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Economic Analysis of Salmonella outbreaks
annual reduction using WGS

Canada United States
Incidence of illness 47,028 1,200,000
Costs to adopt WGS $158,340,000 $100,000,000
QUALY lost 469.75 16,782
Total lliness costs $287,770,000 $3,300,000,000
Total net benefit of adopting WGS $90,250,000 S1,000,000,000

Model assumes up to 70% reduction in numbers of illnesses due to WGS
implementation. Benefits gained due to earlier detection and decreased time to recall
food items. United States estimates are adjusted based on increase population size.
Additional analysis is needed to adjust to US illnesses and US health care costs.

www.fda.gov Jain et al., 2019. Food Res. Int. 116: 802-809 2
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Monetary Loss from Bacteria Foodborne lliness Total $13,279,603,000

Minor et al., 2015.

Risk Analysis. 35(6):1-15
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Why Develop a WGS based Network?

Tracking and Tracing of food pathogens

e |nsufficient resolution of current tools

-matching clinical to environmental
-improve the environmental database
Faster identification of the food involved in the outbreak

Limited number of investigators vs. facilities and import lines

Global travel

Global food supply




Independent submission model:

US PulseNet members collaborating around foodborne outbreaks Agriculture
labs
Public Health FDA Academic
labs labs
International
community
commercial
labs
-
~ NCBI Pathogen
neei Detection portal
Best practices document, Sept. 2019:
1. Check the quality of your entire run: 2. Detailed protocol for direct NCBI submissions: 3. Data curation and data management recommendations:
GalaxyTrakr, MicroR C kflow: Utilizing the Public GenomeTrakr Database for Foodborne . ;
GalaxyTrakr, Micro unQC workflow Pathogen Traceback Importance of data curation.

Fuh . Timme, Maria Sanchez Leon, and Hare W. Allard » Where are my data? How do | update/retract

Abstract records in the following NCBI databases?
This protecol outlines the all the steps necessary ta become a GenomeTrakr data contributor. Genome- Bi OPI’O]eCt

Trake is an internztonal genomic reference database of mostly food and envirenmental isolates from BI Osam |e

foodborne pathogens, The data and analyses arc housed at the Natonal Center for Biotechnology p

Information (NCBI), which is 2 darahase freely available o anyone in the world The Pathogen Derection SRA

browser at NCBI computes daily cluster results adding the newly submiteed data to the existing phyloge-

neric clusters of closely related genomes. Contributors to this darabase can see how their new isolates are Ge n Ba n k

related 1o the real-time foodborne pathogen surveillance program established in the USA and a fow other
countries, and at the same fme adding valuable new dara to the reference database.

NCBI Pathogen Detection portal

Key words GenomeTrake, WGS, Surveillance, Genomics, Foodborne pathogens, Trackback

QC report for entire MiSeq run:

. ——————— Frr—— * Recommendations for managing your data,
e ————— 1 gt 1n 2012 EDA begen e plo et caled Genome ik o bl submissions, and accessions.

PR T N S B S o e of GenomeTrakr Within ~ public genomic reference database of historical food and environ-

=

p
e mias 7 Smmi ws 0B m wn mas = BE e 1 ihe FDA Mission mental isolates of Salmonelle. The goal of this project was to
ROmLET S Wl g man - 12 I improve the accuracy and response time for identifying the canses Refer Ce S .
T i ey = 220 ms @ e wmna : S P .
R e Wi f0 des1 7ie uae " 190 was w3 e B of foodborne outbreaks, to identify harborage in facilitics, and to
FOA00013410_57 L0011 001 fasta 83 4T 1653 162576 e 2180 m2 By ns 5

- -

sl 2id in cstablishing preventative controls [1]. In this pilot WGS data . — :
TAWLILBRL G GEO e B e 1281 = B oamna were collected by a distributed set of public health laboratorics, Timme RE, Sanchez Leon M, Allard MW 2018. Utilizing the Public GenomeTrakr Database for
bl Ji sequence transferred to the FDA for quality screening, then uploaded under Foodborne Pathogen Traceback. Methods in molecular biology (Clifton, N.J.) 1918:201-212.
as“z‘ v quality —library quality Read quality an umbrella BioProject at NCBI’s SRA database (Fig. 1). The result
and coverage type has been a continuously growing database of genomic sequence Daniel Benisatto et al_ In review GalaxyTrakr: A Distributed Analysis Tool for Public Health Whole

