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Shrimp — Indonesia

Watermelon — Delaware

Shrlmp - Indla. Imitation Crab — Alaska Blackberries — Guatemala

Cllantro N Mex'_co Tuna Scrape — India Blueberries — New Jersey

Romaine — Salinas, CA Fish Roe — Seychelles Pineapple — Guam

Cheddar — Wisconsin Salmon — Puget Sound Grapes — California

Carrots — Idaho Soy Sauce — China Kiwi — New Zealand

Gruyere — Switzerland Rice — Thailand Apples — New York

Pecans — Georgia Seaweed Wrap — CA Pears — Oregon

S C CRi Avocado — Mexico Cantaloupe — Costa Rica
prouts — Chicago :

Cucumber — Maryland Honeydew — Arizona
Red Cabbage - NY Wasabi — Japan Papaya — Mexico

Pepper — Vietham Banana — Costa Rica



GenomeTrakr: FDA’s Genomic epidemiology

program for enteric pathogens

One Health 46 Directly Funded Labs:
CSFAN focus on surveillance of food  FDA labs
. and environmental spaces  LFFM WGS track funding (31 labs)

» Congressional Shrimp mandate funds
» Contract agreements

~ \" - '
O CFSAN fj

[J FDA field laboratory

GenomeTrakr Sponsored Laboratory
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The Balanced (all-encompassing) Approach:

Clinical
Samples

Genomic Signal

R

Epidemiological Signal Traceback

PMNUSALOO01039 missing missing clinical
FDAOOODB247 USA:IL 2014-08-13 sprout irrigation water

PMNUSALOO0956 missing missing clinical
PNUSALO00017 missing missing clinical
PNUSALOQOQO954 missing missing clinical
PMNUSALO000968 missing missing clinical
PNUSALOOO0815 missing miss inical
PMNUSALO0OO863 missina missina clinical

PNUSALO00016 missing missing clinical
FDAOOOOB248 USAIIL 2014-08-14 mung bean sprouts
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Listeria enoki mushroom event cluster highlights global NGS
contribution

103,465 Clusters currently tracked.

environmentalfother, 2020-03-06, USA M|, PNUSALDDT028, PDTO00706300.1
nvironmental/other, 2020-04-10, Canada, food, CFIAFB20200088, PDTOODT21342 1
0 clinical 2019-12-27, USA, PNUSALODG710, PDTOO0650827 1
— ervironmentaliother, 2020-04-29. South Korea, enoki mushroom, FDA1142655-C001-001, PDTO007 290601
—@ environmental/other, 2020-04-06, South Korea, fresh enoki mushroom, FDA1142048-002-001, POTO0O07 19302 1
c#)-—t environmental/other 2020-04-29 South Korea, encki mushroom, FDA1142655-C002-001, PDTOOO722061.1
O environmental/other, 2020-03-06, USAMI, PNUSALOOT029, PDTO00706299 .1
s O clinical, 2020-03-29, Australia, AUSMDUO0044366, POTOD07V 165161
O environmentaliother, 2020-04-10, Canada, food, CFIAFB20200030, PDT0007 213431
O environmental/other, 2020-03-06, USAMI, PNUSALDDTO20, PDTOOOT06302.1
O environmentalfother, 2020-07-22, Canada, food, CFIAFB20200081, PDTO00794450.1
O climical, 2019-10-09, USA PNUSALOOE021, PDT000603604.1
O clinical, 2018-02-13, USA, blood, PNUSALDO2518, PDTO002869239 .2
O environmental/other, 2020-04-10, Canada, food, CFIAFE20200080, POT000721341.1
~0 clinical, 2017-10-10, USA, PNUSALOD3442, PDTOO00249161.2
clinical. 2020-03-29, Australia, AUSMDUOD012518, PDTO00716514.1
clinical. 2017-10-03, USA PNUSALDO3428 PDTO00247221.2
clinical. 2017-10-18; USA, PNUSALDQ3453 PDTOO0253403.2
clinical. 2018-04-19, USA_ blood, PNUSALDD3927. PDTOOD3073584.2

%E} environmentaliother, 2020-03-06, USA'MI, PNUSALODTD31, PDTO00T06298.1
e




WGS: Direct Industry Application
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Current Testing is Effective and Supportive: BUT

Can we achieve additional value?

 That is, is there additional information that could drive a public health investigation, a risk
assessment, or a compliance event further and/or faster by answering follow-up questions such

as.

