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Core Questions

* Why should we care about genome sequencing?

e Federal agencies now detect an unprecedented number outbreaks

e Can link food/environmental isolates to clinical isolates without prior knowledge
e Will this really impact me/my company?

* |t could. ‘Bad luck’ is becoming more common

e Can a non-expert actually use genome sequencing?
e Yes. Critical steps are getting automated.

* What (positive) impacts might WGS have on the food industry?
* Improved environmental monitoring and pathogen profiling
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Why should we care about WGS?

Federal agencies can detect an unprecedented number of outbreaks

How: Nearly perfect resolution for DNA-based subtyping
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Who: US Federal Agencies

Non-Regulatory Regulatory
e CDC  FDA & USDA (FSIS)
e Sequences clinical isolates e Sequences food & environmental
e Disease surveillance isolates
e Qutbreak detection and * |nspection
inveStigation e Enforcement
* |nvestigation
Began 2013 e Recall / Traceback

Now almost ALL multi-state FBD
outbreak investigations use genome
seguencing
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WGS improved listeriosis outbreak detection

Clinical InfectigRipiealdnfectious Di Ad Acce?s\, ished May 15%
| INVITED ARTICLE | ‘:”)L’\ e u

FOOD SAFETY: Patricia M. Griffin, Section Editor

Implementation of Nationwide Real-time Whole-genome
Sequencing to Enhance Listeriosis Outbreak Detection and
Investigation
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Example Outbreaks

* Improved Outbreak Detection
e Link distinct bacterial strains
e Link historic isolates
e Link isolates from routine inspections
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Cheese: Multi-Strain

Improved outbreak detection Soft cheese, Sep. 2015

e Resolve multi-strain outbreaks e 5 L. mono strains closely related
by WGS

_ ¢ 10 states, 5 years
. * 30 cases, 3 deaths

______
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Cheese: Multi-Strain

Multistate Outbreak of Listeriosis Linked to Soft Cheeses
Distributed by Karoun Dairies, Inc.

Posted September 23,2015 3:45 PM ET
¢ 24 people infected with one of the closely related L/steriastrains have been reported from 9

states since August 8, 2010.
o 22 people were hospitalized. Five illnesses were pregnancy-related; one resulted in a fetal

loss. One death was reported from Ohio.

- FDAisolated Listeria monocytogenesfrom two environmental samples collected in
September 2015 from the Central Valley Cheese, Inc. manufacturing facility in Turlock,
California. Central Valley Cheese, Inc. manufactures cheese for Karoun Dairies. Whole
genome sequencing showed that the two isolates are closely related genetically to isolates

from ill people.

In addition, whole genome sequencing showed that 5 Listeria isolates collected in 2010
from the same facility were also closely related genetically to isolates from ill people.
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lce Cream: Routine Inspec

Improved outbreak detection

 Link routine inspection isolates
to human illness

Listeria isolated in
‘] routine sampling

34
2
Retrospective cases identified
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Ice-cream, 2015
LISTERIA AND BLUE BELL ICE CREAM

Contaminated production facilities and ilinesses linked to Blue Bell Creameries

CDC recommends that people not eat, serve, or sell any recalled Blue Bell brand
products. This complicated investigation of a listeriosis cuthreak involved serious
ilinesses from 2010 through 2015 linked to two Blue Bell production facilities.

Kansas
»-5 cases in one hospital linkes to Oklahoma
ice cream made in Texas facility, » 1 case inked to

resulting In 3 deaths To6 Greor madein

Qklahoma facility

P Listeria found n ice
cream products and
In Oklahoma
facility where they
were made

Arizona

P 1 case linked toice
aream made in
Oklahoma facility

me—
as® .
Lot e,

* A
Alabama
-~ W Lisieria found in
s Alsbama facility
B Mo cases |inked 1o
Texas Alabama fagility
B3 cases in separate
hospitals linked to
ice cream made in
Oklahoma Tacility * Human ilinessies)
® Listeria found in ice
cream products made i
in Texas fasllity h Texas Blue Bell production facility

& Alabama Blue Bell preduction facility

h OKklahoma Blue Bell production facility

mwnw |[[nessies) linked to Texas facllity

U5, Department af ==== ||inessies) linked to Oklahoma facility

Health and Human Services

Centers for Disease

Control and Prevention Learn more: www.cde.gov/listeria/bluabell

T
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Why Should We Care?

 Powerful Tool for Public Health

* Improved outbreak detection

e Links isolates from
* Distinct strains
* Historic cases
* Routine Inspection

SAFE FOOD
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Will this really impact me/my
company?

