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Abstract: [Background] Sa/monella is a common zoonotic pathogen. With the increasing number of pet
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owners, the threat of Sa/monella in pet intestines to public health is gradually emerging, but there are few
reports on the epidemiology and antimicrobial resistance of pet-associated Salmonella. [Objective] To
investigate the epidemiology, antimicrobial susceptibility to commonly used antimicrobials and the
prevalence of extended-spectrum [B-lactamases (ESBL) gene and plasmid-mediated quinolone resistance
(PMQR) genes of Salmonella isolated from pets in Beibei District, Chongqing. [Methods] Salmonella was
isolated and identified by pre-enrichment, selective enrichment, selective plate screening and amplifying
invA gene through PCR. Then, the antimicrobial susceptibility of the isolates to 28 antimicrobials was
determined, and 10 ESBL genes and 10 PMQR genes were detected. [Results] A total of 41 Salmonella
strains were isolated, the isolation rate was 3.95%. The resistance rates of these strains to
sulfamethoxazole, ampicillin, tetracycline, doxycycline were more than 50%, 82.92% of them were
multi-drug resistant, and all of isolates were completely sensitive to amikacin, ofloxacin, enoxacin and
gatifloxacin. 85.37% of the isolates carried ESBL gene and the blatgpy gene was the most popular. 46.34%
of the isolates had PMQR genes and gnrS was the most popular one. 48.57% of ESBL positive strains
carried at least one PMQR gene. [Conclusion] The above results demonstrated that pet-associated
Salmonella in Beibei District were resistant to a variety of antimicrobials, and the drug resistance may be

mediated by drug-resistant plasmids.

Keywords: pet, Salmonella, antimicrobial sensitivity, ESBL, PMQR

UOTTIR TR — b E 2 i N 2B i St v, H
il EL 284138 2 600 ZAN 1M M, AR S 1k
I35 BYRE 3 BN Z2 A3l W) A o Bl ] 4 T At
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RENLREAEE I, AN B P IR 1 QT AT g | ke
SR, WSR2 TR, S niA YT s A AR
A, RIS HI, InsR IR IR Y
T 247 e SO0 B Sl P D 1 TR A ) 32 i 2
SR, ATRIR YT IR 254 22, b hE
R NIRRT 2500 1] IR A 4R i

AHIF 0 H PR TGRS R IRV ) IR A T
TIRATI R A JFIE T 43 B R IR B TE 2
PIBURAE , KD TR 1 B- N ISR B (Extended-
Spectrum B-Lactamases, ESBL)ZE K F1ER A1 51
sl 24 (Plasmid-Mediated Quinolone Resistance,
PMQR)ZER , DI IbfE X P vb ] G A A
SRS T R R IS 28R 2%

1 MRS
1.1 Bk

KIgATE ATCC**25922 FIVM 1ECH CQRCAPS002
1.2 FERFIFULEE

2% th7E A /K (BPW) . Muller-Hinton 35§, #
8y = BHEE Tl el Ve 1A W B AR AT B ] 5 DO Bt R
PRSI TRW(TTB), | ARSI A IR A BR A
Al WITIRE B ERFREE, kb Ay TRA R
/8] 2xSan Tag PCR Mix, A T AW T AR FiE)L
A FR/A F] s DNA /NEERISGRF &, T HSEIAEY)
BHEA B A ; DL2000 DNA Marker, b4 R0
WA ARG R A\ 5 25840, BN Pt
AFRAFH . PCRAL., BEBIRFRSE, Bio-Rad AH],
1.3 #HmRESHLE

FE RS TE RN TR SIBU > R38BT
2 mL BPW ik, E2E(H) BPW A BDE T
4 °C ¥k, FFTE 48 h Nzl sc = hh Bl HAe
10 ZEYT N2 s Y R BeRFE I s F IR Y
IFEE 719 Oy, REFRFHER Y ZENE 319 7y &
FEAR ) BPW E5 5236 T 37 °C #H& 5% 1824 h,
B 300 uL filA 3 mL TTB, 42 °C. 180 r/min }%55
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16-24 h, RiFEAIRRRNL TP B - FAl,
37 °C }53% 16-24 h, M-PAl EPRICE R TE 1T
7% PCR %5E .
14 WITRENEE PCREE