» |Is it possible to use genomic technology to predict a pathogen’s risk and public health impact earlier
and faster?

> |Is it possible to enhance identification of pathogen reservoirs and routes of transmission by applying
environmental metagenomics as a complementary approach to longitudinal environmental

microbiology studies?

» |Is it possible to employ genomic technologies to look deeper into microbiological sample enrichments
to characterize strain diversity and specific population make-up of a pathogen (ie, not only to find
Salmonella in an env sample but to find the Salmonella that caused a specific contamination event)?

> It is possible to achieve precision food safety by using genomic tools to identify specifically acquired
adaptations in persistent or troublesome strains so that preventive controls can be aimed precisely at

a problem pathogen? (C
m /lv =&



(1) Predicting a pathogen’s risk and public health

impact earlier and faster.

> 400 STEC serotypes
~100 cause illness in humans st EAEC
six™ & eae” & serogroup
. . 0157 STEC
Shiga toxin genes (stx71 and stx2) sty > 5t > st + stx,, > st
Intimin (eae) and/or adherence m-*&eae*o tgéﬁ’::‘l*i;':erogmups Risk
gene (aggR) 0111, 0121, 045, 0145

. sfy: @ s iy o
m-za > .sf.\m > .st.\.h. > .st.\l“

other s groﬁbs’;
toxin order as above

We need to determine stx and eae
genes, serotype and virulotype -

stxt & eae-negative’;
toxin order as above

Detection AND Identification

National Advisory Committee on Microbiology Criteria for
Foods. J Food Prot. 2019;82(5):724-767.

Determining pathogenicity of E. coli



read sequencing) is a class of

DNA sequencing methods currently under active
development....this sequencing works by reading

the nucleotide sequences at the single molecule
level, in contrast to existing methods that require
breaking long strands of DNA into small segments

then inferring nucleotide sequences by
amplification and synthesis.
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Long-read WGS provides virulence determination FOA

in unknown STECS in less than 4 hrs.

In silico characterization of the genomes of the STECs -
serotype and virulence genes

strains ST serotype stxltype stx2type eaetype espA espB esp) espK gad astA nleA nleB nleC tir pssA air tecP cif espF espl efal‘ ehxA espP etpD toxB katP subA saa sab
CFSAN046715 11 0157:H7 - a gamma-1  + + + + + + + + + o+ + + + - - - - + + + + + - - =
FDA0O0009839 11 0157:H7 - a gamma-1 + + + + + + + + + o+ + + + + + + - +
CFSANO046724 21 026:H11 a - beta-1 + + + + + + + + + o+ + + o+ 4+ + + = +
IEH-NGS-ECO-00076 21 026:H11 a - beta-1 + + + + + + + o+ + + + + + + + +
CFSANO046651 655 0121:H19 - a epsilon-2 + + + + + + + + + o+ + + + - + o+ + -
FDA00010257 655 0121:H19
a epsilon-2  + + + + + + + + + o+ + + o+ + + o+ + + - =
CFSAN046652 677 Ounk:H21 - d + - + + = - -
CFSAN046748 677 0174:H21 a d - - + + + + o + + +
CFSAN046713 955 0139:H1 e - + o+ . )
CFSANO051539 993 0100:H30 - e + + + + -
CFSANO051526 43  06:H10 c - - - - - - - - + + +
CFSANO051527 43  06:H10 c - - - - - - + + + +

Whole genome

sequencing

I

Moving from Genes, to operons, to metabolic pathways,
FDA stood up the FSAC Committee in 2019 d P P y

to Systems approaches




(2) Applying environmental metagenomics as a complementary

approach to longitudinal environmental microbiology studies.

Pathogens and
Adjacent/Nearby |
Land Use TR\

ATCCGGACTAGC




Metagenomics for Produce Safety

» Sequence DNA from the sample to identify all
microorganisms in the sample microbial community
and their abundances relative to each other
(microbiome).

 Detect the presence of Shiga toxin genes and other E.
coli virulence genes along with serogroups by
performing metagenomic sequencing on samples
culture enriched for E. coli.

Community of microbial organisms

* Identify host of scat samples using mitochondrial DNA
sequence.

Applications of metagenomic sequencing in longitudinal
studies



Metagenomics for Produce Safety

Overall health of the various environmental
sources and how that changes over time or
with agricultural impacts

How the localized geography, environmental
factors, or activities impact water sources
and whether this is correlated with pathogen
presence or persistence.

