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. ABSTRACT

Adaptive characteristics enable Listeria (L.) spp. to survive and grow under the
stressful conditions in dairy processing environments. Knowledge of the entry
routes, contamination patterns and growth niches of L. monocytogenes and
L. innocua is essential to implement control strategies and prevent food
contamination with L. monocytogenes, the causative agent of listeriosis.

The aim of study phase | was to investigate L. monocytogenes contamination in
an Austrian dairy processing environment over time by environmental sampling
and isolate genotyping. During three years of monitoring, L. monocytogenes was
detected in 19.5% of the samples, with initial identification of multiple
contamination routes and high strain heterogeneity. Interventions successfully
reduced the overall L. monocytogenes occurrence and confined the contamination
to floors and drains with one ineradicable, dominant sequence type 5 (ST5). In
study phase Il, previously recovered L. monocytogenes and L. innocua isolates
from five Austrian dairy processors were characterised by geno- and phenotyping.
PFGE and MLST subtyping of L. innocua and L. monocytogenes isolates yielded
33 distinguishable PFGE profiles (Ascl) and 27 STs, including seven novel
L.innocua STs (ST1595 to ST1601). Persistent contamination by
L. monocytogenes as well as L. innocua for up to eleven and seven years
respectively was detected, with the most prevalent STs being ST121, ST14 and
ST1597 and ST603. L. monocytogenes as well as L. innocua strains present for a
long period of time in the environment and products of the same facility harboured

either stress survival islet (SSI)-1 or SSI-2 and were rhamnose fermenters.

Subtyping proved to be an invaluable tool for the identification of
L. monocytogenes and L. innocua contamination patterns over time and to reveal
contamination hot-spots in dairy processing facilities. Our results demonstrate that
it is possible to reduce L. monocytogenes diversity and presence in the food
processing environment (FPE) by adequate sampling, subtyping, management
and personnel awareness and by applying adequate control measures. Due to the
similarities in terms of habitat and adaptive properties, incorporation of L. innocua
into Listeria monitoring programmes as an index organism for possibly undetected

L. monocytogenes presence is recommended.






. ZUSAMMENFASSUNG

Die Fahigkeit zur Anpassung an vorherrschende Umweltbedingungen ermoglicht
es Listeria (L.) spp. Uber einen langen Zeitraum in Milchverarbeitungsbetrieben zu
Uberleben. Die Eintrittswege, Kontaminationsmuster und Wachstumsnischen von
L. monocytogenes und L. innocua zu Kkennen ist daher unerlasslich, um
Bekampfungsstrategien umzusetzen und die Kontamination von Lebensmitteln mit
L. monocytogenes, dem Erreger der Listeriose, zu verhindern. Das Ziel der ersten
Studienphase war die Untersuchung des L. monocytogenes
Kontaminationsgeschehens im  Zeitverlauf in einem  Osterreichischen
Milchverarbeitungsbetrieb durch Probenahme und Genotypisierung. Wahrend der
dreijahrigen Monitoringphase war L. monocytogenes in insgesamt 19,5% der
Proben nachweisbar, wobei anfanglich mehrere Kontaminationsrouten und eine
hohe Stammheterogenitat festgestellt wurden. Den Monitoringergebnissen
angepasste Interventionen flhrten zur Reduktion des L. monocytogenes
Vorkommens und zu einer eingegrenzten Kontamination der Béden und Gullies
mit einem persistenten, dominanten Sequenztyp 5 (ST5). In der zweiten
Studienphase wurden zuvor isolierte L. monocytogenes und L. innocua von funf
Osterreichischen  Milchverarbeitern mittels Geno- und Phanotypisierung
charakterisiert. Die PFGE- und MLST-Subtypisierung von L. innocua- und
L. monocytogenes-Isolaten ergab 33 unterscheidbare PFGE-Profile (Ascl) und 27
STs. Darunter fanden sich sieben bisher nicht dokumentierte L. innocua-STs
(ST1595 bis ST1601). Wir konnten eine anhaltende Kontamination mit
L. monocytogenes sowie L.innocua von bis zu elf bzw. sieben Jahren
nachweisen, wobei die STs ST121, ST14 und ST1597 sowie ST603 am
haufigsten detektiert wurden. Persistente L. monocytogenes sowie L. innocua-

Stamme enthielten entweder SSI-1 oder SSI-2 und waren Rhamnose-Fermenter.

Die Subtypisierung erwies sich als wertvolles Werkzeug zur Identifizierung von
Listeria spp. Kontaminationsmustern und um Kontaminations-Hot-Spots in
Milchverarbeitungsbetrieben zu ermitteln. Die Ergebnisse zeigen, dass es mdglich
ist, die Diversitat und das Vorkommen von L. monocytogenes insbesondere durch
systematische Probenahme, Subtypisierung, Steigerung des Bewusstseins bei

QM-Verantwortlichen und dem Personal, sowie die Anwendung geeigneter



KontrollmaRnahmen zu reduzieren. Aufgrund der Ahnlichkeiten in Bezug auf
Habitat und adaptive Eigenschaften, sowie den Studienergebnissen, wird
empfohlen, L. innocua als Indexorganismus flr ein mdglicherweise unentdecktes

L. monocytogenes Vorkommen in Listerien-Monitoring-Programme aufzunehmen.
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1. INTRODUCTION

Listeria are ubiquitously found in the natural environment, with most species being
non-pathogenic saprophytes (Sauders & Wiedmann, 2007). Listeria (L.).
monocytogenes however, is able to switch from saprophytic to intracellular
lifestyle and is an important human and animal pathogen (Freitag et al., 2009).
The history of L. monocytogenes as the causative agent of listeriosis in humans
and animals is a relatively recent compared to other pathogenic agents. The first
report about the bacterium by Murray et al., the observation of rabbits suddenly
dying of leucocytosis, was published in 1926. The name ,Bacterium
monocytogenes® was suggested (Murray et al.,, 1926). The pathogenicity of
L. monocytogenes in humans was described a few years later (Nyfeldt, 1929).
The first substantial evidence for foodborne transmission of L. monocytogenes to
humans was reported in the 1950s. Around that time a significant increase in
stillbirths was noted in a clinic in Halle, Germany. The same L. monocytogenes
serovar was successfully isolated from the milk of a cow with mastitis and from
stillborn twins of a mother reportedly having consumed the cow’s raw milk (Potel,
1953).

Following the development of selective media, various Listeria spp. strains were
isolated from diverse environments. Thereafter, L. monocytogenes and L. grayi
had been described, as well as L. denitrificans, which was later excluded from the
genus and L. murrayi, which was later found to be a member of the L. grayi
species (Rocourt & Buchrieser, 2007). Given the non-haemolytic, non-pathogenic
‘innocuous” nature of the bacterium, L. innocua was first described in 1977 as the
(then) fifth species of the genus Listeria (Seeliger, 1981). The definite evidence of
L. monocytogenes transmission via food was successfully provided in the 1980s,
when coleslaw was identified as source of a listeriosis outbreak in Nova Scotia,
Canada. Manure from shedding sheep, which was used to fertilise the cabbage,
was determined as the source of contamination (Schlech et al., 1983).
Transmission of L. monocytogenes to humans occurs almost exclusively via
consumption of contaminated food, especially ready-to-eat (RTE) food
(Swaminathan & Gerner-Smidt, 2007). Previous listeriosis outbreaks underline the
fact that L. monocytogenes is hard to eradicate from foodstuffs and from the food

processing environment (FPE) despite hygiene measures, being obviously well



adapted to the often inhospitable conditions during food production and
processing (V. Ferreira et al., 2014; Norton & Braden, 2007).

According to the European Union (EU) One Health 2020 Zoonoses Report, the
notification rate of listeriosis was 0.46, which corresponds to 1,876 reported
invasive listeriosis cases in the EU in 2020. This is relatively low, compared to the
most prevalent foodborne diseases in the EU, campylobacteriosis (40.3 per
100,000 population in 2020) and salmonellosis (13.7 cases per 100 000
population in 2020). Listeriosis is however one of the most serious foodborne
diseases, with a high hospitalisation rate of 97.1% in 2020 (and 92.1% in 2019)
and a case fatality rate (CFR) of 13.0% in 2020 (and 17.6% in 2019) in the EU
and poses a major concern for public health (European Food Safety Authority
[EFSA] & European Centre for Disease Prevention and Control [ECDC], 2021).
Surveillance of food products at retail and production level in the EU in 2020
revealed a low level of samples non-compliant to Regulation (EC) No. 2073/2005.
At retail level 0.0-1.4% of samples were positive for L. monocytogenes and at
processing level 0.0-3.8% resulted in positive results. The food categories most
often non-compliant were fish and fishery products, meat products and soft and
semi-soft cheeses (EFSA & ECDC, 2021).

Molecular subtyping methods are essential for surveillance purposes and to
control the prevalence of Listeria spp. in FPEs and foodstuffs. Genotypic methods
such as pulsed-field gel electrophoresis (PFGE) are helpful tools to characterise
strains and facilitate the identification of contamination routes. Sequence-based
techniques, e.g. multi-locus sequence typing (MLST) and whole-genome
sequencing (WGS) are now widely used for outbreak investigation as well as to
gain insight into physiology and epidemiology of Listeria spp (Luth et al., 2018).
Recently, L. innocua received increased attention as atypical strains with a
haemolytic phenotype and virulence genes were discovered (Moreno et al., 2014,
2012; Moura et al., 2019). The species and its atypical strains are also of interest
for gaining insight into the evolution of the genus Listeria and the development of
pathogenicity within the genus (Buchrieser et al., 2003; J. Chen et al., 2010).



1.1.Characteristics of the genus Listeria
The genus Listeria belongs to the phylum Firmicutes, class Bacilli, order Bacillales
and together with the genus Brochotrix to the family Listeriaceae. The prokaryotes
exhibit a Gram positive cell wall structure and a low guanine-cytosine (GC)-
content (McLauchlin & Rees 2009).
With numerous new descriptions during the last years, the genus Listeria currently
comprises 27 recognised species (as of 11 February 2022): L. aquatica,
L. booriae, L. cornellensis, L. cossartiae, L. costaricensis, L. farberi,
L. fleischmannii, L. floridensis, L. goaensis, L. grandensis, L. grayi, L. immobilis,
L. innocua, L. ivanovii, L. kieliensis, L. marthii, L. monocytogenes,
L. newyorkensis, L. portnoyi, L. riparia, L. rocourtiae, L. rustica, L. seeligeri,
L. thailandensis, L. valentina, L. weihenstephanensis, L. welshimeri
(https://www.ncbi.nim.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=16
37&IvI=3&lin=f&keep=1&srchmode=1&unlock; accessed on: 11 February 2022).

An overview of the currently described Listeria species is provided in Table 1

(Listeria spp. characteristics) and in Supplemental Table 1 (Listeria spp. source of
isolation).

According to Orsi and Wiedmann the genus Listeria can be classified into Listeria
sensu stricto and Listeria sensu lato by genomic and phenotypic analysis (Orsi &
Wiedmann, 2016). The sensu lato clade solely comprises environmental bacteria
without the ability to invade mammalian cells. The sensu stricto clade includes the
pathogenic species L. ivanovii, which causes abortion, enteritis and mastitis in
animals, especially small ruminants and L. monocytogenes, which is the causative
agent of human and animal listeriosis (Chiara et al., 2015; Low & Donachie, 1997;
Orsi & Wiedmann, 2016; Vazquez-Boland et al., 2001b; Orsi & Wiedmann, 2016).
Furthermore, L. cossartiae, L. farberi, L. immobilis, L. marthii, L. innocua,
L. seeligeri and L. welshimeri are grouped in the senu stricto clade (Orsi &
Wiedmann, 2016). These species are widely recognised as non-pathogenic,
however rare clinical cases of infections with the latter two species have been
reported (Favaro et al., 2014; Perrin et al., 2003; Rocourt et al., 1986).


https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=1637&lvl=3&lin=f&keep=1&srchmode=1&unlock
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?mode=Tree&id=1637&lvl=3&lin=f&keep=1&srchmode=1&unlock

1.1.1. Morphology and growth conditions

Listeria spp. are rod-shaped, non-spore forming, aerobic, facultative anaerobic,
facultative intracellular bacteria. Listeria hydrolyse aesculin and are catalase
positive (except for L. costaricensis), oxidase negative, measuring 1-2 uym in
length and 0.4-0.5 ym in diameter on average (Low & Donachie, 1997). Flagellatic
motility in L. monocytogenes occurs below 30 °C at room temperature, but not or
very weakly at mammalian physiological temperature (37 °C) (see Table 1).

Under laboratory conditions, colonies are 0.5-1.5 mm in diameter after 24-48 h of
incubation and appear round, translucent, low convex with a smooth surface an
entire margin and non-pigmented. Older colonies are larger and sometimes have

a sunken centre (McLauchlin & Rees 2009).

Listeria are able to survive and grow under harsh environmental conditions.
Listeria grow within the following ranges of different environmental factors (D. Liu
et al., 2005; Renier et al., 2011):

e temperature: growth between 0 and 45 °C

e pH: growth between 4.3 and 9.6

e NaCl concentration: growth up to 10% (w/v) NaCl, survival possible at

concentrations as high as 40% (w/v) NaCl

e water activity (ay): growth at or above 0.9
Generally, Listeria spp. are of ubiquitous occurrence in the natural environment
(Sauders & Wiedmann, 2007). Diverse isolation sources have been described,
including soil, water, sewage, plant material, animal feed, food, farm- and FPEs
(Rocourt & Buchrieser, 2007; Sauders & Wiedmann, 2007; Supplemental
Table 1).



Table 1: Listeria species and their biochemical characteristics
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characteristics have not been determined (Kabisch, 2018); further references: Orsi & Wiedmann, 2016;

https://bacdive.dsmz.de/; accessed on: 17 February 2022.
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1.1.2. Stress tolerance

The ability to survive and multiply under a broad range of environmental stress
conditions encountered in the natural environment, the food processing chain and
in the susceptible host, contributes to the relevance of L. monocytogenes as a
foodborne pathogen (Gandhi & Chikindas, 2007). Stress survival mechanisms of
L. monocytogenes include changes in membrane composition and gene
expression, induction of proteins as well as uptake and accumulation of
compatible solutes such as osmo- and cryoprotectants (Bucur et al., 2018).
Biofilm formation and sublethal adaptation to sanitisers and disinfectants are
further factors contributing to stress survival (Bucur et al.,, 2018; Wiktorczyk-
Kapischke et al., 2021). It has been demonstrated that adaptation to stress factors
can be co-selected and can be increased when pre-exposure takes place (Davis
et al., 1996; Faleiro et al., 2003; Gandhi & Chikindas, 2007; Schmid et al., 2009;
Lou & Yousef, 1997). Previous studies confirmed that environmental conditions
determine growth and survival limitations and that stress tolerance can vary widely
between strains and lineages (Aalto-Araneda et al., 2020; Bergholz et al., 2010;
Redfern & Verran, 2017).

On a molecular level, survival under harsh environmental conditions e.g. acid
stress, cold temperatures or osmotic stress is enabled by various protein and RNA
transcriptional regulators (Guerreiro et al., 2020).

The major transcriptional regulators in L. monocytogenes are the sigma factors,
which are specialised protein subunits needed for the initiation of transcription
(Kazmierczak et al., 2005; Feklistov et al., 2014). A sigma factor promotes binding
of the RNA polymerase to specific initiation sites and thereby defines which genes
are transcribed (Waosten, 1998). The majority of L. monocytogenes strains harbour
five sigma factors, L. monocytogenes housekeeping sigma factor o”, as well as
0®, 6%, o and o", which determine the transcription of genes in response to the
current environmental conditions (Glaser et al., 2001; O'Byrne & Karatzas, 2008).
The o® factor regulates the transcription of about 300 genes (which equates to
about 10% of the genome), mostly including general stress response genes and is
essential for the survival of L. monocytogenes in challenging environments

(Chaturongakul et al., 2011; O’'Byrne & Karatzas, 2008). A cytoplasmic complex,



termed stressosome, is responsible for the activation of the o® regulon (Pané-
Farré et al., 2017). This regulon has been well studied in Bacillus (B.) subtilis. The
latter having a high level of sequence homology of the stressosome components
and the signalling pathway with L. monocytogenes (A. Ferreira et al., 2004). The
existence of a stressosome had recently been demonstrated in L. monocytogenes
as well and was reviewed by Impens et al. Structure wise, similar to B. subtilis, it
is composed of protein subunits, RsbR, RsbL, RsbS and RsbT. RsbR is involved
in sensing stress. A stress signal results in a conformation change in the
stressosome and the release of RsbT, which activates the phosphatase RsbU.
RsbU then dephosphorylates RsbV, an anti-anti-sigma factor and antagonist of
the anti-sigma factor RsbW. This interaction between RsbV and RsbW triggers an
interaction of 6® with RNA polymerase and subsequently the transcription of the
general stress response regulon (Impens et al., 2017). With the exception of a
previously discovered miniprotein, Prli42, involved in stress sensing and the
characterisation of the blue light sensing protein RsbL (Lmo0799), details about
the mechanism of stress sensing in L. monocytogenes still need to be elucidated
(Dorey et al., 2019; Impens et al., 2017).

Genes regulated by o® contribute to a wide range of stress coping mechanisms
(NicAogain & O’Byrne, 2016). Key osmotic stress resistance systems include
OpuCABCD (encoded by opuCABCD), GbuABC (encoded by gbuABC) and BetL
(encoded by betlL). These are transporters of carnitine (OpuC) and glycine betaine
(Gbu, BetL), which transport the solutes from outside the cell into the cytoplasm to
cope with stress from high salt concentrations (Angelidis & Smith, 2003; Fraser et
al., 2003; Sleator et al., 1999). Among the mechanisms for acid stress protection,
the glutamate decarboxylase (GAD) and the arginine deiminase (ADI) systems
have previously been described (Cotter et al., 2001; Ryan et al., 2009): the GAD
system, encoded by the five genes gadA-E, is composed of glutamate
decarboxylase enzymes (GadD1, GadD2 and GadD3) and glutamate-y-
aminobutyrate (GABA) antiporters (GadT1 and GadT2). Acid stress is
counteracted by a reduction of acidity of the cell cytoplasm in a twofold manner,
via elimination of protons from the cytoplasm by a decarboxylation reaction and
furthermore via the build-up of GABA in the cell cytoplasm, which is less acidic
than glutamate (Cotter et al., 2001; Gahan & Hill, 2014; Karatzas et al., 2010).
Through the ADI system, the acidity in the cell cytoplasm is reduced via
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conversion of arginine to ornithine, carbon dioxide and ammonia. The regulator
involved is ArgR, which regulates the arginine biosynthesis genes arcA, arcB,
arcD (Ryan et al., 2009).

0® not only regulates stress tolerance, there is also evidence for
L. monocytogenes o® regulation of various metabolic pathways, especially carbon
metabolism functions (Y. Liu et al., 2019).

Previous transcriptomic and phenotypic studies imply a vital role for
L. monocytogenes ¢® in the modulation of transcriptional networks during the
saprophytic as well as the intracellular phase of the life cycle (Toledo-Arana et al.,
2009; Wemekamp-Kamphuis et al., 2004). The greatest regulon overlaps were
found between o® and other transcriptional regulators such as AgrA, CodY, CtsR,
HrcA, MogR, PrfA, and other sigma factors (Chaturongakul et al., 2011; Garmyn
et al., 2012; Guariglia-Oropeza et al., 2014; Hu et al., 2007a; Hu et al., 2007b;
Lobel & Herskovits, 2016). Small non-coding RNAs (sRNAs) regulate gene
expression in bacteria by controlling target genes post-transcriptionally by base
pairing with their messenger RNAs (mRNAs). This mechanism enables
pathogenic bacteria to react to changes in environmental conditions by modulating
metabolism, stress response and virulence accordingly (Waters & Storz, 2009).
The transcription of numerous sRNAs is o® dependent (Wurtzel et al., 2012).
Control over sRNAs can also be exercised through the o®-dependent RNA-
binding protein Hfq (Christiansen et al., 2004). Details about regulatory sRNAs of
L. monocytogenes dependent on o® and their respective functions can be found in
a recent review by Dorey et al. (Dorey et al., 2019).

Moreover, 6® plays a role in virulence of L. monocytogenes. Several virulence
genes are co-regulated by o® and PrfA (pleiotropic regulatory factor) (Gaballa et
al., 2019). Examples are the internalin genes required for adhesion and invasion,
inlA and inIB (Kim et al., 2005). Previous studies also found that a regulatory
network exists between o® and PrfA. o® regulates PrfA activity directly through
transcriptional activation from the prfAP2 promoter and indirectly through
posttranscriptional repression under certain environmental circumstances (Nadon
et al.,, 2002; reviewed by Gaballa et al., 2019). An overview of the main
L. monocytogenes stress response, virulence and metabolic genes regulated by

o® and their respective role is provided in Supplemental Table 2.



The genus Listeria has a highly conserved genome (den Bakker et al., 2010b). A
comparison of the genomes of L. monocytogenes (EGD-e, lineage Il, serovar
1/2a) and L. innocua (CLIP 11262, serovar 6a) showed a high degree of similarity
between these species, with L. innocua CLIP 11262 sharing around 88% of
orthologous, protein-coding genes with L. monocytogenes EGD-e (den Bakker et
al., 2010b; Glaser et al., 2001). Actually, the clonality of Listeria strains can be
assessed by analysing the average nucleotide identity (ANI). A genome-wide 95%
ANI cut-off point has been suggested, with genomes sharing 295% ANI belonging
to the same species (Goris et al., 2007; Richter & Rossell6-Moéra, 2009; Jain et al.,
2018; Olm et al., 2020).

It was demonstrated that L. monocytogenes and L. innocua have species specific
o®-dependent genes and display variations in stress resistance phenotypes,
particularly in acid stress resistance (Raengpradub et al., 2008). Strain-
specificities can be assumed for both species, as variations in o®-regulated stress
response were found among L. monocytogenes strains of different lineages
(Oliver et al., 2010).

In L. monocytogenes, the five-gene islet Imo0444-0448 accommodates gadD1
and gadT1, which are part of the GAD system contributing to acid stress survival
of the bacterium, as well as a penicillin V acylase (pva), involved in bile tolerance
(Begley et al., 2005; Ryan et al., 2010). These genes are regulated by the o®-
dependent Imo0445 gene, which might contribute to adaptation to stress
encountered by L. monocytogenes in food-associated environments or the host.
This 9.7 kb genetic islet is present in certain L. monocytogenes strains and was
designated stress-survival islet 1 (SSI-1) (Ryan et al., 2010). SSI-1 was also
associated with serovar-specific differences in biofilm formation ability of
L. monocytogenes, with predominantly SSI-1* serovar 1/2b strains forming the
strongest biofilms and mostly SSI-1" serovar 4b strains forming the weakest
biofilms (Keeney et al., 2018). Instead of the SSI-1, a 2.2 kb fragment was found
at the corresponding location in L. innocua and in some L. monocytogenes
strains, especially in sequence type 121 (ST121) strains (Hein et al., 2011). The
2.2 kb insert lin0464-0465 was previously identified as SSI-2 and it was suggested
that its presence contributes to alkaline and oxidative stress survival (Harter et al.,
2017).