F34 GenBank H /A HOVD T T QT invA FEH 7
%, F Primer Premier 5.0 & it4r71E514) invA-F
(5-GAAATTATCGCCACGTTCGGGCA-3)Fl invA-R
(5'-TCATCGCACCGTCAAAGGA-3"). 5|9 K
BREFAE Y HARA R RS B, PCR UV 461
94 °C 5min; 94°C10s, 58°C20s, 72°C20s,
3 30 MIEFF; 72 °C 6 min, 70 ] R H CQRC4PS002
Sk BEE X B
1.5 ZAYEUR IR

R H 5 =] I R 52 36 % A U P 2% (Clinical
and Laboratory Standards Institute, CLSI)HT 254
BRI AR HES), SR K-B 4R A3 X 0 T T R

%1 PCR i PMQR £FE A RIELXSH

I DR 43 B3 AR E AT 25 W SRR i 3 o DL K I A TR
ATCC®*25922 1 g Ji 5 i bk
1.6 PMQR 5 ESBL EF#M 54

W s v I IR A LB IR R R A,
37 °C. 220 r/min #EJRKEFE 8 h, B 1 mL K
12 000 r/min &.0> 1 min, & F 3§ ; A 1 mL ddH,0,
12 000 r/min &0 1 min, 5+ BIF , AP E—IK;
B 100 puL ddH,0, 105 °C 4b## 10 min, 12 000 r/min
20 1 min, B EIH1E N DNA it ] 2xSan Tag
PCR Mix #"#% ESBL (% blaren™ . blacrxm'® .
blasay™ . blaoxai™ . blaoxas'" . blaoxao' - blapse'™ .
blaper'™ . blages™ . blayes® 3N HI PMQR Y gnrd
gnrB. gqnrC. gnrD. gnrS. qnrVC. aac(6')-1b-cr.
0gxA .0gxB .qepA F:[H (3 1),PCR JZ WK R :2xSan
Tag PCR Mix 12.5 uL, . Fi#514(10 pmol/L)
% 0.5 uL, fH 1 ul, ddH,O 10.5 L.

Table 1 Primers and parameters for amplification of PMQR genes by PCR

H kA GIE/ BN 5195751 PIEREE 1Bk E

Target gene  Primers name Primers sequence (5'—3") Product size (bp)  Annealing temperature (°C)

gnrd qnrA-F ATTTCTCACGCCAGGATTTG 516 60
qnrA-R GATCGGCAAAGGTTAGGTCA

qnrB qnrB-F GGCATTGAAATTCGCCACTG 263 61
qnrB-R TTTGCTGCTCGCCAGTCGAA

qnrC qnrC-F GGGTTGTACATTTATTGAATCG 307 55
qnrC-R CACCTACCCATTTATTTTCA

qnrD qnrD-F CGAGATCAATTTACGGGGAATAG 596 61
qnrD-R ACACCTAAACTCTCAACAAGCTGAA

qnrS qnrS-F ATGGAAAYCTACMRTCAYACATATCG 641 60
qnrS-R YTAGTCAGGAWAAACAACAATACCCA

qnrvVC qnrVC136-F AATCAAAGCAATTATATAATCAAGTGAAC 650 55
qnrVC136-R TTAGTCAGGAACAATGATTACCC
qnr457VC-F ATGGATAAAACAGACCAGTTATATGTA 657 55
qnr457VC-R TTAGTCAGGAACTACTATTAAACCTAAT

aac(6")-Ib-cr  aac(6')-Ib-cr-F CGCAAAAACAAAGTTAGGCATCA 571 61
aac(6’)-Ib-cr-R CTCGAATGCCTGGCGTGTTT

0gxA 0gxA-F ATGAGCCTGCAAAAAACCTGG 1176 60
0gxA-R TCAGTTAAGGGTGGCGCTGG

0gxB 0gqxB-F ACCAACACGCCGAATACCG 737 63
0oqxB-R TGCTGGAAGCTGAGATCCGT

qepA qepA-F GCAGGTCCAGCAGCGGGTAG 217 60
gepA-R CTTCCTGCCCGAGTATCGTG
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2 HRE4W
2.1 EHDBEER

