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TYPING AND CHARACTERIZATION OF  
MICROBIAL ISOLATES: BEYOND THE SPECIES LEVEL 
(AND MAKING SOMETHING OUT OF THE MICROBIAL MONITORING SCHEME)

In an early 2022 publication of Nature Scientific 
Data, 1,484 genomes from Listeria monocytogenes 
strains collected in 19 European countries were 
compiled in one dataset, providing the most accurate 
pangenome of the species to date. This constructed 
dataset establishes a basis for understanding the 
microbial ecology of this major pathogen of concern 
for the food industry and how certain genetic traits 
allow the pathogen to adapt to its environment. 
It was only around twenty years ago that the first 
genome of Listeria monocytogenes strain EGDe 
was published in a “Science” paper, after a five-year 
European project involving several research institutes 
around Europe.

The scientific knowledge and capacity in the field 
of genomic sequencing has been continuously 
developed during the last two decades. What are 
the opportunities for the Food Industry?
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Microbial monitoring schemes and 
finished products testing: Yes, but….

Food safety and quality practices generate through monitoring, 
control and surveillance plans, an enormous quantity of data. 
Currently the true power of all this data remains to be harnessed. 

In recent food contamination outbreaks, the absence of pathogens 
in finished product testing has been the main focus in the 
communication strategies of the companies involved. However, the 
absence of proof is never the proof of absence.

Artificial intelligence and Food Safety 4.0 is one of the emerging and promising trends to capitalize 
the available data and identify weak signals at the source, before they become concerning, if not out 
of control.

The EU2073/2005 regulation, establishing the microbiological criteria for foodstuff, has a limitation in 
protecting the general population: testing food at final product testing is, by design, limited and often of poor 
relevance in ensuring safe food production. Thousands of “non detected” results have no meaning in face of 
clinical cases. Though these limitations are indeed addressed in the regulations, implementation focusing 
only on microbial monitoring of finished product is unbalanced. If all stakeholders are not fully aware of the 
rationale behind the regulations, it becomes a performance objective for the food safety management system 
instead of a safeguard towards consumers.

The EU178/2002 regulation, a.k.a. the European Food Law, placed the responsibility to produce safe food 
with the food business operator. It is therefore paramount to perform a dedicated risk analysis for each entity 
individually and identify, based on the hazard analysis and characterization, the necessary control measures 
to mitigate the risk from pathogens of concern. This risk analysis is not done once and forever. It is based 
a priori from the available evidence, and updated regularly from the internal a posteriori evidence, i.e., the 
outcome of the microbial monitoring scheme. All stakeholders should be familiar with the most recent risks 
and be aware of their role in the mitigation.

There are numerous publications available in the scientific press about resident strains of pathogens of 
concern surviving for years, even decades, in the production premises or in the processing environment 
(Listeria spp. for wet and chilled processing environment, Salmonella spp. for dry and hot processing 
environment, Cronobacter spp. for end-consumer population below six months – Hazard Analysis and Risk-
Based Preventive Controls for Human Food: Draft Guidance for Industry, Page 18. Available at: https://www.
fda.gov/media/99558/download; EU2073/2005 Regulation and modification. Available at: https://eur-lex.
europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02005R2073-20200308) 

This point is embedded in the EU2073/2005 and EU1441/2007 
update: implementation of processing environment monitoring 
schemes should have been in place for quite some time now. 
And yet, they are often still missing. Most concerning, when a 
plan has been implemented, the actions are most commonly 
only corrective (implementation of additional cleaning step) and 
not preventive. An investigation towards a root cause should be 
considered, the questions “Why is this strain resident?” and “What 
specifically could be done to get rid of it?” needs to be answered.

          Currently the true 
power of all this data 
remains to be harnessed.”
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Until 2012, sequencing the whole bacterial genome, or even long stretches of sequences of microorganisms, 
was both time-consuming and costly, limiting the approach to a set of chosen few. Then ‘Next Generation 
Sequencing’ (NGS) changed the game completely. Nowadays, establishing the sequence of a Listeria 
monocytogenes strain does not require a European funded project, and will most certainly not be enough for 
a “Science” peer reviewed paper as it used to be twenty years ago. NGS technologies have a wide range of 
applications, including the sequencing of microbial genomes and culture-free identification of  
microbial communities. 

The human and food safety national and trans-national authorities already use sequencing for the 
comparison of isolates from clinical patients vs. isolates of food origin, enabling the rapid detection of 
outbreaks of foodborne disease at an early stage, or eventually tracking a low-level signal over the years.