It could. ‘Bad luck’ is becoming more common
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Dole and Listeriosis

e Multistate (& Country) Outbreak
e Packaged Salads; Springfield OH
e 19ill & hospitalized (+3 Can.), 1 death. 9 states

e Routine sampling link
e Ohio Dpt. of Ag. retail salad -> clinical match

e Costs:
e Shut down plant ~ 4 months
e Criminal investigation
e $25.5 mil recall & closure
e 2016 revenue down $100 mil (of $4.5 billion) !
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Why should we care?

e Rapidly expanding database of
clinical, food, and environmental
isolates

e US and International
 Monitored for potential outbreaks

 Smaller outbreaks are being
detected

* Therefore smaller contamination
events represent an enterprise risk

e Public data
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Publicly Available Database

and Analysis Tool

 NCBI Pathogen Detection Portal

e Capabilities

e Analyzes short read sequence data
e Reference-base and de novo

analysis
* SNP comparison
e Cluster: < 50 SNPs

e Updated daily
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3| [ wolaies Browyer - Pathogen U X

& C O & hitps//wwwncbinlmaih.gov/path

¥ (b

US Mational Libra

National Center for Biotechnology Information

etection

Pathogen Detection

o View the recent webinar: ‘lntroducing the Pathogen Dete

i Isolates

NCBI gen Detection integrates bacterial Eenomic sequences ofiginating in
food, envirenmental sources, and patients. It quickly clusters and identifies related
sequences to uncover patential food contamination sources, helping public health
scientists investigate foodborne disease outhreaks.

Examples:

1. Search for isolates encoding a mobile colistin resistance gene and a KPC beta-lactamase

AME_genotypeshlakPr®
2 Search for Salmonella isolates from the LSA
search: gea foc name: LISA

Salmonells enterica’

Explore the Data

Learn More

o Factsheet

Login

robial Resistance

Contributors

Data Resources

isolates Browser

Organism Groups

Species Version Publ!:aﬂon Latest Isnlm_ New
Date Creation Date I1solates

salmonella enterica POGOOGOODONZ. 1346 2019-04-0206:53  2018-04-01 00:54 10
PDGOOGOODO04. 1201 2019-04-0205:13  2019-04-01 2:58 43

obacter jejuni PDGOOOGDD003.TTE 2019-03-30 09:22 2019-03-29 15:59 45

steria monocytogenes PDGOOOOOO00L. 1200 2019-04-02 02:23 2019-04-01 2258 20
Klehsiella preun FDGOOOOOD012 422 2019-04-01 11:37 2019-03-29 10:18 o
PDGOOOODO034.93 2019-03-28 158:08 2019-03-27 0927 )

PRGOO0OD0010.251 2019-03-27 12243 2019-03-26 0BT 11

Pseudomonas aerugingsa PDGOOOODD036. 180 2019-03-31 12:42 2019-03-27 11:04 a
Ne PDGOOO0ODN32, 101 2019-03-28 1547  2019-03-27 08:44 1
PDGOOOODO045.72 2019-04-02 18:02 2019-03-27 0T:44 2

PDGOOOOODDZE. 182 2019-03-3112:06  2019-03-29 14:23

New HNew
Clinical Environmental
Isolates Isolates

10 o
26 11
il E-)
0 0
o o
1 4
10 1
a 1]
a 1
i 1

Total
Isolates

141

I’ll show two examples

https://www.ncbi.nlm.nih.gov/pathogens/about/
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https://www.ncbi.nlm.nih.gov/pathogens/about/

lce Cream Outbreak: Genome in Database

e Remember that outbreak?

S NCBI  Resources @ How To &

BioSample BioSample W |

Advanced

Display Settings: [~ Full Send to:

Pathogen: environmental/food/other sample from Listeria monocytogenes

Identifiers BioSample: SAMNO3463710; Sample name: CFSAN030685; SRA: SRS896150

Organism Listeria monocytogenes

cellular organisms; Bacteria; Firmicutes, Bacilli; Bacillales; Listeriaceae; Listeria

Package Pathogen: environmental/food/other; version 1.0 If yo u k now w h ere to I (0]0) k vee
Attributes strain CFSAND30685 Age n C | es d O

collected by Kansas Department of Agriculture
collection date 2015-03-20

isolation source chocolate ice cream

geographic location USAKS
latitude and longitude  missing

host disease missing
isolate name alias K5-15037-10
BioProject PRJNAZ15355 Listeria monocytogenes

Retrieve all samples from this project

Slide from M. Wiedmann, modified
Submission CFSAN, Justin Payne; 2015-04-07
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Ice Cream Cluster
61 isolates

5 clinical isolates
Average 18 SNPs
Genomes available

Real-time addition
of new isolates

SAFE FOOD
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Health = Pathogen Detection = Isolates Browser = SMP Tree for PDS000000459.2

