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The Salmonella ‘radiation’



Tracking contamination down…and FAST!

Finished Product Processing Facility Farm

Ecologic ReservoirsImport LinesGlobal Point Source

SAVES LIVES



Battling Foodborne Illness

Each year nearly 10 million episodes of foodborne illness in the 
United States 

~60,000 hospitalizations

More than 1300 deaths

Salmonella spp. cause 11% of foodborne illnesses each year

 (Scallan et al. 2011 Emerging Infectious Diseases • www.cdc.gov/eid).



Some perspective on the food 
supply 

• Tracking and Tracing of food pathogens 
• Almost 200,000 registered food facilities (2/14)

• 81,574 Domestic and 115,753 Foreign
• More than 300 ports of entry
• More than 130,000 importers and more than 11 

million import lines/yr
• In the US there are more than 2 million farms



• WGS is high resolution
➢ 3-5 million data points are collected for each isolate

• WGS analyses are statistically robust
➢ Unlike PFGE patterns, WGS data can be analyzed in its evolutionary 

context. Accurate and stable genetic changes within pathogen 
genomes enable us to pin point specific common sources of 
outbreak strains (farms, processing plants, food types, and 
geographic regions).

➢ Source Tracking is Key Application:
moving from PFGE to WGS has been no less
impactful than the move from backyard
telescopes to the Hubble in terms
of resolution in differentiating foodborne
outbreaks.

PFGE transition to WGS



Pedigree vs Phylogeny



DNA Forensics of Microbes

Genome sequence is agnostic. One biological assay 
could works on all pathogen species

Immediately useful. All we need is the genome and a 
little metadata.

A Pathogen Genome Is The  Fingerprint

WGS is now routine in FDA’s outbreak response and 
compliance/surveillance activities. Internally 
(across our agency), and in collaboration with FSIS 
and CDC, WGS has now been deployed and benefitted 
the traceability of numerous foodborne 
contamination events. 

WGS can be used to inform traceback investigations 
and delimit the scope of food contamination events 
unlike ever before – not just a regulatory tool -
numerous offshoot applications exist (i.e., supply 
chain management, quality assurance, process 
evaluation, etc.)
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Salmonella enterica serovar Heidelberg

• CDC investigated a multistate (34 states) outbreak

• 136 confirmed cases between February 27th and 
September 13th, 2011

• Among the 94 case patient, 37 (39%) had been 
hospitalized and one patient died

• GT was implicated  as source of this outbreak 

• Largest product recall in history of 36 million tons of 
GT meat 
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“Whole Genome Sequencing Is The Biggest Thing To 
Happen To Food Microbiology Since 
Pasteur Showed Us How To Culture Pathogens…”

Dr. Jorgen Schlundt
Exec Director and Founder

The Global Microbial Identifier



Is WGS a viable solution?

• Cost 

• Increasing ease of operation

• Database longevity

• Comparable times to 
conventional pipelines

• Sample prep
– Identical for all pathogens

• Cost savings
– Resistance, subtyping, virulence 

factors, more…

• New applications
– tracking, regulatory/compliance 

actions, historical trends, more…
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Why Develop a WGS Based Network?

• Tracking and Tracing of food pathogens
• Insufficient resolution of current tools

-matching clinical to environmental

• Faster identification of the food involved in the outbreak

• Limited number of investigators vs. facilities and import lines

• Global travel

• Global food supply



Importance of a Balanced Approach

Clinical 
Samples

Food and 
Environmental  

Samples

Maximum WGS 
Benefit



Labs to generate
WGS data

Sequence storage, 
data provider & preliminary analysis

Network management

Key elements of a 
national/international WGS 
network
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58 Participating Laboratories



Total Number of Sequences in the Public Database



“Open Data” paradigm

– Raw genome sequences made available to the 
public 1-2 days after collection
• Isolates from routine FDA + State Lab lab inspections

• Isolates from historical collections, past outbreaks

• Environmental monitoring/surveillance

• Routine food sampling for imports

– Data made public *before* FDA analyses are 
performed



“If they could not keep the data associated with the development of
the atomic bomb a secret, how possibly do you think you can keep 
whole genome sequencing data secret? It will come out eventually.”

Dr. Jorgen Schlundt
Exec Director and Founder

The Global Microbial Identifier



What happens with a WGS link between a 
clinical and environmental sample? 

