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. MRS E X 4 R RS . ) TRTDT TR I PR R R 2 i 2 AR 2 3
RGO, S PRI FREANAE KEEA invd () PCR AN, 4385 . B@ VDT 1R SR BAER BEAAS L XT 11 F
U LR f/ M 5 7E 0 B pR P PCR AT IEAG N 14 Fhif 25369 . 252005k 0T . LB i AR Sh IR0 ]
T 191 Bk, 3B 3 I m BRI R A4 U5(62.0%) . X915(28.3%) . JE1R(9.0%) FI - 1(8.5%) s NI BIHIIRTD T T T 4k
KPR 254 N R AR EE TR 21, XGUR . £ R . AR TR AT 25 SRR EEARIR AR, XGIRVDT TR 255 58,
Z T HTE 0~3 . 5~T MfA7 5345, % PO PR 2R e 5 T 2557 70.0% LA b, U001 T 00K PO AR TR 25 44(88.2%)
i THAMS YR, 2L 7 W(23.5%) 8 3, ARV TR RN T B A2 23(66.1%) i T HAL S IR Y
Z 251 4 T (38.7%) 0, ARISIHIRTNT TR R R | IR IR R U, W25 2Rl AR
SYIEIP T TR R gnrS R mer—1 FEPRIRAG AL, HARPAGTH 25 BRI A R, blacwy o FI tetd BTSRRI
ARG, SR SR T LARIHEN blargw .« blaoxa . tetB . ogxA . 0ogxB . aadA2 . ant(3")-la . aac(6')—Ib—cr .
SloR THEGHER Ry 3=, AR PERVD T TBXS L i 25 B A 3 B, 7 35% LA b, SEPRSREIRUDTTRIRT LA T 24 58 PRI AG:
HRAE 20% 2040, XGURYD TR LA L 24 5 R A AN 5] 10%.
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Detection of drug resistance and drug resistance genes of Salmonella
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Abstract: In order to investigate the resistance of Salmonella in four animals(cattle, chicken, pig and sheep) to the
commonly used antibacterial drugs in clinic in Yanqi, Xinjiang and the status of carrying resistance genes, selective
medium and PCR detection of housekeeping gene inv4 were used to isolate and identify Salmonella. Agar dilution
method was used to detect the minimum inhibitory concentration of 11 antibacterial drugs and PCR method was used to
detect 14 drug-resistant genes in the isolates. The results showed that 191 strains of Sa/monella from different animal
sources were isolated, and the isolation rates from high to low were cattle(62.0%), chicken(28.3%), pig(9.0%) and
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sheep(8.5%). The isolated Salmonella from different animals showed different levels of resistance to the tested

antibacterial drugs. The severity of the drug resistance of chickens, sheep, pigs and cattles decreased in order. The drug

resistance spectrum of Sa/monella from chickens were wide, the multidrug resistance were distributed in 0-3, 5-7, and the

resistance rates to tetracycline and florfenicol were above 70.0%. The resistance rate of Salmonella from sheep to

ampicillin(88.2%) was higher than those of other animal sources, and the main multidrug resistance was 7-resistant

(23.5%). The resistance rate of Salmonella from cattle to ciprofloxacin(66.1%) was higher than those of other animal

sources, and the main multidrug resistance was 4-resistant(38.7%). Salmonella from different animal sources were

sensitive to fosfomycin, imipenem and polymyxin, and the resistance spectrum were diversified. Except gnrS and mcr-1

genes were not detected in Salmonella from different animal sources, the other drug-resistant genes were detected. The

blacyy .o and tetA genes were only detected in Salmonella from pigs, different animal-derived Salmonella mainly carried

blatgy, blaoxa, tetB, ogxA, ogxB, aadA2, ant(3")-1a, aac(6")-Ib-cr and floR drug resistance genes at the same time. The

detection rates of resistance genes were the highest among Salmonella from cattles, above 35%, about 20% among

Salmonella from sheep and pigs and below 10% among Salmonella from chickens.

