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PulseNet timeline

e 0157 hamburger outbreak

e PulseNet launch

e MLVA (multi-locus variable-number tandem repeat analysis)

e 0157 spinach outbreak

g
g
>



MLVAD ;& FE
0157 RO L Y- KDL (20064 )

Persons infected with the outbreak strain
of E. coli 0157:H7, by state of residence,
as of October 6, 2006 (n=199)

BE 199
ABE:102
1-4 [759 [10-14 15 or higher | HUS: 31
B3

https://www.cdc.gov/ecoli/2006/spinach-10-2006.html

Foodborne Pathogens and Disease, Vol. 3, No.1 | Original Papers

Second Generation Subtyping: A Proposed
PulseNet Protocol for Multiple-Locus Variable-
Number Tandem Repeat Analysis of Shiga Toxin-
Producing Escherichia coli 0157 (STEC 0157)

Dr. Eija Hyytid-Trees, Sandra C. Smole, Patricia A. Fields, Bala Swaminathan, and Efrain M. Ribot

o Eg6 b OTHE Pathogens and Diseases, 2006)

[0 View Article O Tools [ Share

Journal of Food Protection, Vol. 79, No. 12, 2016, Pages 2024-2030

doi: 10.4315/0362-028 X JFP-15-556
Published 2016 by the Intemational for Food Proter
Not subject to U.S. Copyright. This is an open access article

Research Paper

Multistate Outbreak of Escherichia coli O157:H7 Infections
Associated with Consumption of Fresh Spinach:
United States, 2006

UMID M. SHARAPOV,'* ARTHUR M. WENDEL,'- JEFFREY P. DAVIS," WILLIAM E. KEENE,* JEFFREY FARRAR,®
SAMIR SODHA,'* EIJA HYYTIA-TREES,” MOLLY LEEPER,” PETER GERNER-SMIDT,? PATRICIA M. GRIFFIN,?
CHRIS BRADEN;? anp THE OUTBREAK INVESTIGATION TEAM
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SCalifornia Department of Health Services, P.O. Box 997377, MS 0500, Sacramento, California 95899, USA

MS 15-556: Received 2 December 2015/Accepted 8 June 2016

(J. Food Protection, 2016)



PulseNet timeline

e 0157 hamburger outbreak

e PulseNet launch

e MLVA (multi-locus variable-number tandem repeat analysis)

e 0157 spinach outbreak

e WGS introduction for cholera outbreak
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Comparative Genomics of Vibrio
cholerae from Haiti, Asia, and Africa

Aleisha R. Reimer, Gary Van Domselaar, Steven Stroika, Matthew Walker, Heather Kent, Cheryl Tarr,
Deborah Talkington, Lori Rowe, Melissa Olsen-Rasmussen, Michael Frace, Scott Sammons,
Georges Anicet Dahourou, Jacques Boncy, Anthony M. Smith, Philip Mabon, Aaron Petkau,

Morag Graham, Matthew W. Gilmour, Peter Gerner-Smidt,
and the V. cholerae Outbreak Genomics Task Force'

(Emerging Infectious Diseases Vol. 17, No. 11, November 2011)
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Tthypandemic clade

(Lancet Global Health, 8, 2020)



PFGED b WGSA

e [isteria WGS surveillance
e (GenomeTrakr by FDA)




Number of infections per million people

2 = R W & O ;e = o W

PFGEDBLWGS™
Listeria Initiative, 2004 ~

Detecting more outbreaks points the way to prevention

‘Outbreaks from Listerfa in the 1990's traced to hat dogs, and later to deli meats, Faster detectlon and response
led to changes that made processed meats safer and reduced the number of such saves lives and protects people
outbreaks. But, Listerfa infection rates have not gone down since 2001.
1988: Single deadly case of Listeria linked to hot dog... Listeria Outbreaks
New technology (PulseNet) Days from outbreak detection
New laws and detects more outbreaks, to first public warning
industry changes disease goes down
2 Soft Cheese Cantaloupe
Progress stalls, Progress needed to
outbreaks continue meet the 2020 goal,
FSMA enacted in 2011
2011
S essrnnay, !.i'.--'-'
| | | I | | | SOURCES: New England Joumal
1990 1995 2000 2005 2010 2015 2020 of Medicine, 1988; Morbidity and