“Indicator” microbiomes that may be
indicative of pathogen presence (co-
associated) or may be inhibitory for
pathogen growth.

How sample collection methods influence
information gained and best method for a
particular application.

Canal

Enriched Water Microbiomes

Pond



* Does CA enjoy a natural Biological Control state?

Paenibacillus

Biocpntrqls iqentified f\rom| agrgeco!ogy |

Bacillus
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[Brecnibactiusep—61724 2.27% (1)
. Paenibacillus taiwanensis 22.73% (10)
. Paenibacillus turicensis 2.27% (1)

. Paenibacillus ginsengisoli 2.27% (1)
. Paenibacillus sp. H10-05 2.27% (1)
uncultured Paenibacillus sp. 4.55% (2)

. Paenibacillus sp. HS16-12 4.55% (2)
. Paenibacillus panaciterrae 18.18% (8)
. Paenibacillus sp. MCRI 90 2.27% (1)

Paenibacillus sp. HSCC 1657 2.27% (1)

[l Pzenibacillus sp. F4 11.36% (5)

[ Paenibacillus sp. JA-08 6.82% (3)

. Paenibacillus sp. 1515-08 9.09% (4)

Paenibacillus sp. GTOB-03 2.27% (1)
. Paenibacillus anaericanus 2.27% (1)
Paenibacillus sp. B519 2.27% (1)

. Paenibacillus odorifer 2.27% (1)

FDA



| WEEK1

Microbial
Testing

7

Complex

Bacterial Pathogen Workflow

~2 days (42-48 hrs) to CRO 3 days (72 hrs) to pure colony

35C for 20-24 hrs
and incubate for 18 hrs

Tuesday:

(ch.4a-BAM) for presence of STEC/EHEC
Wednesday:

much) and Incubate at 35C for 20-24 hrs

EHEC using PathaTrix system

environmental 1 CROs/FARs are
samples are then subjected to =
collected from farms STEP 2 microbial plating for
and surrounding an isolate
environment
Sample

(EC) perform Immunomagnetic Separation (IMS) of

Presumptive

resuscitation pathogens are

and screening

for potential STEP 3 confirmed and
pathogens * purified
Monday: Thursday:
(S) Set up pre-enrichments in mBPW and Incubate at [S) Check plates and Restreak presumptive colonies to XLT4 and HE+M then Incubate at 35C

for 20-24 hrs

[EC) Set up of/n pre-enrichment/enrichment in mBPWp  [EC) Plate positive samples out on selective plates for EHEC [TCSMAC, Rainbow 0157, and

CHROMO157) and for STEC (Rainbow, LEMB, SHIBAM, and CHROMSTEC].
Friday:

(S) Inoculate TT and RV and Incubate 42C for 20-24 hr  (S) Check plates, Keep only the ones with correct reaction of XLT4 and HE+N, Streak to TSA
[EC) Screen DNA sample from o/n enrichment by gPCR

then incubate them overnight at 35C and on Saturday/Monday come in and confirm on the
Vitek M5 [or Vitek 2] [currently we use the Vitek MS since it's so fast)

|EC) Confirm any presumptive STEC/EHEC colonies from various chromogenic plates listed

{S) Plate- XLT4, HE<N, BSloptional- it doesn'tgiveus  2D0Ve using same gPCR STEC/EHEC diagnostic method as for screening above

(S) Could have confirmation on Saturday or Monday at that point they can be submitted for
WGS. [for instance- on Friday put presumptives on TSA today and confirm and hand a culture
to WGS team either tomorrow for WGS).

[EC) Could have confirmation on Saturday or Monday at that point they can be submitted for
WGS.

Isolates
aresubject to
Whole Genome
Sequencing

STEP 5

WEEK 2

Whole Genome
Sequencing

Immediately
Thereafter:

S and EC) Make

WGES comparisons in
GenomeTrakr database
and perform WGS
sequence analysis

for outbreak cluster
relevance, any unigue
biological features,
Serovar or serotype,
virulence factors, drug
resistance, etc. This
can be done using CGE
[for STEC virulence
assessment), RIDDUM,
FDA’s pipeline,

and SeqSERO2 [for
Salmonella virtual
serotyping)

Genome is
uploaded to
GenomeTrakr
database and
clustered at NCBI
Pathogen
Detection

Monday:
(S and EC] Prep DNA and construct
libraries for WGS of pure cultures

Wednesday:
(S and EC) Prepare Illumina
Reactions and run for 48 hours

Friday:

(S and EC) Download WGS data
from Illumina instrument and
transfer to OAO and DM post-
sequencing for Clean-up of raw
data and formatting

(S) Salmonella
[EC)STEC

(3) Looking deeper into microbiological sample enrichments
to characterize strain diversity and specific population make-

up of a pathogen.




