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Prediction, detection, leadership and oversight



Halbedel et al., 2020

The outbreak was the largest identified outbreak of 
listeriosis in Germany and one of the largest reported in 

Europe during the past 25 years

Old foes remerging: Listeria monocytogenes



Emergence of more virulent strains of Bacillus cereus 

Emerging B. cereus strains, traditionally considered foodborne pathogens 
that establish occasional opportunistic infections, have naturally evolved 
to cause fatal anthrax-like disease.



A “new” food safety problem: Group B Streptococcus 



Emerging and reemerging viruses: 
Hepatitis E virus 

•Estimated ~20.1 million infections globally 
•~3.4 million symptomatic cases 



Salmonella enterica Enteritidis in 
New Zealand: 

the recent ST11 outbreak

•Strain of sequence type 11 – common international
ST 

•Outbreak in Auckland restaurant in 2019 (38 cases, 17 
confirmed)

•National Micro Database detection Feb 2021 (raw 
poultry meat)

•Detection in breeder flocks (broilers and layers)



Salmonella Enteritidis ST183 cause of SI ‘sproutbreak’ in 2021

Strydom et al, submitted 



Toxigenic E. coli in New Zealand: 1997-2022

Source ESR

First confirmed case in 1993



Wright et al 
2025 Front 
Microbiol

Trends in toxigenic E. coli in New Zealand: 1997-2022



Serotypes in human cases in 2020

Data source: ESR Public Health Surveillance 
https://surv.esr.cri.nz/enteric_reference/vtec_isolates.php?we_objectID=5148

Wright et al 
2025 Front 
Microbiol



Events/processes that lead to emergence of a new infectious agent

Bhilegaonkar, French et al ICMSF, in prep



New Variants of V. parahaemolyticus 

 Emerging Infectious Diseases; 28, 2022 

• ST 43 and ST 636 also emerging
• New and highly pathogenic strains 

emerged with significantly lower ID50



Events/processes that lead to emergence of a new infectious agent

Example - Vibrio parahaemolyticus 
(including ST3 and ST36) 



“New” tools:
Genome sequencing and meta-omics

•Now established as valuable tools for food safety
•Many applications

–Diagnostics
–Source attribution and source tracking
–Resistance profiling
–Within plant transmission (resident strains) 



Source 
tracking/attribution 

framework

Mather, Gilmour, Reid, 
French 2024 
Nature Reviews Microbiology



Mather, Gilmour, Reid and French, 2024. Nature Reviews Microbiology

Whole Genome Sequencing and outbreak investigation



Recent application of WGS in NZ



Non-culture based detection



Metagenomics and food safety

• “Metagenomics is part of the 
next disruptive revolution in food 
safety diagnostics.”

• “Entire microbiomes of foods, 
ingredients, or environmental 
samples can be identified.”

• Whole metagenome sequencing

Billington et al 2022 JFP



Meta-omics initiatives: microbiome of food chain



Meta-omic applications: metagenomics

Can assemble whole genomes from metagenomic data (MAGs)

Billington et al 2022 JFP



Meta-omic applications: metatranscriptomics

Billington et al 2022 JFP



Benefits and hurdles

$$$

Billington et al 2022 JFP



Other non-culture diagnostics



Lateral flow assays (incl. RATs)

Younes et al 2023 A review of rapid food safety testing: using lateral flow assay platform to detect foodborne 
pathogens. Critical Reviews in Food Science and Nutrition



Isothermal amplification for detection

• Loop-mediated isothermal 
amplification (LAMP)

• Recombinase polymerase 
amplification (RPA)

• No need for thermal cycling
• Can combine RPA + CRISPR-Cas

Chunyang Ma, 2025 under review



RPA-CRISPR/Cas12a

“rapid, cost-effective, 
and equipment-free”

Wang et al Talanta 
2026. Detection of 
Clostridium perfringens 
and toxin typing 



Artificial Intelligence

By Original file: Avimanyu786SVG version: Tukijaaliwa - File:AI-ML-DL.png, CC BY-
SA 4.0, https://commons.wikimedia.org/w/index.php?curid=90131352

Aim: to improve decision making

• Better prediction
• More rapid prediction

• Pattern recognition 
• Classification (e.g. ML)
• Large Language Models
• Deep learning (e.g. NNs)

“methods and software that enable machines to perceive their environment, learn from it, 
and take intelligent actions to maximize the chances of achieving defined Goals” FAO 2025



Data for Artificial Intelligence-informed decision making

• Primary data  
• generated specifically for food 

safety or tracking purposes
• biological/chemical monitoring
• livestock data
• inspection data
• alert and recall data
• outbreak surveillance data
• proprietary company supply-chain 

track-and-trace data
• genomic data

• Novel Data streams
• Not generated for food safety 

purposes
• e-commerce
• social media
• crowdsourced consumer reviews
• company message and feedback 

boards



Examples: food safety

• Detecting emerging pathogens
• Source attribution
• Prediction of bacterial phenotype 

based on genome sequence
• Hyperspectral imaging to quantify 

and identify microbes
• Identify restaurants violating health 

codes
• Predict food import firms likely to 

fail FDA site inspections



Applications for food safety

https://www.foodsafe.net.nz/food-safety-services/food-safety-intelligence/

van Meer, F. van der Velden, B. & Takeuchi, M. 2025. Artificial Intelligence for food 
safety – A literature synthesis, real-world applications and regulatory frameworks. 
Rome, FAO. https://doi.org/10.4060/cd7242en



Robotics and AI



Pandemic planning and implications for food industry
National Risk and Resilience Framework 

34



Avian influenza: Recent trends

To 2024 To 2025



Over 1000 cattle farms affected



High levels in raw milk – exposure



Situation here…



Preparing for a pandemic zoonosis - such as avian influenza

•Collaboration between fields of expertise 
that do not typically collaborate 
–All of Government response

•Surveillance, humans, wildlife, livestock
•Vaccination
•Health and safety of workers
•Taonga / endangered species

–HPAI Vaccine trials on 5 species
•Culling of livestock, movement restrictions
• Impact on farming and food production



Summary

• Foodborne pathogens are emerging and reemerging 
continually

• Many drivers for emergence – including climate change 
and changes in food production practices

• Detection: new culture and non-cuture based 
diagnostics

• Open sharing of e.g. (meta)genomic data can result in 
improvements in food safety nationally and globally, but:
–increases data storage costs
–issues related to data privacy, stewardship, ownership 
and security

–Increases potential liability for food companies  
• Similar issues with use of artifical intelligence 
• Avian influenza existential threat

EFSA 2024
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