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Distribution and characteristics of efflux pumps drug-resistant genes in
Salmonella spp. whole genome isolated from Jiangsu province
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ABSTRACT: Objective To investigate the drug resistance of Salmonella and the distribution of drug resistance
and relatedgenes in Jiangsu province. Methods According to the broth dilution method recommended by the
American Laboratory Standardization Clinical Association, the drug susceptibility of Salmonella was determined.
The sequence based on multiple sites, the type and number of drug resistance genes were analyzed by the online
database. Results More than half of Salmonella bacteria were resistant to streptomycin, ampicillin, cotrimoxazole,
tetracycline, spectinomycin, and rifampicin. Especially, the drug resistance rate to spectinomycin and rifampicin was
as high as more than 90%. Salmonella group D was the main serogroup, Type ST11 was the main sequence type. All 9
MEFS resistance genes related to efflux pump resistance were detected, and the most common Salmonella bacteria
carried eight genes. Conclusion The drug resistance of Salmonella in Jiangsu is relatively serious. In clinical
medicine and animal husbandry, the rational use of antibiotics should be strengthened.
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1 51 &

TP 1] QT (Salmonel la) /& 5 | 2 A 28 i T8 2 I 1 5 i
R L BUR . AT E A SRS . REE)
YL TE FpiE, AR BE, SRBIEEN; AR
B2 E, 51t 4 B et g, LT M 20
a2y 80 4EACZE A, AR N VD 17T FC IR 1499 2 N5
0SB, A SR E KR R N B0 e 5 U N B
S AL B e, R A0 S R A A R,
70%-80% 2 i U0 T R B R /Y, it & T HE
WEMED TR B 0 L, JE R TR A R
— (B YRR SE Gt A ERERAE VTR R R AY
B/ 9300 A, HrA RSV T G — Fh A 4E
HEHE A 2100 J7 &Y, FET- ANECH 20 5 A A AT
AALGN G, V21T IR B i 24 ) 808 R 8™ B, A BRI
FEI D TTIRA I Z E i 253 M 20 2l 80 AEARHT IS 19
20%-30%BE SR 3 N B BLAE (19 70% L 1100 78 & Ol
X BV EREAER, %S KNS EN M BR
YR -

T RN AE U T IR B 25 R 0, BH B T 24 B
L, ARFFRERT 176 HRMILINA B BEIE G A o
BRI TR RE, A T IXT P A 2 R I e
TaEEAFH . 58 TIMERZ G LR 2
B A % (major facilitator superfamily, MFS)JS /M ik
ST 24 3 IR A AT, SR TR 245 kA R i A il G A L
Bh2E AR .

2 MH5REE

2.1 MEh W SNEE

LR 176 BRUPTTICTHBARR, BINTLIRAE IR S
WO R R B IR TS e A P AR . AR E]: 2018 4E 1
HZ 20194 12 H .

KIAFFE ATCC 25922 B2 e Bk (A= 7 i i O
) 28 R R 11 K B T B 5% AL (buffered peptone
water, BPW) . U & il fR 40 5% &% 5% 3% 3 (tetrathionate
medium, TTB). 1 & £k Bt 2 fe 39 3 b5 37 2 (selenite
cystine enrichment medium, SC). i [ VI ff 2 £ ik 4 34 1R
[A ¥ (sulfonate selenite broth, SBG). Cary-Blair iz X155
FEAC SRR AE YR R A Al); 4 DNA FEP 2 P
FRBUAF £ (QIAamp DNA Mini Kit, SLAAN L HE_F %
A BRAF]); PCR # i i 5 £& Taqg PCR Mix Master(_L
AP TRRBRMARAFD);, WITREMEFEE SSI A H);
WG WA R R ER SR AR AT, A a7
WITER BT A .

