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Analysis of antibiotic resistance genes and virulence genes in Salmonella typhimurium isolated
from fecal samples of children under 5-year old by whole genome sequencing
WANG Wei, HU Yu-jie, XU Jin, PENG Zi-xin, ZHANG Hong-yuan, ZHAO Xi, XU Xue-bin, LI Feng-qin
(Key Laboratory of Food Safety Risk Assessment of Ministry of Health, China
National Center for Food Safety Risk Assessment, Beijing 100021, China)

Abstract; Objective Based on whole genome sequence analysis, the antibiotic resistance genes and virulence genes in
Salmonella typhimurium, which was isolated from fecal samples of children under 5-year old, were investigated and their
resistance mechanisms were tested. Methods The antimicrobial susceptibility of 321 Salmonella typhimurium strains
isolated from fecal samples of diarrheal children under 5-year old was tested by broth microdilution method as the Clinical and
Laboratory Standards Institute recommended. Then, Salmonella typhimurium strains S1, S2 and S3with different resistance
phenotypes (S1: susceptible to all 12 tested antibiotics; S2; resistant to tetracycline only; S3; resistant to 10 antibiotics
except imipenem and meropenem ) were selected for whole genome sequences using Illumina Hiseq 2000. The antibiotic
resistance genes and virulence genes were annotated with antibiotic resistance genes database (ARDB) and virulence factors
of pathogenic bacteria database (VFDB). Comparing to Salmonella typhimurium str. LT2, the genetic mutation analysis of
gyrA, gyrB, parC, and parE in the 3 tested strains was performed by GENtle software. Results All 321 Salmonella
typhimurium isolates were susceptible to imipenem and meropenem, while 271 (84.4% , 271/321) and 269 (83.8% , 269/

321) strains were resistant to tetracycline and ampicillin, respectively. Besides, 206 (64.2% , 206/321) showed multiple
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drug resistance, and 11 (3.4% , 11/321) strains were ESBLs-producing strains. The sizes of genome of S1, S2 and S3 were
4 876 427 bp (GC content; 52.18% ), 4 970 690 bp (GC content: 52.14% ) and 5 133 380 bp ( GC content; 51.87% ) ,
respectively. Furthermore, the ARDB annotation results showed that 18 out of 4 825 genes of S1, 20 out of 4 936 genes of S2,
and 32 out of 5 082 genes of S3 were associated with antibiotic resistance, respectively. In detail, tetA and sul2 genes were
annotated in S2. While sull/2/3, tetB, AAC (3) -1V, AAC (6') -I, ANT (2") -I, ANT (3") -I, aphAl, bla.;\_,,,

bla,y, ,, catB3, cml_ el and c¢ml_ e3 were annotated in S3. Compared with Salmonella enterica subsp. enterica serovar

typhimurium str. LT2, the 87" cod on of gyrA in S3 changed from GAC to AAC ( Asp87— Asn). Meanwhile, the VFDB
annotation results showed that 130 out of 4 825 genes of S1, 129 out of 4 936 genes of S2, and 120 out of 5 082 genes of S3
were associated with virulence, and the major types of virulence were type three secretion system and adherence factors.
Conclusion The antibiotic resistance of Salmonella typhimurium isolated from fecal samples of children under 5-year old was
very serious. The resistance genes obtained by genome annotation were in good accordance with resistance phenotypes.
Moreover, various virulence genes were annotated in this study. There sultscouldshed light on drug resistance mechanisms and
pathogenicity of Salmonella typhimurium isolates, health risk assessment, and finally preventing and controlling the

contamination of Salmonella typhimurium isolates.