Keywords: cattle; chicken; pig; sheep; Salmonella; antimicrobials; minimal inhibitory concentrations; drug resistance;

drug resistance gene; Yanqi, Xinjiang
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Wz —, HEEriz, s NEE2Mat:. 12
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S RN RN RN AL 7B o s SwA I AR L W1
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AR EEORIE, T2 VE S B R T4 .
R, BRAF ARG TR VD T T 1) 45 8 I 2570
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I BHEAC I 25hRUE, HORR S0 T T 1)
AT IURFA 2515 HOANTE o BT LA B ), AHF5Y
H, IWHTERS B H AR . SRR SR TRATARIR 4 Fh
SRR ZERE P o BT TR, X AT 21 KA
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2019 4F 10 J , 7E 750 18 HL X 43 B1R 45 (200
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1.1.2 JREHAMRBIERE

KIGRATE ATCC25922 VERMPRfERHER, W
FHUMN KA FIA R AR ; MH . SS 3
JEREFREL . VDI BRI B S YA
AT IXTE il A LA TAYARA
]; DNA Maker DL 2000 I [ FAR A LR (AL D)
A FR/A 7] ; 2xTag PCR Master Mix , 3iUigh . S0xTAE
LR YR B i 2 E R A PR A R
12 A%

1.2.1 BHeIr BT

FERFERFEMTE SS BigR it LRZk, 37 ClaEl
Hig% 18~24 h 5, SS ik HAERKHIES A rhE &
RGBT AT, VISR TR, 1% SS K
FREE PSR I RTE RIZE TP el gRdk, 37 C
TEIREESE 18~24 h )5, VIR AR FAERK IR
LTS, P YE TR . DT TR RS
PSS invd T PCR %58, LK PCR
FEMIR /N A 284 bp, PCR 48 P21y 28 I v vk i 1E
FrgE e, 6% A T A R AT,
255 F BLAST #4758 Fex, [RIJEPE KT 96%
(Y25 SR 2 TR AR R 2 4
1.2.2 #HEiX%

25 f0R 3 e S5 I R SE I bR L &
(CLSDHERER BANE T RIE DA T o XX B T T3
HEAT 11 BT 2459 0% B/ NI B R B2 (MLLC) R 2
B4 AR N K357 T ATCC25922, 25 R4 5
Z: M8 CLSIAnifE, FIBrgs R 3 3 LURS) . (D)
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At 25 (R 3 FIE AR .
1.2.3 @i K A

PEH BN MEREZET 2538 ) blacwmy 2+ blatem.
blaoxa, VUMM ZGIL tetd | tetB, WEEHAM
2iFEH qnrS. ogxA. ogxB. aac(6)-Ib—cr, EIENE
TR 255 aac(6)-1b . aadA2. ant(3")-la, FERE
PR 25 5L A floR, Z2 MRS 25 5L mer—1 3t 6 2%
14 P25 3L ARG S aac(6)—1b FEIH
MEH] BseFS1 BEEATREYT, #AFdE—cr 5878, W
aac(6')-Ib FRAREREVIH], BIAE R aac(6)-1b—
cr FEH DL B 253 5 [ i i A TAEYIAA R
ik

DNA Bt ifil g : Fratifb)5 bl TR T SS
BFRIE 1, 37 CREFE 12 h R PkBATETE T 1XTE Znp
Wb O PCRAUH , BB FR)F 4 95 'CIZ 4T 10 min,
S E Tk, 10 min [FEUE, DNA AR
il % 58 . PCR WA F A 20 uL: i DNA 1 pL
2xTaq Master Mix 10 pL. EJiE5 (4 0.5 uL, Fii#5]
# 0.5 uL, ddH,0 8 uL. B 7 uL PCR ¥ 347=4), 2
IR YR 1% B Uk e, U R T
BEISAGAHEAT UG ST, # IE A 2574 1) PCR 774
mhfiealifl, &% AR TAEYA AT,
255 H BLAST 47 [R5 o
1.2.4 ZdEst 5T

i 2545 5% FH Excel 2019 1 SPSS 17.0 #1714
o, R 25 5.

