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Assumptions 

§  You are a mixed audience 
§  This may be your first introduction to whole 

genome sequencing 
§  You are more concerned with impacts than 

technical details 
§  The Safe Food Alliance will continue to 

follow this issue 
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Core Questions 
§  Why should we care about WGS? 

§  Federal agencies are using this tool to detect an unprecedented 
number outbreaks 

§  Can link food/environmental isolates to clinical isolates without 
prior knowledge 

§  Will this really impact me/my company? 
§  It could. ‘Bad luck’ is becoming more common   

§  Who is really in charge of WGS usage/monitoring? 
§  Distributed system, with monitors in the CDC, FDA, and FSIS 

§  What (positive) impacts might WGS have on the food 
industry? 
§  Improved environmental monitoring and traceback 
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Why should we care about 
WGS? 
Federal agencies ARE using this tool to detect an 
unprecedented number of outbreaks  
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Who: US Federal Agencies 

Non-Regulatory 

§  CDC 
§  Sequences clinical 

isolates 
§ Disease 

surveillance 
§ Outbreak 

detection and 
investigation 

Regulatory 

§  FDA & USDA 
(FSIS) 
§  Sequences food & 

environmental 
isolates  
§  Inspection 
§ Enforcement 
§  Investigation 
§ Recall / Traceback How is it being used?  

Let’s hear from Dr. Peter Gerner-Smidt 
4th Asia-Pacific International Food Safety Conference, 
Penang, Malaysia, October 11- 13, 2016  
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Slide from presentation of Dr. Peter Gerner-Smidt 
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Initial Impacts on Listeriosis Outbreaks 
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Listeria Outbreaks and Incidence, 1983-2015 

https://foodsafetytech.com/feature_article/pursuit-
clarity-wgs-food-production-environments/ 

Article cites Patricia Griffin 
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Expected  

Industry risk?  

Unprecedented  

Industry opportunity 

Slide from presentation of Dr. Peter Gerner-Smidt 
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Example Outbreaks 

§  Improved Outbreak Detection 
§  Link distinct bacterial strains 
§  Link historic isolates 
§  Link isolates from routine inspections 
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Cheese: Multi-Strain 
Improved outbreak 
detection 

§  Resolve multi-
strain outbreaks 

Soft cheese, Sep. 2015 

§  5 L. mono strains 
closely related by 
WGS 

§  10 states 
§  30 cases, 3 

deaths  
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In addition, whole genome sequencing showed that 5 Listeria isolates collected in 
2010 from the same facility were also closely related genetically to isolates from ill 
people. 

Cheese: Key communication 
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Ice Cream: Routine Inspection & 
Retrospective 
Improved outbreak 
detection 

§  Link routine 
inspection isolates to 
human illness 

Ice-cream, 2015 

Listeria isolated in routine sampling  

Retrospective cases identified 
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Why Should We Care? 

§  Powerful Tool for Public Health 
§  Improved outbreak detection 
§  Links isolates from  

§ Distinct strains 
§ Historic cases 
§ Routine Inspection  
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Will this really impact me/
my company? 
It could. ‘Bad luck’ is becoming more common  
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Dole and Listeriosis 

§  Multistate (& Country) Outbreak 
§  Packaged Salads;  Springfield OH 
§  19 ill & hospitalized (+3 Can.), 1 death.  9 states 

§  Routine sampling link 
§  Ohio Dpt. of Ag. retail salad -> clinical match  

§  Costs:  
§  Shut down plant ~ 4 mths 
§  Criminal investigation 
§  $25.5 mil recall & closure 
§  2016 rev. down $100 mil (4.5 bli) 

http://www.foodsafetynews.com/2017/05/doles-springfield-
shutdown-recalls-cost-company-36-million/#.WSIHYIwrKUk 
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Thoughts to Consider 

§  Smaller outbreaks are being detected 
§  Therefore smaller contamination events 

represent an enterprise risk 
§  Agencies are developing a database 

(GenomeTrakr) of clinical, food, and 
environmental isolates  
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Who is in charge of WGS 
usage/monitoring?  
Distributed system, with monitors in the CDC, FDA, and 
FSIS 
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GenomeTrakr: What is it? 