Distance between isolates in the cluster: minimum=0 SNPs, maximum=52 SNPs, average=18.37 SNPs

N ' + W RO P

ATook = | 2| ¢ =

| FOTORABEAEZE. ISAMHAS4E5E8EIListeria monocybogenesliIFDABRBBEAESIPathogen: enviranmental/food/other
FOTARBAEA4EE ISAMHB3E4E5E08ILIsteria monooytogenas|IFDABBABSSOSIPathogen: environmentolyTood/ othar

FPOTEaMBE2465 USANMAZ4E5592IListeria nonooytogenasIF0RGRGAESESP othagen: environmental/food father

P FOTHBEEE25E 2 USAMHE34ES53Listaria monocytogenesIIFDABBEEEST IFothogen environmental/food /other

@ FOTEEEI TEA54. ISAMHE244 TR NECA_BEI7 28925 L ister ia monocytogenesllKS-15837-8IPathegen: environmental/food/other

FOT@OBAE2EEE ISANHDI4EITRRIL isteria monocytogenesICFSANBIBEEIIF athagen envir onmental/food/other
AFOTRABAE2EES USAMMBZ4E3TOEILIzterta monooytogeneslICFSANAIREELIPathogen: environmental/ T ood/ athear
FOTEGEBSZET 7 1ISAHNA348EPA1ILIster o monccoytogenesIICRSANBSBE PEFathagen: envirormental/f oodfother
FOTEGEESZE82 1ISRNNEE44 788 3L ister ia monooytogenasiikS-18837-AFathogen: envirormental/food /ather
o POTAGRES2ETE1ISAHNEI4E3TEILIsterio nonocytogenasAICFSANGI0ET BPathogan: anvirommantal/food /othar
FDTOBEES 2673 1ISAHNBI4E3TRMILister in nonocytogeneslICFSANBIBETHPathogen: environmental/food/other
POTERARS 2664 1ISANNEI4E63705ILIster o nonacytogeneslICFSANBIREEOFathagen: environmental/Tood father
POTRGARS2ETE LISAHNA34E 2P TILIster la monooytogeneslICESANBERES2IPathogen: envirommental/food/ather
FOTEGHES 2586 1ISRMNEZ4S3PEHILIsteria nonooytogenesIICFSRHEZEESIFathogen: envirammental/food/ather

DTEEBES 2287 1ISANNE 3483718l isterio nonocytogenesICF SANEIEERCF othogan: amsironmental/food /other
FDTOBAES 2681 1ISANHAI447TRIZIListeria monocytogenes|KES=15837-11F athogen: environnental/food/other
POTBBARS2EE2 1ISANNBI4E3T12ILIsterle nonccytogeneslICF SANBEBEATFathagen: envirormental/food/other
POTHOABSEE5E 1ISANMAITEE213IILIsteria monpoy togenes 28181 -1636IFathogen: clinical or host-associoted
P PDTHBAEE24 75 ISAHMNBI4E5557IListeria noncoytogenasIFDRBAGASSEIPathogen: envirormental/food fother
TR PDTEEEBE247 7 ISAMHEI4ESERRIListaria monocytoganesIIFOABEAEEESTIPathogan: environmantal/food/othar
w S POTOREEEZC20 ISAMMNBE4 922481l isteria monocytogenasIICFSANBIZ47EIPathagen arvironmental A cod/other
POTOBABEZ499 ISAMHBISEEEAIIL isteria nonocytogeneslIFDRBABAEETBIFathagen. environmental/food father
FOTRABAER494 LUSANHB34EE57 4L isteria monooybogenes|liFDRBBABEETEIPathogen environmental/ T ood/ other
FOTEABASEE 7S ISANNAZ4E56B41IL isterio monocytogenes| IFDABEEESIEPathogen: environmenta,/ food/othar
=t PO TOREHE2C 3, ISAMNB34 6550 isteria monooytogenesiIFDABEREEES2IPathogan: environmental/food/ othar
o POTAGBHE045 3 IISAMHEIMESETIIListerio monocytogenesIFDAGEBEASTEPothogen: environmental/focd fothar
FOTABBREAEZT. ESAMHB34ESEITIListeria monocytogenesliIFDRBABREEI4IPathogen: environmental/food/ather

e POTRRRRESLLE LISAMNEGEE T TSIl L ster 0 monocyt ogene sIIFHUSALRBLIZT IPathogen: cinical o host-gssocioted
2 BN TOAGIAEE 523 VISAMMGETEE 2| i charin monocutonane il 3HIPRE 1S BR1ABEIE o honan’ eosiconmantol M ood o thee

