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Drug resistance of Salmonella Typhimurium isolated from
animals in Xinjiang, 2015—2017
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Abstract In order to investigate the drug resistance of Salmonella typhimurium isolates of animal origin and provide the
support data for the prevention of multidrug resistant pathogens, the prevalence of S. typhimurium isolates,
antimicrobial resistance profiles and relevant resistance genes were characterized in Xinjiang, from 2015 to 2017.
Selective medium and specific PCR were used to isolate S. typhimurium strains. Minimum inhibitory concentrations
(MICs) of ciprofloxacin and other 12 antimicrobial agents were determined by Agar dilution method according to CLSI
recommendation. Several PCR sets were designated to detect different resistance genes in these isolates. A total of
162 S. typhimurium strains were obtained from different animals, and the isolation rate from high to low was pet (dog
and cat), pig, sheep, cattle and chicken. The MIC tests showed that resistance rates of ciprofloxacin, ampicillin,
tetracycline and florfenicol were more than 80. 0% , while no resistant to amikacin and fosfomycin were observed.
Among the 162 strains of S. typhimurium isolates, 159(98.1%) strains exhibited multi-resistance. The most common
resistance profile was CIP-AMP-TET-FFC-SMZ for S. typhimurium strains from detected animals. The detection rate of
resistance genes of S. typhimurium was between 6.8% and 97.4% , blasw s gnrD, rmtB and mcr-1 genes were not
detected. In conclusion, the prevalence of S. typhimurium in different animals in Xinjiang is very high, and the

phenomenon of drug resistance is serious. There are many multi-drug resistant strains and higher carrying rate of drug

Wk B . 2020-07-03

HEETH. ERARBFES-HIXZE4TH (31860714) , [FH K & S HF & 4] (2017YFE0114400)
—E#H . FFEB PS4, E-mail: 18935881007@163. com

WIREH . BRT #%, TENF S EHH S 5 2A 0 5E  E-mail : xIn750530@163. com



5% 2 3

PRI, 20152017 AR b W IR SR 00 ZE VD ] B T 24 1 A 89

resistance gene. Some stains of different animal origin have the same resistance phenotype and drug resistance

genotype. The management system of antibiotic use in animal husbandry should be strengthened to control the

development trend of drug resistance of S. typhimurium.
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B AR L K 2= B ) R 2 A B 2 B SE IR & 2015
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B 99 HRAG IRV T B 62 ¥k ;2016 4E 15 & H X 54 R
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LRV I 17 K5 2017 4F A7 ] 1 Ml X R 5 4% U8
I 81 #k. LA AR SRS T 510 fy, A

YE RS R ZEV TR T
1.2 EBFERKF

Sk BE L 28 4% B8 B MK (Rappaport-Vassiliadis
Medium, MM) , MH (Mueller-Hinton) ¥ 38 %, SS
T YD T (A 5 SR 5L 3 W [ R R A E R A TR
ASFEACED s Hm A 50 X TE 28 b W B 4B T A9
TAR R B A R 7l 52 000 DNA Maker 15 H
RARAACFHE D AR W) s BseFS1 gl H NEB
/T 32X Tag PCR Master Mix . 55t 8 B FiAZ i e b}
B 3 R AR R A W (b0 .
1.3 DITENE S RERK G &

XA L6 w58 i VP ) 0 B R A B K R 1S
B W ARIE— 2l i PCR ¥ B8 T #84F inoA It
DU v TR AT 52 95 O AT BOR 09 W 4 . ik
HREPTTE RE VE T 1 mL MH RS, 37 C
200 rpm IR EEFE, WL 200 L B 1 3000 g B0
1 min 3 35 0 500 pulb 1 X TE 2% wh iR & &,
13 000 g #.0> 1 min 3% B3 5 7 200 pLL 1 X TE ZZ s
WE &, WK & 2 min, K 2 min; 13 000 g #5.0
5 min, L 50~60 pL. FiE B DNA #itk, —20 Cf{
e .
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1.5 ZHEde

