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Overview

< Outbreak source tracking
> Whole genome sequencing basic

- Public sequence database

< lowa outbreak investigations

- Antibiotic resistance

< Culture independent subtyping
- SHL capabilities
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Outbreak Source Tracking
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Foodborne lliness Investigation
Using Whole Genome Sequencing

inica foo': Source of contamination
»7_~ identified early through WGS
combined database queries
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. Traditional foodborne lliness
Investigation
* Identify pathogen in clinical samples
« Case investigation by epidemiologist
* Track food source between cases
* Identify pathogen in food samples

»Whole Genome Sequencing Outbreak
Investigation
* FDA GenomeTrakr Network
« CDC PulseNet




Outbreak Source Tracking

Step 1. Collect pathogen samples from

 Sick people (medical professionals)
* Food (FDA, USDA, states and local agencies)

* Productions facilities, restaurant, farms, etc.
(Federal, State and Local investigators)

Step 2. Sequence pathogens whole genome
Step 3. Compare Genomic Sequences

Action
» Partners work to prevent more illnesses

» Determine how the pathogen got into the food
supply chain
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Genomic data

Bacterial DNA Plasmids

One long sequence of

) 130,000 — 15,000,000
nucleotides (A, T, C, G)
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Whole Genome Sequencing (WGS)
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Bacterial
isolate culture

GCCGTAGATCGCCTCTAGCGTACAGTC
ATTGCCCGATAGATCGTTCGCGAAATG <
CTCGTAAGCCGATCGCTAGCTAGTCTG

TCGATCGCTAGCTAGTCTGGTAACGTA Generate
sequence MiSeq sequencer
~ 1 million reads per isolate reads
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Reads assembly

Re-create the whole bacterial DNA sequence

AGGTTCGATGCTA CGTTA
TTCGATGCTAGTGCGTTA
CTAGTGCGTTA CGATCG
TAGTGCGTTA CGATCGG
CGATCGGTAGOS‘
. A

GTCGCT
GTCGCTAGATTCGGAT
AGTCGCTAGATTCGGATAAC
CGCTAGATTCGGATAACCTG

AGGTTCGATGCTAGTGCGTTA CGATCGGTAGCCAAGTCGCTAGATTCGGATAACCTG
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Genome comparison

Listeria : AGGTTCGATGCTAAGTGCAGTACCGTATAACG..
Salmonella: AGGTCCGGTGCTAAGTGCAGTACCGTATAACG..
E. Coli : AGGTCCGATGCTATGTGCCGTACCCTATAACG...
Patient ¢+ AGGTTCGATGCTAAGTGCAGTACCGTATAACG...

Salmonella
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Genome comparison

Listeria AGGTTCGATGCTAAGTGCAGTACCGTATAACG..
Salmonella AGGTCCGGTGCTAAGTGCAGTACCGTATAACG..
E. Coli AGGTCCGATGCTATGTGCCGTACCCTATAACG...

Patient bacteria AGGTTCGATGCTAAGTGCAGTACCGTATAACG..

Salmonella
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Advantages of WGS

< Improved identification of bacteria
* e.g., Salmonella Serotyping

- Better discrimination between isolates

< Improved outbreak detection
* Link clinical cases
* Find source earlier
« Solve more outbreaks while still small

< I[dentification of antimicrobial
resistance genes and virulence
factors
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2 clusters
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GS limitation
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NCBI Pathogen Detection database

- Sequences repository for foodborne
pathogens
1.4 Millions sequences (182,000)
78 species
- Associated metadata
« Geographical location

« Source
 Environmental or clinical

- Link isolates from food or the
environment to human illness

< Larger database = faster source
detection

Species Isolate

sequenced
Salmonella enterica 526,819
E.coli and Shigella 302,223
Staphylococcus aureus 95,579
Campylobacter jejuni 85,184
Klebsiella pneumoniae 77,527
Listeria monocytogenes 56,413
Streptococcus pneumoniae 38,139
Enterococcus faecium 28,526
Neisseria gonorrhoeae 26,978
Pseudomonas aeruginosa 25,139
Clostridioides difficile 23,909
Acinetobacter baumannii 23,737
Streptococcus pyogenes 20,471
Vibrio parahaemolyticus 10,082