Success Modes 88(1 selected ) @, View port at (0,207) of 968:x741 IF—{
~ Fitters 0 Columns i= Selected : ] * ADownload Analysis Results

Page1 of4 W MW 20 ¥

# Organism € Strain Isolate  Creatn Locati Isolation 5o Isolation type SMP clust Min Min Bio Sample

1[0 e oger PNUSA PDT000044 3915 Usa clinical PDS000001 9 11 SAMN03253355
= Hfﬁggmg ., PNUSA PDT000063 20" usa cinical PDS00000I 6 9 SAMMO3S67978
3 hiitr?;icaytug ., PNUSA PDT000063 75"~ usA cinical PDS00000I 3 6 SAMMNO3S67979
a 'r-risotr?;i?mg or a3 poTO0006S 201> UsA clinical PDS00000I 4 8 SAMNO3754733
5 Hf:;igmg or Joaa PDT000065 20'> UsA cinical PDS00000I 3 5 SAMNO3755213
= hi.f:;i;mg o CFSAN PDT000052 20"% usaks SNOCORE S onyiconmentaly PDS00000 0 5 SAMNO3463707
= Hfﬁggmg o CFSAN PDT000052 201> usaks SROCORIE RS onironmentaly PDS00000I 0 5 SAMNO3463701
8 hﬁﬁggmg o CFSAN PDT000052 201> usaks SROCORIE XS opironmentaly PDS00000I 0 5 SAMNO3463703

View 1- 20 of 61

Assembly K-mer groi Sero

PODGOO0000

PODGOO0000

PDGOO0000

PDGOO0000

PDGOOO00D

PODGOO0000

PODGOO0000

PDGOO0000

Host AST pt
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Demonstrate Query Relevant to This Group

Salmonella
192,000 total isolates

Almonds

152 isolates. Most CA, FDA, Enviro.

T Center for Gonemic Epidemic. % | [ es Browser - Path % | = Health - NCBI x Pathoger
& O O @ heps/fwwwncbinimonih.gow/pat
X Depaentoffoo. X i [ Prosy estfo. [ 20
Organism Groups
Species Version Publication Latest Isclate
Date” Creation Date”

PDGOOOODOD0O2.1246  2019-04-0206:33  2019-04-01 0054

PDGOOCO00004,1200  2019-04-0205:13  20159-04-01 23:58

PDGO00O00003. 776 2019-03-3009:22  2019-03-29 15:59

PDGO00O0000L. 1200  2019-04-0202:23  2019-04-01233:58

FOGO00O0O012.422 2019-04-01 11:37  2019-03-29 10:18

PDGO00000034,53 2019-03-28 18:08  2019-03-27 0927

PDGO00OD0010.251 2019-03-27 12:43  2019-03-76 08:07

PDGO00000036.180 2019-03-31 1242 2019-03-27 11:04

FDGO00000032,101 2019-03-28 1547 2019-03-27 08:44

PDGOO000004S, T2 2019-04-02 18:02  201%-03-27 0744

PDGO00000028,182 2019-03-3112:06  2019-03-29 14:23

~AEANNANNNA T N ANIOAANT 1048 INTE.NANT AEED

|n O Type here to search

SAFE FOOD
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® 2% Factshest Pathog R | =
* ol & v
New New New
Isolates Clinical Environmental
Isolates Isolates
19 o
43 28 1
A iit 2
a0 0 20
0 1] o
2 1 4
10 1
(1] [} o
1 0 1
E ] i
4 4 0
) 1 n

Total
Isolates

191,570

2181

T8 Conter foe Genomic Spidenscio: X | [ tolotes Browser - Pathogen Del X

e o
T Copstmertotfon.. [ UriwrstyUbrary.  [) P

@ hitps/fwww.nchinimnd gov,

rasy Backmarklat

Natienal Library of Medi

1al Center for Biotechne Inform

almand

[x Filterd

Ooame O

[ mimena 1

) Aumand Nees (6

[ ras Azam garcitypes (54

Target Creaton

) amond kermel {raw, variety carmed] (1

Soientihc Name

n O Type here to search

These screenshots taken 4/2/2019

O wa ity [ more
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U.S. National Library of Medicine

; : : Login
National Center for Biotechnology Information
( :I ' ISte r Health > Pathogen Detection > Isolates Browser
: = “ Filters M Expand All & Download
Select an organism group * [ H H
24 environment cluster with
Matched clusters 425 total, including clinical

P Page1 of16 B MW 3 v View 1 - 3 of 47
# Organism groups SNP cluster Matched isolates Matched clinical isolates Matched environmental Iisolates Total isolates Minimal min-diff Latest update
1  Salmonella enterica PDS000002780.59 7 0 7 90 0 2018-11-08
> Salmonella enterica PDS000001617.20 1 0 1 22 0 2017-07-31