informarion and accompanying meradara (e.g., geographic loca- Genome Sequence Data Accessible to Non-Bicinformaticans.
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Total Number of Sequences in the GenomeTrakr Database

m Salmonella OlListeria OE. coli/ Shigella @ Campylobacter

m V. parahaemolyticus 0O Other*

Average Number of Sequences
Added Per Month Each Year

2013: 169
2014: 1,076
2015: 2,362
2016: 4,529
2017: 5,826
2018: 9,434

B
2013 2014 2015 2016 2017 2018 2019
3rd Qtr
Year

First sequences uploaded in February 2013
* Other pathogens: Cronobacter, V. vulnificus, C. botulinum, and C. perfringens
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September 30, 2019 GenomeTrakr Numbers

Species Total Isolates
Salmonella enterica 277,051
E.coli and Shigella 85,157
Campylobacter jejuni 43,705
Listeria monocytogenes 28,978
Vibrio parahaemolyticus 2,519
Cronobacter 636
Vibrio vulnificus 359
Clostridium botulinum 298
Clostridium perfringens 242

Total 388,945
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How do we use the GenomeTrakr information?
Example of Listeria in sprouts using a phylogenetic
perspective.

FNUSALUUUESS MISSING missing clunmeal
PNUSAL000325 missing missing clinical
PNUSAL000842 missing missing clinical

PNUSAL000252 missing missing clinical
PNUSAL000978 missing missing clinical
PNUSAL000706 USA:NY missing clinical
PNUSAL000016 missing missing clinical

— FDA00008248 USA:IL 2014-08-14 mung bean sprouts |

FDA00008247 USA:IL 2014-08-13 sprout irrigation water
PNUSAL000956 missing missing clinical
PNUSALO000017 missing missing clinical < 10 SNPs
PNUSAL000954 missing missing clinical
PNUSALO000968 missing missing clinical
—— PNUSAL000815 missing missing clinical
L PNUSAL000863 missing missing clinical

‘|:‘7PNUSAL(}U1{139 missing missing clinical

0.0



Identifying an Outbreak Vehicle: Lines of Evidence

Three types of evidence
used:

— Epidemiologic: association
between illness and food
exposure

— Traceback: suspected food
item links back to a common
source of contamination

— Microbiologic/laboratory:
pathogen found in the food,
farm or facility

www.fda.gov
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Tomato patch - FIowers)@

Weeds - Lawn edges)@

Cucumher)@

Watermelon)e

Yellow squash)e

Findings From @ e
VA = Deep well water

(; Irrigation pipes

Atlantic Ocean

|C Water filters

C Bugs

~
Highway 13
~

~
~

Tree leaves /;

i

Ponds and Sediment)@
Horses droppings)e

>

m' omato Patch - Leaves Chesapeake Bay Seagulls droppingsﬁ

Tomato patch - Di rt)@
Collected over 500 isolates:
2010-2011: 237 2012: 137 2014: 133+




Key Conclusions from VA surveys
Identify Water, Water, and Water

e Sampled Areas:

— Virginia Tech Agricultural Research and Education Center (AREC):
2009-2011

— 6 environmental waters and sediments: 2011, 2012, 2014-2015

 Salmonella Pattern 61 and other clinically relevant isolates found
consistently in waters and sediments at AREC and the 6 other locations

 Environmental waters and sediments are potential reservoirs for
Salmonella

 Enhanced agricultural practices related to the use of surface waters are
important to mitigating Salmonella transfer on to crop plants

Bell RL et al. Ecological prevalence, genetic diversity, and epidemiological aspects
of Salmonella isolated from tomato agricultural regions of the Virginia
Eastern Shore. Front Microbiol. 2015 May 7,;6:415.

s 77
L]
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South American Salmonella Environmentals

Global Water & Food Safety Summit
21 November 2019

Maria Sanchez
James Pettengill
Hugh Rand



*Serotypes Found

45 Infantis 4 Manhattan

26 Typhimurium 3 1llb 58:k:z

15 1llb 48:i:z 2 Johannesburg

14 Anatum 2 1llb 61:i:z

12 Enteritidis 1-:210:enz15

10 Paratyphi B 1 Senftenberg

10 Brandenburg 1 Predicted Serotype
7 14[5]12:i:- 11V 43:24223:-

4 Rissen 1 Dublin

4 Muenchen 1 Cerro

4 Mbandaka 1 18:k:z

15



Cluster Characteristics (N= 28)