Mortality Weekly Report, 2011
SOURCES: JAMA, 1995; CDC, 2012

(https://www.cdc.gov/vitalsigns/listeria/index.html)
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Campylobacter 9799 2043 1570 19.61
[ Listeria [ 135 132 21] 3 6 0.27]
Salmonella 8596 2492 54 551 965 17.2
Shigella 2428 661 3 76 615 4.86
STEC 3144 667 10 265 634 6.29
Vibrio 481 137 13 24 50 0.96

Yersinia 681 146 4 0 37 1.36
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120+ ﬁ
[J Pre-WGS (Sept 2012-Aug 2013)
104
100 - B WGS Year 1 (Sept 2013—-Aug 2014)
B WGS Year 2 (Sept 2014-Aug 2015)
80
60
, /|- - - " -"----"=-""=-"="-"="-""="-""="""=-"=-"=-"=""="=-"=-"="="=-"=-"=-=-""=== ~ N
I 40 \
! |
: 19 21 l 20
7 “onll 9 |
5 6 = 6 |
o
: No. of clusters  No. of clusters No. of Median no. of 1 No. of cases
| detected detected outbreaks cases per | linked to food
l sooner or only solved clusteror | source
. by WGS* (food source outbreak !
N identified) P

S e e s s e e e e e e e e S S S B e B B e ESe G S S B e e e e o

(CID 2016:63)
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INFETHENRESODEFILMNMEITSEN 220D, |

. KYBLDISAEZ—ZFIRA KYINSTE ISR F—E R4

umber
L

m Before usingwhole genome sequencing {(WGS) (Sept 2012-Aug 2013)

Using WGS (Sept 2013-Aug 2016)

(The Listeria Whole Genome Sequencing Project | Listeria | CDC)




PFGED b WGSA

e [isteria WGS surveillance
e (GenomeTrakr by FDA)

e WGS projects funded by Advanced Molecular Detection
(AMD)

e Expand the use of WGS for Campylobacter, E. coli,
Salmonella surveillance

J

e WGS is the New PulseNet gold standard instead of PFGE ]




PulseNet USA WGS Data Analysis
Workflow

Public health Lab

9. Upload raw sequence data

with minimal metadata

blic Health Laboratory

Public DB
NCBI

1. Move sequence
data to local
storage

2. Link sequence
data to

ReflD Database metrics, and taxonomic ID

¥ o

3. Submit raw read, and retrieve

assembly with basic quality

5. Export de novo

assemblies, quality

to organism-specific

database

data to CE foral Qutbreak code

calls and genoty
3 8. Download allele
WgM LST code, outbreak code,
etc.

metrics

4. Submit sequence data for
taxonomic identification

EE R E

Calculation

' BN

e w

(Foodborne Pathogens and Diseases, 2019)



wg/cgMLST in BioNumerics

T

e 20215 IRTE : ~50F %

o 1IBILFEEEL wg/cg

Campylobacter jejuni/coli
Escherichia coli/Shigella
Listeria monocytogenes
Salmonella enterica

Staphylococcus aureus

3529/1343
17380/2513
4804/1748
15874/3002

3904/1861
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(Frontiers in Public Health, 2019)

ORIGINAL RESEARCH

} frontiers

in Public Health

Check for
Upaates

The Transformation of Reference
Microbiology Methods and
Surveillance for Salmonella With the
Use of Whole Genome Sequencing in
England and Wales

Marie Anne Chattaway ™, Timothy J. Dallman’, Lesley Larkin?, Satheesh Nair’,
Jacquelyn McCormick?, Amy Mikhail?, Hassan Hartman', Gauri Godbole', David Powell',

Martin Day', Robert Smith? and Kathie Grant'
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(Frontiers in Public Health, 2019)



Salmonella MLST/eBurst Group (eBG) vs I ;§#!

