
Content is avaliable at SCOPUS

Meat Technology — Special Issue 64/2

www.meatcon.rs ■ www.journalmeattechnology.com

SCIENTIFIC JOURNAL

special issue

ISSN 2466-2852
UDK 664.9

Founder and Publisher
Institute of Meat Hygiene  

and Technology

Vol. BelgradeNo.
20230264

20
23

62nd International Meat Industry Conference

1. Introduction

International trade in fresh and frozen foods has 
become a major food — and public health — safety 
challenge today (Allerberger et al., 2022). The con‑
tamination of food and feed with pathogenic micro‑
organisms has become a major global health threat. 
Therefore, a well‑functioning surveillance system 
is a necessary tool for early detection of microbial 
threats to prevent or at least stop outbreaks and pre‑
vent further transmission and morbidity.

In recent years, whole genome sequencing 
(WGS) has become the new standard in public health 
surveillance worldwide, allowing the most accurate 
and detailed characterization of microorganisms that 
significantly improved outbreak investigation, sur‑

veillance, and infection prevention and control in 
public health microbiology. For zoonotic foodborne 
pathogens, Listeria (L.) monocytogenes, Escherichia 
(E.) coli and Salmonella (S.) enterica were used as 
model organisms for a European pilot project with the 
aim to implement and evaluate WGS for routine anal‑
ysis. Similar projects have been carried out in the US 
and elsewhere (Jackson et al., 2016; Van Walle et al., 
2018; ECDC et al., 2019).

L� monocytogenes is one of the most impor‑
tant foodborne pathogens because of the severity of 
certain clinical manifestations, i.e., infections of the 
central nervous system, septicaemia and abortion and 
the high case‑fatality rate of up to 30% of cases (Hal-
bedel et al., 2020)� L� monocytogenes causes inva‑
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sive illness mainly in certain well‑defined high‑risk 
groups, the so called YOPIs (Young‑Old‑Pregnant 
and Immunocompromised). However, listeriosis can 
also occur in otherwise healthy individuals, especial‑
ly during an outbreak (Allerberger et al., 2022). Giv‑
en the strong impact of listeriosis on human health 
and the challenges of controlling L� monocytogenes 
along the food supply chain, listeriosis has been clas‑
sified as high priority for molecular surveillance in 
the European Union/European Economic Area (EU/
EEA) over the last two decades (Gattuso et al., 2022).

L� monocytogenes is ubiquitous in the environ‑
ment and has been isolated from soil, dust, food prod‑
ucts for humans (both of animal and vegetable ori‑
gin), feed, water and sewage, and it can be carried by 
almost any animal species, including asymptomatic 
humans. The principal reservoirs of the organism are 
said to be soil, forage, water, mud, livestock feed and 
silage (Heymann, 2015). Due to this environmental 
ubiquity, Listeria strains are also frequently detected 
in food products. Strains causing illnesses are mainly 
found in foods that are packaged and prepared com‑
mercially, rather than in home cooked foods. The 
change in lifestyle with less time for home cooking 
and more ready‑to‑eat (RTE) and take‑away foods 
increased the risk of listeriosis (Carpentier and Cerf, 
2011). Changes in food production and technology 
have led to the production of foods with a long shelf 
life that are typical “Listeria risk foods,” because the 
bacteria have time to multiply, and the food does not 
undergo a bactericidal/listericidal process such as 
cooking before consumption.

Listeriosis outbreaks have historically been dif‑
ficult to resolve, and only a small proportion of cases 
could be linked to the food products responsible for 
an outbreak. This was also due to the fact that previ‑
ous molecular typing methods, such as pulsed‑field 
gel electrophoresis (PFGE), had limited genetic res‑
olution compared to WGS‑based analyses.

2. Whole genome sequencing‑based 
surveillance of Listeria monocytogenes

An almost gapless characterization of L� mono-
cytogenes isolates is desirable, and the European 
Centre for Disease Prevention and Control and the 
European Food Safety Authority (ECDC‐EFSA), 
recommend using WGS‑based typing methods 
(Van Walle et al., 2018; ECDC et al., 2019) along 
with a European‑wide molecular typing database 
to improve the identification and investigation of 
multi national outbreaks (Ruppitsch et al., 2015a; 
Pietzka et al�, 2019; Cabal et al., 2022; Lakicevic 

et al., 2023). There are different analysis pipelines 
for WGS data, such as analysis of single‑nucleo‑
tide variants (SNP) or a gene‑by‑gene allelic profil‑
ing using core genome (cgMLST) (Ruppitsch et al., 
2015b; Moura et al., 2016) as well as whole‑genome 
multilocus sequence typing (wgMLST) (Hyden et 
al., 2016a; Brown et al. 2019; Jagadeesan et al., 
2019; Lakicevic et al., 2023). For backward com‑
patibility with datasets obtained with traditional 
methods, information on serotype, classical multi‑
locus sequence type (MLST) or MLVA data can be 
extracted from WGS data (Hyden et al., 2016b).

A multi‑country outbreak of L� monocytogenes 
was investigated in a joint ECDC‑EFSA rap‑
id outbreak assessment in 2018. The outbreak was 
ongoing in five EU member states (Austria, Den‑
mark, Finland, Sweden and the United Kingdom) 
with 32 human cases involved. Six closely related 
non‑human L� monocytogenes isolates from frozen 
corn, frozen vegetables and surfaces on which veg‑
etables had been processed were detected by WGS 
analysis. WGS analysis provided a strong microbio‑
logical link between the human and the non‑human 
isolates. Consumption of frozen corn was later con‑
firmed by several patients in different countries. 
Contaminated batches of frozen corn and vegetable 
mixes could be traced back to a company in Poland 
that packaged frozen vegetables produced and pro‑
cessed in Hungary (Joint ECDC-EFSA, 2018).