Water Cluster

SNPcluster Isolates Size
1 PDS000053260.2 2 3
2 PDS000053263.2 2 3
3 PDS000053276.1 4 5
4 PDS000053277.1 2 2
5 PDS000053278.1 2 2
6 PDS000053279.1 3 3
7 PDS000053280.1 2 2
8 PDS000053281.1 4 5
9 PDS000053282.1 4 4
10 PDS000053283.1 3 3
11 PDS000003955.531 10 4330
12 PDS000053285.1 6 4
13 PDS000053286.1 5 5
14 PDS000053288.1 2 2

1 16



Cluster Characteristics (N= 28)

Water Cluster

SNPcluster Isolates Size
15 PDS000053289.1 2 2
16 PDS000053290.1 2 2
17 PDS000053291.1 6 7
18 PDS000053292.1 3 3
19 PDS000053293.1 2 2
20 PDS000053294.1 2 2
21 PDS000026867.7 3 55
22 PDS000026991.4 2 7
23 PDS000029248.7 2 24
24 PDS000029912.2 6 8
25 PDS000030058.41 1 89
26 PDS000032393.134 23 861
27 PDS000037691.3 4 13

28 PDS000051343.30 4 2009

17
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SNP Cluster AMR BIOCIDE METAL VIRULENCE
PDS000003955.533 63 7 56 14
PDS000026867.7 6 0 9 0
PDS000029248.7 4 0 8 0
PDS000029912.2 10 0 15 0
PDS000030058.41 3 0 3 0
PDS000032393.135 32 0 64 0
PDS000037691.3 8 0 12 0
PDS000051343.31 8 0 12 0
PDS000053260.2 3 0 3 0
PDS000053263.2 4 0 6 0
PDS000053277.1 2 0 3 0
PDS000053278.1 0 0 2 4
PDS000053279.1 6 0 9 0
PDS000053280.1 6 0 6 0
PDS000053281.1 19 0 9 0
PDS000053282.1 4 0 6 0
PDS000053283.1 6 0 9 0
PDS000053286.1 10 0 15 0
PDS000053288.1 4 0 6 0
PDS000053289.1 0 0 2 4
PDS000053290.1 4 0 6 0
PDS000053291.1 12 0 18 0
PDS000053292.1 4 0 6 0
PDS000053293.1 4 0 6 0
PDS000053294.1 4 0 6 0




Diversity of isolates from Chili

emnvironmentaliother, 2019-05-21, Chile, environmenial swab, CFSANO70072, PDTO00504660.1

emvironmentaliother, 20119-05-21, Chile, environmenital swab, CFSANO70075, PDT000504663.1

emnvironmentaliother, 2019-05-21, Chile, environmenial swab, CFSANO70076, PDTO00504662.1

— arwironmental/other, 2019-11-07, Chile, cresk water, CLA-83-7, PDT000624519.1

— environmentalother, 2019-11-07, Chile, creek water, CLA-83-1, PDT0006245131

|— emvironmentalicther, 2019-11-07, Chilke, creek water, LON-120-1, PDT000624507 1

|— emvironmentalother, 2019-11-07, Chile, creek water, LON-120-7, PDT00D624497 .1

— arwironmentalother, 2016-04-15, Chile'Rancagua, feces, CFSANG035141, PDT000125608 2

l— erwironmentaliother, 2018-10-19, Chile, water, CFSAN043230, PDT000393229 1

|- environmentaliother, 2018-10-19, Chile, waler, CFSAN043225, PDT000393232.1

|— environmentalother, 2019-05-21, Chile, fecal swabs (horses), CFSAN070092, PDT000504641.1

|— ervironmental/other, 2019-05-21, Chile, fecal swabs (horses), CFSAN070094, PDT000504640.1

erwironmentaliother, 2018-10-19, Chile, waler, CFSAN043234, PDT0003932381

30

20



Many small clusters

2191107, Chile, verwaler, LON-1W5-17, FOTING4 5051

20191107, Chie,  MATAQL T4, PDTODDG24506.1

b exvvimentaliithes, 2019-1107, Chile, rirerwater, MATACHT7-1, POTONG4508 1

, 2191407, Chile, iver walex, LON-75-6, FDTONG24475 .1

HHS-1107, Chile, iver wales, | ON-75-1, PDTODG24518 1

e exTvrONMenialiother, 2019-11-07, Chile, creek water, CLA-23-1, PDT000624449 1

emvronmentalioher, 2019-11-07, Chile, aeek water, CLA-24-4, PDT000624516.1

e emAronmentalicther, 2019-11-07, Chile, creek water, CLA-23-4, PDT000624445.1

0.5

21



But also large clusters

I i

ater isolates

22
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www.ncbi.nlm.nih.gov/pathogens/