As of April 6, 2023
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NCBI Pathogen detection database

PDT000002130.2|SAM... = i X

dist: 6

: : : : target_acc: PDT000002130.2
Cluster results within 1 week of submission Sl
Run: SRR1068291
sra_release_date: 2014-01-03
LibraryLayout: PAIRED
Platform: ILLUMINA
sra_center: CFSAN
fullasm_id: 0
complete_fl: 0
host-associated asm_stats_length_bp: 5113245

DPDTOBBB50147 1ISAMNB33660354ISalmonella entericalEnteritidislISMNOBGASEIPathogen: clinical oy
vPDTGBBB‘t?SBS Z2ISAMNB3277878llSalmonella enterica subsp. entericalEnteritidisIMDH-2614-81639IPathfgen: clinical or host-ass( asm_stats_contig_n50: 767722
@ PDTOO0B42626.2ISAMNG32917261ISalmonella enterica subsp. entericalEnteritidisliSMNGBG28IPathogenf/ clinical or host-associate| asm_stats_n_contig: 51
2 PDTORBBET292 2ISAMNB37E6192lISalmonella entericallPNUSASAE413IPathogen: environmental/food/dther @ bioproject_acc: PRINA186035

bod/other @ bioproject_title: GenomeTrakr

associated @) Propc?: US.Food and Drug
Administration

‘ bioproject_center: Center for
Food Safety and Applied Nutrition

biosample_acc: SAMN02345006
attribute_package: Pathogen:
enwronmental/food/other

@ PDTBBBBET291.2ISAMNB37EE191lISalmonella enterxcoIIPNUSHSBBG412IPothogen env1ronmental/food/othe .
3PDTBBB959392.1ISRNN933?5129IlSalmonella entericalEnteritidislISMNBBBEZIPathogen: clinical or host-associated
G PDTBEB195191.1ISAMNBES4E388lISalmonella entericalenteritidisIPNUSASBA9852IPathogen: clinical or host-associated
uPDT998985221 1ISAMNB41623E61lISalmonella entericalenteritidis|E2615611355IPathogen: clinical or host-associated
JPDT868685225 1ISAMNB416236E6lISalmonella entericalenteritidis|IE26815611853IPathogen: clinical or host-associated
S PDTOBB233623.1ISAMNBTEBS83E63lISalmonella entericalenteritidis|2B815AM-B685IPathogen: clinical or host-associated
5 D PDTEBB17E6876.1ISAMNBEZBB37 7lISalmonella entericalenteritidisIPNUSASBBE8BEIPathogen: clinical or host-associated
9 2> PDTOBB163346.2ISAMNBSSE628a5IISalmonella entericalenteritidisICFSANBSE3E83IPathogen: clinical or host-associated T
2 PDTOBRBE5150.1ISAMNA3573578lISalmonella enterica subsp. entericalEnteritidislSMN@®147IPathogen: clinical or host-assq Sample_name: FSW0076
> POTOOBOE0223.1ISAMNG3418386lISainonella entericalCFSANG30246IPathogen: environmental/food/other serovar: Weltevreden
T PDTOBBB47541. 2ISAMNB3277871lISalmonella enterica subsp. entericalEnteritidisliSMNGBBG1IPathogen: clinical or host-associated SEran. ESWI079

ies: enteri
D PDTOBBB31759 2ISAMNG2797528ISalmonella enterica subsp. entericalEnteritidisIMDH-2614-88818IPathogen: clinical or ho :l::)s_s.:c':)&ng s

tax-id: 59201
species_taxid: 28901
scientific_name: Salmonella

Inw A enterica subsp. enterica
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2018 Multistate outbreak of Salmonelila

Typhimurium in Chicken Salad

- Outbreak summary

264 cases 8 states (240 in 1A)
87% reported eating chicken salad

. Timeline

Increased # of Salmonellosis cases

4 patients reported eating chicken salad
from the same grocery store

Voluntary recall of the chicken salad
Manufacture producing chicken salad was
identified

