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ÅWGS is high resolution 
ü 3-5 million data points are collected for each isolate 

 

ÅWGS analyses are statistically robust 
ü 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).  

 

ü Source Tracking is Key Application 

PFGE v/s WGS 



Background: CFSAN SNP Pipeline 

http://www.ibbl.lu/wp-content/uploads/2012/07/SNPs.jpg 
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2009  
5ƻƴΩǘ Ŝŀǘ ǘƘŜ ǎŀƭŀƳŀŜ 
 
Rejected by Science 
2010 

FOODBORNE OUTBREAK INVESTIGATION: 
WGS analysis of foodborne salmonellae case study 

This investigation focused on 

Salmonella Montevideo samples 

associated with red and black pepper 

used in the production of Italian-style 

spiced meats in a New England 

processing facility. This manufacturer 

was implicated in a major salmonellosis 

outbreak that affected more than 272 

people in 44 states and the District of 

Columbia.  

 

15-20x shot gun sequencing 

35 pure culture isolates  

from patients, foods and  

Environmental samples. 

 

Concatenate 40 variable genes for 

Phylogenetic analysis 

IN or OUT? Circa 2009 

N Engl J Med. 2011 Mar 10;364(10):981-2. doi: 10.1056/NEJMc1100443. Epub 2011 Feb 23. 

Identification of a salmonellosis outbreak by means of molecular sequencing. 

Lienau EK, Strain E, Wang C, Zheng J, Ottesen AR, Keys CE, Hammack TS, Musser SM, Brown EW, 

Allard MW, Cao G, Meng J, Stones R. 



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 ï  

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 

 

Cronobacter infant formula 

 

V para oysters 

 

EcO157:H7 lettuce 

 

STEC beef 

 

éNumerous other taxa 

 

 

 

 

FDA WGS Application to Actual Food Contamination Events  



Same PFGE 

but not part of  

the outbreak 

Outbreak Isolates 

2-5 SNPs 

SNP phylogeny for S. Bareilly strains 



PFGE identical in red 

NGS distinguishes geographical structure among 

closely related Salmonella Bareilly strains 
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