1.1.3. Virulence

In the natural environment, the lifestyle of Listeria spp. is saprophytic (Sauders &
Wiedmann, 2007). In the susceptible mammalian host L. monocytogenes is able
to switch to intracellular pathogen (Freitag et al., 2009; Tiensuu et al., 2019). Two
main regulators are responsible for the adaptability of L. monocytogenes to
different environmental conditions: adaptation to environmental stresses in and
outside the host is enabled by o® (see chapter 1.1.2.), (A. Ferreira et al., 2001;
Kazmierczak et al., 2003). The other, master virulence regulator PrfA, is activated
by environmental conditions during host cell invasion and controls a multitude of

virulence factors in L. monocytogenes (de las Heras et al., 2011).

Metabolism is an essential factor in stress tolerance as well as in intracellular
survival of L. monocytogenes (Sauer et al., 2019). Metabolites like amino acids
and carbon sources encountered by Listeria fulfil the metabolic growth needs, but
also their availability dictates the regulation of L.monocytogenes virulence (Tapia
et al., 2020; Sauer et al., 2019). Intracellular, the regulation of PrfA is to the
majority moderated by the existence of carbon sources in the host cytosol (G. Y.
Chen et al.,, 2017). Hexose-phosphates and glycerol are the primary carbon
sources in the cytosolic metabolism. These stimulate full activity of PrfA, while
PrfA activity is inhibited by glucose or other phosphotransferase system (PTS)
substrates, which are associated with survival in non-host environments (Joseph
et al., 2008; Stoll & Goebel, 2010).

In L. monocytogenes, the major virulence genes are located on the Listeria
pathogenicity island-1 (LIPI-1) (Vazquez-Boland et al., 2001a; Johansson &
Freitag, 2019),
e encoding a pore-forming toxin listeriolyin O (LLO),
e an actin-polymerising surface protein ActA, enabling intracellular motility
and cell-to-cell spread,
e two phospholipases C, phosphatidylinositol-specific phospholipase C (PI-
PLC, encoded by plcA) and phosphatidylcholine phospholipase C (PC-
PLC, encoded by plcB), involved in lysis of the phagocytic vacuole

membrane,
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e a metalloprotease (Mpl) maturing the PC-PLC precursor to its mature
configuration,

e and a thermo-regulated transcriptional activator PrfA in control of LIPI-1
gene expression and further chromosomal virulence determinants.

Further chromosomal virulence determinants include (Johansson & Freitag, 2019)

e the inlAB operon, encoding the surface proteins InlA and InIB responsible
for host cell invasion,

e a small secreted internalin (InlC) aiding spread to neighbouring cells,

e a bile salt hydrolase (Bsh) conferring bile resistance,

e a secretion chaperone (PrsA2) required for virulence factor secretion and
bacterial viability and

e hpt, encoding a hexose phosphate transporter (Hpt) needed for replication

in the cytosol.

L. monocytogenes is able to invade and multiply in macrophages as well as in
non-phagocytic (e.g. epithelial) cells (Vazquez-Boland et al., 2001a). This process
takes place as follows: the surface proteins InlA and InIB promote attachment and
entry into the cell. Depending on the species and type of cell invaded, an
interaction of InlA with cell surface receptors E-cadherin or InIB with the
hepatocyte growth factor receptor tyrosine kinase c-Met takes place (Mengaud et
al., 1996; Shen et al., 2000). InlA interacts with human and guinea pig E-cadherin,
but not mouse and rat E-cadherin. InIB on the other hand interacts with human
and mouse Met, but not guinea-pig Met (Khelef et al., 2006; Lecuit et al., 1999).
Further proteins play a role in crossing the epithelial and placental barrier. Among
them the Listeria adhesion protein Lap and the virulence factor InIP respectively
(Drolia & Bhunia, 2019; Faralla et al., 2016). As a reaction to the interaction of
bacterial surface proteins with the cell receptors, the bacterium is internalised into
a vacuole (also called phagosome). Subsequently, lysis of the vacuole influenced
by phospholipases C and pore-forming toxin LLO occurs and L. monocytogenes is
released into the cytosol, where multiplication takes place (Pizarro-Cerda et al.,
2016; Phelps et al., 2018). Hpt permease is responsible for the uptake of hexose
phosphates from the host cell (Chico-Calero et al., 2002). The surface protein

ActA mediates polymerisation of actin, enabling the bacterium to move through
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the cell and with the help of an internalin (InIC) to spread directly from cell-to-cell
by protruding the membrane (Costa et al., 2020). L. monocytogenes enters
neighbouring cells; a double-membrane vacuole is formed, subsequently lysed
and the bacterium begins a new infection cycle (a visual description of the above
delineated mechanism is available from: Hamon et al., 2006; Radoshevich &
Cossart 2018).

While the key virulence factors located on LIPI-1 are present in all typical
L. monocytogenes strains, LIPI-2 was found to be species-specific to L. ivanovii
(Dominguez-Bernal et al., 2006). Recently, however, a truncated LIPI-2 was
identified in hypervirulent L. monocytogenes strains, encoding sphingomyelinase
(SmclL), a virulence factor needed for intracellular proliferation (Yin et al., 2019).

The LIPI-3, encoding listerioloysin S (LLS), a cytolytic peptide, was originally
found to be exclusive to L. monocytogenes lineage | strains (Cotter et al., 2008).
LLS is a bacteriocin and contributes to haemolytic properties of LIPI-3* strains
(Quereda et al., 2017). Some L. innocua strains harbour an intact LIPI-3, while in
other L. innocua strains fragments of the island were detected. L. innocua strains
with an intact LIPI-3 displayed a haemolytic phenotype when under constitutive
expression (Clayton et al., 2014). Recently, Maury and co-workers identified a
fourth Listeria pathogenicity island, LIPI-4, in clonal complex 4 (CC4)
L. monocytogenes strains. The gene cluster expresses the cellobiose-family PTS,
which confers CC4 strains with a fetal-placental as well as a central nervous
system tropism (Maury et al., 2016). An intact LIPI-4 was also found to be present
in typical and atypical L. innocua strains and it was suggested that the presence of
this sugar transport system might be essential for carbon metabolism of the

environmental saprophyte (Moura et al., 2019).
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While the typical L. innocua strain is non-pathogenic, few reports of meningitis and

septicaemia in humans and animals exist (Favaro et al., 2014; Perrin et al., 2003;
Rocha et al., 2013; Walker et al., 1994).

Atypical L. innocua have been described, with haemolysis as the most prominent

phenotypic feature of the studied strains (Table 2).

Table 2: Atypical L. innocua and their pheno- and genotypic characteristics

phenotype genotype source reference

non-haemolytic gtcA unknown Lan et al., 2000

haemolytic, rhamnose- LIPI-1 seafood Johnson et al., 2004

haemolytic LIPI-1, inlA FPE, seafood Volokhov et al., 2007

haemolytic hly, inlAB FPE, pork, market Moreno et al., 2012

haemolytic nd farm environment, Milillo et al., 2012
poultry

. cheese, human, sheep,

haemolytic LIPI-3, lIsA . Clayton etal., 2014
silage

haemolytic hly, plcA, inlC FPE, pork, market Moreno et al., 2014

haemolytic, PI-PLC+, virulent

non-haemolytic

survival of Danio rerio larvae
between 4.6% and 80.9%

inlA, LIPI-1, LIPI-3, LIPI-4

inlA, hly, maz EF

sigB, rrn, luxS, actA, plcB, hlyA

bird feces

FPE, food

fish

Moura et al., 2019

Rossi et al., 2020

Zakrzewski et al., 2020

Abbreviations: + positive; - negative; nd: not determined.

Some strains were also found to be virulent, although less than L. monocytogenes
(Moura et al., 2019). Genetically, LIPI-1 (or parts of the island), LIPI-3, and/or
LIPI-4 were found to be present in atypical L. innocua strains, as well as inlA in

some of the studied strains (Table 2).
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1.1.4. Genetic and phylogenetic information

According to den Bakker and colleagues, the Listeria core genome consists of
about 2,000 genes and is highly conserved. In evolutionary terms, the Listeria
genome is characterised by limited gene acquisition and gene loss (den Bakker et
al., 2010a).

The size of Listeria species genomes is around 3 Mbp with ca. 3,000 protein
coding genes

(https://www.ncbi.nlm.nih.gov/datasets/genomes/?taxon=1637; accessed on: 18

February 2022). In comparison to other bacterial genomes, Listeria harbour a high
number of surface proteins, including the major virulence genes, transport
proteins, particularly for carbohydrate transport and regulatory proteins
(Buchrieser et al., 2003). Variations in genome size mainly result from
hypervariable genomic hotspots, where foreign chromosomal DNA, i.e. mobile
genetic elements (MGE), is integrated in the form of bacteriophages, transposons,
plasmids and genomic islands (Kuenne et al., 2013; Nelson et al., 2004).
Genomes of Listeria spp. typically contain at least one prophage or partial
bacteriophage genomes (Buchrieser & Glaser, 2011). In L. monocytogenes
prophages and plasmids have been observed more frequently in serovar 1/2a
strains than 4b strains (Hain et al., 2012). Plasmids, although comparably rare in
L. monocytogenes, have been implicated in resistance to heavy metals, antibiotics
and benzalkonium chloride (BC) (Elhanafi et al., 2010; Kuenne et al., 2010;
Lebrun et al.,, 1992; Lemaitre et al., 1998; Parsons et al., 2019b). Previous
research has demonstrated that antibiotic resistance is significantly more
prevalent in L. innocua than in L. monocytogenes strains, implying a potential
reservoir function of L. innocua regarding antibiotic resistance gene transfer to
L. monocytogenes (Bertsch et al., 2014; Walsh et al., 2001).

The genus Listeria can be divided into distinct clades by phylogenetic analysis,
revealing the genetic relationship between Listeria species and providing an
indication for Listeria evolution (Carlin et al., 2021; den Bakker et al., 2014;
Leclercq et al., 2019b):
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a clade comprising Listeria sensu stricto: L. monocytogenes, L. marthii,

L. innocua, L. welshimeri, L. seeligeri, L. ivanovii, L. farberi, L. immobilis

and L. cossartiae

e aclade containing L. grayi

e a clade consisting of L. booriae, L. riparia, L. newyorkensis, L. cornellensis,
L. rocourtiae, L. grandensis, L. weihenstephanensis, L. portnoyi, L. rustica

e a clade representing L. fleischmannii, L: goaensis, L. thailandensis,

L. aquatica, L. floridensis, L. costaricensis, L. valentina

The classical serotyping scheme, developed by Seeliger and Hohne, is based on
somatic (O) and flagellar (H) surface antigens and allows differentiation of Listeria
strains according to variations in the structure of the antigens, which are conferred
by flagellum proteins and the cell wall teichoic acids, respectively (Seeliger &
Hoéhne, 1979). Combining O and H antigens yields at least 15 Listeria serovars.
L. monocytogenes serovars are: 1/2a, 1/2b, 1/2c, 3a, 3b, 3c, 4a, 4b, 4ab, 4c, 4d,
4e and 7, L. seeligeri associated serovars are: 1/2a, 1/2b, 3b, 4a, 4b, 4c 4d and
6b, L. innocua, L. welshimeri and L. grayi serovars include: 1/2b, 6a and 6b, and
serovar 5 in L. invanovii (Seeliger & Hohne, 1979; D. Liu, 2006a; Seeliger &
Jones, 1986). Recently, novel serovar 4h was detected in L. monocytogenes
isolates with hypervirulent features (Yin et al., 2019; Feng et al., 2020).

The latter method requires extensive technical expertise, is time-consuming and
expensive and includes the use of antisera, which are to a certain extent prone to
variations in quality and cross-reactivity (Kérouanton et al., 2010). To overcome
these disadvantages, several conventional and real-time multiplex polymerase
chain reaction (PCR) assays were developed, which allow a less costly and rapid
differentiation between Listeria species and the grouping of commonly isolated
L. monocytogenes serovars prior to further subtyping (Bubert et al., 1999;
Doumith et al., 2004a; D. Liu et al., 2007; Oravcova et al., 2006; Rossmanith et
al., 2006; Ryu et al., 2013; Salcedo et al., 2003; Leclercq et al., 2011; Feng et al.,
2020; F. Li et al., 2021). Applied multiplex PCRs include an assay targeting the
invasion-associated gene (iap), encoding protein p60, which is shared among the
species and enables discrimination of L. monocytogenes, L. innocua, L. grayi, and

the three grouped species L. ivanovii, L. seeligeri, and L. welshimeri (Bubert et al.,
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1999). The PCR-essays developed by Doumith et al. and Leclercq et al., targeting
virulence-associated genes, classifies L. monocytogenes into four serogroups i)
1/2a and 3a, ii) 1/2c and 3c, iii) 1/2b, 3b, and 7, iv) 4b, 4d, and 4e) and one
serogroup variant referred to as “IVb-v1” (Doumith et al., 2004a; Leclercq et al.,
2011).

Various subtyping methods were employed to identify four distinct genetic
lineages in L. monocytogenes (lineages I-IV) (Nightingale et al., 2005; Orsi et al.,
2011; Wiedmann et al., 1997). Each lineage groups specific serovars: lineage |
includes serovars 1/2b, 3b, 4b, 4e, lineage Il groups serovars 1/2a, 1/2c, 3a and
3c, lineage Il and IV include serovars 4a, 4c and some 4b strains. Lineage IV was
initially described as a lineage Ill subgroup, however, phylogenetic differences
warranted a reclassification into a distinct fourth lineage (D. Liu et al., 2006b; Orsi
et al., 2011; Roberts et al., 2006; Ward et al., 2008; Wiedmann et al., 1997).

The major L. innocua serovars according to somatic and flagellar antigen
serotyping include 6a and 6b (D. Liu, 2006a). Chen et al. performed internalin
gene profiling and MLST, which revealed four L. innocua subgroups (A-D). While
the majority of the tested isolates grouped into the A and B subgroup, which both
exhibited the same phylogenetic distance to L. monocytogenes, designated
subgroup D strain contained inlJ and formed the subgroup genetically nearest to

L. monocytogenes (J. Chen et al., 2010).

The need to analyse genetically similar isolates for outbreak detection and
contamination source tracing using molecular subtyping methods led to the
definition of epidemic clones (ECs), CCs, STs and core genome MLST (cgMLST)
cluster types (CTs) (Bergholz et al., 2016; Y. Chen et al., 2007; Kathariou, 2002;
Lomonaco et al., 2013). An EC is a clonal group of isolates, associated with
distinct, geographically and temporally unrelated outbreaks (Cheng et al., 2008).
The first ECs were defined based on typing methods like ribotyping and multilocus
enzyme electrophoresis (MEE). Later, multi-virulence-locus sequence typing
(MVLST) and WGS have been used to detect ECs (Bergholz et al., 2016; Y. Chen
et al., 2007; Kathariou, 2002; Lomonaco et al., 2013). CCs are defined according
to a MLST scheme targeting seven genes, as groups of closely related STs, a
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distinct combination of MLST allele designations used in MLST, i.e. differing by
only one allele from other STs in the group (Chenal-Francisque et al., 2011;
Ragon et al.,, 2008). Cantinelli et al. demonstrated that ECs (determined by
MVLST) correspond well to CCs (determined by MLST) while conversely, the EC
system does not fully reflect the heterogeneity of the CC terminology. Another
advantage of the MLST-based typing scheme is the public, online availability of
the platform (Cantinelli et al., 2013). A CT was initially proposed as a cgMLST
profile that has <10 allelic mismatches from a pair of neighbouring

L. monocytogenes isolates (Ruppitsch et al., 2015).

Whole-genome-approaches as well as analysis of variations in specific genes,
such as Listeria housekeeping genes, internalins or the virulence gene cluster
have been used to identify distinct molecular attributes responsible for niche-
adaptation and L. monocytogenes lineage, serovar- and strain-specific adaptation
to FPEs, host adaptation and virulence properties (Disson et al., 2021; Petit &
Lebreton, 2022).

While Listeria species are ubiquitously found in nature, species-specificities in
colonisation of different habitats have been documented. In samples collected
across New York State, USA, L. innocua and L. monocytogenes were significantly
more prevalent in urban environmental specimens, while L. welshimeri and
L. seeligeri were associated with natural environments (Sauders et al., 2012).
L. seeligeri has been the most frequently isolated species in natural environments,
while L. ivanovii has been found to have a low prevalence in the environment and
is most commonly isolated from farm environments (Linke et al., 2014a; Sauders
et al., 2012; Stea et al., 2015a). Listeria spp. have been detected in various foods
and food processing or preparation environments with differences in the overall
Listeria spp. prevalence among facilities and foods sampled as well as variation in
the prevalence of the isolated species (Kornacki & Gurtler, 2007). L. innocua,
however, has often been the most frequently isolated species, frequently co-
existing with L. monocytogenes (Bouayad et al., 2015; Chambel et al., 2007; John
et al., 2020a; Rudolf & Scherer, 2001; Sergelidis et al., 1997; Vilar et al., 2007).

The majority of human listeriosis outbreaks are caused by L. monocytogenes

serovars 1/2a, 1/2b and 4b (belonging to lineages | and Il), with varying
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prevalence of either serovar according to geographical location (Lopez-Valladares
et al., 2018; Orsi et al., 2011). The latter serovar, especially serovar 1/2a, are also
frequently detected in foods and FPEs (Lomonaco et al., 2015; Cheng et al.,
2008).

Lineage |, which is most frequently implicated in human listeriosis outbreaks,
seems to be the most clonal one, whereas a substantial horizontal gene transfer
(HGT) and recombination has been observed in the other lineages, especially in
lineage Il strains, which are commonly isolated from FPEs, foods, natural habitats
and implicated in sporadic human listeriosis cases (Meinersmann et al., 2004;
Orsi et al., 2011). Lineage Ill and |V strains are rare in comparison to lineage | and
Il, seldom associated with listeriosis outbreaks and have been isolated mainly
from animals (den Bakker et al., 2008; D. Liu et al., 2006b; Orsi et al., 2011).
While the nucleotide diversity of L. innocua is comparable to L. monocytogenes

lineage |, it is lower than lineage II-1V (J. Chen et al., 2010).

For distinct ECs, CCs, STs and CTs niche-specificity was observed and the terms
hyper- and hypovirulent L. monocytogenes CCs were coined (Maury et al., 2016).
While hypervirulent clones (CC1, CC2, CC4, CC6) are linked to human infections,
potential hypovirulent clones (CC8, CC9 and CC121) are food-related (S. Lee et
al., 2018; Maury et al., 2019, 2016; Muchaamba et al., 2021). When comparing
hyper- and hypovirulent CCs, Maury et al. concluded that hypovirulent, food-
associated clones display better biofilm formation ability and genes involved in
stress and BC tolerance are more prevalent. CC1 is strongly associated with
infection in ruminants and with contamination of dairy products. It has been
demonstrated that CC121 strains harbour a truncated in/A and persist in FPEs
(Maury et al., 2016).

Different models for the evolution of the genus Listeria and specifically
L. monocytogenes have been proposed (J. Chen et al., 2013; den Bakker et al.,
2008; Orsi et al., 2011). One model proposes a common Listeria ancestor with a
full set of virulence factors and virulence genes (LIPI-1, inlABC), which were lost
over time, resulting in distinct L. monocytogenes lineages and avirulent species

like L. innocua (den Bakker et al., 2010a; den Bakker et al., 2010b; Lomonaco et
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al., 2015; Orsi et al., 2007; Y. H. L. Tsai et al., 2011). The time to the most recent
common ancestor was calculated to be 30 to 67 million years (den Bakker et al.,
2010b; Meinersmann et al., 2004).

Another model suggests stepwise evolution, where a common ancestor formed
L. monocytogenes lineages | and Il. In subsequent events, some strains of the
latter lineages evolved into lineages Ill and IV through gene deletion, with some
lineage lll strains serving as intermediates on the way to L. innocua evolution
through additional gene deletion. These evolutionary intermediates harbour
several genes common to L. monocytogenes, e.g. LIPI-1, inlAB, bsh, hpt, but also
share gene deletions common to L. innocua, e.g. inlC, inll, inlJ, ascB-dapE
cluster, ADI system (J. Chen et al., 2013; J. Chen et al., 2009a; Doumith et al.,
2004b; H. Zhao et al., 2011).

Eugster and co-workers suggested that L. monocytogenes serovar 3 and 7 strains
evolved from serovar 1/2 from a common ancestor, as a result of point mutations

in glycosylation genes and exposure to phages (Eugster et al., 2015).

Bacterial evolution is driven by recombination events, positive selection, adaptive
loss, point mutations and HGT. The recombination rate of L. monocytogenes is
low compared to other bacterial species (Ragon et al., 2008). Den Bakker et al.
found recombination in almost 50% of the core genome of L. monocytogenes and
L. innocua and a higher genetic diversity, recombination and HGT in
L. monocytogenes lineage Il, compared to the other lineages (den Bakker et al.,
2008). This might explain why lineage Il strains are associated with adaptation to
a wide range of environmental conditions, prevailing in nature and especially in
the FPE (Cheng et al., 2008). This can equally be hypothesised for L. innocua,
where an adaptive loss of virulence genes might have rendered the species fit for
survival in environmental niches (J. Chen et al., 2009a).

The evolution of inlA is characterised by recombination in lineage Il strains and
positive selection resulting in heterogeneity of inlA across Listeria spp. (Orsi et al.,
2007). Point mutations in inlA with consequent premature stop codons and
truncation in secreted proteins result in reduced virulence. The complete loss of
inlA was also observed in some lineage |l strains and resulted in the inability to
spread from cell to cell (Nightingale et al., 2008). Den Bakker et al. proposed that

a complete prfA gene cluster was present in the common Listeria ancestor and
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loss of the cluster occurred several times during Listeria evolution. Furthermore,
they suggested, that this loss of virulence genes might confer superior
environmental adaptation and survival, which could explain the high prevalence of
L. innocua in non-host environments. Atypical L. innocua with an intact prfA
cluster and inlA have been described previously and might constitute evolutionary
intermediates (den Bakker et al., 2010b).