SR FH 5 I PR 52 56 28 b 1B AL 25 B & (CLSD & A
1) M100-S26 HLisk 2 Yy Bt v 245 W S0 1k ik 3 1 P AT
PRy a2 FHBRR AR BT 04T 12 PP TE 259 fe /N
T #¢ & (minimal inhibitory concentrations, MICs) [l
JE IR CLSI2017 RMUERAT b EH 2 45 23R . K25 )
AL WG PR 5 AT 24540 LA BB o 45 BE ST R 2590 - R
bR (CIP) BTk B (AMK) R K% R (GEN) V&
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Kimd (IPMD U R (TED) VK JE % (FFCO) 2 A
2 (CL) (B e 57 %k (SM2) M 85 £ (FOS)
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Table Primer sequences information used in the study
BAWEE/C Bk
3 K] CIEEA S JF31(57-3") e
i ) Annealing bp
Gene Primer name Primer sequences (57-37)
temperature Size
spyF TTGTTCACTTTTTACCCCTGAA
spy 60 401
spyR CCCTGACAGCCGTTAGATATT
blargm-F TCGCCGCATACACTATTCTCAGAATGA
blaTEM 50 445
blarevm-R ACGCTCACCGGCTCCAGATTT
blacwy» -F ACAGCCTCTTTCTCCACATT
blacmy 2 55 545
blacwy 2 -R ATTGCCTCTTCGTAACTCATT
blasyy -F ATGCGTTATATTCGCCTGTG
blasyy 55 747
blasyy -R TGCTTTGTTATTCGGGCCAA
qurD-F CGAGATCAATTTACGGGGAATA
qnrD 55 468
qnrD-R AACAAGCTGAAGCGCCTG
qurS-F ACGACATTCGTCAACTGCAA
qnrS 65 512
qnrS-R TAAATTGGCACCCTGTAGGC
0qxB-F TTCTCCCCCGGCGGGAAGTAC
oqxB 51 619
0qxB-R CTCGGCCATTTTGGCGCGTA
oqxrA-F CTCGGCGCGATGATGCT
oqxA 57 393
0qxrA-R CCACTCTTCACGGGAGACGA
aac(6")-Ib-F TTGCGATGCTCTATGAGTGGCTA
aac(6')-1b 55 482
aac(6")-1b-R CTCGAATGCCTGGCGTGTTT
tetA-F GCTACATCCTGCTTGCCTTC
tetA 55 210
tetA-R CATAGATCGCCGTGAAGAGG
tetB-F TTGGTTAGGGGCAAGTTTTG
tetB 55 659
tetB-R GTAATGGGCCAATAACACCG
rmtB-F TTTCTGCGGGCGATGTAA
rmtB 58 612
rmtB-R AGTTCTGTTCCGATGGTCTTT
aadA2-F CGGTGACCATCGAAATTTCG
aadA2 54 250
aadA2-R CTATAGCGCGGAGCGTCTCGC
ant(3")-1a-F GTGGATGGCGGCCTGAAGCC
ant(3")-Ia 58 526
ant(3")-Ia-R ATTGCCCAGTCGGCAGCG
folR-F CTTTGTCGCTTTCCGTCTACTT
floR 60 125
folR-R AACTGAAAAGGCCGTAGATGAC
sull-F CTTCGATGAGAGCCGGCGGC
sull 60 433
sull-R GCAAGGCGGAAACCCGCGCC
mcr-1-F AGTCCGTTTGTTCTTGTGGC
mer-1 58 320
mcr-1-R AGATCCTTGGTCTCGGCTTG
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Xof I3 5 M Y AT FE VD T TR EAT - P T i g Ak
(blaren~ blacyy: M blasny ) T ¥ B it 24
(Plasmid mediated fluoroquinolone resistant, PMQR)
KN (gnrD. qnrS.oqzA . oqxB Fl aac (6")-16) ., U
RE I 25 3L X (ret A e B) 8 LM 1 25 it 24 3
B GrmtB.aad A2 Tl ant (3"7)-Ta) | P Jie B 2 fiif 24
R CfLoR) ik iz 2 T 24 i X Csaad 1) 0 22 Ik 28 T 24 ik
H Guer- 1) W RS o ) Bse F5 1 R AT /S U) C K
H aac(6')-1b FLH () PCR 7=, WRAFTE-cr %
A aacC6)-1b FEH PR &5 Bse F5T g B4 BR ) 1 7
HABER I,