M1 038 1y T FEAE h 7r B BVD 1] QT 41 #%
IYEIEN 3.95% (£ 2). Horb, 18 10 ZEYERK
RN 719 By h 43 B3 27 Bk, 43BN 3.76%:;
FEARFRFEYRAEN) 319 (p2efE sy 2 5] 14 £k, 43
B 4.39%. MR EIFISKRE, 7 686 1
RFEMh i ER 26 t, HERN 3.79%; 1
326 A EAE T B 5 9 Bk, BN 2.76%; FE
6 1 AP BRIV ITIR A 76 19 95
FEMERN 1 A 2 P BT A B BT TG
22 AYERIEE R

25 U I IR 25 R L3R 3. 0 B TR MR U B
ST W AR PR 5 2 2R B 5 (78.05%) ,  HE VN &R T AR
(75.61%), XF 2 FpPURR RS2G99 Tt 25 38408 1o
50%; XTROKRE . B E . KREDE . I
WRSERHUR, XA T Sk As . Skt
fo . IRKEHE . EbE . BifbaE . BN A
PR 25 R A%, ARt 10%. MARTR Sh# ok J5
FMRE, KU i 7 E(92.31%) . 2N
70 FK (84.62%) . DU ¥R EK (65.38%) . £ 74 I &K
(65.38%) . FE25 2 (61.54%) . & IrHiiE W (53.85%).
AR IE (53.85%) I i 24 3 i) 50% , Sk 76 iy
Py SkAfunels . BORRA . MDA SRV E .
WU AL L IR VD B 5 A gUR s AR TR RS SR T

x2 BYURVIIREETREMHSBRERL

MR(77.78%) . Tl e SEVEME (66.67%) M T 25 R A,
PTG . KKER . PDRRAE . Birb A A
BUPE . KIEV R L T AL 5 ek

34 MRATES RN ZEMA WR(GEER 4, BA
82.92% MBI RXT 3 KL LHUE W2y, o
= H i 2 R L 2 Y TRAR AT 6 Bk, DU E i 24 1
A 20 Bk, 2 BRECHNEMZ R . RIEWDTTREW
ZEMM AR B R, R 96.15%; FEIEIPTTIG
TR 11 22 LT 24 B AR T 5 EL R 77.78%; S A S
BRIV ECTE 33.33% A Z E i 25 1R ik

WA 1 PR, AT 2 2 AR L R 24
YIS B AEAE 22 . o, 24 BRTAXT 6 il %
DL 252 s 7 MREXE 10 Rl LA 2590 25 ;
1 B4y E H S ivb TR T 20 Fr2hyimt 2y, T
T3 1 MRS FR R ) R T 25 1 BURK
2.3 THHERENEHE

FEFTA B R A Bk A 6 MR R IR T REA S
7 ESBL JE[A, Horh 4 Bt 28 = AR Skl 7 2% 3k e
Jig . SkeAt s | Skge b A0 DU AR Sk A0 B 2 Sk ik g
KA e s, FRRNIE A 58 AT s 2 MRATE
PG Sk FRLBE S i 2, T REIX 2 B R4 A HAth
B- BRI ir 25 3 H . HiAxy 35 WR(85.37%) 1>
I TG B 2= /0 —Fh ESBL JE[H, f03%. 28 #kifk
7 blarem &M, 3 MRIEAT blactxm FEN, 14 PRIEH
blagyy 2, 18 BREETT blaoxar FEH, WA RPALE