1.2. Listeria spp. relevance in dairy production
Milk and dairy products are characterised by a high nutrient-density, supplying
energy and containing high-quality protein (Muehlhoff et al., 2013). In human
nutrition, milk can contribute to many of the required micronutrients, especially for
calcium, riboflavin, vitamin B12, phosphorus, zinc, magnesium, potassium and
vitamin A, in an easily absorbable form (Park & Haenlein, 2013). Especially
fermented dairy foods like cheese contain bioactive peptides, which have been
demonstrated to have antioxidant, anti-hypertensive, anti-microbial and immuno-

modulatory properties (Lopez-Expdsito et al., 2012; Tagliazucchi et al., 2019).

Milk contributes to 9% of the dietary energy supply in Europe and Oceania, to
19% of the dietary protein supply in Europe and to 12 to 14% of the dietary fat
supply in Europe, Oceania and the Americas, compared to 3 to 4% energy supply,
to 6 to 8% protein supply and to 7% fat supply in Africa and Asia

(http://www.fao.org/dairy-production-products/products/en/; accessed on: 21

February 2022). Dairy products are consumed by an estimated six billion people
worldwide, primarily in developing countries, where a twofold increase in per

capita milk consumption was recorded since the 1960s (http://www.fao.org/dairy-

production-products/products/en/; accessed on: 21 February 2022). A growth of

1.7% annually to 980 million tons by 2028 is projected for worldwide milk
production, with India and Pakistan anticipated accounting for over half of this
growth (Organisation for Economic Cooperation and Development [OECD] and
Food and Agriculture Organization [FAO], 2019). In international comparison, milk
consumption is the highest with over 150 kg/capita/year in Europe, as well as in
Argentina, Armenia, Australia, Costa Rica, Israel, Kyrgyzstan, North America and

Pakistan (http://www.fao.org/dairy-production-products/products/en/; accessed on:

21 February 2022). Cheese is consumed mainly in Europe, North America and
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Oceania, with a foreseen increase in per capita consumption (at present around
20 kg/capita/year for the latter regions) according to OECD’s and FAOQO’s
projections. With the EU as the world’s main cheese exporter, the share of the
EU’s global cheese production was projected to reach almost 50% in 2028
(OECD-FAO, 2019).

Cheese is the dairy product most frequently contaminated with L. monocytogenes
(Martinez-Rios & Dalgaard, 2018). Due to the intrinsic characteristics and the
method of manufacture, smeared and brined soft and semi-soft cheeses are
especially prone to contamination, supporting the survival and growth of the
pathogen (Martinez-Rios & Dalgaard, 2018; Mazaheri et al., 2021).

EFSA and ECDC reported the detection of L. monocytogenes in 0.54% of cheese
samples tested (n=11,934; all milk origin and all types of cheeses) in 2020 (EFSA
and ECDC, 2021). However, Martinez-Rios and Dalgaard conducted a meta-
analysis using literature from 2005-2015 and reported a mean prevalence of
L. monocytogenes in cheeses of 2.3%, over three times higher than the
EFSA/ECDC results in the corresponding period. L. monocytogenes prevalence
varied according to cheese type, with 0.8% in fresh cheeses, 2.0% in ripened
cheeses, 2.4% in veined cheeses, 5.1% in smeared cheeses, 11.8% in brined
cheeses. No significant differences were observed in mean L. monocytogenes
prevalence in pasteurised or un-pasteurised soft and semi-soft cheeses (Martinez-
Rios & Dalgaard, 2018).

Despite these low levels of RTE product contamination, dairy products, especially
cheeses, have been implicated repeatedly in listeriosis outbreaks and caused
large-scale product recalls globally during the last years (Desai et al., 2019; Feng
et al., 2013; Fretz et al., 2010; Heiman et al., 2016; K. A. Jackson et al., 2018;
Lundén et al., 2004; Magalhaes et al., 2015; Makino et al., 2005; Mclntyre et al.,
2015; Qiu et al., 2021).

Listeriosis is one of the most serious foodborne diseases and characterised by a
high hospitalisation rate and a high CFR in susceptible people (Charlier et al.,
2017). The proportion of elderly citizens, a particularly susceptible group, is going
to increase over the next few years in the EU and in many other developed

regions of the world (https://ec.europa.eu/eurostat/cache/digpub/ageing/;

accessed on: 26 February 2022). The economic consequences caused by
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listeriosis outbreaks for both public health and the food industry are serious
(Thomas et al., 2015).

Listeria can enter the dairy production chain at any point from farm to the finished
product (Kallipolitis et al., 2020). The sources of dairy product contamination with
L. monocytogenes are raw milk, unhygienic processing practices along the dairy
chain and for the most part post-processing cross- or recontamination from the
production or food-handling environment (Melo et al., 2015). Conditions in dairy
processing facilities (e.g. low temperature in many processing steps, high relative
humidity, protein residues on hard-to-clean equipment) combined with the ability
of Listeria spp. to adapt to a wide range of environmental stresses such as low
pH, high salt concentration or low temperature, may further contribute to Listeria
spp. growth or survival (Anast et al., 2020; Magalhaes et al., 2016).

Persistence is recognised as a major contributing factor to post-processing
contamination of dairy foods (Fox et al., 2018). A variety of intrinsic, geno- and
phenotypic features of L. monocytogenes contribute to FPE adaptation and
persistence of the pathogen, as well as external factors prevailing in the FPE
(Carpentier & Cerf, 2011; V. Ferreira et al., 2014). One of the likely contributors to
continuous L. monocytogenes presence in FPEs is exposure to subinhibitory
concentrations of disinfectants, especially quaternary ammonium compounds
(QACs) (Martinez-Suarez et al., 2016).

Thorough knowledge of Listeria spp. contamination pathways, mechanisms
behind adaptation ability and interaction with the environment or the host is
essential to develop efficient strategies to control dairy processing environmental

contamination and to ensure consumer safety.

1.2.1. Listeriosis

According to the EU case definition, laid down in the Commission Implementing
Decision (EU) 2018/945, a confirmed case of listeriosis is any person meeting the
laboratory criteria of L. monocytogenes isolation or detection of L. monocytogenes
nucleic acid from a normally sterile site (EC, 2018). Listeriosis can manifest itself

as self-limiting febrile gastroenteritis in healthy individuals (Allerberger &
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Wagner,2010). Typically, the incubation period for gastrointestinal forms ranges
from six hours to ten days and symptoms may last for up to one week (Goulet et
al., 2013). In the severe, invasive form of listeriosis, L. monocytogenes is able to
pass the blood-brain and the blood-placenta barrier, which can result in
septicaemia, meningoencephalitis, stillbirth or infection in neonates. The severe
form affects immunocompromised individuals, elderly, pregnant women or new-
borns (Allerberger & Wagner, 2010). The incubation period for invasive listeriosis
depends on the clinical manifestation and varies between 14 days up to six weeks
(Goulet et al.,, 2013). The long incubation period often complicates outbreak
investigations due to incomplete food consumption histories (Yde et al., 2012).
Asymptomatic faecal carriage of Listeria has been documented and may occur in
1-15% population wide, with a higher prevalence among food plant workers (Grif
et al., 2003; EI-Shenawy, 1998; Hafner et al., 2021).

Listeriosis is a rare disease, with a notification rate of 0.42/100,000 population in
the EU in 2020. The CFR in the EU in 2020 was 13%, while globally ranges
between 20% and 30% have been reported (EFSA and ECDC, 2021; Desai et al,
2019; W. Li et al., 2018). About 73% of listeriosis cases and ca. 80% of fatal
cases reported in the EU in 2020 affected the age group over 64 years (EFSA and
ECDC, 2021).

Transmission occurs almost exclusively through the consumption of contaminated
food (Allerberger & Wagner, 2010). L. monocytogenes contamination of a food
processing plant can occur for extended periods and finished products are often
distributed within a wide geographical area (Luth et al., 2019). These facts
together with the long incubation period of listeriosis, exacerbate the identification
of an outbreak source, despite continuous improvements in subtyping techniques
and databases for comparing strains from clinical, animal and food sources (Luth
et al., 2018; Pietzka et al., 2019). Transmissions from animals to humans and
between humans rarely occur and have been described in the context of
occupational exposure to infected animals, e.g. in veterinarians or farmers
(McLauchlin & Low, 1994; Allerberger & Wagner, 2010).

The infective dose for oral transmission is unknown and depends on host
susceptibility, the bacterial strain and the food matrix. In immunocompromised
persons however, already low levels of contamination (10%-10* cfu/g) may lead to
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infection (McLauchlin et al., 2004; Swaminathan & Gerner-Smidt, 2007; Vazquez-
Boland et al., 2001b).

A recent study describes an increase of international events during the period
from 1996-2018 due to products contaminated with L. monocytogenes, reflecting
a trend towards more complex global distribution networks (Desai et al., 2019).
Recent multicountry listeriosis outbreaks in the EU were linked to RTE meat
products, fish products and frozen vegetables

(https://www.ecdc.europa.eu/en/listeriosis/threats-and-outbreaks; accessed on: 27

February 2022). In the USA, previous major multistate listeriosis outbreaks were

linked to salads, cooked chicken, queso fresco, deli meats, mushrooms and hard-

boiled eggs (https://www.cdc.gov/Listeria/outbreaks/index.html; accessed on: 27
February 2022). Dairy products, especially cheeses, are among the high-risk RTE

foods, causing sporadic and epidemic listeriosis outbreaks (Table 3).
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The economic consequences of listeriosis are serious, both on an individual and
on a population level, for the health system as well as for the food industry. In
recent years, different studies have estimated the costs associated with listeriosis
outbreaks. Hussein and Dawson mentioned financial losses of $7 billion US
dollars (about €6 billion Euros) per year for the US economy caused by food
safety incidents including consumer notifications, product recalls and lawsuit-
associated costs (Hussain & Dawson, 2013). Costs of different food-borne
pathogens for the health care sector were estimated as cost-of-illness and
disease burden represented by Disability-Adjusted Life Years (DALY) in the
Netherlands in 2011. Perinatal listeriosis infections were associated with the
highest DALY per case and also with the highest cost-of-illness of €275,000 Euros
per case (in comparison the cost-of-illness per case of Clostridium perfringens
toxi-infection was €150 Euros) (Mangen et al., 2015). A similar estimation for
annual cost-of-illness and Quality-Adjusted Life Year (QALY) was employed for
the USA. Among 14 pathogens considered, about 90% of the costs and QALY
loss were attributed to five pathogens, among them L. monocytogenes with $2.6
billion US dollars (ca. €2.2 billion Euros) and 9,000 QALY loss (Hoffmann et al.,
2012).

Thomas et al. estimated the costs associated with a listeriosis outbreak in Canada
in 2008 caused by delicatessen meat. In total 57 cases and 24 deaths could be
linked to this outbreak. Case costs, which included loss of life, medical costs, non-
medical costs, and productivity losses, were estimated at $2.8 million Canadian
dollars (€1.8 million Euros). Total costs comprising case costs, costs for the
implicated food plant and outbreak response costs were calculated to be almost
$242 million Canadian dollars (€143 million Euros) (Thomas et al., 2015). From
2017 to 2018 a large listeriosis outbreak, caused by deli meat, occured in South
Africa. Over 1,000 cases and over 200 deaths were reportedly linked to the
outbreak (Smith et al., 2019). Costs attributable to productivity loss and ceasing of
food production by the affected company amounted to $15 million US dollars (€13
million Euros). Hospitalisation costs were calculated to be $10.4 million US dollars
(€9 million Euros) and total economic loss due to the listeriosis outbreak were
estimated at $260 US dollars (€220 million Euros) (Olanya et al., 2019).
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1.2.2. Regulation

While some countries, such as the USA, have a zero tolerance policy for
L. monocytogenes, the incidence of listeriosis cases is not necessarily higher in
countries that tolerate minimal levels of the pathogen in foods that cannot support
L. monocytogenes growth, such as the EU, Canada, Australia, and New Zealand
(EC, 2005; Health Canada, 2011; Food Standards Australia New Zealand
[FSANZ], 2014;

US Department of Agriculture [USDA] - Food Safety and Inspection Service
[FSIS], 2014). Since complete elimination of L. monocytogenes in foods is
deemed impossible, minimising the risk to consumers is the primary aim of such
regulatory policies. In the EU, Regulation (EC) No. 2073/2005 lays down

microbiological criteria for L. monocytogenes in RTE foods.

Table 4: Microbiological criteria for L. monocytogenes in RTE foods according to
Regulation (EC) No. 2073/2005

sampling stage RTE-food category
RTE foods for infants RTE foods able to support RTE foods unable to support
and special medical purposes L. monocytogenes growth L. monocytogenes growth*

. ISO 11290-1: L. monocytogenes
processing na . na
not detected in 25 g (n=5)**

ISO 11290-1: L. monocytogenes

ISO 11290-2: <100 cf =5)*** SO 11290-2: <100 cfi =5
not detected in 25 g (n=10) cfu/g (n=5) cfu/g (n=5)

retail*

Abbreviations: na: not applicable; * Products with pH < 4.4 or a, < 0.92, products with pH < 5.0 and a,, < 0.94, products with
a shelf-life of less than five days are automatically classified into this category. Other products can also belong to this
category, when scientifically justified. ** This criterion is applicable, when the FBO is not able to demonstrate that the
product will not exceed the limit of 100 cfu/g throughout the shelf-life. *** This criterion is applicable, when the FBO is able

to demonstrate that the product will not exceed the limit of 100 cfu/g throughout the shelf-life. * until the end of shelf-life.

In the context of this regulation, RTE foods are defined as “Food intended by the
producer or the manufacturer for direct human consumption without the need for
cooking or other processing effective to cut out or reduce to acceptable level
microorganisms of concern”. It is the obligation of the food business operator
(FBO) to organise food batch controls and ensure compliance to the regulation.
According to the regulation, L. monocytogenes must be absent from foods
intended for infants and for special medical purposes. For all other RTE foods,

different criteria apply, according to the intrinsic food properties (aw, pH, NaCl
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concentration) and stricter criteria apply for RTE food products able to support the
growth of L. monocytogenes (EC, 2005). Requirements for the testing method,
batch based number of samples and the legal limits of L. monocytogenes per RTE
food category according to Regulation (EC) No. 2073/2005 are summarised in
Table 4.

Challenge tests to estimate the growth or non-growth potential of
L. monocytogenes in certain RTE products, storage tests during shelf- life, and
mathematical modelling are recommended (EC, 2005; ISO, 2019). Several
studies have been published describing challenge testing to assess the growth
potential of L. monocytogenes in different RTE foods. The methodologies used
vary widely among the studies and make it difficult for FBOs and ultimately for the
competent authorities to use these studies for categorising a specific product into
the L. monocytogenes growth or no-growth category according to Regulation (EC)
No. 2073/2005 (Alvarez-Ordéfiez et al., 2015; Gérard et al., 2018). To overcome
this issue, the EU reference laboratory for L. monocytogenes (EURL Lm)
developed a guideline for laboratories carrying out challenge tests on behalf of
FBOs. The guideline describes two types of tests, which should be applied
according to the desired needs: i) a challenge test to determine the growth
potential and ii) a challenge test to determine the maximum growth rate. A key
principle when designing a challenge test is that the most favourable growth
conditions for L. monocytogenes, adding parameter ranges, should be chosen
(French Agency for Food, Environmental and Occupational Health & Safety
[ANSES] & EURL Lm, 2021).

The difference between the logqo cfu/g at the end of the shelf-life and the logo
cfu/g at the beginning of the challenge test gives an indication of the growth
potential of L. monocytogenes in the RTE food under consideration. A difference
of more than 0.5 log+o cfu/g classifies the product into the category of RTE foods
able to support the growth of L. monocytogenes. A difference of less than
0.5 logqp cful/g classifies the product into the category of RTE foods not able to
support the growth of L. monocytogenes (ANSES & EURL Lm, 2021).

Sampling the FPE for L. monocytogenes is required, without detailing the
frequency or number of samples, according to EU law (EC, 2005). Guidelines on
sampling the food processing area and equipment for the detection of
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L. monocytogenes are available from ANSES/EURL Lm (ANSES & EURL Lm,
2012).

In Austria, food producers, public and private laboratories detecting
L. monocytogenes from human, food — as well as food-associated environmental-
samples are required to submit the isolates to the Austrian National Reference
Laboratory for typing according to § 38 Abs 1 Z 6 Lebensmittelsicherheits- und
Verbraucherschutzgesetz (LMSVG) and § 74 LMSVG.

1.2.3. Listeria spp. contamination and persistence in the dairy

processing environment

Several studies have suggested that L. innocua and L. monocytogenes are the
Listeria species most abundant in FPEs and foods, including dairy processing and
milk products with L. innocua being more frequently detected than
L. monocytogenes in many cases. Tirloni et al. reported an overall recovery of
L. innocua in 77.6% and L. monocytogenes in 1.6% of samples from four different
dairy plants producing PDO Taleggio (Tirloni et al., 2020). J. Chen et al. studied
Chinese food products and samples were positive at a rate of 28.9% for
L. innocua and 25.3% for L. monocytogenes (J. Chen et al., 2009b). L. innocua
(8.2%) and L. monocytogenes (1.2%) were isolated from frozen vegetables and
the respective processing environment (Aguado et al., 2004). Samples from a
small scale mushroom processing facility revealed the prevalence of L. innocua
and L. monocytogenes in 10.3% and 1.6% respectively (Viswanath et al., 2013).
In a range of RTE meat products in Jordan, 23% of the samples were positive for
L. innocua and 17.1% positive for L. monocytogenes (Awaisheh, 2010).
Regarding these observations, it has to be considered that L. innocua has been
found to outcompete L. monocytogenes during enrichment (Cornu et al., 2002;
Zitz et al., 2011). Also, it has been suggested that L. innocua can negatively

influence the attachment and growth of L. monocytogenes (Koo et al., 2014).

The prevalence of L. monocytogenes and other Listeria spp. in dairy processing
environments varies widely, due to multifactorial influences (see Table 5). The

hygienic practices applied, the size of the plant, the complexity of the processing
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line, the type of food processed, the equipment and technology used, the time of
processing, sampling sites, time of sampling and the methods used for detection
are some of the factors influencing the observed Listeria spp. prevalence in the
FPE (Brito et al., 2008; Leong et al., 2014).

A dairy processing plant may be considered free of Listeria spp. at the time of
sampling. However, a prevalence of L. monocytogenes of over 30% has been
documented previously (Kells & Gilmour, 2004). An overview of
L. monocytogenes prevalence in dairy processing environments reported in recent

literature is given in Table 5.
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Dairy farms constitute a natural environment for saprophytic Listeria spp. (Fox et
al., 2018). Listeria spp. can be transferred from the farm environment, silage and

faecal excretions to milking equipment and raw milk (D’Amico, 2014).

Data on the occurrence of L. monocytogenes in raw milk varies widely between
studies, with reported ranges from <1% up to 16% (D’Amico, 2014; Melo et al.,
2015). Raw milk is thus a potential source for the introduction of Listeria spp. into
the dairy processing environment and into the finished product. This poses the
risk of transferring the pathogen to consumers, especially if no or inadequate
pasteurisation is performed (Verraes et al., 2015).

While a thermal inactivation step such as cooking or pasteurisation is effective in
destroying Listeria spp., post-processing contamination is a common
phenomenon (Jordan et al., 2018). The sources for several listeriosis outbreaks
have been traced back to cross-contamination events within the FPE (Mazaheri et
al., 2021). In dairy processing and cheese production, L. monocytogenes can be
disseminated through various manufacturing steps. Specifically cheese brining,
smearing and cutting, slicing or grating of cheeses have been named as high-risk
operations regarding L. monocytogenes transfer to the finished product (Melo et
al., 2015). During the manufacturing process, niches may be present, which
favour biofilm formation and are difficult to access through hygiene and
disinfection measures. Existing food residues provide a food source for bacteria
and have the potential to further facilitate Listeria spp. contamination (Tompkin,
2002). Biofilms can be defined as microbial communities, which adhere to biotic or
abiotic surfaces with cell- membrane bound structures like polysaccharides and
proteins (da Silva & De Martinis, 2013; Pan et al., 2006). Equipment parts, which
have been described to provide niches for Listeria spp. and can contribute to post-
processing contamination events, include fillers, slicers, valves, gaskets and
conveyor belts (Kornacki & Gurtler, 2007).

In addition to growth niches, transfer sites allow the carryover of bacteria from one
location to another (Simmons & Wiedmann, 2018). Areas especially prone to
Listeria spp. contamination and promotion of re-contamination are wet, humid and
often cold production areas, such as drains, stagnant water on floors and food
contact surfaces, condensate from pipes and air conditioning (Berrang & Frank,
2012; Redfern & Verran, 2017; Tompkin, 2002; T. Zhao et al., 2006). Deficiencies
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in the design, maintenance, and repair of facilities and equipment, as well as
disregard of good manufacturing practices (GMP), are major contributors to
microbial and therewith L. monocytogenes and Listeria spp. contamination of
FPEs (Aalto-Araneda et al., 2019; Angelo et al., 2017; Cramer, 2013; Holah,
2014a).

Once introduced into the dairy processing environment, Listeria are able to
survive for long periods of time and tolerate various stresses, e.g. acid, alkaline,
temperature or salt stress, sanitisers and they are able to form biofilms. The latter
factors are contributing to L. monocytogenes and Listeria spp. persistence (Bucur
et al., 2018). Persistence of L. monocytogenes over months or years has been
reported in dairy processing facilities (Almeida et al., 2013; Latorre et al., 2011;
Lomonaco et al., 2009; further studies mentioned in Table 5), meat processing
facilities (Pasquali et al.,, 2018; Simmons et al., 2014), in poultry processing
facilities (Fox et al., 2015; Melero et al., 2019a), in fish processing facilities (B. Y.
Chen et al., 2016; Malley et al., 2013) and in various other RTE food processing
facilities (Keto-Timonen et al., 2007; Leong et al., 2014; Murugesan et al., 2015).
A basic definition of L. monocytogenes persistence in FPEs was given by Ferreira
et al. as “repeated isolation of L. monocytogenes strains at different time points
that are subsequently identified as identical subtypes” (V. Ferreira et al., 2014). A
uniform definition of L. monocytogenes persistence is nevertheless missing to
date (Belias et al.,, 2021). In their recent review, Unrath et al. compiled an
overview of criteria used in literature to define persistence of L. monocytogenes,
showing the inconsistent use of the term “persistence” in different studies (Unrath
et al., 2021).