§  International database for bacterial whole 
genome sequences related to foods and 
food safety  
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GenomeTrakr: Scope 

Distributed labs submit sequences to central servers at the NCBI in MD 
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GenomeTrakr: Scope 

Rapid Growth! 
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GenomeTrakr: Data Flow 

Slide from presentation of Dr. Peter Gerner-Smidt 
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GenomeTrakr: Data Flow CDC, FDA, FSIS,  
State Public Health Depts... 

Modified from presentation of Dr. Peter Gerner-Smidt 
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Why should we care? 

§  Powerful Tool for Public Health 
§  Improved outbreak detection 
§  Links isolates from ‘difficult’ sources 

§  Rapidly expanding database of clinical, 
food, and environmental isolates 
§ Monitored for potential outbreaks 

§  This represents a real risk 
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Remember that Ice Cream 
Outbreak? 
§  Environmental isolate in GenomeTrakr 
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Ice Cream: Genome in Public 
Database 
§  Environmental isolate in GenomeTrakr 

If you know where to look… 
Agencies do 

Slide from M. Wiedmann, modified 
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Publicly Available Database and 
Analysis Tool 

https://www.ncbi.nlm.nih.gov/pathogens/ 
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NCBI Pathogen Detection 
Pipeline 
§  Capabilities 
§  Analyzes short read sequence data 
§  Reference-base and de novo analysis 
§  SNP comparison  
§   Cluster: < 50 SNPs   
§  Updated daily 
§  All results are public… 

From	<h(ps://www.ncbi.nlm.nih.gov/pathogens/about/> 

I’ll show an example 
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https://
www.ncbi.nlm.ni
h.gov/
pathogens/ 

Ice Cream 
Cluster 
61 isolates 
5 clinical isolates 
Average 18 SNPs 
Genomes 
available 
 
… 
 
Real-time addition 
of new isolates 
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WGS Challenges & 
Opportunities 

When are two isolates the same or different?  
Can we find identical isolates in different locations? 
What does this mean for environmental monitoring? 
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Some of the challenges 

§  Identical bacteria (100% whole genome 
match) can be found in different places that 
can be potential sources of foodborne 
disease outbreaks 
§  So: Is identical enough?   

§  Minor changes (a “few” SNPs) can occur 
quickly, e.g. during growth in an infected 
human 
§  So: How close is close enough? 

§  What about epi? 
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A somewhat hypothetical case 
study 
§  Three people with listeriosis 

§  The Listeria monocytogenes isolates differ by 
2 SNPs 
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A somewhat hypothetical case 
study 
§  Three people with listeriosis 

§  The Listeria monocytogenes isolates differ by 2 
SNPs 

§  All three purchased deli meat in retail deli B 
§  L. monocytogenes with WGS type that differs 

by 1 - 3 SNPs from the human isolates is 
found in a drain in the retail deli B 
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A somewhat hypothetical case 
study 
§  Three people with listeriosis 

§  The Listeria monocytogenes isolates differ by 2 SNPs 
§  All three purchased deli meat in retail deli B 
§  L. monocytogenes with WGS type that differs by 1 

- 3 SNPs from the human isolates is found in a 
drain in the retail deli B 

§  Subsequent work shows that additional L. 
monocytogenes isolates with WGS type that 
differs by 1 - 3 SNPs from the human isolates are 
found in 2 more retail delis in other states 
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Real world observation 

In one case, isolates with < 3 SNP differences were found 
in retail delis in three different states 

What is Dr. Gerner-Smidt’s take? 
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But wouldn’t this still be the starting point of investigation? 
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WGS Challenges & 
Opportunities 

When are two isolates the same or different?  
Can we find identical isolates in different locations? 
What does this mean for environmental monitoring? 
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How to Interpret Environmental 
Sampling? 