Different Strain Fitness Is Likely Linked to Changing Environmental Conditions

prior to selection

dEdEdEd Rl AR ESER

Decline in  —/
fitness upon [
implementation
of selection

Average Fitness of Population

population subjected o hard selection

Selection in the field /
laboratory

- ~ " Ewvolutionary
-  recovery of
- population
fitness

https://www.biologyaspoetry.com/textbooks/microbes _and_evolution/natural_selection_basics.html

Time

PHYLLOSPHERE

=
Cultured Phyllopshere
Microflora

Uncultured Phyllosphere
Microflora

rrTT
4 -2




Salmonella Outbreak Linked to Onions
Q Food Safety Alert

FDA

Posted October 20, 2021

CAUTION: SALMOMELLA
| neweortoutereak |

L CAUSED BY ONIONS L
_rll:l. yullewy, winite and swirsl yuliome

prlant coreacisd B Salmenela Mewsanm cubzreas

Fast Facts

¢ |llnesses: 652 (60 new)
e Hospitalizations: 129 (13 new)

e Deaths: 0

s States: 37 (1 new)

A5 & health precaution, please throw away your
onians if you are not sure of their source.,

e Recall: No
e [nvestigation status: Active

ARk SUD W ET

- fhpreiell

S S SSYS Y YSYSY YT TYLj

OUTBREAK UPDATE
SALMONELLA INFECTIONS

Read the updaled pubic headth

notice and follow B o in
it o help reduce your risk of 2 ’ ‘ 149
a Salmeania nfecion D == — 31,35

CAMADA CA/HEALTH
S —— ) FDA reports on . am By o Fresh, whole red, white, and
i : - 1 g ] \ yellow onions sold in grocery
o ! » - , Salmone”a OUtbreak - =\ stores throughout the U.S.
= 640 CASES IN 43 STATES - §v o N i 3 {
= CASES IN CT, NJ & NY , - w bl . . 4 linked to red onions - "] © Imported from Chihuahua, Mexico

WHAT ONIONS ARE IMPACTED

= 85 PEOPLE HOSPITALIZED

NATIONWIDE Yy © CDC investigating other onions
= NO DEATHS REPORTED

and suppliers

RECALLS RED, WHITE, YELLOW e ; o el K o | " FSN
& SWEET YELLOW ONIONS , o '

ONIONS BEHIND NATIONWIDE SALMONELLA CASES

TOP US NEWS:




targeted amplicon sequencing: how does it work?

Targeted amplicon sequencing is a next-generation sequencing
(NGS) method that uses polymerase chain reaction (PCR) to
amplify specific DNA fragments, or amplicons, from a genome.

The process involves the following steps: Primers design ol free BN o slasms

1. Design primers .

2. Transform samples into libraries e M= ~ T _—
RS

3. Amplify DNA
4. Multiplex samples /
5. Sequence amplicons Direct amplification

Multiplex Access Array

] Barcoding PCR
v

Sample pooling and size sedection

o
éﬁ

i

S ] Targeted amplicon sequencing can

¥ identify individual strains in a population
and characterize them down to a
molecular epidemiologically relevant
level.

(https://genomemedicine.biomedcentral.com/articles/10.1186/s13073-018-0611-9)

L
llurnina sequencing



TOWARDS A CULTURE INDEPENDENT
FOOD TESTING PROGRAM
Lm enrichment (BAM) —

Percent Relative Abundance

Shotgun Metagenomics and Quasi-Metagenomics:

o
1005

Broth Type

METAGENOMICS

characterized every 4 hours to describe
genomic coverage of Lm and describe co-enriching microbiota