VITEC2 Compact 4 H 3l 1k 55 58 A0 (3 E A= Yo i
%3 wl); Sensititre AIM 25 S iINFR{YL . Vizion 4 H 32y
A (32 [ Thermo Scientific 23 F).
22 7/ ik
22.1  HMEAMER

R4 26 [ 52 56 5 A o Ak I R P 23 A 28 1 v Y
(Clinical and laboratory standards institute, CLSI#E¥E N 17 %
222 ANERfodn iR

20 AT 1 A A 68 8 RT3 A3 B AR B (TR As B IR e
W T AE T ) 260 AR ARG B0 b o 3R VR AR 3 4> B GB
4789.4-2016 { £ i ie 4 E RKARMER S D F R 3 YD1
[CH ) dER5,
223 HMBRRBRALLEANF

JHl QIAamp DNA Mini Kit HeE $2BGR ] &2 BrbT ]
MR . 2 A T A PR R UEF T 238 AT
224 AR ANF AL MAE B F 5T

| F7E LR B ¥ [ (http://pubmlst.org/)E 47 MLST 43,
SSLRAFA T 25 5L 7E R Resfinder £ /4 1F
1145391, BLAST X2 )75 [ I1Sfinder 1 Tn2.
BLAST Z5 R A #4LFR ] BRIG %t % SNP 4K N4
RGN R ] mega7 B FT mummer F {4, SN
Salmonella enterica ¥ 7] [X & (Genbank number: NC
003198.1).

3 HER5HH

3.1 IR EAWARR

IR A R R VDT T IR X IRBLIG AR . v AL
BRI B LA IS 25 . KRR L s e A
R A3 119 S A28 245 Wy 4 UK ST 245 R AR AN 2, F %
BERE R . ZUWPUM . IR AR KRR
FHRTAE R 2, T25350 500 51.1% ., 54.6%. 58.5%.
60.8%. 91.5%. 92.1% (L3 1), TEMMZE NI TRE H, #F
X2 F R L b B A ZE T 24 g R A 2 et 13 Rk
EYTESS
32 WIREMBERMZMSFISBBER

YLD T T ML B 40 A5 DL C BEVDTTIR I AT D B
WITIRERZ, 405 & 2LER R 22.06%F1 61.76%. 1fii D
MOIMNMRERXDBRPITRELERK, H37T
52.94%, XAy 68 HRIDT IR HEAT T 207 257 4 53
i (multilocus sequence typing, MLST)43%l, 255 % PH,
LA LL ST By EER B, FEAMLE R TTIK
. W2,
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R1 176 #RIPITIRER 21 M RRIBUR M
Table 1 Sensitivity of 176 isolates of Salmonella to 21 antibiotics

[HE] i U
biER
TR REU R 5% BRI Bk 5% TR REU R IR/ %
W PH P /At e B2 4 2 1.1 3 1.7 171 97.2
] 5 G A/ e o 4 1R 32 18.2 50 28.4 94 53.4
FRPEAR 96 54.6 2 1.1 78 44.3
LA 3 1.7 0 0.0 173 98.3
kA8 7 4.0 3 1.7 166 94.3
S 76 A 17 9.7 0 0.0 159 90.3
(NN 20 11.4 8 4.5 148 84.1
b A 0 0.0 0 0.0 176 100.0
R A 60 34.1 28 15.9 88 50
EEDE 2 1.1 0 0.0 174 98.9
EINIRA S 0 0.0 2 1.1 174 98.9
LRI B 0 0.0 0 0.0 176 100.0
RRER 16 9.1 8 4.5 152 86.4
AER 41 233 3 1.7 132 75.0
KUWER 161 91.5 12 6.8 3 1.7
BGER 90 51.1 63 35.8 23 13.1
7SS 107 60.8 5 2.8 64 36.4
Bk A 0 0.0 0 0.0 176 100.0
S TR i HE Sl 103 58.5 16 9.1 57 32.4
DA 0 0.0 0 0.0 176 100.0
Fil A 162 92.1 2 1.1 12 6.8
F2 IFEPNRELESEM ST #H%H
Table 2 Distribution of serotype and ST of Salmonella isolated from Jiangsu province
IR YOI B A i 37 7 ST %! RIHREL H /%
- ST40 3 4.41
B #f ST11 1 1.47
SRR ST19 1 1.47
B ST40 4 5.88
FEFETL ST32 1 1.47
AR ST40 4 5.88
iy ST1541 1 1.47
CHE3 Fay== 2y ST26 1 1.47
[SEERG ST2039 1 1.47
prasLis i ST26 1 1.47
HIIE ST198 1 1.47
i I b ST26 1 1.47
g STI11 2 2.94
- ST11 36 52.94
7B STI1 2 2.94
ST19 2 2.94
E B I ST1955 2 2.94
M #¥ W BEAR ST451 4 5.88
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33 WIREIMIREAMAERIEHER
FRASIN AV T TR R, 13X 9 B MFS AMHEZEAILHI A i
SFERI AT LIRS, 1 H R ZHD 1T G R R 3] TR
1E—Fh R 2 AR E] T 8 A2, floR.emrD3 .emrB3
B R A, iRE] T 90%LA B, A AR AT emrK 3
B, K 1.70%, X 9 iR 24 58 R 4G R B an e 3. 3 9
FHEA I AP HESE EE A AT IEVD T RIS A 2R 2 FE A G
BiS, 7 AMHESE MFSEE R /b U0 1T ER R 4545 1 2 7,
W Z WP TR E W R A5 T 8 FhATRLI g S HEZR L [,
MR IR 10 Bk, KIS IR #EH 1SMR
BRI EOE 6 3 7 R, 37 76.02% (WK 4).

