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Investigation of virulence factors based on whole genome data in Escherichia
coli associated with foodborne disease outbreaks
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To investigate the virulence factors in Escherichia coli 0166:H15 isolates
from diarrhea patients in several foodborne outbreaks, whole genome analyses, suckling mouse assays,
bacterial adherence assays, and contact-dependent hemolytic activity tests were performed with 5,

2, and 2 isolates from 5 outbreak patients, 2 sporadic patients, and 2 asymptomatic carriers,
respectively. Multilocus sequence typing revealed that the 8 isolates, except for one from an
asymptomatic carrier, belonged to ST349 and a single locus variant of ST349. Core genome single
nucleotide polymorphism-based analyses showed that the 8 isolates belonged to a single group. The
four isolates from outbreak patients were positive for enteroaggregative E. coli heat-stable
enterotoxin 1 gene and dispersin protein genes. In suckling mouse assays with a culture pellet of an
outbreak isolate, fluid accumulation was observed. Additionally, several isolates from outbreak
patients showed diffuse adherence to HelLa cells.

Outbreak




1000

300 700
( Outbreak
)
Outbreak Escherichia coli 0166:H15
1996 2013 4 4 Hbl15 Hbl1l8 Hb19 Hb26
2017 1 1 Hbl0o7 E. coli0166:H15 Outbreak
2 2 Hb22 Hb23
2 Hb30 Hb31 E. coli TOP10
Invitrogen
18H281 Shigella flexneri 2a 18H68
PFGE
PFGE
Xbal
Salmonella Braenderup H9812 PulseNet Standard strain
Miseq
Genepid-J

DDBJ Fast Annotation and Submission Tool (DFAST)
in silico Molecular Cloning

Arimizu
Outbreak 0166 H15 4-5 ddy
100u |
3 4 5 FA
TSB BD 37 18 110rpm
3000rpm 20 0.45p m
36 10u | 1.5ml
PBS 10 10 /ml
10 0.45y m
TSB 36 Iml  5000rpm 5
iml PBS 10 9 /ml
Tsukamoto HelLa
Hep-2 Caco-2 T84 8
LAB-TEK 37 5%CO2 PBS 3
400p I 10
TSB 20u 1 37 30 5% CO2

PBS 3



Outbreak
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1S1414 transposase
5 4 Outbreak 0166 H15 EAST1 astA
1S1414 transposase
BioEdit software GenBank accession no. AF143819
EAST1 1S1414 transposase PCR
AF143819 Primer3 IDT OligoAnalyzer tool
PCR 95 30 - 95 5 560 30 x 35
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PFGE
PFGE 1
Multilocus sequence typing MLST
Outbreak 4 Hbl5 Hb18 Hb26 Hb1l07
2 Hb22 Hb23 1 Hb30 ST349
Outbreak Hb1l9  ST349 Single locus variant ST2914
Hb31 ST70
3811 45753 SNPs
Hb31 2
Genepid-J Outbreak 5 Hb26
4 EAST1 astA dispersin
in silico Molecular Cloning
4 1 v ysaH pilQ)
Hb31 Gene
presence/absence 128 ORF
FA 0.083
Outbreak 6 4
Hb15 0.0557+ 0.0027 * Hb18 0.0565
+ 0.0020 Hb19 0.0546+ 0.0016 Hb26 0.0562+ 0.0020 Hb107 0.0599+ 0.0053
0.0599+ 0.0053 0.0555+ 0.0016
6 5
Hbl5  0.0583+ 0.0038 Hb18  0.0594+ 0.0058 Hb1l9  0.0633% 0.0050
Hb26  0.0592+ 0.0068 Hb107  0.0576% 0.0040 0.0613+ 0.0047

0.0614+ 0.0045
6 3
0.05575+ 0.0015 Hbl5 0.0576+ 0.0008
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EAST1 97 100%
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EAST1 1S1414 transposase PCR
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EAST1 dispersin EAST1
1S1414 transposase EAST1
1S1414 transposase
PCR
EAST1 1S1414 transposase forward
astA-823F(5-CCCGCATCCAGTTATGCATC-3) AF143819astA_788F
(5-GCTTCGTGTCATGGAAGGAC-3) reverse astAR
(5-GGTCGCGAGTGACGGCTTTGT-3)
rrsA hcaT ianT tus cysG rrsA-123F
(5-TCTGGGAAACTGCCTGATG-3) rrsA-198R
(5-CTTTGGTCTTGCGACGTTATG-3) hcaT-28F (5-GCGCTCGGCTATTTCACATAC-3)
hcaT-135R (5-CAATAACAGGCCGATGGTTTC-3) idnT-28F
(5-GTCGCGCTGCTTCTTATCC-3) idnT-102R  (5-GACGGCAGCTACCAGAAC-3)
tus-82F (5-CTTGAGCAACACAAGCTATTGG-3) tus-157R

(5-GCGGATTATGCTCATCCTCT-3) cysG-123F (5-TGCATTAGCGTTTATTCCACAG-3)
cysG-222R (5-CAGCAGGTGTCGAGAAGG-3)

Premix Ex Taq™ (Probe qPCR) Takara SYBR™ Gold Nucleic Acid Gel Stain
Invitrogen
EAST1 1S1414 transposase 100.9% 101.3%
rrsA hcaT idnT tus cysG
100.9% 102.2% 97.6% 83.3% 100.1% tus 4
PCR
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Core genes: 3,811 (>90% identity)
Infomative SNPs: 45,753
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