Chicken salad from 7 stores tested at SHL
2 presumptive positives |IDed by PCR

60 samples collected at the manufacture
(only FDA areas) — no positives

Both positives from the chicken salad and
clinical isolates closely related by WGS

wgMLST (<All Characte
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ia__ 618683

® |A_ 621247-1

ia__ 618381
ia__ 616940
ia__ 616944
ia__ 619762
ia__617526
ia__ 617529
ia__ 618047
ia__ 618050
ia__ 618385
ia__ 617309
ia__ 618507
MN_

MN_
ia__ 619583
ia__ 619825
IA__621239-1
ia__ 618386
ia__ 618380

® Environmental
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2019 E. coli 0103 traced to Sprout

® Environmental

< Outbreak summary
« 22 cases from 10 lowa counties

2> Timeline

 Outbreak identify through routine surveillance
testing on 12/18/2019

- Sub-sandwich franchise owner and sprout 0-2 alleles
owner are notified

- Spent irrigation water and 16 clover sprout
samples were collected

« All clinical and environmental samples were
identified as E. coli O103 by PCR oo

- WGS shows close relationship of two 6002 ® Environmental
environmental and clinical samples 0002

- Related to an E. coli 0103 multistate outbreak e
in Feb 2020 ooz

0.0[0,2]
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6166 SNPs 2 isolates
. - N B 6,166 SNPs
Persistence overtime = -
- == %E introduction
- Environmental Listeria in lowa N
3,394 environmental samples L
collected between 2013-2020
18 facilities
* 15.8% positivity (136 samples)
« WGS for 56 isolates
. g 46 isolates
* 9 sequence types identified 0-14 SNPs
June 2018 to
March 2020
WGS help us distinguish between repeated persi;tence
introductions versus persistent overtime overtime
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Antibiotic resistance pathogens in food

-~ Statistics B i
- 2.8 millions AR infections per year fQA\lﬁg%F,‘g‘wm&,
* 1in 4 infections caused by food and animals
- 35,000 deaths 2 e A=

€
48 (“(. bo,
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- Spread of AR bacteria in food R e
« Consumption of animal products
» Animal feces in surrounding environment

* Fruits and vegetables in contact with soil, water
or fertilizer containing animal feces

< Strategic approach to reduce infection
* Develop and enhance tools for conducting surveillance
« Expand tracking of environmental sources contributing to spread (One Health)
* Promoting responsible use of antimicrobials
« Development of new products (new antimicrobials, vaccines, etc)

- InWA State Hygienic Laboratory



Antibiotic resistance pathogens in food

» Automatic detection in clinical and National Library of Medicine
environmental samples
» Pathogen Detection

Pathogen Detection

ete (3

- AMRFinderPlus tool gt
* ldentify antimicrobial genes from blakEC
pathogen genome sequence Pmdt'\j
glpT_E448K
pmrB_Y358N

<> Wastewater surveillance
 Target specific AR genes
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Culture Independent Subtyping

2 ldentify pathogens directly from samples (fast TAT)
« Amplicon sequencing (target specific)
» Targeted pathogens identification
« Targeted pathogen serotype
« Targeted AR and virulence genes
* Low cost
» Shotgun metagenomics (Sequence everything)
 All pathogens sequenced
« All AR and virulence genes sequenced (but origin unknown)
« Advantageous for discovery

* Expensive

- CDC is piloting Salmonella subtyping from stool < —
» Highly Multiplex Amplicon Sequencing (HMAS) ‘
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SHL Capabilities

- Over 9,000 bacteria and 20,000 SARS-CoV-2
viruses since 2015

- Bacteria sequenced: Foodborne pathogen,
Legionella, Carbapenem-resistant bacteria,
Staphylococcus, Streptococcus, Mycobacterium,
Neisseria, etc.

- Eight technicians trained for genome sequencing

- Dedicated spaces for sequencing, different
sequencing instruments (Illumina MiSeq, Nextseq,
Oxford Nanopore Minlon) and Liquid handler
(EpMotion, Clear DX)

- Bioinformatics pipelines installed on the UT HPC
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