BHU BHU BHU EHU BHU BHU EHU BHU EHU BHU BHU BHU BHU

Day 1
OH, 6H, 8H

Day 2
24H

FDA

ol |

Incubate overnight Inoculate RV/TT
>
>
Incubate overnight
mTT
e 48-Hour RV
Pseudomanas spp.
e i 48-Hour TT & mTT
Enterococeus spp.
Pasteuralla mulfocida
Escherichia coli .
Slreplococcus Spp.
Staphylococcus spp.
Firmicutes, umknown
Geobacillus spp. 40
Th
m”:z::;pp == - Psendomionas fafarers s
2 = Pseudoniomnas s
A cillus avithe: =
L_nexybe 5 favithermus % 0 B PSSt ot O RS preerilen
el mopaciiogunes = - P rcrdoniomnas ofitdis
E = Pseudomionas fifva
= W P s cticlonaories aeriegirosa
£ 20 -5 erirerico
=
10
o - —
UPE T T T Shigella broth =TT T
2 s 6 7 2 5 6 7 2 5 o6 7 10 11 12 13 10 11 12 13 16 11 12 13




FDA
Salmonella Baits Panel (SBP) Design (v0.07) .
> /N S _‘ » Pan genome

—> LT2- Reference

> Salmonella Heidelberg

L /
e o X
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y
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o, 7.
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M U Total of 13,330 baits. ~10K
W \1\'3\‘\\

"

e

; !! )‘? | ?m”}} j; | Salmonella specific baits
JEE

‘ N\

il
_l

~3000 serovar specific baits

Baits cover ~ 34% of the genome
which are diagnostic markers for
the top 30 serovars.

| » Baits- Salmonella specific

» Baits- LT2 serovar specific




(4) Achieving precision food safety by using genomic tools to

identify specifically acquired adaptations in persistent or
troublesome strains .

» Environmental Monitoring and Root

Cause Analysis for Farms and RCR

Crop Production Ecosystems

» Genome-enhanced Risk Assessment

> Effectiveness of cleaning and

Safety:
y 8enomics tools Vi A

S approach tg foo g sanitization/Enhanced Preventive
Jasna Koyae a.b

Controls/Precision Food Safety

H
:![))epartmentofFoodSC. i kd@n Bakker e LaUI'a M Car I
< Debatmen; g g ST, Coml e *dITo]] €,
» Mapping if Adaptive Changes in
Salmonella and other pathogens ..
Prescriptive
> Cracking the “persistence code” Precision
Mitigation

Genomics and the Rise of Precision Food Safety




FDA
Functional Genomics .

Genomics and Transcriptomics
epigenomics
/

® The study of how genes and
intergenic regions of the genome

contribute to different biological s Y A 4
processes or environments \

Phenotype EAN Y

~

e '. H % ‘5’?/

Xt

® Represent links between genotype
(genome wide) and phenotype, or &
metagenome and community wi

phenotype Proteomics etabolomics




|
Food Safety Questions

Phenotypes Bioprocess or environment

Tonkas i '.:'
T S

- Persistence NS
 Heavy Metal Resistance __

. Disinfectant Resistance— |
 Acid Resistance ;
 Thermal Tolerance
 Desiccation Tolerance
« Biofilm Persistence




Research Paper

Salmonella Survival Kinetics on Pecans, Hazelnuts, and Pine Nuts
at Various Water Activities and Temperatures

SOFIA M. SAN Research Paper

s Food and brug admmovario:— Guryjval of Salmonella during Production of Partially Sprouted

— Pumpkin, Sunflower, and Chia Seeds Dried for
Direct Consumption

SUSANNMNE E. EELLER"* NATHAN M. ANDFEFRSON ! (AN WAMNC 2 STEFPHFEN T RITRRICK '+ TAN M. HITDFRRANDT '+
LAUREN J. GONSAL Research Paper

Vi 8. Food and Drug Adminisiration, 6502 Sou

sealth, 6502 saun Arcrer Road, Beord o A QuUAaNtitative Assessment of the Risk of Human Salmonellosis
Arising from the Consumption of Almonds in the United States:
The Impact of Preventive Treatment Levels

ME 17-318: Receiwi

SOFIA M. SANTILLANA FARAKOS,'*t REGIS POUILLOT,'t RHOMA JOHNSON,' JUDITH SPUNGEN,' INSOOK SON,’

Research Paper
VW8, Food and Drug Adnmvi

~rm  Fate of Salmonella throughout Production and Refrigerated
S M Storage of Tahini
_ YANGIJUNNA ZHANG,! SUSANNE E. KELLER,? axp ELIZABETH M. GRASS(O-KELLEY'*

Ullinais Institute of Technology, Instifute for Food Safery and Health, 6502 Sowh Archer Road, Bedfard Park, Illinois 60501 » and 20 8. Food and Drug
Administration, 6502 South Archer Road, Bedford Park, Hllincis 60501, USA




CHASRI Copper and

gf& Silver Resistance Islands:
" Stress Responses of
' Salmonella
Montevideo and S.
Senftenberg