There is currently a lack of knowledge about persistence of Listeria species other
than L. monocytogenes in FPEs, with only a limited number of studies published
to date (Belias et al., 2021). Alvarez-Ordonez et al. investigated the occurrence,
persistence and virulence potential of L. ivanovii in various foods and FPEs. The
authors were able to detect one persistent pulsotype for a period of ten months in
the environment of a dairy food business out of 48 FBOs sampled (Alvarez-
Orddriez et al.,, 2015). Aguado and colleagues repeatedly sampled a vegetable
processing plant and characterised L. monocytogenes and L. innocua isolates.

They detected two major subtypes of L. innocua on several sampling occasions.
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The authors are inconclusive as to whether these subtypes were either common
in vegetables and repeatedly introduced into the plant, or whether the strains were
able to survive cleaning operations during processing (Aguado et al., 2004).
Furthermore, Keeratipibul and Techaruwichit investigated the transmission routes
of Listeria in a chicken meat processing plant. The authors recovered L. innocua
(82.3%), L. welshimeri (11.2%), L. seeligeri (5.5%) and L. monocytogenes (1%)
from processing environment samples and identified the persistence of one
specific L. innocua strain from surface samples of the processing line (Keeratipibul
& Techaruwichit, 2012).

When studying persistence of Listeria spp. in the FPE, isolates should be
assigned to the categories of persistent and transient or sporadic with caution.
The discriminatory power of the subtyping method used and the sampling plan
applied, among other factors, affect categorisation, and a presumably sporadic
strain could persist in future sampling occasions or persist in a different
environment (Kastbjerg & Gram, 2009; Carpentier & Cerf, 2011; V. Ferreira et al.,
2014). On the other hand, a designated persistent strain might not be “truly
persistent”, but rather the result of repeated re-introduction into the FPE
(Carpentier & Cerf, 2011; V. Ferreira et al., 2014). Belias and Wiedmann have
recently suggested to designate the latter category of strains as “persistent
transient” (Belias & Wiedmann, 2021).

Current knowledge offers two main concepts to explain the persistence of
L. monocyotgenes and Listeria spp. in FPEs, one pointing to external,
environmental circumstances and the other to intrinsic strain characteristics as the
underlying cause. In support of external sources as the primary cause of Listeria
persistence, niches and harbourage sites within the FPE were frequently cited as
enabling the survival and subsequent emergence of persistence, which can be
further facilitated by insufficient cleaning and disinfection (Abee et al., 2016;
Carpentier & Cerf, 2011; V. Ferreira et al., 2014; M. H. Larsen et al., 2014). With
regard to external factors that promote the persistence of Listeria spp. in FPEs,
Belias and co-workers in a late breaking review identified the lack of hygienic
zoning and inadequate separation of different areas or employees in FPEs, as

well as equipment cleanability as the most common risk factors for the occurrence
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of persistent Listeria. Other identified risk factors included cleaning routines, raw
materials, product type and dripping condensate (Belias et al., 2021).

A variety of intrinsic, phenotypic or genotypic strain characteristics have been
studied to date with the aim of uncovering the mechanisms underlying the
persistence of L. monocytogenes. Investigated parameters, strain features and
specific genes of L. monocytogenes as well as any observed association with
persistence in FPEs are listed in Supplemental Table 3. As shown in
Supplemental Table 3, results of these studies have frequently been inconclusive,
contradictory and for the most part hard to compare due to different study set-ups.
In summary, it is now widely accepted, that persistence of L. monocytogenes in
the FPE is caused by an interplay of multiple factors, including influences from the
surroundings of the bacteria and adaptation processes triggering the evolvement
of distinct genetic features (Kallipolitis et al., 2020; Palaiodimou et al., 2021).

The presence of persistent L. monocytogenes strains in an FPE can increase the
risk of food product contamination (Nuesch-Inderbinen et al., 2021). Therefore,
subtyping is a prerequisite for the identification of persistent strains and detection
of the latter should optimally prompt efficient L. monocytogenes control measures
(Jooste et al., 2016; Maesaar et al., 2021; Stasiewicz et al., 2015; Stessl et al.,
2014).

1.2.1. Disinfectant susceptibility

According to the Codex Alimentarius, disinfection is “the reduction, by means of
chemical agents and/or physical methods, of the number of micro-organisms in
the environment, to a level that does not compromise food safety or suitability”
(Joint FAO/WHO Codex Alimentarius Commission, 1969/2020).

In the food industry disinfectants are used as part of a sanitising protocol,
optimally specifically tailored to the respective FPE, where prior cleaning is
required to ensure efficient disinfection (Holah, 2014b). The following groups of
disinfectants are commonly used in the food industry: alkylamines, quaternary
ammonium agents, peroxygens, alcohols, aldehydes, halogen-releasing agents,
bisphenols and biguanides (McDonnell & Russell, 1999; https://www.desinfektion-
dvg.de/index.php?id=1801; accessed on: 1 March 2022). The concern about the

use of disinfectants in the food processing industry is that inadequate use may

36



impose selective pressure on bacteria, which may develop tolerance mechanisms
by mutation or by acquiring genetic material (Ferreira et al., 2014; McDonnell &
Russell, 1999).

Bacteria are not capable of surviving lethal doses of disinfectants, i.e. the
manufacturer's recommended concentrations; however, sublethal concentrations
may allow bacterial survival (Aarnisalo et al., 2000). Excessive bacterial survival
after disinfection may be the result of a disinfection failure caused by i) the
presence of organic material not removed by prior cleaning, ii) the formation of
biofilms that protect bacteria from accessing the disinfectant, iii) dilution of the
disinfectant, e.g. by stagnant water, iv) the presence of niches in the environment
that are difficult for disinfectants to reach, v) acquired bacterial tolerance or

resistance mechanisms (Cerf et al., 2010; Martinez-Suarez et al., 2016).

There is no universal definition of bacterial survival or elimination in the context of
disinfectant use, but there is common ground when using the term "resistance"
when analysing bacterial removal by biocides and the term "tolerance" when
examining adaptation to inhibitory concentrations of biocides.

(Cerf et al., 2010). In our work, we prefer to use the word “susceptibility” to
describe the outcome of minimal inhibitory concentration (MIC) determination
studies (Gilbert & McBain, 2003). In contrast to antibiotics, which are clinically
used at levels close to their MICs, in-use concentrations of disinfectants for the
FPE are higher than the bacterial MICs determined and when used as instructed,

are sufficiently lethal (Meyer, 2006).

Repeated exposure of L. monocytogenes to sublethal concentrations and
prolonged persistence in the FPE may lead to adaptation and increased tolerance
to the applied agent (Ortiz et al.,, 2014). Several studies were carried out to
investigate possible underlying genetic changes of disinfectant - especially QAC-
tolerant L. monocytogenes strains. Some authors demonstrated that, on a genetic
level, this adaptation may be explained by mutations resulting in decreased
permeability of the cell for QACs due to modifications in the cell membrane (C.
Ferreira et al., 2011a; To et al., 2002).

Activation of efflux pumps belonging to the small multidrug resistance (SMR)

protein family or MdrL (multidrug resistance Listeria) and Lde (Listeria drug efflux),
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belonging to the major facilitator superfamily (MFS), has been associated with
adaptation of L. monocytogenes to BC (Blair et al., 2015; Rakic-Martinez et al.,
2011; Romanova et al., 2006; Wessels & Ingmer, 2013). Several
L. monocytogenes genes encoding for those efflux pumps have been discovered
and have been studied in relation to their ability to confer tolerance to BC: the
plasmid-associated BC resistance cassette bcrABC was detected in
L. monocytogenes H7550, a strain from the 1998-1999 outbreak caused by
contaminated hot dogs in the USA (Elhanafi et al., 2010). The SMR transporter
genes emrE, located on a chromosomal genetic islet and emrC, located on a
plasmid, were found to confer reduced susceptibility towards QAC in
L. monocytogenes (Kovacevic et al.,, 2016; Kremer et al., 2017). The
L. monocytogenes transposon Tn6188, harbouring the gacH gene has recently
been described. The transposon has been found to confer tolerance to QACs via
a QAC resistance protein QacH, a small multidrug resistance protein family
transporter (Muller et al., 2013, 2014).

Adaptation processes may not only lead to increased tolerance to the stress
immediately acting on L. monocytogenes, but may result in cross-protection
against other stresses. For example, acid tolerant strains were found to tolerate
thermal and osmotic stresses and adaptation to osmotic stress led to increased
resistance to peroxide stress (Bergholz et al., 2012; Hill et al., 2002). Previous
studies have suggested a connection between L. monocytogenes susceptibility to
biocides and antibiotic resistance for different substances (Christensen et al.,
2011; Rakic-Martinez et al., 2011). Also authors argued that antibiotic resistance
triggered by the use of food-industry disinfectants may favour L. monocytogenes
persistence in FPEs (Alonso-Hernando et al.,, 2009; Mgaretrg et al.,, 2017a).
However a recent study failed to identify any relationship between biocide
tolerance and antibiotic resistance (Roedel et al., 2019). While data on the
susceptibility of L. innocua to commonly used food industry disinfectants are
scarce, it has been shown that antibiotic resistance was more prevalent in
L. innocua than in L. monocytogenes strains (B. Y. Chen et al., 2010; Gémez et
al., 2014; Baquero et al., 2020).
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1.3. Listeria spp. detection in the FPE and differentiation
Internationally, besides national food legislation, the Codex Alimentarius
standards are applied and several food safety management standards, systems
and practices (such as Hazard Analysis and Critical Control Points [HACCP],
GMP, Good Hygiene Practices [GHP], Sanitation Standard Operating Procedure
[SSOP], ISO standards) are in place throughout the dairy processing industry

(Papademas & Bintsis, 2010; https://www.fao.org/fao-who-codexalimentarius/en/;

accessed on: 2 March 2022). However, the presence of L. monocytogenes is still
a common occurrence in dairy and cheese processing environments (see Table 5)
and necessitates the implementation of efficient control measures (J. C. Lee et al.,
2021). Therefore, an environmental Listeria monitoring scheme tailored to the
respective FPE is required (Zoellner et al., 2018). When developing a Listeria
control strategy, a well-designed sampling plan and thorough documentation of
detection and differentiation, along with appropriate Listeria spp. detection and

subtyping methods should be selected and implemented (Jooste et al., 2016).

1.3.1. Sampling and Listeria spp monitoring

If present in finished products, L. monocytogenes is most likely present in low
numbers, making contamination difficult to detect. Therefore, a combination of
FPE monitoring, and testing of raw material and finished products is required
(Jordan et al., 2018).

Listeria FPE monitoring is the routine (microbiological) sampling of the facility
environment, equipment and work clothing with the aim of detecting Listeria
contamination and monitor the applied control measures (Zoellner et al., 2018).
The responsibility for Listeria FPE monitoring lies with the FBO and is mandatory
according to Regulation (EC) No. 2073/2005 (EC, 2005). Comparable to the
regulation in the EU, in the USA, Canada, Australia and New Zealand, RTE food
processing facilities are required to perform environmental monitoring for
L. monocytogenes. Regulatory agencies classify food products according to the
ability to support the growth of L. monocytogenes and the risk of being associated
with listeriosis. While no further distinction is made in the EU, specific RTE
processing environments in the USA, Canada, Australia, and New Zealand must

be sampled more frequently depending on the associated risk profile (US Food
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and Drug Administration [FDA], 2017; Health Canada, 2011; Australian
Government, 2018). It is important that the monitoring program for each FPE is
established in accordance with the legal food safety requirements (Spanu &
Jordan, 2020).

The main principles for designing an environmental monitoring program have
been described in recent literature, e.g. by Simmons and Wiedmann, Spanu and
Jordan, Wagner and Stessl or Zoellner et al (Simmons & Wiedmann, 2018; Spanu
& Jordan, 2020; Wagner & Stessl, 2021; Zoellner et al., 2018).

In summary, as reviewed by Zoellner et al., when designing an environmental
monitoring programme for Listeria, areas should be defined according to the
contamination risk implied (so called “zoning”). Sampling locations, sample size,
frequency and time of sampling should then be established accordingly. Areas
where contamination is likely to occur include for example, floors, drains, and wet
areas, hard-to-clean niches in the equipment, doors, or air handling systems.
Sampling procedures might vary according to the relevant regulations and taking
into account the risk-profile of the manufactured products and the manufacturing
process as well as the available resources (Zoellner et al., 2018). In addition, the
methods for detection and typing should be defined. Data recording and mapping,
as well as data interpretation and trend analysis methods need to be determined.
The design should provide for corrective measures such as test sampling in the
event of positive findings and the implementation of cleaning and disinfection

measures (Simmons & Wiedmann, 2018; Spanu & Jordan, 2020).

The Austrian Listeria Environmental Monitoring Program for Dairies and
Cheesemakers, established in 1988 at the Unit of Food Microbiology (University of
Veterinary Medicine Vienna) is an example of a multistage environmental
monitoring program (Asperger et al., 2001; Wagner & Stessl, 2021):

Level 1 is routine monitoring in which 1000 ml of product-associated liquid
samples (smear, brine, wash water) and/or drain water are microbiologically
analysed semiquantitatively for Listeria spp. Product-associated liquids may
indicate L. monocytogenes cross-contamination, while drain water harbouring
Listeria spp. can indicate processing facility contamination with potentially

persistent Listeria spp. exposed to sublethal stress due to disinfection residues.
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Level 2 is an interventional level. Once L. monocytogenes is detected in
environmental samples, sampling is increased from previously contaminated
sampling points and includes additional areas. To determine the extent of
contamination in the facility, food-lots are also analysed for L. monocytogenes.
Level 3 is the sanitation of the FPE, when investigations at level 2 confirm further
L. monocytogenes contamination. The sanitation should be systematic and guided
by external experts. This phase should include subtyping of recovered isolates to
identify contamination hot-spots within the FPE and detect in-house persistent
strains.

Level 4 is the confirmation of successfully established control measures through
intensive FPE monitoring and attempts to eliminate L. monocytogenes

contamination (Asperger et al., 2001; Wagner & Stessl, 2021).

Generally, samples from the FPE should include food-contact (e.g. cheese smear
or brine) and non-food contact samples (various equipment surfaces), liquid
samples (e.g. drain water) and swab samples of various surfaces (door handles,
floors, areas of water condensation, equipment). Swabbing is performed, using
either a stick swab for hard-to-reach small areas, or sponges, clothes or gauze
pads for larger areas. The sampled surface should ideally incorporate at least 10 x
10 cm? to increase the likelihood of L. monocytogenes detection. Sample
transportation needs to take place at a cool temperature (ideally 4 °C) and sample
processing should happen as soon as possible. Solid samples, such as food
samples are homogenised prior to further analysis. Guidelines for sampling a FPE
are provided by ANSES/EURL Lm (ANSES & EURL Lm, 2012). Furthermore, in
2018, ISO standard 18593 was published, providing a reference method on

horizontal methods for surface sampling (ISO, 2018).

1.3.2. L. monocytogenes and Listeria spp. isolation and identification

Listeria spp. detection traditionally involves a two-stage enrichment culture
followed by plating on a selective differential agar (Beumer & Curtis, 2012).

Internationally, the major culture-based reference methods for the isolation and
detection of L. monocytogenes from food are the FDA - Bacteriological and
Analytical Manual (BAM), the USDA-FSIS and the ISO 11290 methods (ISO,
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2017a; 1SO 2017b; https://www.fda.gov/food/laboratory-methods-food/bam-

chapter-10-detection-Listeria-monocytogenes-foods-and-environmental-samples-

and-enumeration;

https://www.fsis.usda.gov/news-events/publications/microbiology-laboratory-

quidebook; accessed on: 3 March 2022). These methods vary slightly, in the
enrichment media, plating media as well as procedural parameters (incubation
times, temperatures) employed. Regulatory bodies propose different selective
enrichment media for standard L. monocytogenes detection: Buffered Listeria
enrichment broth (BLEB) is recommended by the FDA-BAM for the isolation and
identification of L. monocytogenes. BLEB contains added disodium phosphate for
increased buffering capacity, which improves enrichment properties. Selective
agents (acriflavine, cycloheximide and nalidixic acid) are added to the medium
following an initial four hour non-selective enrichment (Law et al., 2015;
Magalhéaes et al., 2014). The USDA-FSIS isolation protocol foresees the use of
the University of Vermont (UVM) broth. UVM is suggested as primary enrichment
specifically for the recovery of heat-injured L. monocytogenes. In the second
enrichment step, nalidixic acid and acriflavine are added as selective agents.

The [ISO horizontal method for the detection and enumeration of
L. monocytogenes and of Listeria spp. is recommended in EC regulation
2073/2005 (EC, 2005). The I1ISO 11290 method is a prolonged culture-based
method, which includes a qualitative as well as a quantitative protocol (ISO
11290-1 and 2). Fraser broth is used as selective enrichment of
L. monocytogenes and Listeria spp. from food and environmental samples. Fraser
broth, based on the Fraser and Sperber formulation, is a modified UVM-broth,
whereby ferric ammonium citrate and lithium chloride are added. In the first, pre-
enrichment step, 25 g of the sample are used with 225 ml of half-strength Fraser
broth (HF) to revive injured Listeria spp. and dilute inhibitory compounds present
in the sample. For swab samples 50-100 ml HF are recommended. Incubation is
at 30 °C for 24 h. In the second enrichment step, the selective enrichment (full
Fraser, [FF]) nalidixic acid and acriflavine are added as selective agents. Selective
enrichment suppresses competing bacterial growth, while providing a nutritional
basis for the target pathogen, which enables isolation and detection. Then 0.1 ml
is transferred to 9 ml FF broth and incubated for 48 h at 37 °C (ISO, 2017a,
2017b). Incubation in the second enrichment step can be reduced to 24 h, which
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makes detection of presumptive L. monocytogenes or Listeria spp. possible within
48 h using Fraser broth (Fraser & Sperber, 1988; Gnanou Besse et al., 2016).

Differential plating media recommended by FDA-BAM, USDA or ISO for the
isolation of Listeria spp. include Oxford, modified Oxford (MOX), Polymyxin-
Acriflavine-Lithium-Chlorid-Ceftazidime-Aesculin ~ Mannitol  (PALCAM) and
chromogenic media, such as Listeria-Agar according to Ottaviani and Agosti
(ALOA) (Curtis et al., 1989; McClain & Lee, 1989; Ottaviani et al., 1997; van
Netten et al.,, 1989). In addition to selective agents, selective agar media also
contain indicator substrates that allow visual identification of Listeria spp. and
other bacteria (Manafi, 1996). While all Listeria spp. exhibit the same morphology
on selective agar plates containing ferric ammonium citrate and aesculin, such as
PALCAM or Oxford, Listeria spp. are distinguishable from each other on
chromogenic or blood agars (T. Johansson, 1998). Chromogenic agars contain
chromogenic substrates, e.g. in ALOA agar substrate for the detection of PI-PLC
and R-D-Glucosidase produced by L. monocytogenes and Listeria spp.
respectively or Rapid’L. mono Agar (a selective, chromogenic medium) PI-PLC
and Xylose (Ottaviani et al., 1997; Reissbrodt, 2004; https://www.bio-rad.com/de-
at/product/rapidl-mono-medium?ID=35bad7d6-36ac-4044-b859-d5febbda101a;
accessed on: 2 March 2022).

The ISO 11290-1 protocol requires the primary and secondary enrichment to be

streaked on differential and selective agar plates. ALOA agar and a second,
selective agar such as PALCAM are used and subsequently incubated at 37 °C
for 24-48 h. Typical L. monocytogenes or Listeria spp. colonies are then isolated
for further testing (ISO, 2017a). ISO 11290-2 describes the enumeration of
L. monocytogenes, whereby a 1:10 dilution of contaminated foods and samples in
HF broth or buffered peptone water is prepared, homogenised and incubated for
one hour at room temperature. 0.1 ml of the suspension is then plated on ALOA
agar and a second selective agar medium such as PALCAM. Incubation follows
for 24-48 h at 37 °C (ISO, 2017b).

Traditionally, identification of Listeria spp. has been performed by culture-based
reference methods using biochemical tests or phenotypic markers. These include
catalase testing, Gram-staining, tests for haemolysis (e.g. Christie—Atkins—Munch-
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Peterson - CAMP) or carbohydrate utilisation tests (Gasanov et al., 2005).
Commercially available identification kits such as Analytical Profile Index (API®)
Listeria have widely replaced these traditional identification methods due to simple
handling and rapid results (Bille et al., 1992). Following culture-based isolation
and DNA extraction, PCR-based identification of L. monocytogenes and Listeria
spp. is employed routinely. Conventional and real-time PCR protocols, reverse
transcription (RT)-PCR, microarray and isothermal amplification methods such as
loop-mediated isothermal amplification (LAMP) or nucleic acid sequence-based
amplification (NASBA) PCR protocols for L. monocytogenes and Listeria spp.
identification have been established (J. Q. Chen et al.,, 2017; Gasanov et al.,
2005; Law et al., 2015; A. Liu et al., 2018).

Examples for PCR targets in L. monocytogenes and Listeria spp. are the 16S
rRNA and 23S rRNA genes (Paillard et al., 2003; Sallen et al., 1996; R. F. Wang
et al., 1992), 16S/23S rRNA intergenic regions (Graham et al., 1997; Rantsiou et
al., 2008), hly (Furrer et al., 1991; Rodriguez-Lazaro et al., 2004), pIcA, plcB
(Jaradat et al., 2002; Volokhov et al., 2002), actA (Longhi et al., 2003; Oravcova
et al., 2006), prfA (Rossmanith et al., 2006; Ward et al., 2004; Wernars et al.,
1991), inlA and inIB (Jung et al., 2003), iap (Bubert et al., 1999) and further
L. monocytogenes or Listeria spp. specific genes (J. Q. Chen et al., 2017; D. Liu,
2006a).

Rapid test kits enable in-house testing in food production facilities and can be a
valuable addition to routine Listeria monitoring in external, fully equipped
laboratories. The tests most commonly used in these areas are based on
amplification and hybridisation techniques, immunological and cultural methods
(Valimaa et al., 2015; Wiedmann et al.,, 2014). The FSIS published a list of
foodborne pathogen test kits, which are validated by independent organisations
(Association of Official Agricultural Chemists [AOAC], French National
Organization for Standardization [AFNOR], MicroVal or NordVal), US regulatory
bodies (USDA-FSIS or FDA) or the ISO (USDA-FSIS, 2020).
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1.3.3. Subtyping

Subtyping is the method of discriminating bacterial isolates beyond the species or
sub-species level (Sandora et al., 2014). Subtyping is used in disease
surveillance, to detect outbreaks and to trace the outbreak source within the food
production chain. L. monocytogenes and other Listeria spp. are furthermore
subtyped to study the ecology, epidemiology, evolutionary genetics and strain or
subtype characteristics, e.g. virulence or stress resistance (Wiedmann, 2002;
Sabat et al., 2013; Datta & Burall, 2018). Differentiation by subtyping can be
based on the bacterial phenotype, employing conventional or phenotypical
methods or the genotype, using genetic or DNA-based methods. The latter has
seen substantial advances by the development of rapid and increasingly sensitive
methods throughout previous years (Datta & Burall, 2018). Depending on the
intended purpose and aim of Listeria spp. subtyping, certain criteria for subtyping
methods can help decide which subtyping method is best suited (Zunabovic et al.,
2011). These include the discriminatory ability (characterised for example by the
Simpson’s Index of Discrimination), reproducibility, cost, ease of application, the
available options for data management and standardisation to ensure international
comparability and the possibility of automation (Datta & Burall, 2018; Jadhav et
al., 2012; Wiedmann, 2002; Zunabovic et al., 2011).