— ) A Colour eBG Serovar Number
@ 4  Enteritidis 4866
@ 1 Typhimurium 3025
O 31 Infantis 469
@ 13 Typhi 445
@ 54 Agona 387
@ 29 Stanley 330
@ 56 Kentucky 276
@ 11 PraratyphiA 274
@ 138 Typhimurium 263
O 24 Braenderup/larochelle 249
O Newport 244
@ 5 ParatyphiB/Java 239
@ 14 saintpaul 226
O 9 Virchow 216
@ 206 Bareilly/Richmond 176

{ eBG206

(Frontiers in Public Health, 2019)
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B 2ME!) 77L 2 AS5RGBRU (Gastrointestinal Bacteria Reference Unit)

WGS: ST, eBG, serovar, SNP7KL X
T —A~R—X :Gastro Data Warehouse (GDW)
SNP7RL R (EE%eBGIZHRL T, $I86%)
“SNP Cluster Tool” (5-SNPL RN JLD I 5 R RA—Z1E5N)

(Frontiers in Public Health, 2019)



Turnaround time (TAT)

WGSLLRT WGSE A £
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H b=t iR5-28 H 10H

m;E#5I3-218

PFGE7-10H

(Frontiers in Public Health, 2019)



* PHE to NCBI
— BioProject PRINA248792

— Metadata
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e NCBI to Enterobase

(Frontiers in Public Health, 2019)



Enterobase
https://enterobase.warwick.ac.uk/

O | B eneobase
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EnteroBase
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Available Databases

Salmonella

Strains:335342

Assembled
* Legacy 4933
« From NGS:330409
* In Progress:3
Schemes
« Achtman 7 Gene MLST:335335
* cgMLST V2 + HierCC V1:330578
* IMLST330281
+ WgMLST:330214

Database Home °

Escherichia/Shigella

Strains:201412

Assembled
* Legacy 9523
« From NGS191889
* In Progress:8
Schemes
+ Achtman 7 Gene MLST-201397
 CQMLST V1 + HierCC V1192154

Database Home

¥

Hizumya &~ Help vi12

Streptococcus

Strains:79335
Assembled
+ From NGS79335
+ InProgress:0
Schemes
* cgMLSTv179328

Database Home °

Clostridioides
Strains:23110

Assembled

=+ From NGS:23110

* In Progress:2
Schemes

« cgMLST V1 + HierCC V423110

. G s 7 Gene:23111

* MLST:23110

© WoMLST:23111

Database Home °

Vibrio

Strains:13549
Assembled
* From NGS:13549
« In Progress:0

Schemes
* IMLST13550
« Vibrio cgMLST + HierCC:13549

Database Home

Yersinia

Strains:5611

Assembled
* Logacy 861
« From NGS'4750
+ In Progress:0

Schemes
« Achtman 7 Gene 6389
+ cgMLST V1 + HierCC V1:4768
* McNally 7 Gene'4969
« IMLST4751
* WgMLST4750

Database Home ©

Helicobacter

Strains:5442

Assembled
* Legacy1869
« From NGS:3573
* In Progress:0

Schemes
 MLST:3571

Database Home °

Moraxella

Strains:2781

Assembled
« Legacy 416
« From NGS:2365
* In Progress:0
Schemes
« Achtman 7 Gene:2782
« IMLST2365

Database Home

almonella: 335342

. coli/Shigella: 201412

treptococcus: 79335
lostridioides: 23110
ibrio: 13549

ersinia: 5611
elicobacter: 5442
oraxella: 2781

(2022/02/17
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(Frontiers in Public Health, 2019)
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(Frontiers in Public Health, 2019)
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