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Consumers

* Increase in susceptible “ageing” population
Would You Trust

° o V24
Clean labels and “natural” products Your Neighbors
e Antibiotic and GMO free to Cook You
] Dinner?
* Organic Lhe et el o,
homemade meals.
[ ] FOOd fads BY JANET RAUSA FULLER

* Eating outside the home
 All year round availability and diversification of products
* Social media and reporting |
* Transition from Germophobia to Micromania




‘Raw water' is the latest pseudo-scientific craze

that could make you sick

Drinking 'raw water' could cause raw diarrhea COOking With Your Mouth:

By Rachel Becker | @RA_Becks | Jan 1,2018, 5:16pm EST

Why using a knife for
chopping your carrots is so last
year

Tony Turnbull on the viral video that recommends chewing instead




Food Safety Culture Remains an Issue
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Retailers

* Leading the narrative on food safety

* Mini-processing facilities (in store prepared)

* Increased food safety risks (Listeria monocytogenes)

FSIS Best Practices Guidance for Controlling
Listeria monocytogenes (Lm) in Retail Delicatessens

This guidance document provides specific recommendations for actions that retailers can take in the delicatessen (deli) area to control
Listeria monocytogenes (Lm) contamination of ready-to-eat (RTE) meat and poultry products. This document is also available in PDF




Tracking the Source of Pathogens

. . yehnalys,
* Food safety policy remained the same for 40 years m
* Prevent pathogens reaching the consumer cc

* Public Health: At best find the food vehicle but not original source
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Rapid Spread

Zoonotic pathogen

Avian flu

Blue tongue disease

Swine influenza

Bacterial

Arcobacter butzleri*
Campylobacter jejuni*
Campylobacter fetus™
Cronobacter sakazakii

E. coli O157:HT*

E. coli, non-O157 STEC*

E. coli, enteroaggregative/STEC
E. coli, other diarrheagenic

Listeria monocytogenes™

Vibrio cholerae 0139, toxigenic*
Vibrio vulnificus™

Vibrio parahaemolyticus™
Yersinia enterocolitica®

Yersinia pseudotuberculosis™

Algal

Pseudo-nitzschia pungens* (domoic acid-producing)

Parasitic
Cryptosporidium™
Cyclospora cayetanensis
Sarcocystis™

Trypanosoma cruzi*

Viral

Astrovirus

Caliciviridae (norovirus and sapovirus)
Hepatitis E*

Nipah virus*

Rotavirus

Fungal

Aspergillus flavus aflatoxin

Prion Agent

new Variant Creutzfeld Jacob Disease prion*




Global examples of emerging and re-emerging
Infectious diseases.

Multidrug-resistant tuberculosis
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resistant
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Anthrax
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Yellow fever Marburg Ebola Plague

haemorrhagic fever haemorrhagic fever
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Antibiotic growth promotors are being phased out

Positive Negatives

* Be in-line with consumer * Animal welfare

expectation * Increased mortality

e Available antibiotics are

o , * Increase prevalence of
becoming ineffective

pathogens
* Reduce prevalence of multi-

_ * Lower growth rates
drug resistant pathogens

e Lack of alternatives



There is a better way

e Antibiotics used in combination with other antimicrobials:
Bacteriophages

* Vaccination programs

e Reduced animal movement

* Management practices

* Waste management practices

* Biosecurity

* Biological/Probiotic solutions

* Change the way animals are produced



Wave 3

Industrial
Internet

Wave s Machine-based
achine-base
'nter:‘e'i; analytics: physics-
Revolution based, deep domain
Wave Computing expertise, automated,
2 power and rise predictive
Industrial of distributed
Revolution information
Machines and networks

factories that
power economies
of scale and scope

Innovation



DNA Sequencing
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Moore's Law

Wekiome 3o WiSeq Cortret Sofware
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g National Human Genome
— —— Research Institute
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Power of wgMLST

#Sources linked to Food Source

#Outbreaks Solved

# Clusters

0 20 40 60 80 100

M Post-WGS M Pre-WGS



Outbreaks Rapidly Identified using WGS

* Blue Bell Ice cream * Candy Apples

Consumers

ALERT
A—=—

lueBell lueBe
: J
Chocolate Strawberry Vanilla
No UPC No UPC No UPC

~ SKU #453 SKU #452 SKU #451




ldentified unusual food vehicles

 Flour — E. coli 0121 and E. coli 0126
* Frozen pizza — E. coli O157:H7
e Coconut — Salmonella

* Fruit cream bars — Listeria monocytogenes

e Shredded coconut — Salmonella o7ons  SEEE
* Biscuits — Listeria monocytogenes '

» Apple slices — Listeria monocytogenes g

KEEP FROZEN.

e Pancake mix — Listeria monocytogenes - 25AUMS R AREAT) @0




US Listeria Recalls
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Implications of Improved Diagnostics
* Early detection of foodborne illness outbreaks
* Increased probability of source attribution

* Increase in product recalls

e |dentification of unusual food vehicles

* Screening positive — culture negative
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Dormant State

VBNC

* Retain viability but fail
to grow

* Intermediate state
between living and dead

* What triggers
resuscitation from
VBNC?

Persister

* Cells that downregulate
metabolism in presence of
nutrients

* Non-growing

e Residual survivors after
antibiotic exposure

* What triggers induction
and release of persister
state?



% Foodborne lllness cases

3%

= Norovirus
= Clostridium perfringens
= Camplylobacter

m Staphylococcus aureus




Total Foodborne lliness Cases 48 million

= 31 Known Pathogens

= Unspecified agents




Unspecified Agents: Food Safety Concern?