1.3.3.1. Phenotypic methods
Conventional phenotypic subtyping methods include serotyping, phage typing and

multilocus enzyme electrophoresis (MEE) (Gasanov et al., 2005). The latter typing
methods have nowadays been widely replaced by genotypic methods, which
generally offer a higher degree of discriminatory power, epidemiological
concordance, reproducibility and typeability (D. Liu, 2006a; Wei & Zhao, 2021).
Biotyping and antimicrobial resistance profiling also fall into the category of
phenotypic subtyping techniques (Gebreyes & Thakur, 2010).

Serotyping was the first method employed for L. monocytogenes subtyping
(Seeliger & Hohne 1979). Serotyping is based on the flagellar (H) and somatic cell
wall (O) antigens and involves antisera to distinguish between at least 15 serovars
(see chapter 1.1.4.). Serotyping is nowadays used to a limited extent, e.g. in

reference laboratories, and has been predominantly replaced by genotypic
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subtyping methods (Seeliger & Hohne 1979; Liu 2006; Seeliger & Jones, 1986;
Wei & Zhao, 2021).

Phage typing was developed to discriminate between strains of the same serovar
(Rocourt et al., 1985). Phage typing uses the principle of bacteriophages being
able to invade and lyse specific bacterial cells. The susceptibility of bacteria to the
lytic action of a standard set of bacteriophages is tested and the phage type
determined according to the reaction (lytic plaque formation) of the bacterial
culture on the agar plate (Rocourt et al., 1985; Gasanov et al., 2005). Low
typeability of some L. monocytogenes strains and variability in results is a
drawback of the method, however the use of bacteriophages has increasingly
been researched as a method for L. monocytogenes biocontrol in FPE (Capita et
al., 2002; Gasanov et al., 2005; Kawacka et al., 2020; Rocourt et al., 1985).

MEE has been frequently used as a typing technique in population genetics
studies (Selander et al., 1986). The method is based on the principle of amino
acid sequence variations of enzymes resulting in different charges of the proteins,
which can be detected by different electrophoretic migration patterns of the
enzymes. Electrophoretic types can be deducted based on the velocity of
electrophoretic migration. Differences in the mobility directly translate to the gene
sequence encoding for the enzyme (D. Liu, 2006a). The method is relatively
simple, with lysis of bacterial cells, subsequent electrophoresis of the enzyme
extracts and staining of the enzymes (Selander et al., 1986; Tibayrenc, 2009;
Gasanov et al., 2005).

In biotyping, enzyme and carbohydrate testing is used for sub-species
discrimination. In both cases colour changes are an indicator for carbohydrate
fermentation or enzyme reaction. As one of the early subtyping methods
developed, it is nowadays used only infrequently, due to the low discriminatory
power in comparison to other genotypic and phenotypic methods (Gebreyes &
Thakur, 2010).

Antimicrobial susceptibility testing is performed to determine resistance patterns to
different classes of antimicrobials. Various methods have been established, e.g.
the disc diffusion, broth macro- and microdilution methods or automated systems
with microtiter plates containing lyophilised antimicrobial agents in different
concentrations, which are read in a photometer and analysed with specific
software (Khan et al., 2019). International agencies have published guidelines for
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MIC cut-offs, e.g. the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (https://www.eucast.org/ast_of bacteria/; accessed on: 4 March 2022).

Although antibiotic resistance is wusually not a concern in clinical

L. monocytogenes isolates, individual cases of resistant, including multi-resistant,
strains have been described. Hence testing the susceptibility of L. monocytogenes
strains to antimicrobials is used in clinical routine as well as in research settings
(Kuch et al., 2018).

1.3.3.2. Genotypic methods

Genotypic subtyping methods have gained importance over the last decades and
are today for the most part methods of choice for subtyping L. monocytogens and
Listeria spp. Especially the application of WGS-based methods for foodborne
bacteria subtyping has rapidly been gaining momentum in different settings (Baert
et al., 2021; Pietzka et al., 2019; Wei & Zhao, 2021).

Restriction digestion based subtyping methods include ribotyping and PFGE
(Wiedmann, 2002). Ribotyping is a molecular typing method, which makes use of
polymorphisms in the bacterial rRNA (Matloob & Griffiths, 2014). The technique
involves restriction digestion of Listeria chromosomal DNA with frequently cutting
enzymes such as EcoRlI, followed by separation of DNA fragments using gel
electrophoresis and subsequent Southern blot transfer and DNA hybridisation with
an E. coli derived rRNA gene probe (Matloob & Griffiths, 2014; Nadon et al.,
2001).

Due to its high discriminatory power, PFGE has been the gold standard for
subtyping L. monocytogenes for epidemiological studies in foodborne outbreaks
(Dalmasso & Jordan, 2015; Luque-Sastre et al., 2015). A standardised protocol by
the US CDC facilitates trans-national outbreak strain matching through PulseNet,
a network of public health and food regulatory laboratories using PFGE for
foodborne pathogen subtyping (CDC, 2017). In summary, the PFGE process
includes the lysis of L. monocytogenes in agarose plugs, followed by restriction
digest, which is performed with restriction enzymes such as Ascl and Apal
yielding between eight and 25 large DNA bands of 40—-600 kb in size. The DNA

fragments are then electrophoresed with alternating currents for at least 24 h
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resulting in DNA banding patterns, which allow subtype (pulsotype) classification
of strains. The discriminatory power of PFGE exceeds that of other molecular
subtyping techniques such as MLST and multilocus variable number of tandem
repeat analysis (MLVA), but one has to consider that PFGE is a multi-step,
laborious and time-consuming technique, which requires technical experience
(Ranjbar et al., 2014).

Methods such as amplified fragment length polymorphism (AFLP) and PCR-
restriction fragment length polymorphism (RFLP) combine restriction digestion
and PCR-based techniques (D. Liu, 2006a). AFLP is a technique for DNA
polymorphism detection. It comprises DNA digestion with two restriction enzymes
and ligation of the restriction fragments with double stranded adaptors. The
fragments are amplified by PCR. PCR products are then electrophoresed and
resulting patterns visualised (Keto-Timonen et al., 2003; Vos et al., 1995). In PCR-
RFLP, amplification of specific L. monocytogenes housekeeping genes or genes
associated with virulence (e.g. actA, inlA, hly) is followed by restriction enzyme
digest and agarose gel electrophoresis to achieve band patterns allowing
L. monocytogenes subtype identification (Jeffers et al., 2001; Rousseaux et al.,
2004; Wiedmann et al., 1997). PCR-RFLP has the advantage over AFLP that no
adaptor linkage is needed. When combined with other subtyping methods, PCR-
RFLP can provide discriminatory and reproducible results (D. Liu, 2006a).
PCR-based typing methods include random amplified polymorphic DNA (RAPD)
analysis, whereby short arbitrary primers (ca. 10 bp) are used in a PCR at low
annealing temperature (Farber, 1996). The resulting amplified products show
strain specific profiles of unknown DNA fragments after gel electrophoresis
(Mazurier & Wernars, 1992). The method is less discriminatory than other
subtyping techniques, however has been used due to its simplicity, low cost and
being rapid to perform (Jadhav et al., 2012; D. Liu, 2006a).

In REP- and ERIC-PCR either repetitive extragenic palindromes (REP) or
enterobacterial repetitive extragenic palindromes (ERIC) sequences are used as
primer binding sites (D. Liu, 2006a). L. monocytogenes genomes harbour multiple
repetitive sequences in different genomic regions. Following PCR amplification,
strain specific patterns are obtained, allowing subtype discrimination (Jersek et al.,
1999). Repetitive elements-based PCRs have been found to be a rapid and
simple addition to other subtyping techniques (Nyarko & Donnelly, 2015).
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L. monocytogenes serogrouping by multiplex PCR-based methods has been
widely replacing the conventional phenotypic serotyping (Chen & Knabel, 2007;
Doumith et al., 2004a). Also, these type of assays have been further developed to
accomplish L. monocytogenes grouping to one of the major clonal groups
(Chenal-Francisque et al., 2015).

L. monocytogenes strains can also be further discriminated by using PCR assays
targeting different L. monocytogenes genes. Various PCR assays to detect the
presence or absence of genes associated with virulence, e.g. listeriolysin S or
genes associated with persistence in food processing e.g. SSI-1 and SSI-2 or
Tn6188 have been developed (Cotter et al., 2008; Harter et al., 2017; Muller et al.,
2013; Ryan et al., 2010).

DNA sequence-based molecular methods include MLVA, MLST, microarray
techniques and WGS (D. Liu, 2006a).

Bacterial genomes harbour repeated short nucleotide sequences, so called
variable number tandem repeats (VNTRs), which differ in their location on the
genome, their size and structure (Van Belkum, 2007). MLVA is a technique to
detect differences in the number of tandem repeats at specific loci in the genome
of microorganisms (Murphy et al., 2007). In practice, a software-assisted selection
for the loci with highest allelic variations is conducted, then the repeat sequences
are amplified by PCR and fragments are subsequently separated on agarose gels.
Sequencing or electrophoresis are used to size the fragments (S. Chen et al.,
2011; Chitlapilly Dass et al., 2010). MLVA is a robust method with generally good
discriminatory power and option for high throughput. However, the method has
been lacking international harmonisation, a prerequisite to allow inter-laboratory
surveillance (Nadon et al., 2013).

MLST is useful to determine the ancestral and evolutionary relationship between
L. monocytogenes isolates based on genetic variations (Ragon et al., 2008).
MLST involves sequencing of seven housekeeping genes to detect allelic
polymorphisms. In L. monocytogenes these housekeeping genes are abcZ (ABC
transporter), bglA (beta glucosidase), cat (catalase), dapE (succinyl
diaminopimelate desuccinylase), dat (D-amino acid aminotransferase), Idh (L-
lactate dehydrogenase) and IhkA (histidine kinase) (Salcedo et al., 2003; Ragon

et al., 2008). For each of these loci every unique sequence is allocated a unique
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allele number. This denomination results in a seven digit allelic profile or a specific
ST number (Sabat et al., 2013). The allelic profile or ST number is compared to an
online database, e.g. the Institut Pasteur databases
(https://bigsdb.pasteur.fr/listeria/; accessed on: 4 March 2022). MLST has been

established for inter-laboratory comparison and has been widely used to study the

genetic relatedness of pathogenic bacteria (Maiden et al., 2013; Stessl et al.,
2021a).

In order to improve the discriminatory ability and to enable the detection of
outbreak clusters, L. monocytogenes MLST has been further developed in recent
years by including the analysis of additional genes, MVLST and WGS techniques
such as core or whole-genome MLST (cgMLST, wgMLST) (Y. Chen et al., 2007;
Gerner-Smidt et al., 2019; B. R. Jackson et al., 2016; Jadhav et al., 2012; Moura
et al., 2016; Ruppitsch et al., 2015).

DNA microarrays arrange thousands of DNA molecules of known sequence
(probes) on a matrix. They function based on the binding of complementary
sequences to each other (Gresham et al., 2008). In summary, DNA microarray
analysis consists of array fabrication, probe preparation, hybridisation on the
array, and data analysis. Fluorescently labelled target sequences interact with
specific immobilised probes. This interaction results in a signal whose strength
depends on the amount of target sample that binds to each of the probes (Gerner-
Smidt et al., 2019; Miller, 2011).

DNA microarrays can be applied to detect either DNA (e.g. in comparative
genomic hybridisation [CGH], or for single-nucleotide polymorphism [SNP]
analysis) or RNA, for measuring gene expression. The latter has been the most
prevalent application of DNA microarrays (Bumgarner, 2013). Different
approaches, including Listeria species identification (Bang et al., 2013; Call et al.,
2003; Hmaied et al., 2014; Volokhov et al., 2002), Listeria subtyping (Borucki et
al., 2004; Borucki et al., 2003; Call et al., 2003; C.Zhang et al., 2003), and studies
on virulence (Doumith et al., 2004b; Kazmierczak et al., 2003) and epidemiology
(Borucki et al., 2004; Laksanalamai et al., 2012a; Laksanalamai et al., 2012b)
using DNA microarray have been applied. DNA microarrays have been rapidly
replaced by WGS during recent years (Kwong et al., 2015). This is for the most
part due to optimisation and cost reduction in WGS technology, but also due to
limitations of the DNA microarray technique. The latter include the reliance upon
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annotations of a reference genome, which means that many genes in a test strain
not present in the reference genome might not be detected (Sabat et al., 2013).
When analysing highly repetitive regions, the efficiency of hybridisation can be
variable, leading to false positives. Also cross-hybridisation, i.e. hybridisation
between non-complementary sequences can occur, negatively affecting the
specificity (Bumgarner, 2013; Gresham et al., 2008).

Before WGS has been introduced for outbreak investigation and source tracing,
PFGE has been regarded as the gold standard for L. monocytogenes subtyping
(Swaminathan et al., 2001; Salipante et al., 2015). Although PFGE is still used
today in routine food safety and public health laboratories, as well as for tracing
L. monocytogenes contamination routes and persistence in FPEs, its resolution is
limited in comparison to WGS, because it exploits only a fraction of an isolates’
genetic information (CDC, 2017). The emergence of WGS in recent years has
enabled determination of nucleotide sequences of DNA molecules and of the
whole genome (Gerner-Smidt et al., 2019). Following the development of Sanger-
sequencing in the 1970s, the introduction of next generation sequencing (or
second-generation sequencing) in the early to mid-2000s has led to an increased
automation by massive parallel sequencing and a reduction in cost (Heather &
Chain, 2016). With further development of the technology and the introduction of
third generation sequencing, international efforts to standardise protocols have
increased, which has furthered the widespread use of WGS in food safety, clinical
and public health laboratory practice (Deng et al., 2016; Heather & Chain, 2016;
W. Li et al., 2021; Moura et al., 2017; Ronholm et al., 2016).

Giani et al. and Segerman recently reviewed currently used sequencing and
assembly methods. In short, the process of WGS involves DNA extraction from a
bacterial culture followed by purification of the DNA. The DNA is sheared into
short fragments, either by enzymes or mechanically. Subsequent amplification of
the fragments generates the DNA library, which is then loaded onto a sequencer.
The sequencer reads the nucleotide combination of each DNA fragment and
generates millions of DNA reads. After quality analysis of the reads, bioinformatic
tools are employed to assemble the reads to contigs (consecutive sequences). A
genome can either be recreated with no prior knowledge, using de novo sequence
assembly, or by mapping against a known and closely related reference genome
(Giani et al., 2020; Segerman, 2020).
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The selection of a sequencing pathway should be carefully considered, based on
the bacterial species at hand, the intended analysis and study goals as well as on
the available laboratory resources (Seth-Smith et al., 2019).

For short-read WGS (50-400 bp), as used for sequencing bacterial genomes, the
sequencing-by-synthesis approach, offered by lllumina (e.g. MiSeq, HiSeq or
NovaSeq) or lon Torrent semi-conductor sequencing (PGM, S5, Proton), are

examples for currently available platforms  (https://www.illumina.com;

https://www.thermofisher.com/at/en/home/life-science/sequencing/next-

generation-sequencing.html; accessed on: 4 March 2022). lllumina systems offer

short read lengths of high accuracy and good throughput, however the initial
investment costs are higher compared to other sequencing platforms. The lon
Torrent product line offer rapid sequencing at relatively low initial and operating
costs. A weakness however is the inaccurate length detection of homopolymers,
which can hinder detection of genomic variations (Besser et al., 2018).

In recent years, third generation sequencing technologies, such as Oxford
Nanopore long read sequencing or single-molecule real-time (SMRT) sequencing
by Pacific Bioscience have become available (Cao et al., 2017;

https://nanoporetech.com/applications/dna-nanopore-sequencing;

https://www.pacb.com/smrt-science/smrt-sequencing/; accessed on: 4 March

2022). Genome assemblies generated from next-generation sequencing are
usually fragmented due to the short reads. To overcome this issue, platforms
generating longer reads have been introduced. These technologies allow rapid
sequencing of single DNA-molecules and determination of the base sequence of
very long DNA molecules (commonly 10-30 kb) in one piece (Giani et al., 2020).
Thus, the platforms are well suited for de novo sequencing and for generating
finished (reference) genomes of high quality. The long read length results in
higher error rates, which make error correction at the assembly step necessary. A
high number of subreads can also help to lower the error rate (Besser et al.,
2018).

There are currently a number of different approaches to compare genome
sequences for foodborne outbreak investigation. The most common approaches
are i) cgMLST, taking into account thousands of genes present in isolates of a
species or genus, ii) wgMLST, taking into account all genes including the variable
additional genes of a species and iii) reference mapping of SNPs (Kovac et al.,
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2017; Pérez-Losada et al., 2018; Schurch et al., 2018). With SNP-based methods,
all differences that occur in comparison to the reference genome are recorded,
while with cg/wgMLST only allele differences are taken into account without
differentiating the number and type of mutations between the isolates under
comparison. Therefore, a higher resolution can be achieved with the SNP analysis
than with cg/wgMLST (Halbedel et al., 2018). An advantage of cg/wgMLST is the
availability of nomenclature schemes that allow the creation of a unique
identification of the sequence under analysis, which can be easily communicated
between laboratories, without the need to exchange raw sequence data. However,
this requires the use of a centrally managed and continually updated
nomenclature (Nadon et al., 2017). WGS data can also be used to investigate
isolates e.g. for virulence genes, resistance genes of genes that play a role in
biofilm formation and other markers of functional properties (Ronholm et al.,
2016). With gene-by-gene approaches as well as SNP mapping, the results are
only comparable if generated with the same or equivalent software programs,
algorithms and identical parameter settings. Specifically, evaluation programs for
cluster detection using cgMLST or SNP analysis offer multiple options, which
makes direct comparison of WGS results between laboratories difficult. Also, at
present, comparative analysis of isolate sequences cannot be carried out
decentralised (Luth et al., 2018). There is now a working group established at ISO
(ISO TC34/SC9/WG25), tasked with developing an international standard for the
application of WGS for typing and genomic characterisation of foodborne
pathogens (https://www.iso.org/standard/75509.html; accessed on: 4 March
2022). For L. monocytogenes cgMLST there is still a need for coordination to
make data directly comparable between laboratories using different schemes.
However, it has been shown that the two most commonly used cgMLST schemes
acc. to Moura et al. and Ruppitsch et al. lead to highly consistent results (Moura et
al., 2016; Ruppitsch et al., 2015; Walle et al., 2018).

2. AIM AND HYPOTHESES

Recurrent L. monocytogenes contamination in dairy processing environments and

the identification of L. monocytogenes contamination routes as well as the rarely
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studied fate of L. innocua in dairy processing environments were the cornerstones

of the studies conducted within this thesis.

The aim of the first study phase was to (i) analyse L. monocytogenes
contamination patterns over three vyears, (ii) trace potential sources of
contamination in a dairy processing facility and to iii) further characterise
L. monocytogenes strains by genotypic subtyping (PFGE and MLST), disinfectant
susceptibility testing and assessing the survival of recovered L. monocytogenes
strains in food matrix. Furthermore results from this analysis were aimed to iv)
advice the FBO on intervention strategies to help reducing L. monocytogenes

contamination in the production environment.

Figure 1: Overview of the studies conducted within this thesis

Study phase I: prospective study Study phase ll: retrospective study
3-year longitudinal sampling Listeria monitoring data
Food lot control n=5 facilities
Staff clothing n=81 L. monocytogenes
Food contact surfaces n=139 L. innocua
Non-food contact surfaces 23-year period

Detection and confirmation
1SO 11290-1; Asperger et al., 2001; Wagner & Stessl, 2021
PCR (iap, hiy)
]
Subtyping
PCR-serotyping {Doumith et al., 2004)
PFGE (CDC PulseNet International)
MLST {Institut Pasteur)

]
Characterisation
SSI-1, SSI-2 [Ryan et al., 2010; Hein et al., 2011)
Disinfectant susceptibility testing

RFLP-inlA profiling (Rousseux et al., 2004)
Survival in fresh cheese

e ~N

Biochemical profile (API Listeria)

Paper 2
Predominance of distinct Listeria Innocua and
Listeria Monocytogenes in recurrent contamination
events at dairy processing facilities

Paper 1
L. monocytogenes in a cheese processing facility: Learning from
contamination scenarios over three years of sampling

The aim of the second study phase was to i) characterise L.innocua and

L. monocytogenes isolated from FPEs and cheese products from five dairy
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processing facilities by geno- and phenotypic subtyping to ii) gain insight into

L. innocua ability to adapt and potentially persist in L. monocytogenes-colonised

dairy FPEs. The outline of the study is shown in Figure 1.

Based on current scientific evidence, the studies were designed to test the

following hypotheses:

Study phase | (Paper 1):

Initial entry of L. monocytogenes into a processing facility is caused by raw
material.

L. monocytogenes contamination of product occurs due to the sudden
detachment of biofilm from equipment during production (i.e. sloughing
effect).

Transmission of L. monocytogenes within the processing facility is due to
the violation of manufacturing workflow from raw product processing to
areas of higher hygiene requirements.

L. monocytogenes recurrently recovered from FPE have specific geno- or
phenotypic traits, which allow certain strains to better adapt to FPEs.
Dilution of applied disinfectants by stagnant water in the FPE triggers
biocide tolerance in L. monocytogenes.

FPE monitoring for L. monocytogenes is necessary for controlling the
contamination.

Fresh cheese is a RTE food product able to support the growth of

L. monocytogenes.

Study phase Il (Paper 2):

L. innocua is more prevalent in dairy processing environments than
L. monocytogenes.

L. innocua contamination in a production facility can serve as an index
organism for L. monocytogenes contamination.

L. innocua and L. monocytogenes recurrently recovered from FPE have
specific geno- or phenotypic traits, which allow certain strains to better
adapt to FPEs.
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e Dairy processing environments provide harbourage sites, where Listeria
spp. can successfully establish, which subsequently leads to recurrent
isolation.

e L.innocua as well as L. monocytogenes strains recurrently isolated from

FPEs exhibit decreased disinfectant susceptibility.

