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Take home messages

• Foodborne illnesses have tremendous negative impacts on global 
health and potentially, on international trade 

• Mitigation of food safety risks requires a systems approach, 
including development and use of appropriate tools by 
appropriately trained people who have a holistic understanding 
of the food system

• Innovative public-private partnerships (industry, government, 
academia) across the globe are needed to improve food safety 



Outline

• Global food safety challenges and scope of the problem
• A systems approach: appropriate tools
• Private-public partnerships for food safety

– Foundation for Food and Agriculture Research (FFAR)
– US check-off dollar-based programs

• Science-based decision making – the policy science interface



The Major Causes of Foodborne Disease

Chemicals (toxins)
- Cassava cyanide
- Aflatoxins
- Dioxins

Parasites
- Giardia
- Liver flukes
- Toxoplasma

stanford.edu

Bacteria
- Salmonella
- Campylobacter
- E. coli

Lancet 2015 385:1136-1145

Viruses
- Norovirus
- Hepatitis A

cdc.gov



Global Foodborne Disease per year

- Illnesses: Approx. 600 million (95% Uncertainty Interval 

[UI]: 417 to 963 million)

- Deaths: approx. 420,000 (95% UI: 305,000 -598,000) 
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Sequelae: not just an upset stomach
• Long-term sequelae associated with foodborne diseases

– Campylobacter: Guillain-Barré Syndrome

– E. coli / Salmonella: Reactive arthritis

– Aflatoxin: Liver cancer

– Shiga toxin-producing E. coli – renal disease

– Taenia solium: epilepsy

– Bacteria: cancer?
Source: Havelaar et al., 2015 
PLOS Med 12(12)e1001923

Human cells infected with 
Toxin (+) Salmonella

Human cells infected with 
Toxin (-) Salmonella



Disease burden differs by region, but NTS and 
Campylobacter are ‘universal’ problems

Adapted from source: WHO, 2015
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Disease burden differs by geographic region

WHO, 2015

Africa Americas Eastern 
Mediterranean

Europe South-East
Asia

Western 
Pacific



Children <5 yrs account for ~40% of foodborne disease burden



Economic impact of food contamination 
goes beyond public heath associated 

costs 

• Recalls of contaminated foods that have not been associated 
with human disease cases

• Trade associated impacts
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How does food become contaminated?

Source: WHO, 2015









“DNA fingerprinting”

17



Case study – human listeriosis 
outbreak



Human listeriosis cases in NYS: 1/97-10/98
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Subtyping results



Epidemic curve for 1/97 - 2/99 in NYS
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Outbreak traced back to a single specific plant in Michigan

Plant had an appropriate HACCP plan

L. monocytogenes source was post-CCP contamination from the 
plant environment



PulseNet allows 
(international) outbreak 
detection and traceback

Food isolate, deposited into 

PulseNet

Human case

Human case



DNA sequencing-
based subtyping

Isolate 1 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG

Isolate 2 AACATGCAGACTGACGATTCGTCGTAGGCTAGACGTTGACTG

Isolate 3 AACATGCAGACTGACGATTCGACGTAGGCTAGACGTTGACTG

Isolate 4 AACATGCATACTGACGATTCGACGAAGGCTAGACGTTGACTG
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The genome sequence revolution



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.



Listeria Outbreaks and Incidence, 1983-2014
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It’s not just tools….



Food Safety Alumni
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Foundation for Food and Agriculture 
(FFAR)

• Foundation established with $200M in government 
funds to invest in research and charged with leveraging 
those funds with equal or greater matching non-federal 
dollars.
–Facilitates public-private partnerships
–Food Safety as one potential research topic



Check-off funds

• Voluntary producer contributions
– For example $0.15 per every 50 L of raw milk sold from a farm

– Similar programs for beef, vegetables, fruits, and other commodities

• Funds are used to benefit sales of products, including advertising 
and product research, including food safety research



Check-off funds

The mission of Cornell’s Milk Quality Improvement 
Program (MQIP) is to help New York State dairy 

producers and processors improve the quality of raw and 
processed milk and milk products and to ensure the 

safety and wholesomeness of dairy products.

The MQIP has been funded by dairy check-off dollars 
since 1972



MQIP Approach

• Monitor and improve NYS raw milk quality

• Improve shelf life characteristics of commercially processed and 
packaged NYS milk and dairy products

• Assist NYS dairy plants in identifying and correcting handling and 
processing problems affecting dairy product quality

• Train professionals for the New York dairy industry (dairy 
certificate program)



Public-Private Partnership:  Dairy food safety 
research supported by Dairy Check-off Funds 

and a US retailer (Wegmans)
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It’s not just science…  the science-policy 
interface

• Food safety laws and practices need to be supported by reliable 
scientific information
– Potential unintended consequences need to be considered 

• Risk assessment and trade-off risk assessments are key tools for 
science-based risk characterization

• Risk management (Codex definition): The process of weighing 
policy alternatives in light of risk assessment results and, if 
required, selecting and implementing appropriate control 
options, including regulatory measures.

• Universities play an important role by training people in food 
safety science as well as in relevant social sciences
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