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Abstract: Objective To analyze an outbreak of foodborne disease caused by Salmonella typhimurium, and to study
the molecular characteristics of the pathogen through laboratory detection and similarity analysis, so as to provide scientific
basis for clinical diagnosis and treatment, incident traceability, prevention and control. Methods The collected samples
were screened and detected by the FilmArray multiplex PCR system, and the pathogens were identified by mass
spectrometry and serotyping. Antibiotic susceptibility tests, pulsed field gel electrophoresis (PFGE), and whole genome
sequencing were performed on the isolated strains. Sequence type (ST) , cgMLST, and rMLST were obtained by
comparing the MLST of Salmonella and performing cluster analysis. The isolates were studied for genes that are related to
drug resistance and virulence. Results A total of 15 Salmonella strains were isolated, including 3 from suspected food
sources and 12 from the patient’ s feces, and all of them were Salmonella typhimurium. The PFGE pattern showed two
patterns, 12 strains from stool and 2 strains from suspected food had the same pattern, the similarity was 100%, and the

similarity of the other one strain from suspected food was 88. 89%. The 15 isolates were categorized into either ST19 or
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rST-138396 (new) type. The cgMLST and wgMLST core genome loci varied from 1 to 15 and 1 to 395, respectively. The

drug resistance spectrum of 15 isolates was as follows: Ampicillin-Ampicillin/Sulbactam-Cefazolin-Cefotetan-Amikacin-

Gentamicin-Tobramycin-Levofloxacin-Furatoin-Streptomycin-Nalidixic Acid-Tetracycline-Chloramphenicol; The genome of the

strains contained 13 related drug resistance genes and 271 known virulence genes. Conclusion This foodborne disease

outbreak was caused by Salmonella typhimurium from the same source and with the same molecular typing characteristics.

The isolated Salmonella typhimurium was capable of producing extended-spectrum -lactamases and was resistant to 13

antimicrobials, indicating that it was a severe multi-drug resistant strain.

Key words: Salmonella typhimurium; foodborne diseases; homology testing; drug resistance phenotype; whole genome

sequencing; virulence gene; drug resistance gene
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Figure 1 PFGE clustering analysis of 15 Salmonella Typhimurium isolates in this incident and 4 sporadic cases isolated locally
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Table 1  Genomic characterization of 15 strains of Salmonella typhimurium

R G KR LR G IR AR e TR/ FE N AL/ % AT L] X GC % AEHRE

KB /bp KB /bp T/ % KJE /bp HH /%
SN22TC0075SAL A 4764 4332599 909.25 53.26 87.82 600 374 43.95 12.16
SN22TCO0076SAL A 4767 4333254 909.01 53.26 87.81 601 467 43.96 12.19
SN22TCO076SAL A 4763 4332374 909.24 53.27 87.83 601 017 43.95 12.17
SN22TCO0078SAL A 4766 4335031 909.57 53.27 87.87 598 541 43.90 12.13
SN22TC0079SAL A 4764 4331377 909.19 53.27 87.81 601 367 43.95 12.19
SN22TCO0080SAL A 4763 4332 604 909.64 53.27 87.83 600 537 43.93 12.17
SN22TCO081SAL A 4764 4334528 909.85 53.26 87.84 600 273 43.95 12.16
SN22TC0082SAL A 4761 4333026 910.11 53.27 87.84 599 865 43.92 12.16
SN22TCO083SAL A 4765 4329 450 908.59 53.26 87.79 602 003 43.95 12.21
SN22TCO084SAL A 4765 4330330 908.78 53.26 87.81 601 345 43.95 12.19
SN22TCO085SAL A 4768 4334719 909.13 53.27 87.84 599 970 43.92 12.16
SN22TCO101SAL A 4764 4331 464 909.21 53.26 87.82 600 485 43.95 12.18
SN22TCO102SAL £ 4767 4333552 909.07 53.26 87.83 600 484 43.94 12.17
SN22TCO103SAL £/ 4766 4333 181 909.19 53.26 87.83 600 187 43.92 12.17
SN22TCO104SAL £ /i 4706 4299 476 913.62 53.31 87.86 594 288 43.93 12.14
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Table 2 Drug resistance phenotype and related gene carrying status of 15 strains of Salmonella typhimurium
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Table 3 Virulence gene carriage of 15 strains of Salmonella typhimurium
2 IR T A T PR
Stress adaptation SodCI sodCI
Spv locus Spv spvD (spvA (spvR \spvB .spvC
Serum resistance Rek rck .pagN