Key words: Diarrhea; children; Salmonella typhimurium; antibiotic resistance gene; virulence gene; whole genome

sequencing; foodborne pathogens
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Figure 1  Multi-drug resistance of 321 S. typhimurium strains
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Table 2 Assembly results of genome sequence of three S. typhimurium strains
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Table 3

ARDB annotation of genome sequence of three S. typhimurium strains
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Table 4 VFDB annotation of genome sequence of three

S. typhimurium strains

; Ay R B %
TR s < =
A B Agf 6 6 6

Lpf 5 5 5
MisL 1 1 1
Pef 4 4 —
RatB 1 1 1
ShdA 1 1 1
SinH 1 1 1
type 1 fimbriae 9 9 9
1 2% enterobactin 9 9 9
g flagella 10 10 10
VERE Fur 1 1 1
RpoS 1 1 1
PhoPQ 2 2 2
B Ibes 1 1 1
W RKEAFT  IroN 1 1 1
fi 2 4% LPS 3 2 3
Bl MgtBC 2 2 2
HUE IRHCHT Mig-14 1 1 1
W 240 5 Mig-5 1 1 —
[IRTE (7N Rek 1 1 —
A AR A OmpA 1 1 1
IR & = SodCI 1 1 1
JRE G 77 kA Spv 5 5 —
SRR G TTSS(SPI-1 encode) 38 38 38
TTSS(SPI-2 encode) 24 24 25
ait 130 129 120

HE R %26 L
BRRRE: Bk 10 FE T 24, 1 v i ) 2 Fn = 4K 3k #
FPiE Z NG IRIRY T T VD) TR R 1 e ik F 2, A
s T A SR = AR Sk A 2P A R 2510 1) IR 1
FBOLAEIG IR AR ME R 208 20 b Z 767

YOI 2 M B S TR AR K Ak T R B
ZFPBTA: 200 3R BE MR TR B 24 3k DY o Y £ A
S 245 J50RL ZE V0 10 TR R P R R Y 2 A% 4 R
P U ARBF A R AR S B B FE V]
P 2L S A o
3.1 SELME AT Simt 25 HL )

U TR S SR B AT S A T 2 AL R R
SR FENE AR T, R B R S R e
fith, [ B 5 38 B F B JBE A G, TR v 35t A5 40 T 1
22 VG 1 A #0400 BA 1) 35t A% 0 T 4B T 24
DA 560 TR B R H 10 A R S R £ A
85 Ffr, (H H v A A A BOILF, i ANT (2") -1, ANT
(3")-1 , AAC (6") -Ib-cr \AAC (3) -1, AAC (3 )-1I , AAC
(3)-II1 AAC(3)-IV  AAC (3 )-VI Fl aphAl %] G5
B A E 251 . ARBESE S3 43 B8 bk T B A
()5 A G ST 2t 25 35 I 3l . ARDB $dis 4 78 1%
K AAC(3) -1V ANT(2") -1 Fl aphAl W] T2 R A 5€

UO I PR R 25,3 5 T A 0 AT
T 2 (¥ 70 171 B8 e 38 3k PCR 5 32 4G 1 31 ahk 24 35 A
HH—2
3.2 PUIRER RIS E R KM ML

[ N AMIE 5T & BLVD T B b U B R S 2 i
FTHOR tetA L], FoU tetB il tetG JE 91102 3.
] %) 9F 9 417 308 38 A XS YRR A TR U0 1] BT AR 4 S 3 Y
I 2 HE R, ol DL rerA | tetB FL tetG Oy
T ARWESE R DU R A 24 0 S2 R S3 43 B bk 4y
BEA tetA T tetB L X 5 LIEHRE — 3 W]
FRUE U 2R 25 2 i 25 1 32 AL 3R 15 T A
B e 5 2 v Y rer T ANHERE SN A KD
T3 R B G T IR T TR gh 3 K oo, TR e A
FVUIR F T 2 L DX ) 3R A5 7T BE J2 38 IR gL v 1)
W Sh Pk & s . BLAh , ARBFFEAE S3 43 s pk e
W IR A A O 245 JL [N catB3 (eml_el Fl emi_
e3 W5 N Ry 20 T % U B 3R 1 2 M S BORL A
T TAE R BB (cat) M H B, 1L L
BEAf B A KO, T C3 M FEA LBk, (B R
SO L 13- 2 Tk 58085 20 2K 3 5 T 40 B P9 B
eml ZE (A5 00 2 sh A HE Z G0 0 AT Dl G R R AR T
AR A G 42 S el T S B 250
3.3 i 2 25 AL )