Mild stress

Adaptation -
stress responses

Lethal stress

"

Cus i & Pco
GO B AODED DG DB D RIDD

DUF305
DUF293

B
=

Survival of ' Tolerance/
subpopulation A / persistence

Stress response activated

In farming, copper soil treatments and feed are
used to correct copper-deficient soils

and livestock. Copper g o
is also used as a funQICIde S

Survival

No stress response

O cu(in o o
O cu = o A ©

. ®. PO "‘me‘
Time - ‘ R




Pathogen Adaptation in LMF

35
Increasing occurrences of outbreaks 30
associated with low moisture food 25

20

(LMFs)

15

No. Outbreaks

2012 - 2020 I
54 outbreaks ; I
« 44 — Salmonella il HNE l l I

« 7—E. coli K i

10

N NN N ’ , ; ¥
e 1659 recalls EASICHEIC I I I
e 1393 — Salmonella Distribution of outbreaks associated with low-

e 74 — E. coli moisture foods (LMFs)

Jennifer C. et al Practice and Progress: Updates on Outbreaks, Advances in Research, and Processing

26 |
Technologies for Low-moisture Food Safety, Journal of Food Protection, 86, (1), 2023



E. coli 0121 Transcriptome g

All results represent significantly DEG,
ILLFC| > 1

— (Pagj < 0.09)

hyc operon

— Formate hydrogenlyase system
— Anaerobic metabolism
cad operon
— Low pH/O, stress response
— Reduces acid toxicity
pro operon
— Osmolarity stress response

— Helps retain intracellular water

Highly upregulated genes maintain high
expression levels throughout

Formate electron transport Sr*y“N

hycA
cadB
proV
rcsA
proX

prowW
yidD

hycE
hycD
DUF1 4;1

domain- contammg protem
ﬁ hycF

yhcN
hypothetical protein
hycC
mpA
bdm
feoC
hypothetical protein
feoA

Formate fanF
glnA

dehydrogenase® feoB
cspG

hcp

cold-shock protein

yidC

é hycG

her

igaA

tnpB

protein bax

cspB

mliC
argC

hypothetical protein

DUF1076

domain-containing protein
MFS transporter

hemP
emrK
argF
cspl
hokB

antitermination protein
hypothetical protein
mpB




Economic Impact FDA

» GenomeTrakr program was likely cost effective by its second year of implementation

> $100 M -> $450 M in net annual health benefits (est. from 2019). Currently >$1B annual savings.
PLOS ONE

@ oPeNACCess B PEERREVIEWED

RESEARCH ARTICLE

An economic evaluation of the Whole Genome Sequencing
source tracking program in the U.S.
Brad Brown [E. Marc Allard, Michael C. Bazaco, Joseph Blankenship, Travis Minor

Published: October 6, 2021 = https://doi.org/10.1371/journal.pone.0258262

o ““ i o
¥ —

Abstract Abstract
Introduntion The U.S. Food and Drug Administration (FDA) created the GenomeTrakr Whole Genome
Materials and methods Sequencing (WGS) Network in 2013, as a tool to improve food safety. This study presents an

analysis of Whole Genome source tracking implementation on potential food contamination and
related illnesses through theoretical, empirical, and cost benefit analyses. We conduct empirical
Discussion tests using data from FDA regulated food commodity outbreaks garnering FDA respanse from
1399 through 2019 and examine the effect of the National Center for Biotechnology Information
(NCBI) Pathogen detection program of source tracking WGS isolates collected in the U.S. on
Supporting information outbreak ilinesses for three pilot pathogens (E. coli, Listeria, and Salmenella). Empirical results
are consistent with the thearetical model and suggest that each additional 1,000 WGS isolates
added to the public NCBI database is associated with a reduction of approximately 6 illnesses
References per WGS pathogen, per year. Empirical results are connected to existing literature for a Monte
Carlo analysis to estimate benefits and costs. By 2019, annual health benefits are estimated at
nearly $500 million, compared to an approximately $22 million investment by public health
agencies. Even under conservative assumptions, the program likely broke even in its second
Figures year of implementation and could produce increasing public health benefits as the
GenomeTrakr network matures.

Results
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> Return on Investment: $10 dollars in averted human health costs for every $1 dollar invested
Brown et al. (2021) An economic evaluation of the Whole Genome Sequencing source tracking program in the U.S. PLoS

ONE 16(10): €0258262.
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