2 GRS
21 WITENSBEMEEER

BN TTEAE SS WiREE oMM R
AL B v (8] 1o 70 B AT T ] T8 i (i IR 2
EONFIE L RS REHRIE R K (] 2).

i

-

1 WIEE SS HBHE LMEKIKTES

Fig.1 Growth status of Salmonella on SS medium

B2 REREEFE FNERRS
Fig.2 Growth status of Salmonella on chromogenic medium
PCR 14t 5 BHPE AR 7 BeR/IN284 bp)—3
R/ B, H AR R—s, ol (8 3),
20y HoX 5 [T 96%,  RIFISE b ] e
1 2

3 4 5 6 7 M + —

<2000 bp
<1000 bp
«750bp
<500 bp
«250bp
<100 bp

284 bp

1~7 iREHK; M DNA Maker; “+”
XTI

3 ERSEHE invA EE R PCR #&MIZER
Fig.3 PCR identification results of part of invA gene
25 SS KiFRIL . VI 1 W AR FRIL AN inva SR %
T, AT M ORI IR B 191 K
WITHEER Do ST TR SR B 21.2%;
PR TR B R, 18 62.0%; FIRUT I
BIREAR, U 8.5%.
®1 FEBEHEIEDTENSER

Table 1 Isolation rates of Salmonella from animal sources in

FRPEXS IR <= B

Yangqi, Xinjiang
SR RIS WIS IR EER%

* 200 17 8.5
i 300 27 9.0
4 100 62 62.0
] 300 85 283
At 900 191 21.2

2.2 R TRAIR 2

H2¢ 2 AT, ASEISHIE TS T TR R 11 At
WGP BRI I 252558, X BG40
TR IEATR] . XGURPE T 2T e v, X 11 FhpleAs 2y
Y 8 RGN 2, X DUIRZE (76.5%) M A IE %
(70.6%) Wi 245 % 8 T HA S IR 1 s FIEBEXT 11
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TR 25 7 FRETIRZS I 2, RPECRTOMET A2 AT 60.0% o BRAGIEDT TR BITK R B i 2
R TA 88.2%, fm TR SEREEXT 11 Rl H0 24.7%50, ARSI PERTD T TR X PR BTG Y
WHCZGH Ry 5 FPUEZGYIMIZG, XA HTNES R, EORRSIIIR T TR R . 2K
R 50.0%; USRS 11 P2 rhiy 4 Fibt TR MBS R S A HUSR, JOM 2 TR
W2, XISV B (66.1%) FIZd R P MR(64.5%)

*2 MESEHXIMRLIEMALER

Table 2 Results of resistance to Salmonella from animal sources in Yanqi, Xinjiang %
B— U LAV iy 244
* % 4 X * % 4 pich * b1 4 X
R 2 (CIP) 11.8a 66.7b  27.4a 49.4b 470b  74a  65a 224b  41.2ab  259a  66.1b  28.2a
Bk R AE(AMK)  100.0b 100.0b  100.0b 71.8a — — — 35 — — — 24.7
PRAKFEEZ (GEN) 58.8a 74.1ab  79.0ab  91.8b — 148 210 — 41.2b 11.1a — 8.2a
ZFVEMAMP)  11.8a 66.6¢ 32.3ab  49.4bc — — 32 1.2 882c  334a  64.5bc  49.4ab
L ff1BETK (CEF) 58.8a  100.0b  100.0b 68.2a 5.9 — — — 353 — — 31.8
KAEMPACRO)  53.0a 100.0b  100.0b 97.6b — — — — 47.0b — — 2.4a
WHEERIPM)  100.0 100.0 100.0 100.0 — — — — — — — —
VU Z(TET) 64.7 59.3 53.2 - — — — 235 35.3a 40.7a 46.8a 76.5b
FARJEH (FFC) 64.7b 33.3ab  45.2b 29.4a — 11.1 — — 35.3a 55.6ab  54.8a 70.6b
ZAH#E(CL) 100.0 100.0 100.0 100.0 — — — — — — — —
Wi 2 (FOS) 100.0 100.0 100.0 100.0 — — — — — — — —

C—IRTCIH SRR 5 TR — T8 A [R5 A [ 5 Blm Sl I5TR] 22 5 A B 24 5 X (P<0.05).

2.3 FHUIEDI TS 55 B 25 A T TR Z 2 MI2ATE 0~4 THA 7040, DL 1 T, £

WA 3 T, SR T R pzs s 0.8%s HIRDTIEZIEE 0-4 i
o34, LLo i (21.0%). 2 1i(19.3%). 4 fit(38.7%)

DRI S ELTR L, SR s 3%). 4187
46.19%. I 2 FLLIBLGBI dbks 61.3%, 3¢ 7T 11 790%, JUTDL4 BHRE: BIRDT RS
b, EIRT TSI 03, 57 AT, SImeoi 03, ST WG, DT 21.2%). 2
UL (35,291 7 TH23.5%) 0 E . i 58.7%; feys (15.3%) 3TH(7.6%)FGIH(15.3%) 0 7E, 7 69.4%