Table 2 Prevalence of pet-associated Salmonella isolated from different pets

W) LN RS ] Y Gt
Pet Hospitaled or foster pets Health pets Total
RAEECRE rEEHRE SRR CRAEECE ORI B CREEEOE R HE s
Number of Number of Isolation Number of Number of Isolation Numberof Number of Isolation
samples Salmonella  rate (%)  samples Salmonella rate (%)  samples  Salmonella  rate (%)
K Dog 494 21 4.25 192 5 2.60 686 26 3.79
JH Cat 224 6 2.68 102 3 2.94 326 9 2.76
6 Tortoise 0 0 0 6 6 100 6 6 100
P47 Parrot 1 0 0 18 0 0 19 0 0
$il78 Hedgehog 0 0 0 1 0 0 1 0 0
47T Total 719 27 3.76 319 14 4.39 1038 41 3.95
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Table 3 The number and resistance rate (%) of pet-associated Salmonella isolates to different antimicrobials

TR ZG RN U259 PN b ER SR A1t
Antimicrobial categories Antimicrobials Dog-associated  Cat-associated Tortoise- Total isolates
associated (%)
7 75 225 Penicillins SR PEAR Ampicillin 22 (84.62) 7 (77.78) 2 (33.33) 31 (75.61)
LA E Sk Cefalexin 3 (11.54) 2(22.22) 1(16.67) 6 (14.63)
Cephalosporins LA Cefazolin 6 (23.08) 3(33.33) 1(16.67) 10 (24.39)
SLAVE T Cefoxitin 2 (7.69) 1(11.11) 0 3(7.32)
Sk ENG Cefotaxime 4 (15.38) 2(22.22) 2 (33.33) 8 (19.51)
Skft A Ceftriaxone 0 2(22.22) 1 (16.67) 3(7.32)
kAUl IE Ceftazidime 2 (7.69) 1(11.11) 2 (33.33) 5 (12.20)
SLFNEG Cefepime 0 0 1(16.67) 1 (2.44)
M Carbapenems MRS Imipenem 2 (7.69) 4 (44.44) 2(33.33) 8 (19.51)
PATR NP IZZE Monobactams 24 P Aztreonam 2 (7.69) 2(22.22) 2 (33.33) 6 (14.63)
RIS HE7E & Streptomycin 16 (61.54) 1(11.11) 1(16.67) 18 (43.90)
Aminoglycosides 78 2% Kanamycin 3 (11.54) 2(22.22) 2 (33.33) 7 (17.07)
PR K% ZE Gentamicin 2 (7.69) 0 1 (16.67) 3(7.32)
>k B Amikacin 0 0 0 0
PUFRERE PUFRZK Tetracycline 17 (65.38) 4 (44.44) 3 (50.00) 24 (58.54)
Tetracyclines Z 1431 & Doxycycline 17 (65.38) 4 (44.44) 3 (50.00) 24 (58.54)
T e ts &% % Chloramphenicol 10 (38.46) 4 (44.44) 2 (33.33) 16 (39.02)
Phenicols 4 £ JE % Florfenicol 11 (42.31) 4 (44.44) 1 (16.67) 16 (39.02)
s i A 2 ZENERR Nalidixic acid 8 (30.77) 3 (33.33) 0 11 (26.83)
Quinolones Wi > B Norfloxacin 0 1(11.11) 0 1 (2.44)
NP Ciprofloxacin 1(3.85) 1(11.11) 1 (16.67) 3(7.32)
R 2 Enrofloxacin 1 (3.85) 0 1(16.67) 2 (4.88)
AR A Ofloxacin 0 0 0 0
#ei#vh B Enoxacin 0 0 0 0
JnED & Gatifloxacin 0 0 0 0
T e 2 I Hi B SMZ 14 (53.85) 4 (44.44) 2 (33.33) 20 (48.78)
Sulfonamides F 4851 Trimethoprim 14 (53.85) 3(33.33) 2(33.33) 19 (46.34)
Ttk e S8 Sulfamethoxazole 24 (92.31) 6 (66.67) 2 (33.33) 32 (78.05)
F 4 DIRKRES B ARFEE A EITT 25 B R E LL5(%)
Table 4 The number and ratio (%) of Salmonella isolates resistant to different categories of antimicrobials
AN RIS T 24 W A PN JH LER SR/ &t
Number of antimicrobial categories Dog-associated Cat-associated Tortoise-associated Total isolates (%)
0 0 0 1(16.67) 1 (2.44)
1 1(3.85) 2(22.22) 2 (33.33) 5 (12.20)
2 0 0 1(16.67) 1 (2.44)
3 4 (15.38) 2(22.22) 0 6 (14.63)
4 16 (61.54) 4 (44.44) 0 20 (48.78)
5 4 (15.38) 1(11.11) 1(16.67) 6 (14.63)
6 1(3.85) 0 1(16.67) 2 (4.88)
41T Total 26 9 6 41
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YA
Number of isolates
S = N W A Ui N O 0