Category	 Site	 August	 September	 October	 November	 December	 January	

Fo
od

	
Co

nt
ac
t	 16-3sink_inter	 -	 -;	in	 -	 -;	in	 -	 -	

19-1sink_inter	 L.mono	 L.mono	 -	 L.mono	 L.mono	 L.mono;	se	
			7	sites	negaFve	 -	 -	 -	 -	 -	 -	

N
on

	F
oo

d	
Co

nt
ac
t	

18-flrwalljunct-3b	 L.mono	 -	 -	 -	 -	 -	
21-flrwalljunct-1b	 -	 -	 L.mono	 -	 -	 -	
22-delidrain	 -	 -;	in	 -;	in	 -;	in	 -;	in	 L.mono;	in	
23-adjflrdrn	 -	 -;	in	 L.mono;	in	 -	 -;	in	 L.mono;	in	
31-stdwater	 L.mono	 -	 -;	in	 -	 -	 -	
32-squeege	 -	 -	 -;	in	 -;	in	 -;	in	 -	
33-hose	 -	 L.mono	 -	 -	 -	 -	
34-trashcan	 L.mono	 -	 -	 -	 -	 -	
				6	sites	negaFve	 -	 -	 -	 -	 -	 -	

Tr
an
sf
er
	

Po
in
ts
	 4-slicerknob	 -	 -	 -	 -	 -	 -	

5-scaletop	 -	 -	 -	 -	 -	 -	
15-casehandle	 -	 -	 -	 -	 -	 -	

Environmental sampling results for one retail deli.   

Colored cells indicate a site was positive for L. monocytogenes.  Grey cells 
indicate a site tested negative for L. monocytogenes. L. spp. positives are 
indicated after semi-colons. 

Simmons C, Stasiewicz MJ, Wright E, Warchocki S, Roof S, Kause JR, Bauer N, Ibrahim S, Wiedmann M, Oliver HF. 2014. Listeria 
monocytogenes and Listeria spp. contamination patterns in retail delicatessen establishments in three U.S. states. J Food Prot.77:1929-1939. 
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Old Approach Uses PFGE + Rules 

Category Site Month	1 Month	2 Month	3 Month	4 Month	5 	Month	6
16-3sink_inter - Lspp - Lspp - -
19-1sink_inter CU-40-96 CU-11-325 - CU-11-320 CU-40-96 CU-40-96; Lspp
				7	sites	negative - - - - - -
18-flrwalljunct-3b CU-262-79 - - - - -
21-flrwalljunct-1b - - CU-262-79 - - -
22-delidrain - Lspp Lspp Lspp Lspp CU-262-79; Lspp
23-adjflrdrn - Lspp CU-262-79; Lspp - Lspp CU-11-79; Lspp
31-stdwater CU-262-79 - Lspp - - -
32-squeege - - Lspp Lspp Lspp -
33-hose - CU-11-320 - - - -
34-trashcan CU-262-79 - - - - -
				6	sites	negative - - - - - -
4-slicerknob - - - - - -
5-scaletop - - - - - -
15-casehandle - - - - - -

fo
od

 
co

nt
ac

t
no

n 
fo

od
 c

on
ta

ct
tra

ns
fe

r 
po

in
ts

Environmental sampling results for one retail deli.  Colored cells indicate a site 
was positive for L. monocytogenes with the given PFGE type. 

Rule, perhaps strain observed on 3+ days 
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WGS Subtyping Overview 

Sequenced 188 isolates 

§  From 14 delis  
§  Among  3 regions   

§  31 persistence 
events 

§  86 Gb data 

Eye Chart of a 
Phylogenetic Tree 
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WGS can Identify Putatively 
Persistent Strains 

MRCA: 1.0-3.5 y  

0.9-3.8 y  

1.4-4.4 y  

0.8-2.6 y  

1.4-3.7 y  

7.3-10.5 y  

And possibly even dates of introduction  
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Other Opportunities 

§  Cheaper sequencers 
§  Easier analysis  
§  WGS for supply chain monitoring (non-

pathogen) 
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Portable, Handheld 
Sequencers 
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Web-Based Analysis Also Pathogen  

Detection Pipeline 
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http://www.research.ibm.com/client-programs/foodsafety/ 

IBM/Mars: Sequencing the 
Food Supply Chain 
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Could this be the future? 

