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Core Questions

• Why should we care about genome sequencing?
• Federal agencies now 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  

• Can a non-expert actually use genome sequencing?
• Yes.  Critical steps are getting automated.

• What (positive) impacts might WGS have on the food industry?
• Improved environmental monitoring and pathogen profiling



Why should we care about WGS?
Federal agencies can detect an unprecedented number of outbreaks 
How: Nearly perfect resolution for DNA-based subtyping



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 / TracebackBegan 2013

Now almost ALL multi-state FBD 
outbreak investigations use genome 
sequencing



WGS improved listeriosis outbreak detection



Example Outbreaks

• Improved Outbreak Detection
• Link distinct bacterial strains
• Link historic isolates
• Link isolates from routine inspections



Cheese: Multi-Strain

Improved outbreak detection
• Resolve multi-strain outbreaks

Soft cheese, Sep. 2015
• 5 L. mono strains closely related 

by WGS
• 10 states, 5 years
• 30 cases, 3 deaths 



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: Multi-Strain



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



Why Should We Care?

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

• Distinct strains
• Historic cases
• Routine Inspection 



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



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 months
• Criminal investigation
• $25.5 mil recall & closure
• 2016 revenue down $100 mil (of $4.5 billion)

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



Why should we care?

• Rapidly expanding database of 
clinical, food, and environmental 
isolates

• US and International 
• Monitored for potential outbreaks

• Smaller outbreaks are being 
detected

• Therefore smaller contamination 
events represent an enterprise risk

• Public data



Publicly Available Database 
and Analysis Tool
• NCBI Pathogen Detection Portal
• Capabilities

• Analyzes short read sequence data
• Reference-base and de novo 

analysis
• SNP comparison 

• Cluster: < 50 SNPs

• Updated daily

From <https://www.ncbi.nlm.nih.gov/pathogens/about/>
I’ll show two examples

https://www.ncbi.nlm.nih.gov/pathogens/about/


Ice Cream Outbreak: Genome in Database
• Remember that outbreak?

If you know where to look…
Agencies do

Slide from M. Wiedmann, modified



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



Demonstrate Query Relevant to This Group
Salmonella
192,000 total isolates

Almonds
152 isolates.  Most CA, FDA, Enviro.

These screenshots taken 4/2/2019



1 
Cluster

24 environment cluster with
425 total, including clinical



Automated comparisons: SNPs, timeline

Timecourse…

Links to genomes…

SNP tree…



More 
Zooming
….

What if you collected a 
Salmonella that fell in 
one of these clusters?

What if the FDA did?
What if the CDC did?



Genome Sequencing
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?
How can a company engage with this analysis?



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?



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



Real world observation

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

US Regulatory Position (Dr. Peter Gerner-Smidt’s slides from 2016):
• A WGS match between a food isolate and a clinical isolate does NOT mean that the food caused the patient’s illness
• They likely share an ancestor somewhere in the food production chain 
• Epidemiolocal and traceback investigation remain critical 
But wouldn’t this still be the starting point of investigation?



But wouldn’t this still be the starting point of investigation?

Dr. Peter 
Gerner-Smidt
Chief.  Enteric Disease 
Laboratory Branch.  
CDC. 
4th Asia-Pacific 
International Food 
Safety Conference,
Penang, Malaysia, 
October 11- 13, 2016



Individual Strain Risk Assessment
Machine-Learning ID of Most 
Important Virulence Genes 

Prevalence of Those Genes in Isolates 
of Different Courses

Risk Analysis, First published: 21 November 2018, DOI: (10.1111/risa.13239) 

Machine Learning Methods as a Tool for Predicting Risk of 
Illness Applying Next‐Generation Sequencing Data

What about the strain 
you just found?



Genome Sequencing
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?
How can a company engage with this analysis?



Web-Based 
Analysis

http://www.genomicepidemiology.org/

http://www.genomicepidemiology.org/


Portals to automate key analyses

• Web uploads to bioinformatic 
tools

• Actively maintained and updated 
with current 

• Methods
• Databases

• Simplified inputs
• Raw reads or basic assemblies

• Pipelines also available
• So YOU could use this 

I’ll show a quick example from our lab 



Profiling Salmonella in Queretaro, MX with 
CGE tools
• Poultry-associated Salmonella

isolates
• Supermarket or open-markets
• 4 years of collection
• Culture-based isolation
• Approx. 500 total isolates 

• Genome Sequencing Process
• UAQ extracts DNA, ships
• Illinois sequences (HiSeq)
• New student analyzes (< 1 mth)



Profiling Salmonella in Queretaro, MX with 
CGE tools
• Epidemiology

• Predicts serotype (2 methods)
• Creates SNP tree
• Generates pretty tree

• Other Information
• Antimicrobial resistance genes
• Plasmids 
• Pathogenicity islands (SPIs)

Similar work could be done comparing isolates to 
sequences downloaded off GenomeTrakr



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

IBM: Consortium for Sequencing the Food Supply Chain

Goal = Microbiome 
based process 
control 



Could this be just another service?



Neat Potential: Brewery Microbiome Baseline

Lactic Acid Bacteria Diversity Among 
Surfaces and Products

Relative contribution of ingredients to 
microbial communities

Big Questions:
How would a pathogen introduction shift the microbiome?
Would this provide enhanced safety?

Bokulich, N. A., Bergsveinson, J., Ziola, B., & Mills, D. A. (2015). Mapping microbial ecosystems and spoilage-gene 
flow in breweries highlights patterns of contamination and resistance. eLife, 4, e04634.



Conclusions



Core Questions

• Why should we care about genome sequencing?
• Federal agencies now 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  

• Can a non-expert actually use genome sequencing?
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• Improved environmental monitoring and pathogen profiling



Key Messages

Funding
• USDA Cooperative State Research, 

Education, and Extension Service 
Hatch project ILLU-698-903 
directed by Stasiewicz 

• Startup funds provided to 
Stasiewicz by the University of 
Illinois

• College of ACES, Office of 
International Programs. Global 
Academy 2018 funding 

Thanks to my lab and wife

Eric 

Ruben

Shannon

Jorge

Also:
AJ 
Acton
Mustafa 

Natalie (w)



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

mailto:mstasie@Illinois.edu
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