01 23 45 6 7 8 910111220

AN ESR7E G

Number of antimicrobials

E1 REREERESTEEY

Figure 1 Salmonella number with different drug

resistance

%5 ESBL. PMQR 7%

NMRESBH®RPHSH

’4% blaoxa-1~ blaoxa-10~ blapsg . blapgr « blages . blaves
FER(EE 5). #EHF A~ ESBL BRI REAT 15 £k,
Forp 11 BRUEAT blarem 25 #5417 2 > ESBL 4&
FIBARAT 13 Bk, LR BB TEM+OXA-2,
AT 5 BRTE; 4 3 ESBL JENAYTE R 6 Bk,
54 TEM+SHV+OXA-2 £ 1 #k A TEM+CTX-
M+SHV+OXA-2 JE X #7074 4~ ESBL JEH (3 5).
FEb, TEFA IR T Btk S5 6 BRI XS
ST ZR 2 W 25, (BAE 19 ¥k(46.34%) 0 G
JE| PMQR JEH, {345 gnrd . gnrB. gnrD. qnrS.
0qxB. aac(6')-Ib-cr, KKiME] gnrC. gnrV., ogxA.

Table 5 Distribution of ESBL and PMQR in Salmonella isolates

ESBL PMQR N TR B PR £ 4, IR R PR
Number of Number of Number of
dog-associated cat-associated tortoise-associated
isolates isolates isolates

TEM 6

TEM gnrB+aac(6')-1b-cr 2

TEM qnrS 3

TEM+CTX-M 1

TEM+CTX-M+SHV+OXA-2 qnrS 1

TEM+CTX-M+OXA-2 1

TEM+SHV 2

TEM+SHV gnrB+aac(6')-1b-cr 2

TEM+SHV+OXA-2 1 1

TEM+SHV+OXA-2 gnrA+aac(6')-Ib-cr 1

TEM+SHV+OXA-2 qnrS 2

TEM+OXA-2 1 1

TEM+OXA-2 qnrB 1

TEM+OXA-2 qnrD 1

TEM+OXA-2 qnrS 1

SHV 1

SHV+0OXA-2 1

SHV+0OXA-2 qnrB 1

SHV+0OXA-2 qnrS 1

OXA-2 2

OXA-2 gnrS+ogxB 1

qnrB 1
qnrS 1
4
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qepA FE 5 1 BRI IR E RSB gnrd FEH, 7 BER
R MR gnrB FEH, 1 BRIE IR RRSENT gnrD
L, 10 BREE gnrS L, 1 BRR EHE RS
i ogxB B, 5 BRIEHE aac(6')-1b-cr FEH 5 K
ZREARAEN — 1 PMQR L, fufh 3 1~
W ognrB WITEMR . 9 D gnrS YRR 1 4
iWognrD IR, 4 DK PMQR FERIE N
gnrB+taac(6)-Ib-cr, 1 DHRH PMQR EFIE A h
gnrd+aac(6')-Ib-cr, 1 A PMQR H:FIE AN
gnrS+ogxB (3% 5).

ESBL FERA:AER S5 PMQR H:[H [RIB 77 T
—/MBUkL, 7E ESBL BHMERRT, 48.57%M itk
(17 #R)[H B} PMQR A, blarpy+qnrS AEHEH
G, G 3. &8 1 BREIUET gnrB 8¢ gnrS
FLRITA 5T ESBL JE A o A 4 SRR IR E A5
{E477 ESBL #1 PMQR J:[A, [lWf Xy firg =, 14
LA FR 26 M s v R 2 245 ) Fn 2 i e Bk, o
RIEERR 15.38%.