». .
/ 2 Home - Pathogen Detec X

&« C | & httpsy//www.nebinlm.nih.gov/pathogens,

Pathogen Detection Learn More

NCBI Pathogen Detection integrates bacterial pathogen genomic sequences originating in food, About
environmental sources, and patients. It quickly clusters and identifies related sequences to FAQ

uncover potential food contamination sources, helping public health scientists investigate
Antimicrobial Resistance

foodborne disease outbreaks.

Find i now! Contributors
Explore the Data Data Resources
Isolates Browser
Species New Isolates Total Isolates Antimicrobial resistance reference
gene database
Salmonella enterica 124 53,003

Isolates with antibiotic resistant
phenotypes

E.coli and Shigella 1 19,861

Beta-lactamase resources
Listeria monocytogenes 20 12,267

Download analysis results (FTP)
Campylobacter jejuni 0 4,309
Acinetobacter baumannii 0 2,651 Submit

How to submit data
Klebsiella pneumoniae 1 2,212

How to submit antibiotic resistance
Enterobacter 0 1,151 phenotypes

How to submit beta-lactamases
Vibrio parahaemolyticus 0 817

NCBI Submission Portal




Publicly released metadata

FOA

Food/environmental Submission

Pathogen: environmental/food/other sample from
Listeria monocytogenes

BioSample: SAMN02709234;

Sample name: FDA00007620

Organism Listeria monocytogenes

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

Pathogen: environmental/food/other; v.1.0

strain FDA0O0007620

host disease missing
latitude and longitude missing
collection date 3/26/2012
isolate CFSANO003790
geographic location [taly

isolation source moliterno al tartufo
heese
collected by

PFGE_SecondaryEnzyme_pattern GX6A12.0280
PFGE_PrimaryEnzyme_pattern GX6A16.0085
Submission

FDA, Justin Payne; 2014-03-27

ID: 2709234

Clinical Sample Submission

Pathogen: clinical or host-associated sample
from Salmonella enterica

BioSample: SAMN02927343;

Sample name:/2013K-0563

Organism Salmonella enterica

cellular organisms; Bacteria; Proteobacteria;
Gammaproteobacteria; Enterobacteriales;
Enterobacteriaceae; Salmonella

Pathogen: clinical or host-associated; version 1.0
strain 2013K-0563

collected by CDC

collection date Missing

geographic location USA

host Missing

host disease Missing

isolation source Missing

latitude and longitude  Missing

Submission
Pulsenet, Eija Trees; 2014-07-18
ID: 2927343

24
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Gen ”, ME
GRrarPH R

Leveraging GenomeTrakr &
NCBI Pathogen Detection WGS
Data to Enhance

e Risk Assessment

e Attribution

e Large-scale Epidemiology
studies
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GenomeGraphR: WGS data integration, analysis, and visualization for risk
assessment and management: https://fda-
riskmodels.foodrisk.org/genomegraphr/

Moez Sanaa, Régis Pouillot, Francisco J Garces-Vega, Errol Strain, Jane M Van
Doren doi: https://doi.org/10.1101/495309 2018.
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Size of Dots

Cumulate data over years

Year of Collection/Creation

2001

FOA

Warnings: the dots are placed at random within the limits of the state (United States) or the country. The position of each dot doesn't represent the actual location of sampling.
Strains from the US not assigned to a specific State are placed in the blue square. Strains not assigned to a specific country are placed in the red square.
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. National Antimicrobial Resistance Monitoring System

= Pooa pod Jrug bomiedd olan | Coves Yo Taense £ ooty orvl Ay se o - Unied Bavws Legearm—erd of g svve

S FDA [T 152

From WGS to Antibiotic Resistance Genotype
BURETE aac(3)-lla, aadAT,
¢ aph(3)-la
(j ::> catA1, tetO . .
<1 Local BlastAR Acquired AR genes n
Gene Database
DNA from
Single colony AR Genotype
_— Assembly Campylobacter 235 DNA alignment e
_ CLC Genomics & it
Sequencing Workbench S
With lllumina Miseq Sequences alignment
gyrA gene
23S rRNA gene ::>

Point mutations related
to AR



RESISTOME TRACKER
Salmonella

Select an icon or alert below to get started.