Whole Genome Sequencing (WGS) was introduced first in the 
US in 2008, and soon replaced Pulsed Field Gel Electrophoresis 
(PFGE) to become the FDA’s preferred method for identification 
and tracking of pathogens isolated from food samples. Numerous 
Food Safety Authorities now use the technique widely in other 
regions of the world. Thanks to the determination of an almost 
complete draft DNA genome sequence, WGS improves the 
detection, surveillance and investigation of food-borne diseases 
and outbreaks. The technology provides uniform typing systems 

across the environmental, animal, food and human sectors, offering the potential to trace food-borne 
contaminations back to its microbial sources. Regulatory bodies can now identify the origin of small outbreaks 
with limited number of clinical isolates or identify long lasting contamination events causing only sporadic 
cases in the population.

Outbreaks can be traced back to their source and geographical origin more specifically than before. It turns 
out that operators with a microbial monitoring scheme on finished product providing compliant results do 
end up implicated in food-borne outbreaks. Finished product testing is not sufficient to detect low prevalence 
contamination, and the food business operator was unaware of a concerning situation present prior to 
the outbreak. This is a nefarious situation, both for the consumers and the food company, as food-borne 
outbreaks are linked to closures of production facilities, 
momentarily or definitively.

The usefulness of these tools is gaining more and more 
interest in the food industry, and implementation of 
in-house solutions has started. Applications for the 
food industry range from source tracking of bacterial 
contaminants within the factory to determination of biocide 
resistance that could impair the cleaning protocols and 
can inform a more efficient use of cleaning products. The 
food industry generally can now begin to consider refining 
contamination tracing using high resolution tools, for a 
better understanding of bacterial introduction, transmission 
and persistence in food production environments. Recent 
advances in rapid, high-throughput DNA sequencing have 
revolutionised the study of biology, and provide more than 
enough information to perform a microbial risk assessment 
(MRA) to enhance food safety and security.

          WGS improves the 
detection, surveillance and 
investigation of food-borne 
diseases and outbreaks.”

          Applications for the food 
industry range from source 
tracking of bacterial contaminants 
within the factory to determination 
of biocide resistance that could 
impair the cleaning protocols and 
can inform a more efficient use of 
cleaning products.”

Molecular Microbiology is here 
to save the day



Whole Genome Sequencing and Food 
Safety: Beyond Identification

On one side, we have the food industry looking to confirm 
suspicious colonies of microorganisms of concern.

On the other side, we have a set of typing techniques, phenotypic 
and genotypic, providing partial or global information. Most 
interestingly, some new techniques provide results in an 
actionable window—within days the information is available.

Now widely used for monitoring, WGS is more accurate than a 
serotype, and more discriminatory than PFGE, ribotyping and RNA 
16s or 23s sequencing. It can show relationships between strains 
with highest resolution.

WGS therefore provides the ability to:

 • Differentiate sources of contamination within food industry premises
 • Determine which ingredient was originally contaminated and therefore narrow the search for the 

source of a contaminated ingredient in case of several potential sources
 • Determine unexpected vectors for food contamination and provide information for root cause analysis
 • Determine phenotypic properties of isolates such as antibiotic resistance, virulence or sensitivity to 

cleaning agents (biocide resistance) or adherence to surfaces (biofilm formation) 

Since it looks so powerful and straightforward, one might wonder why it is not widely implemented yet 
and actually far from it. Though the cost has drastically dropped, being able to consider WGS as a routine 
technique remains distant. The time to result is still a factor of concern, it might be just days; but having 
results hours would be preferred and more actionable.  While we might reach this point one day, this is 
not the case yet. The other issue is the data analysis step. The large quantities of data WGS generates 
require technical bioinformatics and computational knowledge to manage and analyse which is also costly 
to develop and maintain in-house for most companies. Nevertheless, the added value of WGS and the 
information and insights provided should overcome these pitfalls. Currently, it still doesn’t. There is a lack of 
awareness and understanding of the potential of molecular microbiology for the food industry (and not only 
for Quality and Food Safety related concerns). The lack of standardization of this analysis does not  
help either.

For a while longer, the characterization of isolates remains operational in only a limited set of expertise 
centers, internal to major companies or service providing companies. However, the education should 
already be initiated and implemented, as we have seen in major recent outbreaks that awareness 
of resident isolates and correct root cause analysis would have protected the end-consumer, 
and ultimately the food industry operator that faces significant economic loss. The set of information 
provided by WGS can help challenge the control measures in place, question the sanitation routines, and 

provide input for continuous improvement. The return 
on investment for non-quality costs should be taken into 
consideration when initiating an investigation.

It takes time, a budget, and is definitely challenging. Training 
and internal capacity are necessary to understand the 
identified options for setting an implementation strategy. 
But this is presently one of the most efficient approaches, in 
microbiology at least, to mitigate the risk of adulteration by 
pathogens of concern. It is unquestionably worth the pain 
and effort.

          The large quantities of 
data WGS generates require 
technical bioinformatics and 
computational knowledge to 
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