3. MATERIALS AND METHODS

The present thesis is based on a two-tiered methodical approach. In phase |, a
prospective sampling approach was chosen to determine changing patterns of
L. monocytogenes contamination within a cheese production facility. Each
sampling was followed by culture based detection, isolation, determination and
subtyping of Listeria spp. For phase Il of the study, L.innocua and
L. monocytogenes isolates were retrospectively selected, and subtyped to screen
for genetic and phenotypic characteristics that might contribute to the adaptation
of the strains to cheese processing environments.

The selected isolates were collected in a strain set. An overview of the two study

phases and the following methodical steps is provided in Figure 1.

3.1.Sampling (Paper 1)
For this study, samples were collected over a period of almost three years (from 1
June 2010 to 20 February 2013) at an Austrian cheese production facility
manufacturing a wide range of fresh cheese and semi-hard cheese products,
made from pasteurised cow’s, ewe’s and goat’s milk. When the company was
founded about two decades ago, it was an artisanal dairy. The main production
premise of the company consisted of an old building, which had previously been
used as an abattoir. When the product range was enlarged and the dairy grew to
a medium sized enterprise, with steadily increasing sales and export activity, an
additional building was constructed in the years 2010-2011. The sampling of the
cheese production facility in 2010 was initiated to investigate the source of a
sporadically occurring L. monocytogenes contamination in cheese samples.
Therefore, an extensive sampling of the FPE according to a sampling plan was

carried out. During the sampling period, the sampling plan and the scope of
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analyses performed were adapted according to the changing circumstances in the
production plant. When we noticed that the one-way principle from raw material
processing to finished product areas was frequently violated, and there was heavy
(re)contamination with L. monocytogenes during construction work, employee
training and process improvements were implemented. The sampling plan was
modified also to monitor the adapted cleaning and disinfection routines.

After the construction works, the cheese production plant consisted of the
following departments:

e department | included rooms for the preparation of raw material, a cooling
chamber and an office,

e department Il consisted of several rooms for the preparation of different
types of cheese (e.g. fresh cheese production, ripening room, yogurt
production) and

e department Ill was also used for the preparation of raw material.

An outline of the cheese processing facility can be found in the original paper
(Paper 1), enclosed in Annex Il of this thesis.

Overall, 1284 samples from the FPE were collected for further analysis, which
included swab samples from fillers, conveyor belts, tables, slicers, mixers and
molds (FCS, n=393), swabs from floors, drains, transport boxes and trolleys
(NFCS, n=615) and drain water as well as swab samples associated with work
clothing, e.g. shoes and aprons (FPE, n=276). In addition, 71 L. monocytogenes
isolates from raw materials and final products were available from the district
laboratory.

A surface of up to 10 x 10 cm? of floors and walls, NFCS and FCS was swabbed
by using sterile sponge sticks, hydrated in 10 ml Buffered Peptone Water (3M, St.
Paul, Minnesota, USA). Drain water samples and other liquid samples were
collected with a sterile syringe (Omnifix®, Braun Melsungen AG, Melsungen,
Germany) and transferred into sterile polypropylene (PP) bottles (Thermo Fisher
Scientific Inc., Waltham, Massachusetts, USA).

The samples were kept in cooling boxes at 4 °C for the transport to the laboratory
of investigation (Unit of Food Microbiology, University of Veterinary Medicine

Vienna, Austria). The final cheese products were routinely subjected to food lot
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control at the local district laboratory according to ISO 11290-1. Raw materials

were analysed on a sample basis by the local district laboratory.

3.2.Selection of isolates (Paper 2)

L. innocua and L. monocytogenes isolates for this study were selected from the
collection of Listeria spp. isolates at the Unit of Food Microbiology (University of
Veterinary Medicine Vienna, Austria). The isolates deposited in this collection
have been obtained by analysing samples from Austrian cheese production
facilities within the Austrian Listeria monitoring program according to the ISO
11290-1 protocol and as described by Asperger et al. and Wagner and Stessl
(Asperger et al., 2001; ISO, 2017a; Wagner & Stessl, 2021).

Isolates were selected from the collection if they met the following inclusion
criteria:

e In a first step, isolates from cheese producers with a history of L. innocua
and L. monocytogenes contamination in the processing environment were
chosen.

e In a further step, L. monocytogenes strains previously found to persist in
the processing environment were added to the set of isolates (Stessl et al.,
2014).

In total 139 L. innocua and 81 L. monocytogenes isolates from five Austrian
cheese-producing facilities were chosen for further analysis. A detailed schematic
representation of the selection process of L. innocua and L. monocytogenes

isolates for this study is shown in Figure 2.

The selected isolates originated from samples analysed between the years 1987
and 2010 from five Austrian cheese production companies (Producers A-E).
Producer A produced primarily grated, sliced semi-hard cheese and cheese
ripening was another line of production, producers B and C each produced a
range of white milk and fresh products as well as a semi-hard and hard cheese
product line, producer D produced a range of semi-hard and red smear cheeses,

and producer E produced sour milk cheese.
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The isolates were obtained from cheese samples, raw material, product
associated samples (i.e. surface ripening culture, enrichment), product associated
liquids (i.e. smear, brine), from FCS as well as from NFCS, and environmental

liquids samples (i.e. floor water, drain water).

Figure 2: Selection process of L. innocua and L. monocytogenes isolates obtained from

five Austrian dairy and cheese producers

Listeria spp. isolate collection at UFM, UVM

Selection of L. innocua isolates from producers with known,
recurrent L. innocua contamination in the FPE and/or product
n=139

Selection of L. monocytogenes isolates from producers with
known, recurrent L. monocytogenes contamination
in the FPE and/or product
n=12

Selection of L. monocytogenes strains previously found to persist
in the FPE
n=69

Subtyping of L. innocua (h=139) and
L. monocytogenes (n=81) isolates,
total n=220

Abbreviations: UFM: Unit of Food Microbiology; UVM: University of Veterinary Medicine Vienna, Austria.

3.3.Culture based detection (Paper 1 and 2)
Swab samples were enriched in 50-100 ml of HF (Biokar Diagnostics, Beauvais
Cedex, France) and analysed according to the ISO 11290-1 protocol (ISO,
2017a). Liquid samples were centrifuged at 11,305 g for 30 minutes (Beckman
Coulter GmbH, Krefeld, Germany). The sediment was transferred to 1000 ml of
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HF. The liquid samples were also investigated semi-quantitatively following the
protocol for Listeria spp. detection of the Austrian Listeria Monitoring at the Unit of
Food Microbiology (University of Veterinary Medicine Vienna, Austria) (Asperger
et al., 2001; Wagner & Stessl, 2021).

Therefore, 100 ml, 10 ml and 1 ml of each liquid sample were enriched 1:10 in HF.
Following incubation for 24 h at 30 °C, 0.1 ml HF was transferred into 10 ml FF
(Biokar Diagnostics) and incubated for 48 h at 37 °C. HF and FF enrichments
were each streaked onto ALOA (Merck KgA, Darmstadt, Germany) and PALCAM
agar (Biokar Diagnostics). The applied process for food, liquid and swab sample

processing are shown in Figure 3.

Figure 3: Sample processing and Listeria spp. detection approach

Food samples Liquid samples Swab samples

Stomacher bags Sterile syringes/sterile PP-bottles Sterile sponge-sticks

600 ml liquid sample
Centrifugation 30 min 11,305 g

homogenisation
+225 ml (Vidas)

homogenisation
4225 ml (Vidas)

Qualitative Quantitative Swabbing of up to 10 x 10 cm?
approach: approach: |
25 g sample 10 g sample

Semi-quantitative approach:
I. Sediment transfer to 1000 ml HF

enrichment enrichment 1. 100 ml sample : 900 ml HF +50-100 ml HF
1Il. 10 ml sample : 90 ml HF
IV. 1 ml sample : 9 ml HF
1ISO 11290-1 1ISO 11290-2 1ISO 11290-1 1ISO 11290-1
Food lots

In case of study phase | (Paper 1) raw materials and products were tested for
Listeria spp. by the local district laboratory using a VIDAS® Listeria DUO test kit
I'Etoile, positive  for

(bioMerieux, Marcy France). Food Ilots found
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L. monocytogenes were further quantified applying the ISO 11290-2 enumeration
on ALOA agar (ISO, 2017b).

In case of study phase Il (Paper 2) Listeria spp. detection using the above
described method was accomplished immediately after sampling and isolation
between the years 1987 and 2010.

3.4.Isolation and confirmation of Listeria spp. (Paper 1 and 2)

Listeria spp. suspect colonies were collected from ALOA (turquoise with and
without surrounding halos) or PALCAM agar (concave grey-green colonies
surrounded by black halos) for further confirmation by PCR.

One Listeria spp. colony was dispersed in 100 pl 0.1 M Tris-HCI buffer (Sigma
Aldrich, St. Louis, Missouri, USA). Additionally, the whole agar surface was
swabbed and dispersed in 1 ml 0.1 M Tris-HCI buffer (Sigma Aldrich). A DNA
isolation protocol using Chelex® 100-Resin (BioRad, Hercules, California, USA)
described by Walsh et al. was followed on the bacterial suspensions prior to PCR
(Walsh et al., 1991). Listeria species were confirmed by a multiplex PCR
according to Bubert et al., targeting the invasion-associated protein p60 (iap)
gene. The iap genes within the species Listeria have conserved gene portions at
the 5’ and 3’ ends. However, the internal gene portions are species-specific and
therefore allow for the differentiation of L. monocytogenes, L. innocua, L. grayi,
and the three grouped species L. ivanovii, L. seeligeri, and L. welshimeri (Bubert
et al., 1999). The species-specific PCR-amplicons were subsequently
distinguished by size comparison in agarose gel electrophoresis. For this purpose
the gel was prepared by dissolving 1.5 g of agarose (Sigma Aldrich) in 100 ml 1 x
Tris-Borat EDTA buffer (TBE; Sigma Aldrich) over heat and 3.5 pl of SYBR Safe
(Invitrogen, Lofer, Austria) were mixed in for staining. The amplicons (10 ul),
together with 3 yl of loading buffer (33% glycerine, 0.07% bromophenol blue; MBI
Fermentas, St. Leon-Rot, Germany) were applied to the gel slots. The agarose gel
was subjected to electrophoresis for 30 minutes at 120 V. Bands were visualised
by ultraviolet light using Gel Doc 2000 (Bio-Rad Laboratories, Inc., Hercules,
California, USA).

In study phase Il (Paper 2) the biochemical profile of the L.innocua and
L. monocytogenes isolates was determined using the API®-Listeria system

(Biomérieux, Marcy I'Etoile, France).
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3.5.Subtyping and characterisation of L. monocytogens and L. innocua
The isolates were serogrouped by PCR and subjected to PFGE and MLST. The
following subsections detail the subtyping techniques used and describe the
further analyses performed to characterise the geno- and phenotype of the

recovered L. monocytogenes and L. innocua isolates.

3.5.1. L. monocytogenes serogroup determination (Paper 1 and 2)

L. monocytogenes serogroups were determined by a multiplex PCR according to
Doumith et al. This PCR allows for differentiation between the four major
L. monocytogenes serovars 1/2a, 1/2b, 1/2c and 4b by separating them into four
distinct groups. Serovars 1/2a and 3a form group 1 with only the Imo0737 DNA
fragment being amplified. Group 2 comprises serovars 1/2c and 3c with the DNA
fragments Imo0737 and Imo1118 being amplified. Group 3 comprises serovars
1/2b, 3b, 7 (only open reading frame [ORF]2819 DNA fragment amplified) and
group 4 is made up of serovars 4b, 4d and 4e (with ORF2819 and ORF2110
amplified). As an internal amplification control, prs, which is specific to all Listeria

species was used (Doumith et al., 2004a).

3.5.2. PFGE (Paper 1 and 2)

PFGE subtyping of L. innocua and L. monocytogenes strains was performed
according to the latest PulseNet protocol (CDC, 2017). An overnight culture of
L. innocua and L. monocytogenes strains was grown on Tryptic Soy Agar with 6%
yeast (TSA-Y), (Merck KgA) at 37 °C. Culture material was picked from the agar
plates and adjusted to an optical density (OD) of 1.00 in 2 ml Tris-EDTA (TE;
Sigma-Aldrich). To fabricate plugs, 40 ul of lysozyme (Sigma-Aldrich) were mixed
with 400 pl of cell suspension (10 mg/ml) and incubated at 56 °C for 30 minutes.
Then 20 ul of Proteinase K (20 mg/ml; Lonza Group Ltd. , Basel, Switzerland)
were added and mixed with 400 pl melted 1% SeaKem Gold agarose (Lonza
Group Ltd.). The mixture was pippeted into plug mould wells and solidified at room
temperature for 20 minutes. To make the bacterial DNA inside the plugs available
for enzyme digest, the bacterial cells were disrupted in a cell lysis step. The

agarose plugs were lysed overnight in 5 ml of cell lysis buffer (50 mM Tris : 50 mM
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EDTA, pH 8.0 + 1% Sarcosyl; Sigma-Aldrich) containing 25 pl Proteinase K (stock
solution 20 mg/ml) in a shaking (175 rpm) water bath at 56 °C. To remove
proteinase K, cell debris, lytic enzymes or proteases which may interfere with
DNA digestion, the plugs were washed at 50 °C twice with 10 ml sterile grade
water (Mayrhofer Pharmazeutika, Leonding, Austria) and three times with TE
buffer (10mM Tris : 1 mM EDTA, pH 8.0; Sigma-Aldrich). The plugs were stored in
the refrigerator in 5 ml TE buffer.

DNA macrorestriction digest was accomplished with 50 U Ascl (Thermo Fisher
Scientific Inc.) at 37 °C and with 50 U Apal (Thermo Fisher Scientific Inc.) at 30 °C
for 4 h per plug. Salmonella Braenderup isolate H9812 was used as a size
standard to enable the establishment of reference positions within the pattern and
to allow normalisation of different images of the PFGE patterns in the analysis
software. DNA macrorestriction digest of the size standard strain was
accomplished using 50 U Xbal (Thermo Fisher Scientific Inc.) and incubation at
37 °C for 4 h.

Restricted DNA was separated in a 1% SeaKem Gold agarose gel (Lonza Group
Ltd, Basel, Switzerland) in 0.5 x TBE at 6 V/cm in a CHEF-DR® Il Pulsed Field
Electrophoresis System (Bio-Rad Laboratories). A linear ramping factor with pulse
times from 4.0 to 40.0 s at 14 °C and an included angle of 120° was applied for
22-22.5 h. The gel was stained with ethidium bromide (Sigma Aldrich) and digitally
photographed with Gel Doc 2000 (Bio-Rad Laboratories, Inc.). The Tag Image File
Format (TIFF) images were compared using BioNumerics 6.6 software (Applied
Math NV, Sint-Martens-Latem, Belgium), and normalised using the PFGE global
standard Salmonella Braenderup isolate H9812. Pattern clustering was performed
using algorithms within Fingerprinting Il Cluster Analysis. Specifically, the
unweighted pair group method using arithmetic averages (UPGMA) and the Dice
correlation coefficient was applied with a position tolerance of 1.0%. In order to
identify indistinguishable PFGE types, a Dice coefficient similarity of 100% was
used. PFGE patterns with no fragment difference were considered
indistinguishable and patterns with two to three fragment differences were

interpreted as closely related PFGE types (Tenover et al., 1995).
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3.5.3. MLST (Paper 1 and 2)

Nucleotide differences of the seven housekeeping loci acbZ, Imo2752 (ABC
transporter), bglA, Imo0319 (betaglucosidase), cat, Imo2785 (catalase), dapE,
Imo0265 (succinyl diaminopimelate desuccinylase), dat, Imo1617 (D-amino acid
aminotransferase), Idh, Imo0210 (L-lactate dehydrogenase), and IhkA, Imo1508
(histidine kinase) were analysed by MLST according to Ragon et al. (Ragon et al.,
2008). Primers used and PCR amplification conditions can also be found at the

Institut Pasteur MLST dedicated website (https://bigsdb.pasteur.fr/listeria/primers-

used/; accessed on: 4 March 2022). Amplified products were sequenced using
primers with universal sequencing tails (oF: GTT TTC CCA GTC ACG ACG TTG
TA; oR: TTG TGA GCG GAT AAC AAT TTC; LGC Genomics, Berlin, Germany).
Allele-specific sequences were submitted to the Institute Pasteur sequence and
profile database

(https://bigsdb.pasteur.fr/cqi-bin/bigsdb/bigsdb.pl?db=pubmist listeria seqdef;
accessed on: 4 March 2022).

Different sequences for each of the seven housekeeping genes were assigned to

allelic numbers, which were combined to form an allele profile and subsequently
used to determine STs. The STs of L. monocytogenes and L. innocua determined
in this study were compared with MLST profiles stored in the Institute Pasteur
MLST database to assess their global relevance and previous isolation sources
(https://bigsdb.pasteur.fr/cqi-bin/bigsdb/bigsdb.pl?db=pubmist_listeria_isolates;
accessed on: 4 March 2022).

In study phase | (Paper 1) allelic profile data was subjected to a split

decomposition analysis based on the seven housekeeping genes analysed, using

a web version of SplitsTree (Huson & Bryant, 2006).

3.5.4. Screening for SSls (Paper 1 and 2)

Sporadically and recurrently isolated L. monocytogenes strains (n=15) were
screened for the presence of the SSI-1 in study phase I. In study phase Il
L. innocua and L. monocytogenes strains were screened for SSI-1 and SSI-2
according to Ryan et al. and Hein et al. SSI-1 is a 9.7 kb fragment and comprises
five L. monocytogenes EGDe genes: Imo0444, Imo0445, Imo0446 (pva), Imo0447
(gadD1) and Imo0448 (gadT1). The corresponding genomic region in
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L. monocytogenes strains lacking the SSI (SSI-17; e.g. in L. monocytogenes
F2365) is an ORF transcribed in the opposite direction of 1.1 kb length. SSI-2 is a
2.2 kb fragment and consists of the SSI-1 homologous L. innocua lin0464 and
lin0465 genes (Harter et al., 2017; Hein et al., 2011; Ryan et al., 2010).

Primers Imo0443 Fwd and Imo0449 Rev were used to amplify the target region
(Ryan et al., 2010). PCR for the detection of SSI-1* and SSI-1" was performed
using 0.2 uyM of each primer, 2 mM MgCI2, 1 mM deoxynucleoside triphosphates
(dNTPs), 25 U long range DNA polymerase, 10x PCR buffer, diethyl
pyrocarbonate (DEPC)-treated water (Thermo Fisher Scientific Inc.) with 2 uL
DNA template in a final volume of 25 pyL. PCR for the detection of SSI-2 slightly
differed from the SSI-1 PCR reaction: 1 U Platinum Taq DNA Polymerase and 1
ML DNA template in a final reaction volume of 25 uL was used. PCR was carried
out in a GeneAmp PCR System 9700 (Applied Biosystems, Foster City, California,
USA). PCR products were subjected to gel electrophoresis on a 1% agarose gel
containing 1x Tris-Acetate-EDTA (TAE) buffer and SYBR Safe (Paper 1) and
1.5% agarose gel containing 0.5 x TBE buffer and 3.5 yL peqGREEN DNA gel
stain (VWR International, Radnor, Pennsylvania, USA) (Paper 2). The DNA
ladders Thermo Scientific™ GeneRuler™ 100 bp and 1 kb plus (Thermo Fisher

Scientific Inc.) were applied for sizing.

3.5.5. Disinfectant and cleaner susceptibility testing (Paper 1 and 2)

The MIC of various disinfecting agents and industrial cleaners against six
recurrently isolated L. monocytogenes in study phase | (Paper 1) and ten
recurrently isolated L. innocua and L. monocytogenes in study phase Il (Paper 2)
was determined by an agar spotting test according to Mereghetti et al. (Mereghetti
et al.,, 2000). L. monocytogenes and L. innocua were grown on Mueller—Hinton
agar at 37 °C overnight (Thermofisher, Oxoid Ltd., Hampshire, UK). Bacterial
suspension was adjusted to a turbidity of 0.5 McFarland U and 5 pL of the
suspension were spotted onto Mueller— Hinton agar (7.5 x 10° cfu/spot),
containing the disinfectant or cleaner to be tested.

Disinfectant compounds tested in study phase | included peracetic acid (PAA),
BC, hydrogen peroxide (H202) (all Sigma-Aldrich, St. Louis, Missouri, USA),

65



multiple composite disinfectants Prodesan PE 15 (composition: H,0O,, acetic and
peracetic acid) and Weiquat (QAC) and industrial cleaners Citrosan SR (acidic),
Rimalkan SR mild (alkaline) (the latter four Tensid Chemie, Muggensturm,
Germany). Concentrations tested ranged from 31.3 to 2500 mg/l for PAA, H;0,,
Prodesan PE 15, and Citrosan SR, from 3.9 to 2500 mg/I for BC and Weiquat |,
and from 1250 to 25,000 mg/l for Rimalkan SR mild. This included working
concentrations of disinfectants and cleaners applied in the cheese processing
facility.

In phase Il of the study the following disinfectants were used for MIC
determination: PAA, BC, H,O,, sodium hypochlorite (NaOCI) and isopropanol (all
Sigma-Aldrich). Concentration ranges of the disinfectants tested were 31.3—1000
mg/L for PAA and H;0,, 0.5-1000 mg/L for BC and 125-10,000 mg/L for NaOCI.
Agar plates were incubated at 37 °C for 24-48 h. The MIC was evaluated
following incubation and recorded as the lowest concentration of the tested
disinfectant or cleaner preventing growth of the spotted bacteria. All experiments
were carried out in duplicates. Mean MIC values were calculated in Excel

(Microsoft Corporation, Redmond, Washington, USA).

