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Abstract; Objective Understanding of bacterial antibiotic resistance is the basis for guiding clinical anti-infective
therapy and monitoring antimicrobial resistance trends. The study was aimed to investigate the antibiotic resistance
characteristics of nontyphoidal Salmonella isolates from foodborne disease cases in Jiangxi Province in 2018, study the
correlations between resistance phenotypes and genotypes, and evaluate the application prospects of whole genome
sequencing ( WGS) in antimicrobial resistance surveillance. Methods In this study, 58 nontyphoidal Salmonella strains
were isolated from foodborne disease patients in Jiangxi Province in 2018 and were tested for susceptibility to 14
antimicrobials using broth microdilution. The 58 isolates were subjected to WGS, and resistance genes were identified from
assembled sequences that compared with ResFinder database. Results 77.59% (45/58) of isolates were resistant to
tetracycline, and 72.41% (42/58) were resistant to ampicillin. 100.00% of isolates were susceptible to imipenem.
56.90% (33/58) of isolates displayed resistance to at least 3 classes of antibiotics, and 3.45% (2/58) of isolates had

resistance to at least 6 of 8 classes tested. A total of 47 unique resistance genes referred to 11 classes of antibiotics, plus
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mutations in gyrA, gyrB and parC structural of quinolone resistance-determining region ( QRDR ), were identified.

100. 00% ( 58/58 ) of isolates had aminoglycoside resistance genes, and 72.41% (42/58) of isolates harboured

tetracycline resistance genes. Macrolide resistance genes were presented in 3.45% (2/58) of isolates. 77.59% (45/58)

of isolates were contained at least 3 classes of antibiotics resistance genes, and 1. 72% (1/58) of isolates harboured at least

9 classes of resistance genes. The overall resistance genotypes and phenotypes were consistent in 93.43% (611/654) of

cases. Except quinolones, the correlations were above 91% for tested antibiotics. Correlations were 100% for some classes

of antibiotics. Conclusion The antibiotic resistance phenomenon of these isolates was serious. The resistance phenotypes

were in good accordance with genotypes, and WGS can be used as an effective tool to predict the antibiotic resistance of

nontyphoidal Salmonella. As more new antibiotic resistance genes were discovered, the consistency of resistance genotypes

and phenotypes will be further improved.

Key words: Whole genome sequencing; antibiotic resistance gene; antibiotic resistance phenotype; nontyphoidal Salmonella
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R HER M TR . AT WGS
I3 AT 2018 AF VL VH 45 £ I8 1 B0 9 ) b B Y
IR ESUARE NN IR SN TR WG | R (TE S
U T b A il S T 24 DR 0 A O, R R T 2Y
RN 55 ik 24 L A RD A 6F 0 OC &L PEAG WGS % R
i FEV T T i 25 1 10 fiE

1 #R5F*®
1.1 #H

2018 4FVLVH 4 £ I s 32 3 il v, DR
1y 24 B AT AT b 4 B AR B Y 58 BRAR 21T
R, 0 A R AR S AT T AR E RS S, K
J 5 75 T (ATCC 25922) g Jor #2518 Ak, 1 AS 5256 %
TRAE

1.2 i
1.2.1 25l

K FH 2 ] I PR RN 5K 55 %5 A5 1fE M5 23 ( Clinical and
Laboratory Standards Institute, CLSI) #7719 i &= A ¥

T R X o B R E AT 25 O 50 Z I 2 W S AR
PEAR (AMP) | 20 7F 78 bR/&F 130 (AMS) | Sk 76 me ok
(CFZ) kA5 (CTX) SkEVE T (CFX) | 3k fiifil
WE(CAZ) JEJZ R (IPM) (KR % & (GEN) (Bl &
R (AZM) [PUFRE (TET) ZHMERR (NAL) RN VD
B(CIP) % 2R (CHL) | F &N BE /6 i HY I e
(SXT) 4t 14 FhHL I 254 . R BioNumeric 7.6 %I
2 OB EA T A B A AT
1.2.2 A5 HE