Ll

CUSTOMIZE COMPARE DISCOVER EXPLORE

ALERTS

There are 11 records with 2 flagged genes uploaded in the last 30 days

29



: : : FDA
Manuscripts using structured metadata ontologies, .
machine learning and artificial intelligence.

Nguyen M, Long SW, McDermott PF, Olsen RJ, Olson R,
Stevens RL, Tyson GH, Zhao S, Davis JJ. 2019. Using
machine learning to predict antimicrobial MICs and
associated genomic features for nontyphoidal
Salmonella. J Clin Microbiol 57:€e01260-18.
https://doi.org/10.1128/ICM.01260-18.

Zhang et al. 2019. Zoonotic Source Attribution of
Salmonella enterica Serotype Typhimurium Using
Genomic Surveillance Data, United State. Emerg Infect
Dis. 25(1): 82—91. doi: 10.3201/eid2501.180835

30
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Adaptations of particularinterest to food safety specialists:

(1) Thermal tolerance

(2) Dessication resistance
(3) Osmotic/lonic tolerance
(4) Quat resistance

(5) Chlorine resistance

(6) Biofilm persistence

(7) Surface adherence

(8) Antibiotic resistance

(9) Antimicrobial resistance
(10) Ecological fitness

(11) Heavy metal resistance
(12) Metabolic persistence
(13) Enhanced hydrophobic fitness
(14) Produce invasiveness
(15) Flower invasiveness

(16) Root system invasiveness
(17) Acid resistance

(18) Surface water fitness

(19) In vivo plant migratory fitness
(20) Soil fitness

(21) Capsaicin resistance

(22) Swarming

(23) Trans-ovarian poultry colonization
(24) Fecal persistence (poultry)

(25) Yolk content invasion

(26) Multidrug resistance

(27) External amoeba harborage
(28) Internal amoeba harborage
(29) Acyl-homoserine lactone (AHL)
(30) KatE stationary-phase catalase
(31) In vivo migratory fitness

(32) RDAR phenotype

(33) The “Weltevreden’ type

(34) Peristence within the tomato**

A partial gene list is now incorporated into AMRFinderPlus v3.2
(https://github.com/ncbi/amr/wiki Jand the Reference Gene Catalog as of 2019-
10-31 (https://www.ncbi.nlm.nih.gov/pathogens/isolates#/refgene/)



Galaxy& Trakr

e 2019 Objective: Increase Jobs Submitted to Galaxy by 1.5
times to 160,000

e End of Year Status: Achieved!
v" From 2017 to 2018, number of jobs submitted increased by 14x
v" From 2018 to 2019, number of jobs submitted increased by

2.07x Jobs Submitted 2017 - 2019 $

250,000 $

200,000

150,000 &
100,000

<
50,000 &

0
2017 2018 2019

M Jobs 7,687 105,238 218,252

32



* 2019 Objective: Increase Jobs Submitted to Galaxy by 1.5
times to 160,000

* Benefit / Impact:
x v GalaxyTrakr Training Environment

= Deployed a separate training environment to support various GalaxyTrakr
training events without impacting production

v' Updated to AWS S3

= Updated object storage services (from AWS EFS to AWS S3) allowing an
increase in user storage quotas AND additional 90% reduction in storage
costs ($.30 to $.003 per GB)

v" Increased Number of Users:

=  Current Number of Registered Users: 522 (10% increase since last quarterly
meeting:475 registered users)

v Over 70 tools and 11 workflows available on GalaxyTrakr

®" |ncrease in tools supports overall mission objectives and expands the
overall GalaxyTrakr community

33
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e GenomeTrakr Latin America

For more discussions please seek out Gonzalez-Escalona, Narjol
<Narjol.Gonzalez-Escalona@fda.hhs.gov>; Stevens, Eric
<Eric.Stevens@fda.hhs.gov>; Cornell, Jason
<Jason.Cornell@fda.hhs.gov>
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