2 HRE5SMH

2.1 AEHMBERGEDITENSBELETE

510  ANE S IR VD TTH . 28 PCR 336K spy
R3] 162 tk B FEW T . 40 B 31, 8%,
1R spy 2P PCR K25 5. R[] sh 4 8
AT FE VD TT B8 A 40 B R AN R 2015 4F 156 K 5% Ui
FEVLTTHE MY 20 B R N 100. 0% (39/39) 52016 4F AL
Hby DX UL A 5 R 5 B TE U 1T TR Y A3 B AR IR
0% (0/38).1.0% (1/99)F 1.6%(1/62);2016

A M DR R AR R X U R 2 U B A FE VD T TR Y
OB R N 40, 7% (11/27).48. 4% (30/62)
10. 6% (9/85) F1 47. 1% (8/17) ;2017 441 1] T 4%
TR 0 JEV T 1Y 43 B % R 77, 8% (63/81)
(£ 2),

bp M+ - 123456 789

2 000

1 000
750
750

250
150

1~9. KB H R s M. DNA Markers + « FH 1 X 18 5 — - B % IR
1—9: Test strains, M: DNA Marker, + . Positive control,
—: Negative control
E1 #SaRGEDITE spy BEEKN
Fig. 1 PCR identification of spy gene in some

S. typhimurium

Xt o B AR R 7 K b AT G i A e L 2
RS EY IR B R R E & T AL s PR (P <<
0.05), FIWAMBI B R R g =27 (P>
0.05), X R 73 B R I flk (5K 2)
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Table 2 Isolation of S. typhimurium of animal origin

U TTE 2 B3/ 00 (O3 B B0/ RAEHO

ERESUIRE A E YO0

KR . .
Salmonella isolation rate S. typhimurium
Source
(Number of isolates/samples) isolation rate
FEPIR (K D Pet 39.0(39/100) 100. 0(39/39)a
PR Sheep 8.5(17/200) 47.1(8/17D)b
IR Pig 24.3(146/600) 50. 7(74/146)b
4P Cattle 53.7(161/300) 19.3(31/161)c
X ¥ Chicken 24.5(147/600) 6.8(10/147)d
BT Total 28.3(510/1 800) 31.8(162/510)

AR F R R R 22 57 03 (P<<0. 05) s IR F R R R EF AW E (P>0.05),

Note: Different letters indicate significant differences (P <Z 0. 05); The same letters indicate

insignificant differences (P=>0.05).

2.2 HYERGEDNEMHRSEMHFR
I TR) By R A U 1) T A 0 14 T 1 24 )
2 IR TS 24 0 e RS R (3R 3D, T 2 R A i 2 IR

MR N TR D 3 IR AR IR A IR . AR 3h )
PR 5 JE€ U0 1) 1 XTS5 A M RY TR 25 R 20K
100. 026, X RV B VER TUAK L 0 PR 3R ARAR JE
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(V1S 25 38 i 80. 005 Horb, LU M U R 15 FE v 1]
TR 24 3% A o X BRI B9 12 RhHT i 259 b iy 9 A
YU 25T 25 . 3 DR 0T FE U0 1T B0 e 7 o e o
25y 25 AR S W IR SR TE VD T T RS 0 Herp 5 R
T 25Tt 245 5 A5 Wy U5 B A0 FE U 1T R 0T Sk 7 AL IR

J¥ig S5 P ARG Y 1 RR IO 24 BRI L X 22 MG T SR AGL Y 2 BT
LT BR  FAY S W DR B3 FE VD 17D TR 24 % Sk A it A L
J¥ig S5 P R 22 K T 3R o URK, TG 24 T AR s BR A
TR BT FE D TR POR B A 3 R I 25 R Bk A,
SR BN SR AT FE YD ] B X PR B 2R T 24 B B A