Salmonella enterica PDS000002770.176 ) 0 24 425 1 2019-03-25
5 Page1 of16 W MW 3 ~ View 1-30f47

Matched isolates

&% @ Choose Columns ' Page1 of8 » M 20 v View 1 - 20 of 152
# Organism Group Strain Serovar Isolate Create D: Location Isolation S Isolation type Host SNP cluster Min-s Min-d BioSample Assembly AMR genotypes K-mer group
1 S:t'gﬁ:’;e"a CFSANO! PDT000482408 1 3219‘03‘ USA:CA i:ﬁ?@i environmentali PDS000032387 « 1 3 SAMN10396° PDG000000002.134¢
o ATehel CFSANO! PDT000482360.1 201903 ysaca  Raw environmental/ PDS000002770. 9 7 SAMN10395: PDG000000002. 134¢

entaries 0 [ it e 25 Aimonds: | S IR e e, ] | e
T el CFSANO! PDTO00482332.1 20'%0% usaca R environmental PDS000027731( 1 n/a SAMN10395! PDGO00000002.134¢

Salmonella 2019-03- _ Finished .

jmalid CFSANO! PDT000482329.1 5, USACA ol environmental) na na s PDG000000002.134¢

SAFE FOOD
CALIFORNIA
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Automated comparisons: SNPs, timeline

Salmonella - 425 Isolates
«? PDG000000002.1346 / PDS000002770.176

Isolates Selected

Distance between selected isclates :

minimum=0 SNPs, maximum= 59 SNPs, average=36

SNPs

Target creation date range :

2013-09-04 to 2019-03-25

T Filter within selected isolates ﬂ: GYOLID -
isolates mindiff*
2019 - 6 Isolate(s)
2018 - 13 1solate(s)
2017 - 41solate(s)
12013 - 1 1solate(s)
enviranmental/other USA:CA 20713-09-04 0| x| 5

Timecourse...

SAFE FOOD
CALIFORNIA

¥ Filters r* Share | BB Hide Table (£ Labels = W Neighbors L| n kS to ge nomes & Download
s 1B Choose Columns Page1 of85 W MW S5 v View 1 -5 of 425
# [ sStrain Serovar Isolate Create D: Location Isolation S Isolationtyp  Host  Min-s Min-d BioSample  Assembly
1 |?:I CFSANOE PDTOOD482241.1 2219-03- USA:CA Almonds environmental/ 4] 7 SAMN10395¢
2 [# CFSANOE PDT000482247.1 50 * > USA.CA  Almonds  environmental 1 & SAMN10395¢
3 L{J CFSANOE PDTO00482328.1 3219_03_ USA:CA Almonds environmental/ 0 7 SAMN10395!
4 Iﬂ CFSANOE PDTO00482369.1 2019:03- USA:CA Raw environmental 9 7 SAMN10395¢
| _ 25 _ Almonds _ e
5 |£I CFSANOE PDTO0D0227437.2 3217_07_ USA.CA Almonds environmental 1 5 SAMNO7342¢
¥ @ Choose Columns 4 44 Page1|of85 W MW 5 ¥ View 1 - 5 of 425
= ‘ = | IF ‘ s ‘ « | # | ISpacingw | & Exportw | DIMUNSELECTED OFF P ow TREETIPS o7 @D ow

Q Search & Highlight in Tree

o e SNP tree...