VO A O B R AT 3R AT sull | sul2 F osul3
SR LR TE T AU R G B Sk A A e S b AR R
WA 25 sull SEINGE R S 1 KB A T3
PRSF DX At T 24 3 PR 3% 2, sul2 38 H 0 T AESS &
PR JTURL ST 7 8% 11 22 F I 24 R, sul3 £ B 7
I RS FWWITE T, BB SWH aadd F
dfid 3£ &P Patricia 27 ] F PCR J7 3 %t
1 183 R AU FNE IRV TR HEAT 201, Horb 152 kA
W osull FEH 74 BRAEH sul2 FEH 14 #RKE H sul3 FE
A7 34 BRAFAE— Pl DL b 6 g STt 25 36 X, X 5
ARG K BRI D5 ity B 25 1S3 4 S bk 1 R E
sull (sul2 FN sul3 =i 25 FE R AH — 20, BbAbh, Ao
g8 52 7 R v WU Y S2 43 B AR T B B sul2 , 3X
A B 5 H AR BE 0 A7 7 3 5 TR e RO 1 B T
A X,
3.4 MEUE TR 25 ML

YT BR GE I i IR BT A 2R T 2Y 32 R R R B
Fk QRDRs % A& iy 3L K 28 2% , [] B 25 % 4 AL DNA i
SRS A FD B, AL C R E ALY $H
FN SR IV A AT AR — AN S B 1 S R e AR R AR
W 2 B AT v 45 TR 2K Bt A 28 6 HL o RNy, AT o A P
PR A 3R A UM, Horh gyrA BE K2R 83 37 .87 i
WA F A parC FEIHES 80 37 84 v 25 F (1 58 A8 J&
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B WA A B ST i X 3 Bk 42 B Bk gyrA A
parC FE R BEAT LU XS & B, RN U0 Tt 25 6k Y S3 )
T FE Vb I HAT gyrA Fl parC W5 A4S 5 5872, Hovh
gyrA JEDR 5 87 L% A% - i R AT (Asn) [ R
LR (Asp) , $E7R gyrA JE DA 548 vl fiE 2 5 BOR
WEE S3 TR IR N VD B 25 19 R T A R WF
FER B AT T A BB 2 BT A R I 2y 19 T 24 Ok
AAC(6')-Tb-cr TE 179 i % 15 + K& A& Tyr ® 48
(Aspl79Tyr) J&, Tyr Al 5 M 3 [ 35 p B8 & A=
= HER, T B0 AAC (67) -Tb-cr {5 1 il X g s
T 258 2 VR 3 o, T A S R R O v i R 2 B AR R
G E TR
3.5 PR A I i S BT AR R T 24 B A

DTG AT 7 AR B TG G T8, K fi O fiE B T
e 40 R T 3 K% . B-N Bt e i AT 4 TEM
# SHV #1 CTXM #IF1 OXA #ISE, 4Ek,BE 4
TEVD T 30 1 ol BORL A S 09 A 455 e Sk 6 il A
TENRHE T 3 B-TA T Bz 18 , 45 il PR J2% % 4 53 0 1Y
YEIT AR MR R B LT . 1990 4, Bauerbfeind
S USRI T CTX-M % ESBLs, i% 2% i 2 % th
ST ZE VD 1T R i 18 A TS I AT R B 40 T
A R X Sk Al E R B, T ARG S K A Sk A WE i
OXA i 3= 2y ) ¢l B0 B 7 7 A, WT3d ad Jo
e 25 AL B B, 42 K8 2r OXA B ESBLs fiff ¥
IV R Sk A BE T 25 o A 50 Sk A0 WE i A0 Sk A A
WE T 24 (1) S3 73 85 bk 282 45 5€ O ESBLs, & A7 7 Fh Al
S EE AL, 23 00 Sy CTX-MOBY blagyy -, B AT OXA
(4 blagy,, 24, 76 38 [ HAb Hy X 4L A X 7 A ESBLs
fRRS: H 7 B 2 R L 5 ) ESBLs 7 3K [ A7
1 — %€ B RAT
3.6 HAtu 25 AL