§  Auditor conducts audit of supplier facility X.   
§  5 samples of ingredient  
§  Characterized by metagenomic analysis 

§  Subsequent metagenomic analysis  
§  Risk-based frequency 
§  Lots received by customer 

§  Lots that show “substantial” deviation will 
trigger further analyses (and possibly other 
actions?)  
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Conclusions 
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Improved Outbreak Detection 

§  WGS will get cheaper and will be used more 
§  Detection of more clusters and outbreaks 

§  WGS database will grow rapidly with 
inclusion of environmental isolates 
§  More outbreaks will be linked to source by using 

WGS matches between food or environmental 
isolates and human isolates as starting point 

§  Epidemiological data are still essential! 



SFC17

Opportunities  

§  WGS can be used to improve the 
understanding pathogen contamination 
and persistence 
§  Possibly indicate upstream sources 

§  Emerging tools show potential for 
enhanced environmental and process 
monitoring 

Can WE apply this to YOUR business needs? 
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Core Questions 
§  Why should we care about WGS? 

§  Federal agencies are using this tool to detect an unprecedented 
number outbreaks 

§  Can link food/environmental isolates to clinical isolates without 
prior knowledge 

§  Will this really impact me/my company? 
§  It could. ‘Bad luck’ is becoming more common   

§  Who is really in charge of WGS usage/monitoring? 
§  Distributed system, with monitors in the CDC, FDA, and FSIS 

§  What (positive) impacts might WGS have on the food 
industry? 
§  Improved environmental monitoring and traceback 
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Questions? 

§  Thank you for your attention 

§  I will be outside after the talk to discuss 
follow-up opportunities 

§  Feel free to contact me later 
§ mstasie@Illinois.edu 
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Technical Appendix 
Some lecture materials on the why and how of WGS 
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Pathogen Subtyping for 
FBD Surveillance 
From subtyping with PFGE to WGS 
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Why Bacterial Subtyping? 

§  Not all FBD causing bacteria are the same! 
§  Levels of organization 

§  Genius species 
§  Salmonella enterica 
§  Subspecies  

§  S. enterica subsp. enterica 
§  Strain  

§  Serovar Enteritidis 
§  Clone 

•  PFGE type JEGX01.0004 
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Why Bacterial Subtyping? 

§  Not all FBD causing bacteria are the same! 
§  Levels of organization 

§  Genius species 
§  Salmonella enterica 
§  Subspecies  

§  S. enterica subsp. enterica 
§  Strain  

§  Serovar Enteritidis 
§  Clone 

•  PFGE type JEGX01.0004 

Greater resolution 
Greater relatedness 
Greater Information 
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Molecular Subtyping 

§  Uses isolate DNA to resolve beyond the 
Species or subspecies level 

§  Major methods in FBD surveillance 
§  PFGE 

§  Pulsed Field Gel Electrophoresis 
§  MLST 

§ Multi-Locus Sequence Typing 
§ … 
§  WGS 

§ Whole Genome Sequencing 
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Theoretical Potential for WGS  

§  Interrogates the entire DNA sequence of an 
organism  
§  Theoretically ‘perfect’ resolution 
§  Great discriminatory power 

§  Possible single-workflow for 
§  Subtyping 
§  Phenotyping (AMR, etc.) 

§  Backward compatibility 
§  Standardized data 
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Another Look at the Potential 
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MLVA type  
frequency 

B 

G 

BQ 

F 

J 

W 

I 

D 

98	MLVA	types	

§  Salmonella Enteritidis is one of the most 
common cause of human salmonellosis  
§  Poorly resolved by current subtyping 

technologies (1 subtype 25%-50% of isoltes). 