• Likely result in the following steps:

(1) facility/farm follow-up and sampling

(2) Additional pathogen positive samples are sequenced and 

submitted to the database

(3) In case of outbreak, supports epidemiology and 

traceback/trace forward of raw materials and finished   

product

(4) WGS is powerful tool that supports investigation



Environmental sampling combined with WGS can help point to root cause of the 
contamination



Field 1

Field 2

Processing facility

Scenario 1 (pass through)



Field 1

Field 2

Processing facility

Scenario 2 (harborage and persistence)



• Identifies specific suppliers that are introducing contaminants

• Identifies whether contaminant is resident to a facility or 
transient

• Knowledge of where contaminant is coming from allows industry 
to fix the problem based on scientific evidence.

Regular testing throughout network 



Next-Generation sequencing can be used to address 
different facets of outbreak response:

• Have we seen this isolate before?
(Compare it to reference isolates)

• Do these isolates form a cluster? (i.e. is it outbreak or background 
(Compare them to reference and other outbreak isolates)

• Is there a similarity between food/environmental and clinical isolates? 
(Compare them to reference, clinical, and food/environmental 
isolates)
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Real-time Integration of WGS into 
FDA regulatory workflow



S. Braenderup



Outbreak Investigation Timelines

Outbreak Investigation Timeline

Epidemiology Investigation

Regulatory Investigation

Questionnaires
Laboratory results
Patient interviews

Inspection
Sample collection
Laboratory results
Recall time

WGS Impact @ FDA



• Earlier intervention means: 

• Reduced amount of recalled product

• Fewer sick patients which means fewer lawsuits

• Less impact overall and minimal damage to brand recognition

Immediate impacts of WGS to industry, 
growers, and distributers, countries, states.



Montevideo black and red pepper
Senftenberg black and red pepper
Enteritidis shell/liquid eggs
Heidelberg ground turkey
Heidelberg chicken broilers
Heidelberg chicken livers
Enteritidis custard
Bareilly tuna scrape
Tennessee peanut butter/peanut butter paste
Typhimurium peanut butter
Braenderup peanut butter/nut butter
Tennessee cilantro
Agona dry cereal
Agona papaya
Newport tomatoes
Newport environmental
Kentucky - Cerro dairy/dairy farms
Anatum spices/pepper flakes
Javiana cantaloupes
Saintpaul hot peppers
4,5,12: i –
Javiana/Newport Cucumbers
Montevideo Pistachios
Hartford Chia powder
Mbandaka Tahini Sesame paste
Braenderup Mangoes
Poona Cucumbers

Lmono cantaloupes
Lmono queso cheese
Lmono potato salad
Lmono artisanal cheeses
Lmono avocados
Lmono ricotta
Lmono celery/chix salad
Lmono smoked fish
Lmono other herbs
Lmono peaches
Lmono hot peppers
Lmono tofu
Lmono sprouts
Lmono ice cream

Cronobacter infant formula
V para oysters
EcO157:H7 lettuce
STEC beef
STEC flour

FDA WGS Application to Actual 
Food Contamination Events 



Applications of WGS in the 

Food Safety Environment
Delimiting scope and traceback of food 

contamination events (Track-N-Trace)

Quality control for FDA testing and surveillance 

(Confidence in Regulatory Actions)

Preventive control monitoring for compliance 

standards (the “repeat offender” project)

ID, geno/pheno typing schemes (AST,Serotyping, 

VP) (CVM,CDRH,CFSAN) – risk assessment and 

adaptive change in Salmonella and Listeria



Some Recent Metrics….
1. Number of FDA GenomeTrakr laboratories operational. 13

2. Number of Federal GenomeTrakr laboratories operational (FSIS and other partners). 2

3. Number of State GenomeTrakr laboratories operational. 25

4. Number of International GenomeTrakr laboratories operational. 20

5. Number of IFSH Industry WGS Workgroup Members 4

6. Number of isolates sequenced by Genome-Trakr Network
Number of Salmonella isolates sequenced over time by the GenomeTrackr Network. 64357

b. Number of Listeria isolates sequenced over time by the GenomeTrackr Network. 13470

c. Number of Campylobacter isolates sequenced over time by the GenomeTrackr Network. 7923 

d. Number of Cronobacter isolates sequenced over time by the GenomeTrackr Network.                              58

e. Number of E. coli/Shigella isolates sequenced over time by the GenomeTrackr Network. 26891

f. Cumulative number of compliance actions/cases supported by WGS (in conjunction with OAO) 196

g. Cumulative number of sequences generated from archived collections of isolates in 
Office of Regulatory Affairs to enhance compliance and enforcement databases. 6394
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