3.5.6. PCR-RFLP (Paper 1)

A PCR- RFLP method for the detection of L. monocytogenes point mutations in
the 733 bp fragment inlA gene was performed on a selection of 15
L. monocytogenes isolates according to Rousseaux et al. (Rousseaux et al.,
2004). This PCR-RFLP method allows the identification of L. monocytogenes
strains that express a truncated inlA, which hinders adhesion to epithelial cells.
Therefore, 1 ul of amplified DNA was digested for 1 h with 10 U of the restriction
enzyme Alul (Thermo Fisher Scientific Inc.). An inactivation step was performed
after 20 minutes at 65 °C on a Thermomixer (Eppendorf Austria GmbH, Vienna,
Austria). The restricted fragments were electrophoresed on a 2% agarose gel
(Sigma Aldrich) for 1.5 h in 1 x TBE buffer (Rotiphorese®, Carl Roth GmbH + Co.
KG., Karlsruhe, Germany) with 3.5 pyl of SYBR Safe (Invitrogen) for staining.
Bands were visualised by ultraviolet light using Gel Doc 2000 (Bio-Rad
Laboratories, Inc.).
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3.5.7. Artificial L. monocytogenes contamination experiments in fresh

cheese (Paper 1)

When in doubt, determining whether a RTE product is unable or able to support
the growth of L. monocytogenes is important, because different regulatory limits
apply to either category according to EC regulation No. 2073/2005 (see Table 4).
Fresh cheese may support the growth of L. monocytogenes because of pH-values
= 5.0 and a,, = 0.94. To further test this hypothesis, fresh cheese was artificially
inoculated to investigate the ability of L. monocytogenes to survive and grow in
this matrix.

The cheese samples were provided by the manufacturer and were tested negative
for the presence of Listeria spp. before inoculation according to ISO 11290-1 and
2 (ISO, 2017a, 2017b). A graphical overview of the experiment is given in Figure
4. For inoculation of the fresh cheese L. monocytogenes strains were grown in
Brain Heart Infusion (BHI; Merck KgA) and a serial dilution in sterile Ringer’s
solution was prepared up to dilution 10”. Fresh cheese samples were inoculated
with two different spike levels (level 1: 0.4-4 cfu/g and level 2: 4-40 cfu/g) of two
different L. monocytogenes strains (FCP7, PCR serogroup 1/2b, 3b, ST5 and
FCP9, PCR serogroup 1/2c, 3c, ST9) and longitudinally (at days 0, 7, 14)
surveyed for the presence/absence of L. monocytogenes. The inoculated fresh
cheese batches were incubated at 8 °C and 16 °C respectively throughout the
experiment.

At days 0, 7 and 14 of the experiment the pH (pH 526, WTW, Weilheim, Germany)
and the a,, (LabMaster-aw, Novasina AG, Lachen, Switzerland) of the cheese
samples was recorded. The samples were investigated following ISO 11290-2
protocol (ISO, 2017b) by plating each 1 ml of initial suspension (1:10) onto three
plates of ALOA agar at days 0, 7 and 14. In addition; the ISO 11290-1 protocol
was followed for qualitative investigation of the samples (ISO, 2017a): 25 g were
diluted with 225 ml HF and homogenised for 180 seconds in a Stomacher 400
(Seward Inc., West Sussex, UK).

The samples were incubated for 24 h at 30 °C and subsequently 0.1 ml of the

primary enrichments were transferred to 10 ml FF and incubated for 48 h at 37 °C.
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Figure 4: Experimental procedure for the determination of L. monocytogenes growth

potential in fresh cheese

Inoculation of fresh cheese samples with L. monocytogenes
strains at two levels (L1: 0.4-4 cfu/g and L2: 4-40 cfu/g)

L1 FCP7 L1 FCP9 L1 FCP7 L1 FCPS

L2 FCP7 L2 FCP9 L2 FCP7 L2 FCP9

Inoculation of fresh cheese samples stored at 8 °C and 16 °C

Day O
I
[ ]
ISO 11290-1 ISO 11290-2 pH, a,,
Day 7
[ ]
ISO 11290-1 ISO 11290-2 PH, a,,
Day 14
]
[ ]
1ISO 11290-1 ISO 11290-2 pH, a,,

Loop inoculation of ALOA and PALCAM agar was carried out after 24 h of HF and
48 h of FF enrichment. Presumptive L. monocytogenes colonies were subjected to
DNA extraction and PCR (targeting the iap gene) confirmation according to Bubert
et al. (see chapter 3.4.) (Bubert et al., 1999). The experiments were performed in

duplicates.

3.5.8. Calculations (Paper 2)
To quantitatively assess the discriminatory ability of the subtyping methods used,
the Simpson’s index of diversity was calculated for PFGE and MLST with the

Comparing Partitions online tool (http://www.comparingpartitions.info/; accessed
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on: 4 March 2022). The strength of relationship between the variables i) Listeria
species (L. innocua, L. monocytogenes), ii) rhamnose utilisation (yes/no) and iii)
the isolation frequency (sporadic/persistent) was assessed by calculating the
association coefficient, Cramer's V (Microsoft Excel 2010, Microsoft Corp.,
Redmond, Washington, USA).

69



4. RESULTS AND DISCUSSION

In summary, the studies conducted within this thesis demonstrate i) the relevance
and benefit of FPE monitoring in dairy processing to identify growth niches and
contamination patterns and therefore enable targeted L. monocytogenes control,
ii) various sources of L. monocytogenes contamination in cheese production (raw
material, construction works, uncontrolled personnel movement, contaminated
equipment), iii) that it is possible to reduce L. monocytogenes diversity and
presence in the FPE by systematic sampling, subtyping and by applying adequate
control measures and staff awareness, iv) the relevance of L. innocua presence in
cheese processing, v) the value of using different subtyping methods to gain
insight into L. monocytogenes - and the comparably seldom studied non-
pathogenic L. innocua — contamination patterns and strain properties, which might

affect the adaptability of the bacteria to the dairy processing environment.

4.1.L. monocytogenes contamination routes in the dairy processing
environment (Paper 1)

Previous studies have documented L. monocytogenes contamination for a limited
period of time in dairy farm settings (Castro et al., 2018; Dalzini et al., 2016; Fox
et al., 2011a; Papic et al., 2019; Rodriguez et al., 2021; Rossmanith et al., 2013;
Schoder et al., 2011; Tahoun et al., 2017) or in dairy processing environments
(Barancelli et al., 2014; Ibba et al., 2013; S. H. I. Lee et al., 2017; Rodriguez-
Lopez et al., 2019). Some studies have focused on investigating the processing of
one specific product e.g. the production of kaymak, PDO Gorgonzola or Taleggio
(Tirloni et al. 2020; Filipello et al. 2017; Kara & Aslan 2021). In a number of
studies the aim was to document L. monocytogenes occurrence in dairy FPEs,
contamination patterns and to characterise strains, without providing
recommendations to sanitise the affected FPE or implement further intervention or
control measures (Leong et al., 2017; Oxaran et al., 2017; Spanu et al., 2015;
Véghova et al., 2015).

To our knowledge, our study is the first to demonstrate the variation of

L. monocytogenes contamination patterns in an Austrian dairy FPE over an

extended period of time, i.e. over a three-year period. Based on the contamination
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scenarios identified by subtyping methods, advice was given to the FBO, which
evidently helped to reduce L. monocytogenes contamination.

The main objective of this study was to analyse the fluctuation of
L. monocytogenes contamination in an Austrian cheese processing facility during
2010-2013 by sampling the FPE and subsequently employing subtyping and

strain characterisation techniques.

Listeria spp. were detected in 21.9% (n=281) of the processing environment
samples. L. monocytogenes was predominant and was recovered from 19.5%
(n=251) of the samples. These results classify the investigated dairy processing
facility as heavily contaminated compared to other dairy and cheese processing
environments, where L. monocytogenes prevalence ranged between 0 and 26%
(see Table 5).

Strains of serogroups 1/2b, 3b, 7 and 1/2a, 3a as well as 4b, 4d, 4e are often
related to human listeriosis cases and outbreaks (Jensen et al. 2016; Amato et al.
2017; Leclercq et al., 2019a; Bundesministerium fir Soziales, Gesundheit, Pflege
und Konsumentenschutz, 2021). The latter serogroups were dominant in our
dataset, with 67.4% of the isolates belonging to serogroup 1/2b, 3b, 7, 15.8% to
serogroup 4b, 4d, 4e and 14.8% belonging to 1/2a, 3a.

Sporadic listeriosis cases as well as large-scale listeriosis outbreaks have been
linked to L. monocytogenes 1/2b (Bergholz et al., 2018; Fan et al.,, 2019;
McCollum et al., 2013; Pérez-Trallero et al., 2014).

In contrast to our findings, L. monocytogenes 1/2a was found to be the dominant
serovar in several studies analysing isolates from foods and FPEs in different
geographical locations (Ciolacu et al., 2015; Leong et al., 2017; Shimojima et al.,
2016; S. Wu et al., 2015). As several studies from South America found a high
prevalence of serovar 1/2b in FPEs, some authors have suggested a strain
prevalence varying according to geographic location (Barria et al., 2020; Braga et
al., 2017; Haubert et al., 2016). However, we suggest that FPE-specificities play a
significant role in strain variation as well. This includes the type of raw material
used and specific niches neglected during cleaning and disinfection, which are

hotspots for product contamination and recontamination after pasteurisation.
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PFGE analysis of the L. monocytogenes isolates resulted in 17 indistinguishable
profiles (FCP1-12 including subtypes; typing with Ascl and Apal), which correlated
to nine STs (ST1, ST5, ST7, ST9, ST21, ST37, ST87, ST204 and ST570)
determined by MLST.

Longitudinal monitoring of the dairy processing facility and cheese products for a
period of three vyears revealed fluctuating patterns of L. monocytogenes

contamination, which allowed classification into three phases:

i) At the beginning of the study in 2010, sporadic, low level (below 10 cfu/g)
contamination of food lots was detected and samples from FCS, including fillers,
yielded 10.8% L. monocytogenes positive results. PFGE analysis revealed up to
eight predominant genotypes in the FPE, raw materials and cheese products. Of
these, ST1 (pulsotype FCP1, serogroup 4b, 4d, 4e) was most prevalent in FCS,
drains and floors and was also detected in shoe swab samples and cheese
products.

The detection of ST1 throughout the FPE and especially in cheese lots was
particularly concerning, as ST1 is strongly associated with human and animal
infection and proved to be hypervirulent and hyperinvasive under experimental
conditions (Gozel et al.,, 2019; Maury et al., 2016). For certain hypervirulent
serovar 4b strains, among them CC1, a higher likelihood to cause invasive forms
of listeriosis was shown with prolonged survival in vivo in liver and spleen
(Vazquez-Boland et al., 2020). Maury et al. found a strong association of
hypervirulent clones, especially CC1, with dairy products (Maury et al., 2019).
ST1/CC1 is the most prevalent genotype worldwide and throughout recent years
has been frequently involved in outbreaks and sporadic listeriosis cases (Ariza-
Miguel et al., 2015; den Bakker et al., 2010c; Cabal et al., 2019; Moura et al.,
2020; Institut Pasteur database: https://bigsdb.pasteur.fr/listeria/; accessed on: 4
March 2022).

ii) In 2011, a reduction of L. monocytogenes positive FCS samples was noticeable
(from 10,8% to 4.0%), as well as a reduction of genotype diversity (from seven
STs to five, namely ST1, ST5, ST9, ST87 and ST570). As demonstrated before,
increasing the efforts in FPE monitoring may lead to heightened awareness of
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L. monocytogenes presence and could therefore contribute to a reduction of
L. monocytogenes prevalence in FPE (Leong et al., 2017; Zwietering et al., 2016).
However, several studies have documented that this observational approach
alone is not enough to ensure an effective L. monocytogenes control (D’Arrigo et
al., 2020; Manios et al., 2015; Simonetti et al., 2021; Véghova et al., 2015;
Vongkamjan et al., 2017). Previous studies have shown that intervention is
warranted and proved successful in different FPEs by reducing the overall
L. monocytogenes prevalence and strain diversity. For example, a reduction of
L. monocytogenes strain diversity was achieved in a meat processing plant by
modifying the disinfection routine (Ortiz et al., 2014), or in another case, by setting
up strict hygiene barriers between raw meat handling and cooked meat
processing areas (Fagerlund et al., 2020). L. monocytogenes contamination levels
were successfully reduced in ham processing by lowering the a, levels through
drying of ham surfaces (Prencipe et al., 2012). L. monocytogenes prevalence
decreased in the FPE as well as in finished products of a smoked fish plant
through plant specific intervention control strategies, such as improved sanitation
and employee training (Lappi et al., 2004). A decrease of L. monocytogenes
occurrence in a mushroom processing facility was demonstrated by improving
cleaning and sanitation procedures (Murugesan et al., 2015). L. monocytogenes
was almost eliminated from an avocado processing plant by altering the ambient
temperature in the plant and by restricting workers movements (Strydom et al.,
2016). L. monocytogenes presence was effectively reduced by increasing the
monitoring of footbath sanitiser concentration in a farmstead dairy (Ho et al.,
2007). During the second monitoring phase a building extension was constructed
and reorganisation of the production lines and premises took place. During that
time novel genotypes were introduced into the processing environment. The role
of building reconstruction on FPE contamination with L. monocytogenes was
investigated in a recent study, where the FPE of a meat processing facility was
monitored for L. monocytogenes while reconstruction works were ongoing. The
reconstruction works caused an increase in L. monocytogenes prevalence in the
FPE, as well as a shift towards genotypes linked to listeriosis cases (ST1, ST6,
ST8, ST11, ST77, ST398) (Stessl et al., 2020). Post-outbreak investigations of a
major listeriosis episode in 2009/2010 in Austria and neighbouring countries,
involving acid curd cheese, suggested construction works as a potential entry-
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point of L. monocytogenes into the FPE (Schoder et al., 2010; Pichler et al.,
2009). Our findings offer further evidence that renovation or construction works
facilitate L. monocytogenes FPE contamination, thus posing a serious food safety
risk. Subtyping revealed the introduction of three novel genotypes into the FPE:
ST9 (FCP9, 1/2c, 3c), ST570 (FCP11, 1/2a, 3a) and ST5 (FCP7, 1/2b, 3b, 7). ST9
and ST570 were most probably introduced via raw materials. A number of studies
have demonstrated the association of CC9 — which includes ST9 - with meat
products (Alvarez-Molina et al., 2021; Fagerlund et al., 2020; Félix et al., 2018;
Maury et al., 2019). Our findings are congruent with these reports, as we detected
ST9 in bacon and final product samples containing bacon. Globally, CC9 is the
fourth most prevalent clone (Institut Pasteur database:
https://bigsdb.pasteur.fr/listeria/; accessed on: 4 March 2022). Along with
CC121/ST121, CC9/ST9 strains are often detected in FPEs and were found to

frequently harbour a truncation in the virulence gene inlA, resulting in lower

virulence but higher adaptability to environments outside the host, thus deemed
hypovirulent (Guidi et al., 2021; Pérez-Baltar et al., 2021; van Stelten et al., 2010;
Maury et al., 2016). Beside a truncated inlA, we could detect SSI-1 in the ST9
strain, a 9.7 kb genetic region, reportedly responsible for adaptation of
L. monocytogenes to various FPE stresses, such as a low pH and high salt
concentrations (Ryan et al., 2010).

At the time of publication in 2014, ST570 was a novel sequence type and has
since been detected only rarely (Caruso et al., 2020; Painset et al., 2019). As
ST570 was isolated from plant-based raw material, associated raw material
processing areas and final food lots, introduction into the FPE via raw material is
highly likely. However, this strain was successfully eradicated following the
implementation of more rigorous hygiene measures. Our results suggest that the
manufacture of a wide range of products implying a broad palette of incoming raw
materials and complex processing lines are factors influencing the risk of
L. monocytogenes contamination in a dairy processing environment and
subsequently the final product. Another genotype, ST5 (FCP7, 1/2b, 3b, 7, SSI-
1%), was first isolated in the second study phase (2011) during ongoing
construction works, in drain water samples. CC5/ST5 is among the ten most
frequently isolated allelic profiles worldwide (Painset et al., 2019; Institut Pasteur
database: https://bigsdb.pasteur.fr/listeria/; accessed on: 4 March 2022), and was
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associated with several US outbreaks, e.g. caused by ice cream (Y. Chen et al.,
2017b), cantaloupe (Lomonaco et al., 2013) and stone fruit (B. R. Jackson et al.,
2015). A previous study in China found a large proportion of ST5-caused
infections under investigation to be pregnancy-associated, all of which resulted in
fetal loss or stillbirth (X. Zhang et al., 2019). With onset in the early 2000s, ST5 is
found with increased frequency in human clinical samples and is also commonly
isolated from the FPE and food-derived samples (Bergholz et al., 2018; Kurpas et
al., 2020; Maury et al., 2016; G. Wang et al., 2015). During 2011, ST5 (FCP7)
became the dominant genotype (detected in 74.6% of L. monocytogenes positive
samples). ST5 (FCP7) spread throughout the processing environment, most
probably facilitated by the ongoing construction works, where additional traffic by
workers and a disregard of hygiene barriers occurred and established persistence

in the dairy processing facility, with repeated detection in cheese products as well.

iii) In the third and last study phase, in 2012, following further improvements in
hygiene management and staff training, the strain heterogeneity was significantly
decreased, from initially seven genotypes, to the detection of the predominant
genotype ST5 (FCP7, 1/2b, 3b, 7, SSI-17, detected in 95.2% of L. monocytogenes
positive samples), and sporadic detection of ST204 (FCP12, 1/2a, 3a, SSI-17,
truncated in/A) in drains and on floors. ST204 strains have been isolated from
clinical, food and environmental sources and therefore were suggested to adapt to
a wide range of niches (Fox et al., 2016). Persistence of ST204 strains in the dairy
FPE was demonstrated recently (Stessl et al., 2014). Interestingly, in another
study, the first isolate detected in a newly established dairy plant was
characterised as ST204 (Melero et al., 2019b).

The strains detected in L. monocytogenes positive samples during this last study
phase were able to survive despite enhanced hygiene and sanitation measures.
Muhterem-Uyar et al. further investigated predominant ST5 strains and
sporadically occurring strains from the present study and found that
L. monocytogenes strains detected in the last phase of the study, ST5 and ST204
shared the same plasmids, most likely beneficial for the survival in the FPE and
also harbouring the SSI-1, conferring acid and salt adaptation properties. In
addition, a bcrABC resistance cassette against QACs was detected in the

persistent ST5 strains, which yielded higher MICs to QACs in our investigation
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compared to other analysed strains (Muhterem-Uyar et al., 2018; Schmitz-Esser
et al., 2021).

L. monocytogenes contamination is a highly dynamic process with patterns of
introduction, elimination, recontamination and persistence. Our study suggests
multiple factors contributing to the contamination of the dairy FPE with
L. monocytogenes: biofilm formation and detachment, raw material originating
from a wide geographic area, a wide product range, construction works on the
premise, inadequate compartmentalisation of the FPE, lack of staff training and
globally widely distributed STs. While complete elimination of L. monocytogenes
from the FPE is not realistic, our study demonstrated that a reduction of
L. monocytogenes prevalence and strain diversity is achievable through adequate

FPE monitoring and plant-specific interventions.

4.2.Controlling L. monocytogenes in the dairy processing environment
(Paper 1)

In addition to knowledge about L. monocytogenes contamination routes and
dynamics in the FPE, an insight into the influence of different processing steps
and prevailing environmental conditions along the processing chain is necessary
to control L. monocytogenes in the FPE.
Besides the longitudinal monitoring and the documentation of the changing
L. monocytogenes contamination patterns, this study aimed to provide guidance
to the FBO on the control of L. monocytogenes contamination and to apply
intervention strategies tailored to the production environment and the actual

contamination scenario.

Sampling of the cheese production facility in 2010 was initiated to investigate
where the sporadic, low level L. monocytogenes contamination in cheese samples
originated from. Visiting the production facility is essential to gain insight into
processing peculiarities and evaluate adherence to GMP (John et al., 2020; Lappi
et al., 2004; Malley et al., 2015; Rotariu et al.,, 2014). We visited the cheese
processing facility on several occasions during the sampling process and were
able to observe and discuss the manufacturing steps and the applied hygiene and
sanitation measures with the quality management team of the FBO.
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When sampling was initiated in 2010, the cheese producing facility comprised two
building compartments. In sampling phase two, at the end of 2010 and at
beginning of 2011 an extension building was added to the manufacturing premise.
Across the whole FPE, representative sampling points were chosen based on
initial inspection of the FPE and critical control points identification, which were
adapted as needed, based on the contamination scenario detected at the previous
sampling occasion. We conducted extensive sampling and included samples from
commonly recognised good indicator sites, such as FCS after heat-treatment of
the product, which are hard-to-reach places where biofilm could build up (e.g. in
the present facility: fillers), product-associated liquids (e.g. cheese smear, brine)
as well as floors and drains (Asperger et al., 2001; Magdovitz et al., 2020;
Simmons & Wiedmann, 2018; Wagner & Stessl, 2021; Zoellner et al., 2018).

At the initial stage of monitoring, overall samples from the production environment,
as well as FCS samples were found to be positive for L. monocytogenes at a high
rate (19.5% and 10.8% respectively) and 4.7% of filler samples were positive for
L. monocytogenes. The sparse and infrequent food lot contamination together
with the relatively high occurrence of L. monocytogenes in fillers was most likely
contributable to “sloughing”, where biofilm, containing L. monocytogenes,
amassed in the fillers and the release of biofilm during filler operation
contaminated the final product. Sloughing occurs in the late growth stages of
biofilm and is a form of passive cell dispersion initiated by forces, e.g. fluid shear
or abrasion. It is characterised by a sudden detachment of large pieces of the
biofilm or the entire biofilm, which can lead to contamination of food during
processing (Alonso & Kabuki, 2019; Bremer et al., 2015).

The above described scenario underlines that food lot control is not sufficient as a
L. monocytogenes control strategy. Furthermore, previous listeriosis outbreaks
point towards the importance of continuous FPE monitoring as an opportunity to
detect and control L. monocytogenes contamination within the FPE, before
contaminated products reach retail or further processing (Elson et al., 2019;
McLauchlin et al., 2021; EFSA:

https://www.efsa.europa.eu/en/press/news/180703; accessed on: 4 March 2022).

The FBO raised another question, whether the fresh cheese produced was a RTE
food that supports the growth of L. monocytogenes according to EU 2073/2005,
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i.e. products that do not fall into the no-growth support category with a pH below
4.4 and an a, below 0.92 OR a pH below 5.0 and an a,, below 0.94 OR when
scientifically justified. In case of products which support the growth of
L. monocytogenes, the FBO needs to ensure L. monocytogenes absence in 25 g
before the food leaves the immediate control of the producer in addition to
complying to the limit of 100 cfu/g during the shelf life of the product (EC, 2005).
The pH of the fresh cheese samples ranged from 4.7 to 5.6 and the water activity
(aw) ranged from 0.97 to 0.98. Judging from these chemico-physical properties,
due to the recorded pH-values = 5.0 and a,, = 0.94, the fresh cheese studied may
support the growth of L. monocytogenes. Although L. monocytogenes is
psychrotrophic and multiplication at temperatures around 0 °C was observed in
some strains, it was demonstrated that only a slight elevation of the refrigeration
temperature can increase the growth rate of L. monocytogenes in various food
matrices (Carpentier & Cerf, 2011; Castro et al., 2017; Leclair et al., 2019; Ziegler
et al., 2019). Studies have shown, that RTE foods are often stored at
temperatures well above the recommended 5 °C at retail level, during transport or
in consumer’s homes (Dumitrascu et al., 2020; Gonzélez et al., 2013; James et
al., 2017; Morelli et al., 2012; Ndraha et al., 2018; Ricci et al., 2018). We therefore
performed challenge experiments in fresh cheese with storage at inadequate
cooling temperatures of 8 °C and 16 °C.