Challenge: Salmonella 
Enteritidis 

PFGE type  frequency 4 
34 
2 
21 
5 
8 
19 
692 
56 
23 
327 
88 
231 
899 
879 
199 

52	PFGE	types	

MLVA-PFGE type 
frequency B4 

B34 
G4 
B21 
BQ8 
I5 
W4 
J4 
D4 
BN692 
AI19 
AC2 
F2 
V4 
AG56 
J21 

163	combined		
MLVA-PFGE	types	
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Solution: WGS 
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How does WGS work? 
Theoretical Background – WGS tools 
Theoretical Background – Bioinformatics tools 
 



SFC17

The Genome Sequence 
Revolution (Human) 
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Whole Genome Sequencing 
•  It all started with the human genome project 

•  Sanger sequences (1st generation) 
•  Sequencing of a bacterial genome is now feasible at costs of < $ 

100/isolate 
•  Costs will continue to drop 

•  Commonly used platforms include 
•  Roche 454 
•  Illumina HiSeq/MiSeq (2nd generation) 
•  Applied Biosystems SOLiD Systems 
•  Life Technologies/Thermofisher Ion Torrent;  
•  PacBio RS (3rd generation) 
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1st Generation: Sanger 
Sequencing 

Schadt E. E., Turner S., Kasarskis A. 2010. A window into third-generation sequencing. Human Molecular Genetics. 19:R227-R240. 
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Used for SNP subtyping 

Isolate 1 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG 
Isolate 2 AACATGCAGACTGACGATTCGTCGTAGGCTAGACGTTGACTG 
Isolate 3 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG 
Isolate 4 AACATGCATACTGACGATTCGTCGAAGGCTAGACGTTGACTG 

SNP: single nucleotide polymorphism 

1 

3 

2 
4 
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2nd Generation: Amplified 
Template Sequencing 

http://www.illumina.com/content/dam/illumina-marketing/
documents/products/illumina_sequencing_introduction.pdf 
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Illumina Amplified Template 
Sequencing 

http://www.illumina.com/systems.html 

Lots of raw data 
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3rd Gen: Single-Molecule 
Sequencing 

Schadt E. E., Turner S., Kasarskis A. 2010. A window into third-generation sequencing. Human Molecular Genetics. 19:R227-R240. 

PacBio Single Molecule Real-Time 

Oxford Nanopore 
(MinION) 
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WGS Platform Guidance 
Platform Class  Strengths Weaknesses Ideal Uses 
Sanger Chain-

Termination  
Accurate, 
long-reads 

Low 
throughput 

Single-genes/
markers 

Illumina Seq. by 
Synthesis 

Low cost/base Shorter reads 
(100s of bp) 

Resequencing 

PacBio Single-
Molecule 

Longer reads 
(1000s of bp) 

Large capital 
cost 

De novo 
assembly 

MinION Single-
Molecule 

Longer reads 
Low capital 
cost 
 

Relatively 
inaccurate 

Distributed de 
novo  
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How does WGS work? 
Theoretical Background – WGS tools 
Theoretical Background – Bioinformatics tools 
The goal is to give you a sense of the fundamental challenge  
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Raw Data – Fastq format 
§  @Header 
§  Sequence (ATGC)  
§  +  
§  Base Quality (Phred score; 30 is 1 in 1,000 wrong)   

Millions of these to process 
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Read Mapping + Variant Calling 
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Phylogenetics  



SFC17

(Hopefully) Interpretation 

Leekitcharoenphon P., Nielsen E. M., Kaas R. S., Lund O., Aarestrup F. M. 2014. Evaluation of 
whole genome sequencing for outbreak detection of Salmonella enterica. PLoS ONE. 9:e87991. 

How many SNPs differentiate outbreak strains? 
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Technology Wrap-up 

§  Raw genome sequencing is now easy 
§ Relatively cheap cost per base 

§ < $100 / bacterial genome, in a big lab 
§ Laptop sequencers are coming on-line 

§  Analysis of the data is non-trivial 
§  Governments are doing this work at scale  