3 PIIKE MFS MERWAEFEKRHIER
Table 3 MFS efflux pump resistance genes in Salmonella

SEF AR FH A Bk 0 /%
emrB3 165 93.75
emrB5 128 72.73
emrD1 13 7.39
emrD3 171 97.16
emrkK 3 1.70

tetB 112 63.64
floR 165 93.75
yieO 112 63.64
yebQ 30 17.05

R4 PINKE 9 2 MFS IMERTIAEEAMEEE 1B
Table 4 Positive combinations of nine MFS efflux pump
resistance genes in Salmonella

HEly BL RN EL [E 733 FA B L /%
2 5 2.92
3 6 3.51
4 6 3.51
5 14 8.19
6 68 39.77
7 62 36.26
8 10 5.85
A1t 171 100

4 F5iTie

WITIRETE AR AT ZAFAE, H 0 LS TR A1 i
Yo W TR AR, V1 TR 5 75 AL 8] A
b E ARG AR R HE A MR, 51 R = B UEG . — i)k

LR, TPl ZIR R A RAFAROR . (Han e
(20 T B ST 2, K TR R P R R . A
g, WISk R L il b 26305 3 il
JE xR bR H AT E IR IR IR 1 B
et . (AR b 25 e F Ol S5 sk 5 i U,
i 245 A O A T4 SRS IR [ R, 500 X L R B O
Tif} 245 25320 4F 8 e A R AL DRIV ] P T R AR 2 Y
i 245 W HLA o E L R

AT BT TR E 5 ANEE, 15 Fhif i
R AR B R, WA RG] . MLST 4r#igh
M WA 11 Fp ST AU, Hop L ST Mg £, 204 T
D BEA AR UPT TR . B BEFAE/R GLUD 1B TR DA K DS T TER
W XS IR s IEPEY ] G AG L35 RN MLST Y
S A AR

A 3o 4 R AP 9 £ A 2 TR AN 2 i AT 48 47 it 24
SETA A R AR AR R BRI 24, 3 PTRB S th T 25 3 M 1 %
K2 Z R RGP . /T 2 Al vT LA i AMER R G0
HEA TP PR 259 22 AL, DT B 4 N 25 4k 1 e
R S 251, fEARRF ST R, JLAIE] 9 Fh MFS SE[A,
A UL 8 Bl MFS JEH . MFS L 19K H 2 m X
AT —Ah LA R AT 255 JE AU IR B A i 24 1 5 45
I MFS SE R B SR A R 3 IR A RIS MR
) £ BE 3 BT UD 1) FR A A TR 200K B0, S04 B 1 i X4 b 2
PRI 25 K St 3
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