TG VA e o A 1) BRI B 1A %, i R R AR 0 B i
QiAamp DNA Mini Kit #& BB #k 55 [ 41 DNA, ] H
Nanodrop 58 it DNA 7 & & Fw] 25 B
1.2.3 WGS

FARIE N 4] DNA BT S8 B Mk S 4l 22 b e
WARBOEA W5 BB A R R A S A% ) ol i
Hlumina X-ten {552 AL WGS, ¥ ¥ % K 200 ~
300 bp, & H PE150, I FF I 100%
1.2.4  JPFNA % R N R

A B BioNumeric 7.6 ( N B SPAdes) Xl /7
JS bR PP 9 4T de novo dH %, L5 Seqsero HUifE A
o, T 00 E 5 ZE VD T B R i vE Y, a5
ResFinder 048 & Lo X i 2E i 265 3L A

2 H#R
2.1 IER AR

B 7 5 5 Seqsero BUHE PR EL X, & B 58 #k
EGEED TR A 15 R i R, Ko A £ W]
B4, [5], 12 .- ¥ & & i £ (27.59%,
16/58) , Ho A MRk b B 05 € W 1T 1 (20.69%,
12/58) JHRITIH (15.52% ,9/58) ARV 1T &
(8.62%,5/58) AP TH (6.90% ,4/58) fHEIK
YT TH (5. 17% ,3/58) , AP FR V0 T L F) 55 3E
IRAEYS T B T BT kv
P BT ST v T S Y T o b v T
WHRVTTEE N 1.72%



e R 2 P 23 B 2018 4R TP 45 W PR 23 1 AR 415 FE 0 ) B i 25 BT 58 —— i 4 55, 4%

—495—

2.2 gl g R

58 MRAEMGFEVD 1] 1 X DU PR K it 25 R (77. 59% ,
45/58) f fr , FL R SZ Z R VUMK (72.41% ,42/58) , fix
&R LA IE (1.72% ,1/58) M HEZE (1.72%),
1/58) , F Sk #0178 T AN Tiif 24, % S0 fiie 35 pig 4 3 SRk
fif 3288 3 KV LA RN L EMm 2w Ak &
56.90% (33/58) , et M 6 i 24 1 Bk 5 3. 45%
(2/58), PEWLER 1 Al 1,

1SS HRAEGITE VD T B 25 oA KR 45 2R

Table 1  Antimicrobial susceptibility of 58 Salmonella isolates

fiif 24 g UK

bk % WER TR EK AR Rk BUReR

Bk s Butk s Btk /%
HNE 9 15.52 31 53.45 18 31.03
AE/R 23 39.66 2 3.45 33 56.90
ZRIETR 20 34.48 0 0.00 38 65.52
RKER 3 5.17 2 3.45 53 91.38
B2 3 45 77.59 0  0.00 13 22.41
3k i WE 5 13 22.41 0 0.00 45 77.59
KT 0 0. 00 3 5.17 55 94.83
E2R RN 42 72.41 0 0.00 16 27.59
RV FF EIE 13 22,41 29 50.00 16 27.59
3 70 Al e 1 1.72 4 6.90 53 91.38
Sk 760 g b 20 34.48 17  29.31 21 36.21
W e 1 7 0 0. 00 0 0.00 58 100.00
Wy 25 8% 2 1 1.72 0 0.00 57 98.28

AR e /i P EmE 23 39.66 0 0.00 35 60.34
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Figure 1 Multidrug resistance of 58 Salmonella isolates
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Table 2 Antibiotic resistance genes of 58 Salmonella isolates
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laa , aac ( 6")-Ib-cr, aadAl, aadAl6,
aadA2, aadA22, aadA24, aadA2b,
aadA3 ,ant (3")-Ia, aph ( 3") -Ib, aph
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Ib-cr
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Figure 2 Multidrug resistance genes of 58 Salmonella isolates
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2 b 159 Tt 24 3¢ 1Y 5 ik 24 35 PN Bl 24 4 oG
R ik DR A8 A — B, HoAy 21 A — B0y 25 B 5 47t
ARG g 10 B B-PN BE Ik 26 5 i i R i AR
A28 3 B U PR 2 2 v R 2 1 )R T
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A 22 BIAFFEN 25 HE PR, b 16 5] A e 4 R 2K (2 ]
BNk 25 2 i) Sk R T B 1 Dy AR HE B AT
KB RIANEESE, SRR 7Pk 95.36%
(452/474)
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Table 3 Resistance genotype and phenotype comparison of Salmonella isolates