K3 FYERGEDIIEX 2 MREGMHTHE

Table 3 Resistance rate of S. typhimurium from animals to 12 antimicrobial agents %
25 T W) R CR A E S| il 45 LA
Drugs Pet Sheep Pig Cattle Chicken
WNVE CIP 100.0(39/39) 87.5(7/8) 94.6(70/74) 96.8(30/31) 80.0(8/10)
Bl >k 2 AMK 0 0 0 0 0
K K% #E GEN 0 0 4.1(3/74) 0 0
AR TIHR AMP 100. 0€39/39) 100. 0(8/8) 94.6(70/74) 93.5(29/31) 80.0(8/10)
Sk fawgnk CEF 2.6(1/39) 0 21.6C16/74) 0 0
A #4 CRO 2.6(1/39) 0 0 0 0
W R B R IPM 2.6(1/39) 0 0 0 0
¥ ZE TET 100.0(39/39) 100.0(8/8) 98.6(73/74) 96. 8(30/31) 80.0(8/10)
FAREF FFC 94.9(37/39) 100. 0(8/8) 97.3(72/74) 96.8(30/31) 80.0(8/10)
ZAEE CL 5.1(2/39) 0 0 0 0
itk Jiie S5 e wlk SMZ 100.0(39/39) 100. 0(8/8) 100. 0(74/74) 100. 0(31/31) 100.0(10/10)
HEE FOS 0 0 0 0 0

TE < 455 N BT 3R 0 24 T BR K/ T R A K

Note: Numbers in brackets indicate number of resistant trains/total numbers of strains.

162 Pkl il R FE V0 1T 08 2 J i 25 4 0~ 9 T
Ao, 3 it K 3 it A b B RR 798, 1% (159/162)
AN TE] Sl W i B FE YD 1T R 22 T 25 DL S T o
CREPIIE 5 it 5 94. 8% A UR 5 it i 93. 6% VR 5
fif 7 87. 4% XS YE 5 W 5 80. 0% FE IR 5 M
TL5%)(F4),

162 BESh P I8 B4 2E V0 1T B 2L AT 12 Ah i 245 1%
Y AN TR Bl 5 B FE VD 1) TR IS 24 1% B B LA 5 T i
% CIP-AMP-TET-FFC-SMZ » ¥, H & ¥ #
(94, 8 %) A YR (93. 6 %) FIE YR (87, 5%0) [ 5 Tiid 3
I RRBOKR 85. 0% LA b 5 LASE IR B0 € 00 1) B it 2
TR 2 g 7 R AL, R IR R FE VD 1) R AR
VR B FE VD TT R4 3 il 24 3% AL, 17 = 5 R X I
RAOGFEV T T & 2 Fhiff 2535 80 (3R 5) .

2.3 FMBERGEDTEMAEFRN
AN TR Sl 0y U BRA FE VD 1] TR JA A 1 B- A T i g

PRI | U 2% e DAL Y 288 ik DA g P e 288 Ak IR D
il file 24 BE DR B U T LA 5 BN I i g B A
blacwy» (93. 200 2 F A Fo 42 3l Wy 05 B LA 35
blarew FEH N 3 blaren 2 PR HH AR TE 60, 020 L L5
AN TR) By 5 B A S V0 1) TR U B0 3R T 245 35 R 34 DL 4
tet B IEA g 3, K 1 6 3k 80, 024 LA b AXTE 4 IR
FRAGFEVD T PR Y ret A (5. 4%0) 3K A TH 3h 9
TR FEVS T PMQR W T LI ogx A ogxB
Flaac(6")-Ib-cr JEP g K th A3k 50, 090 1 L
H aac(6)-1b I AE-cr 5878 UAE T W IR B
Kt gnrS97. 4V FE . Ak AR Bl P TR B A7 €
UO TR LB 1 e S 25 6 I LAE A aad A2 I ant
(3" -Ta JF K HHRIE 60. 090 LA _E X B e s 2% i
i floR FRS R 2 25 JL X sad] 1 AG H R 7E
50. 0% LA b s AN[R] Sl #9540 FE€ 00 1) 1T 28 R A T 2
AR 25 ZE ] mer-1 (3R 6),
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Table 4 Multidrug resistance rate of Salmonella Typhimurium isolated from animals %