Agents recovered in foods but unclear to the degree contribute to foodborne
illness.

Food is one of several routes

Aeromonas
Clostridium difficile
Edwardsiella
Escherichia allberti
E. coli ST131
Plesiomonas

List likely to be extended




Emerging Infectious Diseases

Food industry changes
Human susceptibility
International travel
Antimicrobial resistance
Human demography
Agricultural intensification
War and famine

Medical industry changes
Climate and weather

Breakdown public health -
Other

Land-use change
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Sugar additive linked to rise of killer superbug

January 10, 2018 15:34

Food Industry Changes

* Globalization

* Increased animal protein

* Growth promotors

° An i m a | m Ove m e nt A SUGAR additive found in cream cakes, fruit juices and jams has fuelled the se of a killer

. . . superbug, new research has found.

¢ Com plex d IStrI bUtlon networks As The Herald Scotland reports, the study shows the sugar - known as trehalose - is
. . . . metabolised by the potentially deadly bacterium Clostridium difficile. It suggests the common

* Diversity of mgred lents Black Death 'spread by humans not rats’

® M i n i m a | |y p rocessed SQZ:SZI:«E?Q!MMW BBC Nows

@ 56 minutes ago f n © [ < shae

Removal/inclusion of preservatives
Centralization - intensive
Small-to-Medium size processors
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The Well-Traveled Salad.

Do You Know Where Your Food Has Been?

As consumers, many of us fail to recognize that even our
domestic and local food supplies are part of a global net-
work. The daily activity of consuming food directly links our
health as humans to the health of crops and produce, food

s .. CROUTONS
% Argentina, Austraka, Brazl, Canada,
L. China, France, Incks, Mexico,
. Natharlands, Poland, Russia,
Switzedand, Uruguay, USA, Vietnam

¥
v

h TOMATOES
Canada, Dominican Repubiic,
Holand, israed, Italy, Mexico, USA

ONIONS
Canada, China, Germary, Indis,

B

OLIVES ‘

USA

Ye'i3  SPROUTS
= Argentina, Austraba, Bangladash,
Greece, Israel, Mexico, Spain, o Canada, China, Egyps, Francs,

india, Morocco, Nepal, Pakistan,
South Africa, Spain, Turkey, USA

MANDARIN ORANGES

israel, Mexico, Meorocoo, South




Traceability

* Preparedness
Response
Recovery
Prevention

Certification Labour/cost reduction

Food safety Chain communicatiol

* Beyond one-step-forward-one-step T Traceability
back

* Global Food Traceability Center

° .Cha”eng.e: No standard Legislation
information exchange protocol

* Integration of food safety systems Bt
sustainabili
* S11nb Market

Competitive advantage



Blockchain (Distribution Ledger Technology; DLT)

* Capture and protect information
in time

e Decentralized information R ——
network Walmart / % | FOCUSES ON
sockeuan \ “%g. | k00D sareTy
° Secure TECHHOLOGY
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Blockchain: Hype or Hyped

Benefits to Food Safety Limitations

* Rapid tracing to source of * Accurate information — prone to
contaminated product human error

* History of contaminated * Open to misinformation
product * Commercially sensitive information

 Facilitate limited recalls * Limited information uploaded

* Limit market impact * Everyone needs to be on the same

.. L . age

* Efficient distribution P g, N , , _

management * Availability of information during

investigations



Would Blockchian helped here?

, , E. coli outbreak leaves two dead
E. coli 0157:H7 outbreak possibly — one in Canada. one in the U.S.
I In ke d to Ro m a In e I ett u ce The Public Health Agency of Canada has Iink:d 41 infection cases to romaine lettuce.

The U.S. Center for Disease Control is investigating cases linked to a similar strain of
the bacteria, but has not determined whether those cases have a type of food in

common.

PHAC advisory to avoid Romaine

Outbreak over before it was detected

Unwillingness for Government to
release information

No advantage of using Blockchain




Blockchain Could have Prevented Horsemeat

Scandal
The Findus food chain

The frozen foods giant to take legal action over horsemeat sold as beef

Findus
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French salmonella baby milk scandal
‘affects 83 countries’

® 14 January 2018 f ¥ © [ < Share
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The recall was issued in December and French retailers have been threatened with legal action if they sell

it



Beyond the Blockchain

In China, You Can Track Your Chicken On-You

: . Guessed It-The Blockchain
* Re St rl Cte d access to commercia I To guarantee customers that their chickens are actually free-range, Gogochicken is

a . . tracking them with an ankle bracelet and putting the information online.
sensitive information

* Input from sensors and
monitoring records

* Real-time surveillance across
the chain

* Internet of Things

[Photo: ZhongAn Technology]



Future Trends in Food Safety

* Antimicrobial coatings to enhance sanitation
* Microbiome to boost immune function
* Non-thermal interventions
 Diagnostics — virulence profiling

* Home diagnostics

* Dormancy — are you dead or sleeping?
* Risk profiling through food chains

* Intelligent packaging




Final Thoughts

* Preventing pathogen reaching consumer remains a valid strategy
* |dentify incubators of pathogens and routes of dissemination

* Opportunistic pathogens adding to the list

* One Health approach to limit pathogen entry

* Monitoring of hazards in real time across the chain

* Post-harvest interventions

* Big Data will open a new chapter in food safety

* What is the overall target of pathogen control?