e AT 2 /4 F AR/ R
ik # FE N FE N FE N LB RIYE /% RS/ %
fiif 4 UK fiif 25 UK

ORI 40 2 0 16 95.24 100. 00

K 76 A BE 1 0 2 51 100. 00 96.23
B- N it e 25 3k 16 g fi5 5 8 0 45 38. 46 100. 00

KAV T 0 0 0 55 100. 00 100. 00

Vi 8% v 0 0 0 58 100. 00 100. 00
A NS S 3 0 1 52 100. 00 98.11
KIF N TR 2 Fif 2y i % 1 0 1 56 100. 00 98.25
YR E I E 42 3 0 13 93.33 100. 00
B AER 22 1 2 31 95. 65 93.94
— ﬁﬁfdi 8 1 0 18 88. 89 100. 00

ZEIEMR 19 1 16 22 95. 00 57.89
TR 4 A5 40 ) ) 2 B4R 7 I /i e Y O e 18 5 0 35 78.26 100. 00
Gt 159 21 22 452 81. 67 98.31
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100. 00% , e i 4 96. 23% , X+ 3k #LWE Ji5 1 GE iR H
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#199.12%
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2.4.3 KRIAWERI 25 5

58 BRAEVGIFEVD T 1R b LRG0 1) — F K BR Py i
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emlAl floR . catB3 | cml ., catA2 , 3 [H #% +7 4y h
31.03%(18/58) .22.41% (13/58) .8.62% (5/58) .
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2K it 2§ ( plasmid mediated quinolone resistance,
PMQR) AT AW LA 47 #RAEGIFE V1]
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(27.59% ,16/58) &5 Asp87-Gly (2 #k) . Asp87-Asn
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QRDR ZE45 5 3 B 2% 0E R 1) f 245 M, % 38
b B 2k R 2R, BRAEAETE QRDR
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BRI B S 2 2 B0 6 IR TN v R 2R e TR Y I R
T2 1E7, AWFTEA 14 bRE U — Bl PMQR 2
PRI gurST, Horfr 1 B IR V0 5L 10 25 S0 30 45 5 0
Mt 245,12 B A 1 Bk BUR . A 12 BRI TR TR
FZEAE QRDR 2728 Fl PMQR £, Hod 8 BRI R b
BRI 2,5 kR b A, XAV R R 2%
TR ) B Bk REAS [R] B 47 7E QRDR %€ 78 il PMQR FE A
LR PMQR & XF 25 BE R I 24 1Y) 18T Ak 56 A A7
T QRDR 2278 /o 447 PMQR 2 (HA 1 BRIk
PRFEYD T B A A I 10 B 0 A T 25 S sk R A L A
6 HRIAE 1 FE VD 1T 1R[] B X 258 B R R B D V0 B2 T 24

FRYEAT 0gxA LoqxB FEH 5 MR AETE gyrAd RAE, W
o 6T s i ) A i 24 ¢ TR 3 TR R 2 ] A A R
e, o BORE VR S BE 4300 R 93, 10% F 71.43%
2.4.7 MR AR I 3R B A

ASAIF o A W 2] 3 ek i RV e i 24 3 DY R
FRXE sul2 (48574 R 5% 5 (50.00% ,29/58) , Hik &
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AU I TR 24 3 R A AG I B 3 b Ho P dfrA L2 AR
55 (27.59% ,16/58) T dfrAl F dfrAl4 845 &1y
H1.72% (1/58) o BN B A e /i e FR I e )
Tiif 245 3% 1 5 3 PR A0 22 J) 8 2 4 SR, R RN R
S BE 45K 78. 26% Fil 100. 00% .
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YR R ) PR ) A A R I A T Y T 24 2
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B WGS i 25 B 50 1 PCR 325 3 S 2
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