*3 MESEHMXIIRDIEN S AR

Table 3 Multidrug resistance rates of Salmonella from animal sources in Yangi, Xinjiang %
- B2 MRS
0 Tiif 1 ffit 2 fiif 3 Tiif 4 i 5 Tif 6 Tiif 7 i
¥ 11.8 35.2 5.9 5.9 0.0 11.8 5.9 23.5
W 18.5 40.8 11.1 14.8 14.8 0.0 0.0 0.0
4 21.0 11.3 19.3 9.7 38.7 0.0 0.0 0.0
bt 14.1 21.2 15.3 17.6 0.0 10.6 153 5.9

M 251G A ZE R B, ARISMIRYD T TR 255 (9/62); 4 MiHgAIsR L CIPHAMP+TET+FFC b,
RIZHREAL, 191 BRYDT TR LA Y 38 Rl 251857 . 4% i 38.7%(24/62), JEIETPITEA 9 Fhi2yiEAY, LU
YDV IE 12 FPi 25580, DA 2 . 3 fidA0 6 it TET N FEEHI(22.2%, 6/27). FIRIITHEA 7 Ffb
e 2 M iERI R L TET+FFC A3, & 2537, LU AMP A 235 (35.3%, 6/17),
11.8%(1 s 6 TR ) CIP+AMK+AMP+CEF+ A A e

8%(10/85): 6 IHAHL C C 24 EHYIESTEMT R

TET+FFC hE, 5 15.3%(13/85); 5 ¥k 7 M Hk A B
SR
JEIIH 3 CIP+AMK+GEN+AMP+CEF+TET+FFC., M 4 AL TH&J%’E{/H@W’% gnrS Al
mer—1 FEFR ARG AN, HARAG T 255 R A R,

AR THAEAT 10 2GR, 1L 2 AR 4 i L o
B Es 2 TR CIPAAMP . & 1450, ELFURSTTRRIFFROBZG I G S, 15 35%
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DAL, SRURSREIRVDT TR L i 24 R RS R AR
20%7Z A7, XSURVPTTEXT LA_L it 25 5L RS H A 5
10%. HHr, RESPIETST B A Y BN B
FILH LA blarpm M blaoxa HE, IRV blatem
FERR R E 35 79.0%, AXNAEREIRTS T T TS
W1 ARTEHENT blacmy o 3£ 5 KRR ZHIIRYDT TR b
it 0 DU SR 22N 25 3L RIIA DA teeB SE1R Ry 32, ANAE

TR T IR retd FEH, Krth3oh 22.2%; A
[FISHPIR VDT T s R 2E 25 58 ogxd . ogxB,
ST 2559 aac(6')—1b . aadA2 . ant(3")-Ia
FIFE eSS 25 3L ) floR ARG H R K 9.4%~46.8%
KB B aac(6)-1b LR 376 —cr 25, BIFFEAE
aac(6"y-1b—cr FERA T I WE VAT N 24

*4 HESEMXIRLIENARRNGHE

Table 4 Detection rates of resistance genes of Salmonella from animal sources in Yangi, Xinjiang %
S H 0 EE R 1 4%
blacyy-» blarpm blaoxa tetA tetB qnrS ogxA
* 0.0 41.7 23.5 0.0 47.1 0.0 29.4
¥ 3.7 18.5 222 22.2 29.6 0.0 22.2
4 0.0 79.0 452 0.0 48.4 0.0 452
% 0.0 9.4 9.4 0.0 9.4 0.0 9.4
e H LR i %
0gxB aadA2 ant(3")-la aac(6')—-Ib—cr floR mer—1
F 29.4 29.4 29.4 23.5 23.5 0.0
i 222 22.2 333 222 37.0 0.0
& 46.8 46.8 46.8 46.8 355 0.0
X 9.4 9.4 9.4 9.4 9.4 0.0

