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Background 
• In the US, each year about 48 million persons become ill, 128,000 are 

hospitalized, and 3,000 die as a result of consuming foods contaminated with 
known microbial pathogens. 

• The annual cost of medical care and lost wages caused by infections of the 14 
principal foodborne pathogens was estimated to be $1,950,000,000 in 2009.  

• Identifying and controlling food safety problems focuses public health resources 
on those illnesses that are most likely to be related as part of an outbreak. 

– Approximately 800 outbreaks are investigated and reported each year in the U.S.  

• Foodborne illnesses are reported to clinics for follow-up. Usually, the pathogen is 
sent to a public health laboratory for further characterization.  
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Role of FDA in Foodborne  
Outbreak Investigations 

• FDA’s role during outbreak investigations includes: 
– Traceback of suspected foods to their source 
– Food and environmental testing 
– Product and regulatory actions 
– Trace-forward (if needed) 
– Environmental assessments of farm or production facilities 
– Public communications 

• Food Safety Modernization Act (FSMA) 2011 
– New regulatory tools 
– Rules emphasize prevention of foodborne illnesses 

www.fda.gov 
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Challenges 
1. The landscape of food safety is constantly evolving:  

– production techniques,  
– trade patterns/changing supply chains 
– changing consumer taste 

2. Detecting outbreaks amidst the background of sporadic cases 
3. Inability to identify the food vehicles and causes of food 

contamination responsible for those sporadic cases not associated 
with known outbreaks, which account for the vast majority of 
estimated foodborne illnesses. 



The Complex and Global Etiology of Foods 

Shrimp – India 
Cilantro – Mexico 
Romaine – Salinas, CA 
Cheddar – Wisconsin 
Carrots – Idaho 
Gruyere – Switzerland 
Pecans – Georgia 
Sprouts – Chicago 
Red Cabbage - NY 
 

Shrimp – Indonesia 
Imitation Crab – Alaska 
Tuna Scrape – India 
Fish  Roe – Seychelles 
Salmon – Puget Sound 
Soy Sauce – China  
Rice – Thailand 
Seaweed Wrap – CA 
Avocado – Mexico 
Cucumber – Maryland 
Wasabi – Japan 
Pepper – Vietnam 
 

Watermelon – Delaware 
Blackberries – Guatemala 
Blueberries – New Jersey 
Pineapple – Guam 
Grapes – California 
Kiwi – New Zealand 
Apples – New York 
Pears – Oregon 
Cantaloupe – Costa Rica 
Honeydew – Arizona 
Papaya – Mexico 
Banana – Costa Rica 
 

Salad Sushi Fruit platter 
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Benefits of WGS in Relation to Food Safety 
• Performance: greater discriminatory power leads to more targeted response  

• Greater certainty when matching clinical, environmental, and product sample 
isolates 

• Links between illnesses and the potential source of contamination can be 
made with fewer isolates 

• Clues to geographic origin of pathogens 
• Cost – a single method (e.g., no more need for typing sera). 
• Speed - Faster identification of the food involved in the outbreak 
• Universality 
• Ease of learning and use 
• Ease of sharing (common language) 
• Flexible and amenable to re-analysis 
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Benefits of WGS in Relation to Food Safety 
• Investigators can be deployed in a more targeted manner, saving 

resources 
• Potential to help reduce the number of foodborne illnesses and 

deaths over time 
• Understand foodborne illness and emerging microbiological 

trends, including AMR 
• Recurrences of pathogens in regulated food establishments/ 

products to further support the inspection and verification process 
 

Greater confidence in food safety actions 
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Potential Drawbacks of WGS in Relation to Food Safety 

• Cost – in particular developing countries! Priorities? 
• Perception of cost 
• Data storage (global data sharing mechanisms) 
• Infra-structure (internet connection/speed) 
• Data handling (national capacity, int. networks, partnerships) 
• Interpretation of WGS data (especially in combination with epi) 
• Trust (ownership, privacy, ultimate use of data) 
• Need for basic epi, surveillance and food monitoring/testing infrastructure 
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Current Scope of GenomeTrakr Network 
• Network includes labs at FDA, CDC, FSIS, 17 state health and 

university labs, 1 U.S. hospital lab, and 11 labs located outside the 
U.S.  

– Contributing labs are on 4 continents and in 10 countries 

• The network provides high resolution genomic sequences of food 
pathogens, ex. Salmonella, Listeria, STEC’s, others.  Greater than 
130,000 sequences in the database 

• New GenomeTrakr labs are coming on-line 

• Partnered with CDC in 2013 to study all clinical and environmental 
isolates of Listeria monocytogenes, now E. coli, (Salmonella coming)  

FDA GenomeTrakr website 
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm 

http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
http://www.fda.gov/Food/FoodScienceResearch/WholeGenomeSequencingProgramWGS/ucm363134.htm
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Supports Neutral Refutes 

SNP distance < 20 20 – 100 > 100 

Bootstrap 
support 

> 0.90 0.80 – 0.90 < 0.80 

Tree topology Monophyletic Paraphyletic Polyphyletic 

1. Supporting epidemiology or traceback information are required 
to justify decisions. 

2. Isolates with any combination of supporting or neutral evidence 
may ultimately be determined to match (but see point 1). 

3. A finding that any WGS evidence refutes a match is sufficient to 
eliminate the possibility of an overall match between two isolates 
(at least until more data are collected). 

This approach reduces the chance that minor variations in a category of evidence 
will lead to significant changes in the interpretation of WGS analyses.  

General guidelines for establishing that 
isolates arose from a common source 
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E. coli O121 in Flour 



16 16 

E. coli 0121 in Flour 
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0-3 SNPs to clinical isolates 

0-3 SNPs to other food/env isolates 
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CFSAN SNP Pipeline 
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Inspections of High-Risk Facilities 
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L. mono in Sprouts 
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Observation: 
  

Isolates with small 
genetic distances are 
often from the same 
facility. 

<= 9 SNPs 
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Fitness Traits of Interest 
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Summary 
• WGS is now routine in US outbreak response and compliance surveillance. In collaboration with other public 

health agencies (FSIS, CDC), WGS has been used in numerous foodborne contamination events, including 
those cause by antibiotic resistant bacteria. 

• We expect many more small outbreaks to be identified that were previously categorized as sporadic 
infections by linking them to specific food or environmental sources.   

• Numerous additional applications exist for using WGS including supply chain management, quality assurance, 
process evaluation, etc. 

• Genome sequences are portable, instantly cross-compatible and highly scalable. One technology approach 
regardless of organism.   

• Have to balance the need for increased number of well characterized environmental (food, water, facility, etc.) 
sequences with the need for extensive clinical isolates  

• WGS, unlike PFGE, is more than a surveillance tool. It provides comprehensive information on traits of 
medical and food safety importance, including historical reference to pathogen emergence. 

• Instead of multiple food safety programs using different technologies, all will exploit the same data set for 
different purposes. Sample is king. 





25 

WGS Data Analyses Work Flow Overview 

 

Output: FASTA 

Input: FASTQ 

• MLST Sequence Type 
• Antibiotic Resistance genes 
• Virulence Profile 
• Salmonella and STEC serotype 
• MASH Tree comparison 

• wgMLST BioNumerics 7.6 
• Lyve-SET, SNP Pipeline 
• NCBI Pathogen Isolate Browser 

De novo Assembly 

Input: FASTA 

QC Pipeline 
• Coverage 
• Average Quality 
• Nucleotide balance 

QC Pipeline 
• File Size 
• N50 & Contigs 
• Correct organism 
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