AT 5 U 6 19 3 bk B0 FE VD T B AR TN 2
ARDB %45 JIE 1 B, & LY & A mdig .mdth . mdik |
tole .emrd .mdtl .acrb .acra .rosb .mdtm  ber ;mach acrf
513 FhAMHEZE AH 5% K arna | baca  ksga . mdfa . pbp2
G55 FhEG R AR OC I 25 BE Y . H b A Y e 2 0 2
tolc .acrb .acra 1K 2= 51 AcrAB-TolC 4 HEZE &
45, £ 528 T marRAB B84, 7F Mar %8 45 ff
oA HESE th T A B AR A T BT R O M A R 2K
PUPRER SR 2R FI B-IN Tt Jie g 26 T A= &K 19 MIC ]
%{:%Mio arna | baca | ksga | pbp2 A n] 3@ oo il 2 K
it A A S B IR BRI Bt AR R TR M i A T R X
ZHER MEIK EEER THERF AW,
FIRG X V0T B8 A A0 HE 52 2R G2 1Y BIF 50 38 A o 1R i
KA fr T3 — 20 455 R A K H AL 52 5 HOR
PEATIRAMIE

3.7 UIEEHNHET

ARSI 3 K R FE D 17T 1 23 1 Ak A A 4 3 i
VEDB 04 213 R, 4515 17 10 235 100 2435 ) 5
PR, b SCLL = A0 73 U8 AR 8 R BN S5 e ol i . AR
WEFE, U I T YL Ak b SPT {8 8 0% 76 45 £ R 4 iF
frizge B AELERE, B ITwW 208 5 M8l
1, Herp SPI-1 F0 SP1-2 73 5\ 4 % 1) = 20 73 Wb 3R L 7E
A SRR ERAEAE 2 U0 1) T 7 15 5 A0 A AE T K
PR B L BRSO I Y ik
A HoA— SR g T, T T RG E 2E RE O A
T 20 ZF, B —FhEE ) H AR h 22 2k DA g i 1R A
Tl Spv ( Salmonella plasmid virulence ) J& 7>
IV b BORL g B 1 B 0 AR, B ORT AT speA | spuB
spvC .spvD Fll spuR %5 5 F LA JE VD 1T L AR 4
ZGE I T I U T B S — A B ROk
pSLT J& 1970 4 % B, 3T 1982 4Eax 4 1Y, K/h A
93 kb, FE AT MR KR ) W 7 LA pef spv ek Fil
mig-5 4 N gntD BT 5 g A e E

AW TR 5 A BOAR L T 3 Bk B €D
I TR 70 B AR 1 4 5 PR 0 e, 0 G i 24 5 P R
JIH F AT R, B R R 3 MR RV 1T 1 A&
FERH RN Z)H 5 Mb,GC F it 28 52% , i
AL T IR S AT A AR, BDAE i BE I 4 1 GC {E Y
VT 25 B — A W fH, R BT e AR b GC Y i 1o 4
AN 2H R R A5 R A R, n] TR B FE YD T
R R 2 A SR R R . AR IR O e 3 bk BR A
TR N 20 28 ARDB B i 4 1 B 3R 45 10 it 25 5%
G EURRR ST A 18 I 245 L AR L, — i 24
PRS2 I E A 1 R PURR RN 1 i g 2 T 24 JE 1A
THEM 28k S3 A S Fha ST 28 3 Rl & R
26 3 Phif e 1 MU R R S 2 Fh ESBLs P4 it
2L A 5 S3 W U I 2 i 24 T S X gyrA k] I AF T
Asn87 Asp 5745 | Tiif 25 F A 55 BL K AU BE AR — 2, b
WS VEDB $4iE e TR B 4R 75 T 3 MR B JE VDT
T O A G A 3 B I, 26 B0 i xR FE DT
T 42 Ak A4 3 41 9547 ARDB FL VEDB B 4f e U B¢
AL A T TR 24 e P i 24 9 5 O kB
7185 SR AR, AT O i RIG YT AdE S 25,
J5 B2 TT JE vt 245 5k A A% 12 #IL 1 A0 Z00 VeI SE P AL X
NHE A48 BRE KUK, DL K2 o 48 5 U0 1 B Bt £ ot A 7
I Tk A b 2R R A A Bis Y B i 4R A 4
ARIHF
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