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Evolution of Microbiological Tools for
Contamination Investigation.
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Analyzing microbial
contamination
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Evolution of Microbiological Investigation Tools

From Detection - Understanding - Prediction

Microscopy Biochemical PCR WGS Metagenomics Al/Digital
Pre-1950s 1950-80s 1980-2000s 2000-2015 2015-Now Future
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Limitations: strain
shipment, slow TRT,
complex interpretation,
standard standardization
& legal uncertainty.
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WGS Fingerprint gives Food Industry Invaluable
Information

Improving environmental
monitoring & PRP

Focus on targeted
@ corrections &
d corrective actions

regimes

S ‘ Food Safety '\ Robust forensics for
SR Building trust in | &= Management | manufacturing /
- supplier S\ & Public , production root cause
management Vel - . N i
g N Health analysis

Contributing to robustness
of verification (analytical)
processes

Reducing waste
and analytical
cost
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WGS is Part of
Tool Box for
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Why use Whole Genome Sequencing ?

Salmonella Was there a lab contamination?

isolated from proficiency
test
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Source tracking Between Factories, Continents and Suppliers
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Use of WGS — Real Examples with Timeline

WGS enables precise source attribution, faster decisions, and transition 1o
predictive food safety

A 2005-2015 z Context ﬂ@ 6

Matched clinical isolates to
plant; identified persistent
strain

Targeted shutdown; Environmental reservoirs
outbreak contained missed by traditional tools

| Listeria - Frozen Multi-country outbreak, long-
Vegetables (EU term contamination

Establishes WGS as
standard for outbreak
confirmation

Salmonella - Peanut Complex supply chain Confirmed linkage between Enabled precise recall and
Butter (USA) outbreak plant, food, and patients regulatory action

Distinguished real Enables evidence-based
contamination from decisions in critical, low-
unrelated events frequency risks

L Cronobacter - Infant Rare but severe infant Compared clinical vs
Formula infections environmental strains

Recurrent outbreaks with Linked cases to Shifted controls upstream Extends visibility beyond

E. coli-Leafy Greens unclear origin farms/watersheds (water, agriculture) factory - full value chain
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WGS : Gold standard for outbreak investigation =7

=) Newsweek GOAD-FREE Login

News | Foodfecal  Caada  Cofomia  Sobonela  FoodPoisonng  Bactera  Gymptoms  FDA

Lab error behind false Salmonella finding oubihed Nov 6 204 t 601 AW ST
in Finland
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enabling precise source tracking, faster decisions, and stronger prevention strategies across the value chain.

GENOME

Challenge Before WGS With WGS
Uncertain Genome-confirmed

Hypothesis-driven Evidence-based

EMP Indicator-based Strain tracking

Risk management Reactive Predictive
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Regulatory and Legal Implications

Legal uncertainty remains one of the biggest constraints

In the EU, [Commission Implementing Regulation (EU) 2025/179]()
USE OF WHOLE establishes rules for WGS data collection and transmission during

GENOME f tbreak investigations, applying from 23 August 2026.
SEQUENCING (WGS) SR

OFFOOD-BORNE  EEe=e 8 [l ..
PATHOGENS = s B
FOR PUBLIC HEALTH ‘ COMMISSION IMPLEMENTING REGULATION (EU) 2025/179 N
PROTECTION savsssy —-1 7 of 31 January 2025

on the collection and transmission of molecular analytical data within the frame of epidemiological
investigations of food-borne outbreaks in accordance with Directive 2003/99/EC of the European
Parliament and of the Council

efsa 3. Where available, food and feed business operators shall submit to the competent authority, upon its request, the
15-17 June 2014, Pama, ltaly FuopesnFecd Sfety A isolates of the pathogens referred to in paragraph 1 and the related results from WGS from their own investigations when
associated or suspected to be associated with an outbreak, together with the associated data referred to in Article 2(2).
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Science, Databases and Strong Recommendations to Use WGS by FDA

Using_Science to

Find the Sources of Qutbreaks

1,750,000

ADMINISTRATION

® Salmonella 1 L. monocytogenes © E. coli/ Shigella ® Campylobacter

Total Number of Sequences in the GenomeTrakr Database .
| S/(C U.S. FOOD & DRUG

m Staph. aureus m V. parahaemolyticus L Other*
1,500,000

Using Science to Find the Sources
s of Foodborne Illness Outbreaks

Average Number of Sequences
Added Per Month Each Year

1,250,000 —_ G-
March 8, 2023
2074: 1,076
2015: 2,362
1,000,000 e environmental or product sample. In reviewing product testing plans and EMPs, FDA
2018: 9,434 investigators noted that some facilities do not use technologies such as WGS to investigate
2019: 12,165 - . ~ - -
Py (LR pathogen isolates to help determine the root cause. Samples collected during some of our
e g investigations identified more than one strain of Cronobacter spp. within the same facility. FDA

2023: 20828 | iy, Strongly recommends using WGS (and the public database of genomes available at the National

b g Center for Biotechnology Information) to analyze and investigate any pathogen isolated from a
production environment or product. The data from this analysis can provide the most complete
information available to identify and implement a
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Food business operators already use WGS successfully

e Distinguish related from unrelated isolates during root-cause investigations
¢ |dentify persistent versus transient strains in environmental monitoring
e Support more targeted corrective actions in factories.

Wider uptake still depends on overcoming technical and
organizational barriers

Turnaround time

Lack of harmonized sequencing and interpretation standards
Dependence on external providers

Limited in-house bioinformatics capability

World Food Safety Day Financial constraints linked to testing, validation, data storage, and specialist
expertise.

Companies also remain concerned regarding the data

e May be used disproportionately or interpreted without sufficient epidemiological
context

e Creating unintended regulatory action or reputational harm

e Matched sequencs matches are treated as definitive evidence rather than one
element of a broader investigation.

#WorldFoodSafetyDay
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