10 20 iAS009891, PDT000198000.2
! L | | 2017K-0698, PDTO00241195.2

e e ——————— A £ A | 12" U8 = B F0H 0 T
——0 enviranmentaliother, 2014-05-28, USA, ILBSaim5410240, PDTO00031000.2
clinical, 2018-056-15, United Kingdom: United Kingdom, human, 516907, PDT000314110.2
clinical, 2018-05-15, United Kingdom: United Kingdom, human, 516319, PDT000314084.2
clinical, 2018-05-22, United Kingdom: United Kingdom, human, 486529, PDTO00317788.1
envirenmentaliother, 2018-04-06, USA:CA, Almonds, CFSAND7E7986, PDT000303731.2
environmentaliother, 2018-04-06, USA:CA, water, CFSANOT6784, PDT000303734.2
environmentallother, 2018-02-20, USA:CA, Finished Bones, CFSANOT75608, PDT0D0288143.2
environmentaliother, 2017-07-27, USA:CA, Almonds, CFSAN065549, PDT000227437.2
environmental/other, 2018-02-20, USA:CA, environmental swab, CFSANO75607, PDT000288144.2
environmentaliother, 2018-01-17, USA:CA, environmental swab, CFSANOT4300, POTO00278548.2
environmental/other, 2017-02-03, USA:CA, Environmental swab, CFSAN0592%4, PDTO00184855.2
clinical, 2017-01-25, USA, stool, PNUSAS007329, PDT000181204.2
clinical, 2017-02-27, USA, stool, PNUSAS008578, PDT000190238.2
environmentallother, 2018-05-07, USA:CA, Almonds, CESANOB0576, PDT000312134.2
environmental’other, 2018-07-12, USA Finished Nuts, CFSANOS2952, PDT000344971.1
environmental/other, 2018-08-02, USA:C. ished Almonds, CFSAND84016, PDTO0D0356954.1
O clinical, 2018-07-12, USA, stool, PNUSAS044255, PDT0O00347167.1
O clinical, 2018-05-15, USA, PNUSAS040709, PDT000314418.2
-0 clinical, 2018-07-17, USA, PNUSAS046391, PDT000350930.1
E§ environmental/other, 2015-02-10, USA:WA, Mule deer (feces), CESANO18539, PDT000034325.3 I;%I feed back

environmental/other, 2015-02-10, USA'WA, Mule deer (feces), CESAN018528, PDT000034323.3

environmental/other, 2015-02-11, USAWA, Whitman, cervid, WAPHL SAL-A00195, PDTO00003628.3



. ' < | 1549, PDT000458065.1

—Q clinical, 2U1/-10-Ub, Australia, teces, FLU | UUUZ4 /8U4.2

O clinical, 2019-01-03, USA, PNUSAS064819, PDT000430193.1

clinical, 2018-11-18, United Kingdom: United Kingdom, human, 637874, PDT000408840.1

O clinical, 2017-12-13, USA, stool, PNUSAS027393, PDT000271061.2

clinical, 2017-05-23, United Kingdom: United Kingdom, human, 362077, PDT000211751.2

5 O environmental/other, 2018-05-07, USA:CA, Environmental sponge, CFSAN080474, PDT000311786.2

clinical, 2017-02-15, USA, urine, PNUSAS008276, PDT000187883.2

[ ]
Z OO' ' l | n O clinical, 2017-10-11, USA. stool, PNUSAS022132. PDT000250306.2
O clinical, 2018-06-28, United Kingdom: United Kingdom, human, 559063, PDT000338087.1
—0 clinical, 2015-02-10, USA:MN, feces. CFSAN023314. PDT000038631.3

- environmental/other, 2018-11-08, USA:CA, Raw Almonds, CFSAN087697, PDT000405147.1
O clinical, 2017-01-19, USA, stool, PNUSAS007499, PDT000179083.2

eee e clinical, 2017-07-07, USA, PNUSAS015753, PDT000223158.2
clinical, 2018-02-23, USA, stool, PNUSAS014279, PDT000216434.3 .
clinical, 2016-06-06, USA:MN, Feces, 12016007658, PDT000133721.2 What if you collected a
clinical, 2018-12-11, USA, PNUSAS062924, PDT000416251.1 .
environmental/other, 2019-03-25, USA:CA, water, CFSAN087620, PDT000482372.1 Salmonella that fell in
environmental/other, 2019-03-25, USA:CA, Almonds, CFSAN087541, PDT000482247 .1 5
environmental/other, 2019-03-25, USA:CA, Almonds, CFSAN087619, PDT000482328.1
environmental/other, 2019-03-25, USA:CA, Almonds, CFSAN087542, PDT000482241.1 one Of these CIUSterS '
—O clinical, 2016-07-19. USA. STOOL. PNUSAS002811. PDT000139146.2
—O clini
>y Accession:PDT000482241.1 What if the FDA did?
—O « . ; _03. . . .
] :g( Name:environmental/other, 2019-03-25, USA:CA, Almonds, CFSAN087542.. What if the CDC dld?
—OE Attribute_package:environmental/food/other
_O(
:g( Bioproject_center:Center for Food Safety and Applied Nutrition
(
_o—( Biosample_acc:SAMN10395945
9! Collected_by:FDA
—O :
_OI Collection_date:2017
—O «(

—O « Target_creation_date:2019-03-25
Geo_loc_name:USA:CA
Isolation_source:Almonds

Strain:CFSAN087542
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Genome Sequencing
Challenges & Opportunities

When are two isolates the same or different?

Can we find identical isolates in different locations?
What does this mean for environmental monitoring?
How can a company engage with this analysis?
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Some of the challenges

* |dentical bacteria (100% whole genome match) can be found in
different places that can be potential sources of foodborne disease
outbreaks

e So: Is identical enough?