3 HFR5Te

B, WA SRS o BT T
T TRBBAR P B 21.2%, %45 5 R 1)
OB (R R B UPT TR A3 BN 20.67%) I, A
[ SR VDT TR 1 A3 B R A 2R R, P AR IR DT
BB R, K 62.0%, it T E AR
AE TP RIFR A IRV T TS 23208 21.43%  BLFR A TR
THI TR 3 5.05%H945 5. AR, FREE
ARUBTTR AT BEHRAL N 8.5%, LAk TITE45 2 1
LR (51.5%) 0 AHFFEIN 4 Fhshpili b 45y 5 T
I, SR VDT TS A AE TR o IS,
ANFE SRV TR R ZE R, SRS
BRI T TR X TANFIFREE S 1 Ht
LR Nl [ e~ N R R S5 ) AU I B =)
REFERMFEHZ —,

ORISR R, ANFE SR TR
RV, PURRR B E A BRI 2, itz
RITE 30%LA b o HrPXGPETR I B0 DU R 3R R JRUAR
JRE M 25 e, 15 70.0%L 1, 2R 55
FOREIHGE AR, AR T A RGE f 4h
o WIAREFFARCHE R IEIH LAY, *RE
JRYL PR TR T A AR Y TR FRAE I 25T

ZERER, X 2 RGP R TR,
I X VDT TR IX 2 R 259 HA 5 T 24
Ao WAL, ARZHYIIEID T XS PRSI 245 1
s v N I =S R S -0 0 P NI N e RS
Lo ST S N S8 BN PN R e S = it N7 ]
IR, A DRFIXEG YLD 1T TR U 32 205 DU BRI 9]
KIEHM AR . 255 HAEMER R, AR
FEFHI I EESUR IR EAR ;. L, AR
SR T TR BT R 25 W R i 25 RSt AR
B TR Sl 05 A b 1) R T Tl 2 3R R0 I i 15 v 341 T
Tt 2R bR, 3 SRR T T 4 AR AT

AT, Z 2RI G Rk 46.1%, T2y
AR 38 AL, A7 2 FPLL_ LB 2SI R R
61.3%, ez nl [ 7 AT 2sH. AP
I R 2 2T PR R 2 s, gt
HOBE YT OLEEA—2, UL, X TIREMX HE™
F VDT VBT 2 PERS S IR 25 0 o A, B
LEETZGEE R, W LI PRI 2590 18 FH B
B2, B Z 2T 2R R AW AN

i 25 HE DU 45 R s, Bt & 1 DA [R] 3l
iR Ub T TR I 25 SR A, ELAN R S IR ]
B LARIHET blatem . blaoxa . tetB . ogxA . 0gxB.
aac(6"y-Ib—cr. aadA2. ant(3")~la. floR T Z5HEH R
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Fo B LA L 25 BRSBTS R S IR Vb T v
Pz, SRR TD TR FE B 1 24 L A
WA 225 o AR URYD T AT 24 56 PR 48T S = oA
3 FhShIR, FEUEANEUR VDT BT 24 3 PR ST R A
AT, RSV TR N 25 3 R A R A A . ASIR]
Ho X TR 25 3L R s R A ok 22 57, 221 %
I % ) i 2 DX AN [ Sl U 50 5 VD T T B AT 6 Rl
TR AMIER SR, RE IR TR MIER 3
PR B R AE 90% 24, X B AMIERR L RIFE T T]
B Y AT T A 5 AT RO PSR A X R
[ Sh IR e 1T ESBL i 24 i PRAS I 45 5L s
ESBL it 25 25 FHE#435 89.5%, HHLA blarem
Kt R i, ik 85.5%, AWFRARSHA; £
ZEP N E DR X R [ Sh IR T T T PMQR JER G
MZER IR, 76.9%MUP T 1w 2 /04#54 1 F PMQR
R, KRR E R 0gxB(57.1%), PMQR FHME
B MR T UL A Bk R 3R Bl gnrBrogxA+ogxB+
aac(6"-Ib—cr Fl ogxA+oqxB+aac(6"-Ib—cr, 43l
BB 14.3%0 11.4%; SBEEE>%E 1950—2009 4
H VD1 T 25 36 D AN 2 SR R, BL sul2 .
blarem F tetd 3X 3 FTif 24536 A H AR, 20l
76.19%. 71.43%7H1 61.90%, T 11 FhLL FHUEZGH)
RO 25 B K B ¥4 7 A blaoxa . aacC4 . aac(6')—Ib.
floR T tetd, HEMMIENLL A P AESEH K A it
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it 253 Rk 3
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X VU BR 2 RS JE % BT 25 R 78 70.0% LA |, 1
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