In Austria, WGS‑based surveillance has been 
successfully implemented and used in combina‑
tion with analysis of epidemiological data for sur‑
veillance and outbreak investigation in recent years. 
Since 2016, whole genome sequence‑based typing is 
performed at the National Reference Laboratory for 
all L� monocytogenes isolates from different sources 
such as isolates from patients, foods and food‑associ‑
ated material as well as isolates from the environment 
and the veterinary sector. This isolate‑based surveil‑
lance allows successful investigation and confirma‑
tion of local and multi‑country outbreaks. In 2018, a 
listeriosis outbreak likely due to contaminated liver 
pâté was investigated. A group of 32 individuals cel‑
ebrated at a tavern in Austria, where traditional food 
was served. Eleven individuals developed gastroin‑
testinal symptoms, including one case with severe 
sepsis. Human, food and environmental samples 
taken from the tavern and a local production facil‑
ity (where some of the served meat products origi‑
nated) were tested for L� monocytogenes and isolates 
were analyzed. A novel L� monocytogenes strain was 
detected in twelve human, two food and one environ‑
mental samples from the meat processing company. 
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Active case finding identified, from the same region 
in Austria, two further cases which tested positive for 
the outbreak strain. These two cases had not visit‑
ed the tavern, but confirmed regular consumption of 
locally produced liver pâté. Based on WGS analysis, 
liver pâté produced by company X was identified as 
the likely source of the outbreak (Cabal et al� 2019).

Lachmann et al� described a listeriosis outbreak in 
Germany, most likely associated with the consumption 
of smoked and graved salmon products. In a nation‑
al surveillance program in Germany, WGS was used 
for typing and cluster detection of L� monocytogenes. 
In the frame of this programme, twenty‑two independ‑
ent listeriosis outbreaks with 228 cases, occurring 
between 2010 and 2021, were identified. Listeriosis 
outbreaks can affect several countries and last for sev‑
eral years, making it difficult to link affected patients 
without the use of WGS. Systematic WGS‑based typ‑
ing of L� monocytogenes isolates from food products 
enables the identification of outbreak vehicle. Many 
of these twenty‑two outbreaks were cross‑border out‑
breaks with further cases in other countries. WGS 
analysis revealed closely related L� monocytogenes 
isolates from different salmon products. Interviews on 
food consumption and shopping behaviour confirmed 
the WGS results (Lachmann et al� 2022).

Advances in outbreak investigation after imple‑
mentation of WGS based typing have been reported 
worldwide. Jackson et al. described how WGS has 
improved the detection and investigation of listerio‑
sis outbreaks in the U.S., and demonstrated signifi‑
cantly more clusters and outbreaks of foodborne lis‑
teriosis were identified and resolved thereafter (19 
outbreaks) than before the use of WGS (two out‑
breaks) (Jackson et al., 2016).

The so far biggest reported listeriosis outbreak, 
with 1060 confirmed cases and 216 confirmed deaths, 
in South Africa from 2017–2018, was finally success‑
fully terminated with the aid of WGS. Contaminated 
ready‑to‑eat meat from a South African producer was 
identified as the infection source. After withdrawal of 
contaminated meat products from the market the out‑
break ended (Smith et al., 2019). As a consequence, 
listeriosis has been added to the list of mandatory 
notifiable diseases in South Africa and surveillance 
systems have been optimized to improve prevention 
and early detection of future listeriosis outbreaks.

3. Discussion

WGS enables efficient tracking and distribution 
of microorganisms on a “farm to fork” principle. Sub‑
populations of bacterial pathogens can be transferred 
into food processing facilities from a variety of sourc‑
es outside processing facilities, including animals, 
incoming raw materials, soil, dust and water (Zuber 
et al., 2019; Lakicevic et al., 2023). Within production 
facilities, microorganisms can persist for long peri‑
ods of time on various surfaces, equipment, floors and 
cold rooms (Stessl et al., 2022) and can be transferred 
to food and ultimately to consumers via aerosols, con‑
taminated contact materials and food processing work‑
flows (Pightling et al., 2018; Elson et al., 2019; Stessl 
et al., 2019). WGS allows characterization of bacterial 
subpopulations with the highest discriminatory pow‑
er at every stage, from the environment to suppliers 
and food processing facilities, to final products and 
consumers (Pightling et al., 2018; Zuber et al�, 2019). 
Thus, WGS allows the identification of the responsi‑
ble source of infection or contamination with a high 
level of confidence, which has improved correct deci‑
sion making (Zuber et al.,2019; Stessl et al., 2022) and 
enables authorities and also food companies the time‑
ly and selective implementation of appropriate control 
and preventive measures to stop further transmission 
and to terminate outbreaks.

4. Conclusion

In conclusion, the use of WGS offers several 
advantages, namely superior discriminatory pow‑
er for strain characterization, robustness and stabil‑
ity, which are critical for cluster detection, tracing 
the source and reservoir of the causative strain (Rup-
pitsch et al., 2019). In addition, the high resolution 
of WGS allows public health agencies to take action 
at a lower level of epidemiologic evidence, which is 
a critical advantage for reducing disease and resolv‑
ing outbreaks (Jackson et al., 2016). WGS technol‑
ogies offer benefits not only to public health and 
food authorities, but also to the food industry in the 
context of the farm‑to‑fork principle and upcom‑
ing improvements in technology and bioinformatics, 
with the perspective of metagenomic sequencing 
applied directly to samples (Ruppitsch et al., 2019).

Disclosure statement: No potential conflict of interest was reported by the authors.
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