 Minor changes (a “few” SNPs) can occur quickly, e.g. during growth in
an infected human

e So: How close is close enough?
* What about epi?
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A somewhat hypothetical case study

* Three people with listeriosis
e The Listeria monocytogenes isolates differ by 2 SNPs

e All three purchased deli meat in retail deli B

e [. monocytogenes with WGS type that differs by 1 - 3 SNPs from the
human isolates is found in a drain in the retail deli B

e Subsequent work shows that additional L. monocytogenes isolates
with WGS type that differs by 1 - 3 SNPs from the human isolates are
found in 2 more retail delis in other states

& zreroe #SFC2019




Real world observation

Appl Environ Microbiol. 2015 Sep 1:81(17):6024-37. doi: 10.1128/AEM.01049-15. Epub 2015 Jun 26. |AEM -

Whole-Genome Sequencing Allows for Improved Identification of Persistent Listeria
monocytogenes in Food-Associated Environments.

Stasiewicz MJ1. Oliver HEZ. Wiedmann M. den Bakker HC#.

clonal spread within a state (7 clades), or (iii) spanning multiple states (5 clades). Isolates that formed one of 11 deli-specific
clades differed by a median of 10 55Ps or fewer. Isolates from 12 putative persistence events had significantly fewer SNPs (me-
dian, 2 to 22 5NPs) than between isolates of the same subtype from other delis (median up to 77 SNPs), supporting persistence of
the strain. In 13 events, nearly indistinguishable isolates (0 to 1 SNP) were found across multiple delis. No individual genes were

In one case, isolates with < 3 SNP differences were found in retail delis in three different states

US Regulatory Position (Dr. Peter Gerner-Smidt’s slides from 2016):
A WGS match between a food isolate and a clinical isolate does NOT mean that the food caused the patient’s illness
e They likely share an ancestor somewhere in the food production chain

e Epidemiolocal and traceback investigation remain critical
But wouldn’t this still be the starting point of investigation?
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A WGS match between a food isolate and a
clinical isolate does NOT mean that the food

caused the patient’s illness
Listeria Cluster
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Individual Strain Risk Assessment  whatabout the strain

you just found?
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, CALIFORNIA lliness Applying Next-Generation Sequencing Data # SFC2019
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Genome Sequencing
Challenges & Opportunities

When are two isolates the same or different?

Can we find identical isolates in different locations?
What does this mean for environmental monitoring?
How can a company engage with this analysis?
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Web-Base

nalysis

SAFE FOOD
CALIFORNIA

Center for Genomic Epidemiology

Organization Project

Services
Pipeline:

+ Pipeline to analyse
bacterial genomes.
Baclerial Analysis Pipaline
(BAP)

Phenotyping:

» |dentifcation of acquired
antibiotic resistance genes.

ResFinder

Identifcation of functional
metagenomic antibiotic
resistance determinants.
ResFinderF:

Identifeation of genes and
mutations leading to
linezolid resistance

Identifcation of acquired
antibiotic resistance genes
using Kmers.

Prediction of a bacleria's
pathogenicity towards
human hosts.

PathogenFinder

Identifeation of acquired
virulence genes.
VirulenceFinder

Determination of
Restriction-Modification
sites (based on REBASE )
Restriction-
MedificationFinder

SPIFinder identifies
Salmonella Pathogenicity
Islands

SPIFinder

ToxFinder identifies genes
invalved in mycotoxin
synthesis

Services

Google maps like view
Reports

Outbreak

Death tolls

CLIENT SIDE

Fine Asse

SERVER SIDE

P
o - - -

Welcome to the Center for Genomic Epidemiology

The cost of sequencing a bacterial genome is $50 and is expected to decrease further in the near
future and the equipment needed cost less than $150 000. Thus, within a few years all clinical
microbiological laboratories will have a sequencer in use on a daily basis. The price of genome
sequencing is already so low that whole genome sequencing will also find worldwide application in
human and veterinary practices as well as many other places where bacteria are handled. In
Denmark alone this equals more than 1 million isolates annually in 15-20 laboratories and globally
up to 1-2 billion isolates per year. The limiting factor will therefore in the future not be the cost of the
sequencing, but how to assemble, process and handle the large amount of data in a standardized
way that will make the information useful, especially for diagnostic and surveillance.

The aim of this center is to provide the scientific foundation for future internet-based solutions
where a central database will enable simplification of total genome sequence information and

...@m pare

News

New article: Rapid and precise

alignment of raw reads against
redundant databases with KMA
September 2018

Link to article....