H U5 1 i 2 4 T 5 T

Source 1-resistance 2-resistance 3-resistance 4-resistance 5-resistance
TP CR D Pet 0 0 2.6(1/39) 94.8(37/39)
£ Sheep 0 0 12.5(1/8) 87.5(7/8)
4-7F Cattle 0 0 6.4(2/31) 0 93.6(29/31)
IR Pig 1.4C1/74) 0 2.7(2/74) 2 71.5(53/74)
P& Chicken 20.0(2/10) 0 0 0
Bl Total 1.9(3/162) 0 2.5(4/162) 2.5(4/162) 77.8(126/162)

B3 6 i 7 Tiif 9 T

Source 6-resistance 7-resistance 8-resistance 9-resistance

TR CR ) Pet
“EJF Sheep

LEE Cattle

IR Pig

¥ Chicken

B Total

0

0
21.6(16/74)

0
9.9(16/162)

0

o o o o O O

80.0(8/10)
4.9(8/162)

0
0
0
0

0.5(1/162)
1.2(2/162)

T < A5 N BT 3R 22 F T 25 BR R/ BRRR BB 1 T 0 A I 4 ) SHG v — o T 2 W 24 5 2 TSR A B AG D B B 2 BT
B2 [ I 245 3 W 2 9 LR

Note: Numbers in brackets indicate number of multi-drug resistant trains/total number of strains; 1 resistance means that

resistance to one of the antibiotics tested; 2 resistance refers to the simultaneous resistance of two antibiotics tested;

3 resistance to 9 resistance and so on.

RS HWRRGEDIIE LR

Table 5 Drug resistance spectrum of S. Typhimurium isolated from animals

, . TR B/t % H i 2}
W O ifit 24 3% 7 . HBHE/%
Number of Multidrug
Animal origin Drug resistance spectrum ) Percentage
bacteria resistance
- . CIP-AMP-TET-SMZ 1 4 i 2.6
yA7 NN
P CIP-AMP-TET-FFC-SMZ 37 5 T 94. 8
t
¢ CIP-AMP-CEF-CRO-IPM-TET-FFC-CL-SMZ 1 9 Tt 2.6
AMP-TET-FFC-SMZ 1 4 Tt 12.5
ZEJR Sheep CIP-AMP-TET-FFC-SMZ 7 5 T 87.5
TET-FFC-SMZ 1 3 Tt 3.2
CIP-TET-SMZ 1 3 Tt 3.2
CIP-AMP-TET-FFC-SMZ 29 5 T 93.6
45 Cattle SMZ 1 Tt 1.4
TET-FFC-SMZ 2 3 Tt 2.7
CIP-TET-FFC-SMZ 1 4 i 1.4
CIP-AMP-TET-SMZ 1 4 it 1.4
. ) CIP-AMP-TET-FFC-SMZ 53 5 T 71.5
¥R Pig
CIP-GEN-AMP-TET-FFC-SMZ 2 6 Tit 2.7
CIP-AMP-CEF-TET-FFC-SMZ 14 6 T 18.9
SMZ 2 1 it 20.0
¥ Chicken
CIP-AMP-TET-FFC-SMZ 8 5 it 80.0
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oW FFERBE AR, 2015—2017 453 50 sh W U5 BRUA% FE 70 1) T I 24 v 4 b 95
. . (LRI Naaa s
4 = g

W AN F LR A b B
i B TR 2 —  BRAE A SR T AR AT A A R R
4 EEREBMEE NGB Z 00, 5
i A e faE . ROEDITEZER
VEAPEVD 1) B B9 O 35t i A, ) P g T g AR
REEWAME . ARBIE 45 R BRI Y
VR E P FE VD 1T A I B AR 43 25 2R R 31, 800, Hor, LA
TR A FE VDT BRI 4 B R B e 38 100,096, 3
TR VR IR R A0 JE V0 1T A 43 B8 R ik 31 47, 000 LA
Fo AW AN [R] B My U5 4y s B A JE VDT
W U BT ZE VD TR A AR b )12 5 R
PR 7 it R i 25 B0 FE VD T B8 U 3 A7 TE 12 0 42
SRR, AN T2 R EW T E T AR s Y 2
Vi) 308 o £ P L 3 R 5 ) O 0 e AT AR
R PR B s e T A 2 4, N S TR 25 B FE VD TR Y
W
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