Secretion system

Effector delivery system

Regulation

Nutritional factor

sseL .gogB .sopD2 spiC/ssaB ssel sseG .sifB .sse] .sseK2 .sseK1 .pipB2 .sspH2 |
sseK2 (sifA \ssel/srfH .pipB
sopA .sopE2 sopD .sipB .sipC .sptP .avrA .sopB/sigD

TTSS-2 translocated effectors

TTSS-1 translocated effectors

TTSS effectors translocated via
slrP
both systems

ssal  ssrB ssrA (ssaC \ssaD \ssaE sseA sseB .sscA \sseC sseD \ssek sscB . ssaG
TTSS (SPI-2 encode)
ssaH \ssal .ssa) . ssaK .ssal .ssaM .ssaV .ssaN .ssaO ssaP .ssa(Q) .ssaR .ssaS .ssaT
sicP L invE \prgH .invH .invF \invG .invA \invB .invC invl .inv] .spaO .spaP .
TTSS (SPI-1 encode) spaQ .spaR spaS sicA sipD \iacP .iagB .hilA (hilD .prgl .prg] .prgK .orgA .orgB .

orgC (hilC .sprB .sipA/sspA

Nonfimbrialadherence determinants

Magnesium uptake
Macrophage inducible genes
Iron uptake

Immune evasion

Fimbrialadherence determinants

Efflux pump
Antiphagocytosis

Salmochelin

Flagella

OmpA
Enterobactin
ApeE

BapA

Total

T6SS-11 Kox_00005
. scil STM0278 .sciC sciS/icmF-like \wgrS sciB \sciD \scik scil .clpV sciH \sci] .
Sl sciK scil.seMi sciN \sciO \scPi.scQi . sciR scTi sciU sciV . .sciW \sciA
RpoS rpoS
ResAB A225_4123
PhoPQ phoP
Fur Sfur
Allantoin utilization allB
SinH sinH
ShdA shdA
RatB ratB
MisL misL
Mg transport mgtC .mgtB
Mig-5 mig-5
Mig-14 mig-14
Enterobactin fepC
LPS glucosylation girB
Capsule galF
Stj SNSL254_A4931 .SNSL254_A4930 .s4jC stjB .SNSL254_A4927 .stiC .stiH .stiB .stiA
Sth sthC \sthA (sthB \sthD .sthE
Stf stfA stfC stfD (sifE stfF (stfG .
Ste steA \steC
Std stdB \stdA stdC \stdD
Ste steB steA (steC (steD
Sth stbE stbB .stbC .stbA .stbD
Saf safA safB safC .saDf
Pef pefB .pefA .pefC .pefD
Lpf IpfD \IpfB .IpfC .IpfA .IpfE
Fim fimA fiml fimC fimD fimH fimF fimZ .fimY fimW
Bef befG \befF \befE \befD \befC \befB befA \befH
Agf/Csg csgG . csgF .csgE (csgD .csgB .csgA .csgC
AcrAB acrB
Capsule A79E_1608

iroC .iroN .iroE .iroD .iroB
SIhD f1Bi flil flk fliZ fliY fliA flhC .motA .motB .cheA .cheW .tar/cheM .cheR .

cheB .cheY .cheZ flhB flhA fILE fliR fliQ fliP fliO fliN fliM fliL.
JUK fli] fliH fliG fliF fLE fiT flS fliD fliC fljB fiiA flgN flgM flgA flgB
SgC flgD flgk flgl flgG flgH \flgl flg) flgK flgL

Salmochelin

Peritrichous flagella

OmpA 21307 .ompD
Enterobactin entS
ApeE STM0570
BapA silk
47 271

2.8 MLST 3% MST#4 K £ 4t 4k 7 B 25 1
15 Bk V0T B 5 I 415088 I 4% EnteroBase % 3%
£ 45 %] MLST 43 #1 , ¥ & ST19 #I . tMLST # %

138369 (new) » cgMLST 43 % 45 5 G 7% , 352015 %!
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BT A AL B0 B0 SE U0 1 TR TR SR B e R S B R ) TR AT 5

TH.% —1113—

6SAL . SN22TCO081SAL ;352030 & 1 ¥k 3k J5 N 45 tk ST19 A R A FEVH T O 3 #k bt 2 Bk .
AL H B %R 5l SN22TCO083SAL ;352016 % 1 # 3k VU% 4 PR eMLST B 51 5 A< Yk 4 43 25 #k — B0 i
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Figure 2 Minimum spanning tree of 45 Salmonella typhimurium isolates
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Figure 3 SNP evolutionary tree of 50 Salmonella typhimurium ST19 strains
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