Improved laboratory procedure
and bioinformatics workflow for
metagenomics-based
identification of microor
The workflow includes a curated
fi genome datab
reducing the identification of
false-positives
April 2018
ink ¢ icl

What Can We Learn from a
Metagenomic Analysis of a
Georgian Bacteriophage
Cocktail?
December 2015

. icl

WGS typing is a superior
alternative to conventional typing
strategies

August 2015

In combination with other available
WGS typing tools, E. coli serotyping
can be performed solsly from WGS
data, providing faster and cheaper
typing than current routine

procedures. Link to article...

Introduction to microbial whole
g 1 ing and lysi
for clinical microbiologist
April 2015

We offer clinical microbiclogists the
possibility to learn how to use the
toaols for e.g. typing, identifying
plasmids, antibiotic resistance and
virulence genes and for phylogenetic
analysis. Sign up....

Y

Consortium to combat infectious
disease outbreaks

January 2015

The COMPARE project has been
funded with 20 million Euros from

http://www.genomicepidemiology.org/
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Portals to automate key analyses

* Web uploads to bioinformatic
to O | S (_ ,, A = :H T;.dup Fx: , H.\. . .x B Ovoenism Groups - Pathogen t % || B Factibwet n: _, x. i . .,“,nﬂox

X Departmentatfos. X Uniw

e Actively maintained and updated e

W it h C u r re nt Datatmse vertos (EAET)
* Methods =

Enterccocous

e Databases U

v
. [ [ .
° S| molitied tnputs o
Oinly data from one single isolate should be uploaded. If raw sequencing reads are uploaded KMA will be used for mapping. KMA supports the fallowing sequencing
platfoerns: llhamina, lon Torment, Roche 454, SOLID, Owdord Nanapore, and Pacio.
Assembled or Draft Gi tigs”® (fasta) «

e Pipelines also available _——
* So YOU could use this

& zrero #SFC2019
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Profiling Sa/monella in Queretaro, MX with

CGE tools

e Poultry-associated Salmonella

isolates

e Supermarket or open-markets

e 4 years of collection

e Culture-based isolation
e Approx. 500 total isolates

e Genome Sequencing Process
e UAQ extracts DNA, ships
e |llinois sequences (HiSeq)
 New student analyzes (< 1 mth)

SAFE FOOD
CALIFORNIA
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&
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e

#SFC2019



Profiling Sa/monella in Queretaro, MX with
CGE tools

e Epidemiology

 Predicts serotype (2 methods)
* Creates SNP tree

e Generates pretty tree

e Other Information
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e Antimicrobial resistance genes
e Plasmids

e Pathogenicity islands (SPIs)

(]
At
o

Similar work could be done comparing isolates to
seqguences downloaded off GenomeTrakr

SAFE FOOD
CALIFORNIA
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IBM: Consortium for Sequencing the Food Supply Chain

VET SEQUENCE ASSEMBLE
ANNOTATE

Goal = Microbiome
based process
control
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Could this be just another service?

ples Series SubmitSa

SAFE FOOD
CALIFORNIA
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Neat Potential: Brewery Microbiome Baseline

Lactic Acid Bacteria Diversity Among Relative contribution of ingredients to
Surfaces and Products microbial communities

Autumn mer
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Big Questions: e TP 11 1= | S
How would a pathogen introduction shift the microbiome? e | o

jl"" . :. e . | T F02

Would this provide enhanced safety?

SAFE FOOD , , , , o ,
CALIFORNIA Bokulich, N. A., Bergsveinson, J., Ziola, B., & Mills, D. A. (2015). Mapping microbial ecosystems and spoilage-gene

flow in breweries highlights patterns of contamination and resistance. eLife, 4, e04634.




Conclusions
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Core Questions

* Why should we care about genome sequencing?

e Federal agencies now detect an unprecedented number outbreaks

e Can link food/environmental isolates to clinical isolates without prior knowledge
e Will this really impact me/my company?

* |t could. ‘Bad luck’ is becoming more common

e Can a non-expert actually use genome sequencing?
e Yes. Critical steps are getting automated.

* What (positive) impacts might WGS have on the food industry?
* Improved environmental monitoring and pathogen profiling
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Key Messages

Funding Thanks to my lab and wife Natalie (w)

e USDA Cooperative State Research, | 4 -
Education, and Extension Service Eric N _ Shannon
Hatch project ILLU-698-903 \ ,
directed by Stasiewicz -

e Startup funds provided to Ruben . WS I S8 . €2 Jorge
Stasiewicz by the University of '— .
Illinois Al

 College of ACES, Office of Sl

Mustafa

International Programs. Global
Academy 2018 funding
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Questions?

* Thank you for your attention
* | will be outside after the talk to discuss follow-up opportunities

e Feel free to contact me later
e mstasie@Illlinois.edu
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