNPUIR 2 (36. 0 %0) AR 25 R K T A 3L 56
R IR T IR BTN 2545 R . U T IR — 4k
oA R 250, 51 A 245 1 e 4 )@, an 4>
Bk 4 BR Y BT A 2 s i B ) R
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A B 39 MRE YR T IR E £ 24 T
2R Ry L W 2% A T, b Z 225 DL 8 T
Fo RUIFIE LS SRR IV 1 IR i 2515 &l
FEEL 3R] BB I PR LR T I ) HL R Bl
YA, CA BRI TS T IR /Y T 25 15 B0
IR T I AL PR AR R 1 S N5 9% 0 A 3 A
P T fih gk R v TR T 24 PR VD 0T IR AR 3 45 b IR
NHE BT 12 A% B, 3 0™ A 2 3 TR (), gt
WA 5 T8 W = e 45 1 ) i i 2 S A 0 T 245 4, B
e S BEURR G ) s f AE N 25 R i) N BT 2Y
I PR b 1 3% & B T sh i & 259 .

3.2 BYMBELITREMAREREFER

FRAG I B 39 Bk T Wy I U0 1) DR vh 485 i 24 Ak
(B 2 L 3l . blarew s blaoxa  gnrS. ogr A
oqxB.aac( 6" )-1b-cr .ant (3”)-Ia . tetB HI floR
PG 3R B HE 9526 LA 15 i1 aad A2 BE R I A
HALAE 7400 LA b RIS R RV T [CE A 2
Ffrifi 2 56 P EL #8547 o3 i . VI SR o s R v
I PR TR i 24 M R Tt 24 5 PR AG: D0 30 2 b 875 s blaew
(98. 2%) . qnrS (89. 7%) . oqxA (64. 7%) . ogxB
(65.5%0) Fll blaoxa (63. 80) M H R IR T AL 55
S5 WP AR X Sl U v 1) B T it 24 ik ARG ) &4
RWIR terA(83. 300) BAG Y A iy T A IR 4528
M tet BC62. 5%0) A i A% T A1 50 45 2R s Ahmed
HA SEPSXE0 17T IR 1 24 35 ARG DU b 7R aad A2
(63.3%0)F1 floR(73. 3%0) MK t IR T A L 50
S5 oA HE R T RE 2 h T b X DL R B B A T
AN TR Bl I 1) BT it 24 66 PR i) i A5 0 40 A1 1 DL A
FEZE S . IR SR AEDO X PR R VD 1) I T i 24
FEPR R 45 2 18R » blarew ~ aadAl \blay., - sull .
sul2 (tetA. tetB, tetG. strA-B . floR %% £ K )
th s U0 17T TR BT 45 1 TS 24 5 A R BE AR [ 3l )
V5 A ECRT IR A B T R D B S A G S 45
A 245 5 PR A Tk n] O ) B B sh Y e sh )
N 22 ] 42 32 F A5 4%

T IRID ) QR (Y 25 1 7 L 2 2T 25 L8
1 oy o i 24 T PR 35 A 22 b 2 3 TR B P G
fitf PMQR [H 7~ 2 BT 2 | DU PR 3R 25 LA R P Jig st
KNG HER ARG E, BYS NKB LGS
I FE W5 U0 1) 0 T 445 707 14 22 o T 245 66 D] ] ok )
R s e AR AL 1 25 N T A N IR0 1] IR 7
A R KT 2 2 N2 Al B 3t ™ o . A
J5 ARG PR E 3097 2 W /Y 20 T s I 5 B R T BT

[CESE7/RVAS S N DN ESE S PPN EF e
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