3 WikE48

I IR TR TR AT 5™ L 3 R I B
$5e 22 1) N B L FROR I D D o AR SR YD 1T EC B Y
HEEE, L PEO R B 5 R E A,
R ) R A A R TR T W R R R G TR
TP ) 2 W Ak S B0 FH 24 1 15 0 1 B PN T 25
PRIRRYS 22, (T 2570 1] EQ PR A2 28 T AR 1) Jgl B AN
7200 BT AL X T MR U 1T G R R 1%
WRTE 4% A, STE G ARF Y 2R U
FOAIF I8 M L A3 B R AR, (A5 4 HE A A 5 4 SR 1)
B FHA

FEACAE DX 20 B W U0 1] TR XL B 24 400 1) T 24
A H A X AR, (H 2 AR R
ZH M2 PR G 3 B TR AR 82.92%, T H.E 4
BT L SE A AITE . ASDEIE S B B TR
XPRRVIMR, BEBR . PUIR RIS BRI A i

Ky 5 R e . HIFRHEATEER 3 4 (1) o
FRTERR . SLTmkek | SkAumERT | Bk 2
TV AR E R YT 250, TR P BT B 25
AR RN VDT TG AR 2 . (2) REFERT &
Mz EREZ YR L g FEHEERSE
PR, BARES, B TFAWE . gH. £5%
B i DR G By ) 2 A A IR TR IO
PIAES M R i PR Rl R Sh v T T IR
X B ] E B A TR 24 35 PR 78 8 W IR 29T R OR
WA PRI 255 . (3) BYSYr i
Hh N 24 88 FH A AN RS P 245 i i 7 B 04 SR B
NS 2 i 24

AT AT BRI R 85.37% 0 TR ARG I 1] 4%
W B-PEEEZEET ESBL &, FRAJE blatpy 5
RE BT 22, X5 B-INMERE2E 25
FEREPPBERGIZTT 0 Rl T2 DI AE G . — T AE 28
g I R, R A BT TR T blarew
FERG R A 40%, X5 FRATHBFIE S5 R ;
{HIXLER AR A G blasuy BN, 2047 2 #R4Hl
blapsg FEH . FEFR EM A CHFIE R, A IR AN 5 Vb
FIRTET blacrxowm FER B H Ho Bl U7 A
5 blarpv A ESBL IRRIEH, X 57T & H s
H ESBL JE RSB R 25 7

[fi] — SR ] [ AT PMQR JE[K 5 ESBL
A, Hik, FRK—FB45> ESBL JE A FHM: R AR AR
A PMQR JEHM ZERATAIBFTE, 48.57%HY
ESBL A& [Al fHYE R HR /2 PMQR R A, H
PMQR J [H [l #5715 R 455 ESBL JE N (4871 A%, 1X
FGF B TRAR KT B- N kRIS 24 ) A s 145 R 2 24 )
A 251 DR, Hoh gnrS BIRAT R R
X — 25 et 5 28 E AT 45 AR, iR,
BT gnrS, REGINF|HADL PMQR £HM, 7EAH
g, HEHF PMQR JE R 1 B MR AN 1= 1 s o
A 25 AR B0, X AT RES ESBL JE[H 1 K A7
TEMIZE, {H PMQR HEH REARAK A4 3 X6 960 5 1
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iR 25, JF it T O R R 5 AR i — APl
PEXT R R R 20 M i KT 25U Rk,
SR T DT AU DX 5 VD T TR X 0 s s T 2K 24
W AT 25 7K ST, R VB AR A 0T s T i S 245 )
(14 KPR 250 T AR 2 B

AWFTAE T R T AUhT XORAERY 1 038 (3 435
RS R B BIVD T TIC BT 41 R, 3k 2645 B Uil
Jile S | SR TUAR . DUIRE | 2V R 2%
A, T EIFR A TRAR y Z E i 245 AR 5 4 B IR TR
TR 4547 ESBL JEN, LA blarem M HiAT;
KL 50% RIS PMQR JE[H . FiR%E R m]
PR T AU RS DX R PR P D 1] R TR A7 E T 24 1
B, R 2 T 2 DA AR LT 2 0 A ST 2
FRLAELE R R
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