Our results show that L. monocytogenes was not only able to survive, but also to
multiply at 8 °C as well as at 16 °C. Besides the parameters discussed above, the
growth/no-growth ability of L. monocytogenes is also influenced by other factors
such as the food’s composition, microstructure, storage conditions and naturally
occurring or added antimicrobial compounds (Ziegler et al., 2019; Hunt et al.,
2018). Thus it is necessary to assess the ability of L. monocytogenes growth for
each specific food product (Hunt et al., 2018). In the case of fresh cheese, a
certain extent of growth inhibition might be achieved by the addition of bacteriocin
producing starter cultures, e.g. Enterococcus spp. (Coelho et al., 2014) or
Lactococcus lactis (Ribeiro et al., 2016), which could be added as an additional
element in a multi-hurdle technology to control L. monocytogenes (Falardeau et
al., 2021). As our case demonstrates, FBOs might not always be aware of their

products’ L. monocytogenes growth potential. Without further studies, this might
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lead to an underestimation of the risk for L. monocytogenes growth and/or survival
in the product, thus posing a potential risk to consumer safety.

At these initial stages of the study, compartmentalisation of the production areas
was observably deficient and traffic of staff and equipment lacked clear rules.
Non-adherence to GMP, such as uncontrolled movement between zones of raw
material processing and post-processing areas, is a major contributor to post-
processing contamination, persistence, highly contaminated FPEs in general and
may cause contamination of the final product (Fox et al., 2015; John et al., 2020;
Muhterem-Uyar et al., 2015).

Therefore, the high level of L. monocytogenes contamination in the FPE, in
combination with the heterogeneity of genotypes detected at this stage of
monitoring (see chapter 4.1.) were a clear reflection of prevailing production flaws.
At the end of the first sampling phase, the awareness of L. monocytogenes
contamination throughout the production areas was raised and enhanced hygiene
measures were adopted. As a result, the occurrence of L. monocytogenes on FCS
and NFCS (conveyor belts, transport trolleys, pallets, and tables) was significantly
reduced (from 10.8% to 4.0% positive FCS samples and 8.7% to 1.6% positive
NFCS samples). Furthermore, the number of genotypes detected by PFGE

subtyping decreased from initially seven to five genotypes.

In the second phase of the study, at the end of 2010 and beginning of 2011
construction works were undertaken at the production plant and an additional
building was erected, which subsequently served as a production area for yoghurt,
fresh- and semi-hard cheese. Subtyping of L. monocytogenes isolates revealed
the spread of contamination from the major production area (building 1) to the
newly erected building Il. Construction works at and around a food processing
plant pose a major challenge to maintain GMP and adequate hygiene measures.
To limit the potential for cross-contamination, monitoring activities and sanitation
should be increased throughout the phase of building work and additional hygiene
barriers should be set up (FDA, 2017; New Zealand Government, 2017). The
location of RTE production facilities often close to agriculturally used areas might
play a role in the introduction of L. monocytogenes into the FPE as well, as sall,
vegetation, water and manure naturally harbour L. monocytogenes (Gorski et al.,
2016; Linke et al., 2014; Raschle et al., 2021; Rodriguez et al., 2021; Stea et al.,
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2015; Strawn et al.,, 2013). This has to be considered especially during
construction works, as increased movements from the outside to the inside of a
plant and within the plant, pose a high risk of introducing L. monocytogenes from
outside environmental residues and for further spread within the FPE (Jooste et
al., 2016).

At the same time, while the number of different L. monocytogenes genotypes
could be reduced, new genotypes were introduced to the processing environment,
most likely through raw material and due to the ongoing construction works. While
randomised microbiological control of received raw material is an integral part of
GHP, it is essential to implement a one-way traffic system for produce, workers
and equipment throughout the processing line that prevents cross-contamination
from a pre-processing side to post-processing areas. Controlling the traffic within
the FPE and clearly separating zones with different hygiene requirements has
been recognised as an efficient measure to control L. monocytogenes
contamination and persistence in the FPE (Aalto-Araneda et al., 2019; Alvarez-
Ordoiez et al., 2018).

L. monocytogenes could also be detected in the packaging areas of building lll.
This suggests that critical control points in the packaging areas and other parts of
the processing areas were still not sufficiently attended to. As the potential for
L. monocytogenes survival on packaging materials and therewith cross-
contamination in retail and at consumers’ households has been demonstrated (Di
Ciccio et al., 2020), our finding underline the importance of including packaging

areas in a Listeria monitoring scheme of the FPE.

After further improvements to the existing hygiene measures had been
implemented, i.e. strict compartmentalisation of the processing areas and traffic
routes through the facility, the occurrence of L. monocytogenes on FCS was
reduced further (to 1.7% positive samples). Moreover, a significant reduction of
L. monocytogenes genotypes detected by PFGE subtyping was achieved, from
initially seven to one predominant genotype and two sporadically detected
genotypes in the last monitoring phase. Other authors have also recently noted
the successful reduction of strain diversity in FPEs, highlighting the role of FPE
monitoring and introduction of corrective measures according to the results

derived from sampling (Jordan et al., 2013; Lariviére-Gauthier et al., 2014).
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At the site visits during the monitoring phases, it was noticed that advice was not
entirely followed, due to the fact that a lot of water and steam were applied - in
great part with pressure hoses - during cleaning and sanitation procedures, which
accumulated on floors and in drains and the production environment was not
allowed to dry off before recommencing production. These circumstances very
likely were one of the main causes for the high positivity rate of samples from the
FPE (drains, walls, doors and floors) throughout the three-year monitoring period
(15.8% L. monocytogenes positive) and the frequent occurrence of
L. monocytogenes on shoe swab samples (48.4%), which increased over the
period under observation. Other authors have also recognised perpetually wet
surfaces, especially floors, in the food production plants as the cause for
increased occurrence of Listeria spp. in the FPE (El Hag et al., 2021; Estrada et
al., 2020; Murugesan et al., 2015). Applying water or steam via high-pressure
hoses can also contribute to cross-contamination by producing aerosols, which
can travel through the air and reach FCS or food products (Berrang et al., 2013;
Conficoni et al., 2016).

A further concern is that cleaners and disinfectants might become diluted by
stagnant water, leading to an in-use-concentration lower than recommended and
potentially compromising their efficacy. Several studies have found that exposure
to sublethal concentrations of disinfectants was associated with
L. monocytogenes tolerance and persistence in the FPE (Conficoni et al., 2016;
Mgaretrg et al., 2017; Olszewska et al., 2016; Rodriguez-Melcon et al., 2019) as
well as stress adaptation (Bansal et al., 2018; Yu et al., 2018). Results of the
disinfectant susceptibility test showed, that all disinfectants used in the facility
were effective against the tested L. monocytogenes strains. However, the
persistent strains ST5 (FCP7) and ST204 (FCP12), which were isolated in the last
monitoring phase, yielded higher MICs for QACs (BC and Weiquat) than the other
tested strains.

Our results are in accordance with other authors, who noted that disinfectants and
cleaners commonly applied in the food industry, when used as instructed by the
manufacturer, are highly efficient against L. monocytogenes (Gerba, 2015;
Hoelzer et al., 2012). However, bacterial biofilm and food residue removal through
adequate cleaning prior to disinfectant application as well as thorough rinsing and
optimally drying after the disinfection procedure is prerequisite to achieve the
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desired bactericidal effect (Boucher et al., 2021; Cruz & Fletcher, 2012; Duze et
al., 2021; Luque-Sastre et al., 2018; Overney et al., 2017). In a follow-up study,
the genetic features of the dominant L. monocytogenes ST5 strains from the
present study were investigated and compared to sporadically isolated genotypes
from the same habitat. The authors found that ST5 and ST204, STs recovered in
the last study phase, both harbour plasmids with the bcrABC cassette, which
presumably allowed ST5 to establish at the processing environment and ST204 to
emerge despite enhanced hygiene measures. Strains isolated in the first
monitoring phase (ST1 and ST21 and the sporadically isolated ST37 strains) did
not contain plasmids, a bcrABC cassette, or other genes or transposon conferring
tolerance to disinfectants (Tn6188, qacH, emrB, emrE) (Muhterem-Uyar et al.,
2018).

We therefore suggest that the strains tolerating higher disinfectant concentrations
in comparison to other tested strains in our study might have undergone a niche-
adaptation following high selective pressure in the form of disinfectant stress in

their habitat (i.e. in floor drains).

External expert assessment of the GMP and hygiene measures in place on site is
essential to help introducing improved hygiene and corrective sanitation
management practices. FBO risk perception and staff behaviour play a vital role in
L. monocytogenes contamination processes and a hygiene management program
will only be successful if staff is well trained in sanitation measures relevant within
the scope of their duties, understands the hygiene management program, and the
vital role they play in hygiene management (Evans et al., 2021; Lakicevic &
Nastasijevic, 2016). Besides observational assessment of the production
processes, questionnaires can also help in establishing the level of awareness of
FBO and staff on L. monocytogenes related hygiene measures (Aalto-Araneda et
al., 2019; Magdovitz et al.,, 2020; Nayak & Waterson, 2017; Stadlmdiller et al.,
2017). Knowledge of the nature of contamination in an FPE and detected
inadequacies in manufacturing and hygiene procedures, as described in this
study, facilitate improvements in hygiene management to direct sanitation

activities, facilitate communication with staff and implement corrective action.
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Our study demonstrates that it is possible to reduce and control
L. monocytogenes contamination in a heavily contaminated dairy processing
facility and restrict contamination to areas less sensitive for product contamination
(i.,e. non-FCS). This can be achieved by a suitable monitoring scheme and
adequate subtyping methods to detect routes of transmission, contamination
sources and persistence and thereby raise awareness with the FBOs quality
management team and allow the FBO to take corrective actions. In our study,
corrective actions, namely restricting and channelling the movements of staff
within the FPE, adapting the cleaning and disinfection routine and generally
raising awareness for L. monocytogenes contamination with the staff, were
effective in reducing the overall L. monocytogenes prevalence in the dairy
processing plant. FBOs need to be aware how to translate current food regulation
into practice, as negligent FPE and food lot monitoring or the selection of
inadequate control points could lead to an underestimation of L. monocytogenes
prevalence (Cabal et al., 2019; Centorotola et al., 2021). FBOs knowledge on the
susceptibility of the produced foodstuffs for L. monocytogenes growth or survival
is also indispensable to ensure consumer safety and to abide by regulations
(Dufour, 2011).

We were able to identify a particular high abundance and persistence of
L. monocytogenes ST5 (pulsotype FCP7) in the surveyed dairy processing facility.
A variety of studies have identified geno- and phenotypic characteristics common
to persistent L. monocytogenes strains (listed in Supplemental Table 3), which
increased adaptation to FPE and renders persistence a major contributor to FPE
and food contamination (Castro et al., 2021; Cherifi et al., 2020; Knudsen et al.,
2017; Manso et al., 2019; Martinez-Suarez et al., 2016; Rodriguez-Campos et al.,
2019; Stessl et al., 2020). However, it has to be considered, that persistence is a
complex, multifactorial phenomenon, driven also by environmental influences.
Moreover, limitations frequently apply, as only a small number of strains have
been investigated in many of the aforementioned studies. A deeper insight into the
underlying mechanisms of persistence and the options for controlling persistent

L. monocytogenes contamination is therefore needed.
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4.3.L. innocua and L. monocytogenes persistence in the dairy
processing environment (Paper 2)

L. innocua is many times the most frequently detected species within the genus
Listeria in food processing and preparation environments (Bouayad et al., 2015;
Gwida et al., 2020; Simmons et al., 2014; Tirloni et al., 2020), foods (Akrami-
Mohajeri et al., 2018; Arslan & Baytur, 2019) as well as on animal farms (Jamali et
al.,, 2013; Q. Zhao et al., 2021). Although influencing factors and the underlying
mechanism have not yet been revealed and are controversially discussed, dairy
FPE contamination by persistent L. monocytogenes strains has been widely
recognised and investigated, while strain characteristics and potential persistence
of the non-pathogenic species L. innocua remain relatively uncharted (Almeida et
al., 2013; Barria et al., 2020; Carpentier & Cerf, 2011; V. Ferreira et al., 2014;
Guidi et al., 2021; Ibba et al., 2013; M. H. Larsen et al., 2014; Leong et al., 2017;
Oxaran et al., 2017). Systematic monitoring of the FPE and adequate subtyping
techniques to identify persistent L. monocytogenes strains has proven to be
critical, due to the high risk for food lot contamination posed by persistent
L. monocytogenes strains (Alvarez-Ordonez et al., 2018; Stasiewicz et al., 2015;
Véghova et al., 2017).

In our study we used molecular genetics and phenotypic subtyping methods with
the aim to characterise recurrently isolated L. innocua and L. monocytogenes from
five different Austrian cheese producers. Longitudinal observations of
contamination dynamics in dairy processing environments over an extended
period of time are seldom found in the present literature, and those that are
existing have been focusing almost exclusively on L. monocytogenes (Alessandria
et al., 2010; Almeida et al., 2013; Fox et al., 2011a; Ho et al., 2007; Ibba et al.,
2013; Melero et al., 2019b; Muhterem-Uyar et al., 2015). Another objective of our
research therefore was to determine and describe L. innocua contamination

scenarios in the co-habitat of L. monocytogenes over an extended period of time.

The isolates included in this study (n=139 L.innocua and n=81
L. monocytogenes) were collected within the scope of the Austrian Listeria
monitoring program from 1987 to 2010 and comprised samples from cheese

products (24 L. innocua and 3 L. monocytogenes), product associated samples
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and product associated liquids (100 L. innocua and 64 L. monocytogenes), the
production environment (including swabs from FCS and NFCS and environmental
liquid samples; 14 L. innocua and 14 L. monocytogenes), and one L. innocua

isolate from raw milk.

Currently, there is no universal definition for the term persistence, meaning the
recurrent isolation of clonal bacterial strains from the same location (e.g. within the
FPE), identified by a suitable subtyping method (Belias et al., 2021; Forauer et al.,
2021; Leong et al., 2017). In our study, we defined the following categories of
L. innocua and L. monocytogenes isolates: i) recurrent: isolates with identical
PFGE-types (Ascl digest) from dairy producers A-E detected on at least two
sampling occasions, ii) persistent: isolates with identical PFGE types detected
recurrently at producers A-E over a period of at least six months and iii) sporadic:
isolates with unique PFGE-types (Ascl) detected once at producers A-E.

PFGE typing with Ascl yielded 33 individual profiles, 11 distinct L. monocytogenes
and 22 distinct L. innocua profiles. In total, 27 STs were identified by MLST, with
nine clonal complexes (CCs) and one singleton among L. monocytogenes and
three CCs and 14 singletons among L. innocua isolates.

Comparison with sequences deposited in the Institut Paseur MLST database
revealed seven novel L. innocua STs: ST1595 to ST1601

(https://bigsdb.pasteur.fr/listeria/; accessed on: 4 March 2022).

Most of the genotypes were detected only on one sampling occasion (i.e.
sporadic; n=7 L. monocytogenes and n=17 L. innocua PFGE types), while several
PFGE types were associated with either recurrent isolation over a short (n=3
L. monocytogenes and n=2 L. innocua PFGE types) or over a long period of time
(i.e. persistent; n=4 L. monocytogenes and n=5 L. innocua PFGE types).

Persistent L. monocytogenes strains have been detected in dairy FPEs across the
world and have been described extensively (Acciari et al., 2016; Barria et al.,
2020; V. Ferreira et al., 2014; Leong et al., 2014; Oxaran et al., 2017). Melero et
al. delineate the spread of L. monocytogenes and subsequent detection of
persistent strains within one year in a newly built dairy processing facility (Melero
et al.,, 2019b). In the latter study, L. monocytogenes 1/2a strains represented the
most common serovar, which is in accordance with our findings of 95% serogroup

1/2a, 3a among the L. monocytogenes isolates investigated (the other isolates
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were confirmed as serogroup 1/2b, 3b and 4b, 4d, 4e [n=3, 3.75% and n=2,
1.25% respectively]).

This is especially relevant since an increase in human listeriosis cases caused by
L. monocytogenes 1/2a strains had been reported in the 2000s (Jensen et al.,
2016; Mammina et al., 2013). Our results support the findings of various other
studies, which found 1/2a strains to be highly abundant in various FPEs and food
isolates (D’Arrigo et al., 2020; Jennison et al., 2017; Sonnier et al., 2018; Stessl et
al., 2020). Several authors have suggested genetic and phenotypic factors
responsible for the high prevalence of L. monocytogenes 1/2a strains in the FPE,
especially an advantage in biofilm formation compared to serovar 4b strains
(Huang et al., 2018; Keeney et al., 2018).

L. monocytogenes PFGE types M11/M7 (ST14) and M5 (ST121) were attributable
to more than one producer, with M11/M7 (ST14) detected at producers A and D
and M5 (ST121) isolated at producers B, D and E. Of the 22 L. innocua profiles,
three profiles were attributable to more than one producer - in one case even to
four different producers. IN4 (ST603) was detected once at producer C and
recurrently in producer E, IN5 (ST1597) was found recurrently at producers A, C,
D and E and IN6 (ST1599) was detected once at producer C and recurrently at
producers A and D.

The detection of identical L. monocytogenes subtypes across different processing
facilities and retail delis has been reported previously (Leong et al.,, 2014;
Morganti et al., 2016; Stasiewicz et al., 2015). Chambel et al. investigated the
processing environments of ewe and cow's milk cheese dairies in Portugal for the
presence of Listeria spp. While they did not identify persistence of Listeria spp.,
they detected clonal types common to different dairies, predominantly among
L. innocua types (Chambel et al., 2007).

Different scenarios have been suggested as a cause, e.g. habitat-specific
colonisation or widespread global distribution favouring repeated re-introduction
via raw materials or via other external sources (D’Arrigo et al., 2020; Martin et al.,
2014).

We found co-colonisation of L.innocua and L. monocytogenes with varying

degrees of heterogeneity in genotype occurrence and contamination patterns in
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four of the five producers included in the study. Producers A, C and E harboured
the greatest genotype heterogeneity (n=11, n=12 and n=9 individual genotypes).
In contrast, in producer B, a persistent L. monocytogenes genotype M5 (ST121)
was recurrently detected for a period of seven years, but no other
L. monocytogenes or Listeria spp. was introduced during the monitoring period. In
producer D, L. innocua and L. monocytogenes genotypes IN5 (ST1597) and M5
(ST121) were the significantly dominating genotypes (n=68/74 L. innocua and
n=7/9 L. monocytogenes isolates respectively) detected over a period of six years
and recurrently for four months. Studies have shown that Listeria spp. colonisation
patterns in dairy processing environments vary from one processing facility to
another and over time. Either L. monocytogenes or L.innocua might be
predominately recovered in a FPE and previous studies demonstrated the
dominance of one or more L. monocytogenes or L. innocua strains for several
months and years as well as a variety of contamination scenarios (Leong et al.,
2017; Muhterem-Uyar et al., 2015; Parisi et al., 2013; Tirloni et al., 2020). One
particularly ~ concerning  contamination  scenario is  persistence  of
L. monocytogenes for several months or years, a widespread and well
documented phenomenon in the dairy processing chain and frequent cause for
food contamination (see Table 5).

The recurrent detection of a clonal L. monocytogenes population has been
associated previously with a provenance from the same geographic area or
adaptation to a certain type of food product (Bechtel & Gibbons, 2021).
Furthermore, specific FPEs or niches within FPEs were mentioned in association
with the recovery of the same genotypes (Antoci et al., 2019; Filipello et al., 2017,
Finazzi et al.,, 2020; Guidi et al., 2021). Similarly, we found persistent
L. monocytogenes as well as L. innocua strains, present in the dairy FPE for a
period of up to eleven years. We found that the majority of those strains had
adapted to specific niches within the FPE, namely brine, smear and in floor drains.
L. monocytogenes genotypes most often detected were M5[B]=M5[D]=M5[E]
(ST121, n=55/81) and M11[A]=M7[D] (ST14, n=12/81). These types were found to
persist for seven years in cheese smear at producer B and for eleven years in
drain water at producer A respectively. The same genotypes were also detected
recurrently for a short period of time at producer D and once at producer E (M5)

and sporadically in producer D in smear (M7). The L. innocua genotypes most
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often detected were IN5[A]=IN5[C]=IN5[D]=IN5[E] (novel ST1597, n=94/139) and
IN4[C]=IN4[E] (ST603, n=13/139). Genotype IN5 (ST1597) was found to persist in
four different producers (A, C, D and E) for one — up to almost seven — years,
where it was recurrently isolated from drain water, brine, cheese smear and
cheese products. PFGE-type IN4 (ST603) was recurrently isolated from cheese
smear in producer E and from non-food contact surfaces as well as the final
cheese product and detected once at producer C, where it was isolated from hard
cheese. Following the occurrence in cheese products, these genotypes could not
be detected anymore at the affected producer hence had been successfully
eliminated from the FPE. Similarly, L. innocua and L. monocytogenes genotypes
found recurrently in the same producer for six months and above (ST14, ST637,
ST1595, ST1597), were detected in product associated liquids (i.e. brine and
smear). Recurrent isolation of the same genotype of up to eleven years strongly
suggests niche-adaptation. Cross-contamination from these niches to the cheese
surface (e.g. in the case of hard cheese) or from environmental contamination
most probably via equipment (e.g. in the case of grated cheese) was observed.
Our results support previous findings of cheese brine and smear acting as growth
niches for L. monocytogenes and constituting a source for post-processing re- or
cross-contamination events (Fox et al.,, 2014; Stessl et al., 2020). Including
cheese brine and smear in the Listeria monitoring scheme is therefore
recommended as a means of early indication of cheese contamination (Zangerl et
al., 2021).

While we detected a number of L. monocyotgenes genotypes, which have been
previously associated with human infections (namely ST1, ST3, ST7, ST59,
ST398, ST403) (Institut Pasteur database: https://bigsdb.pasteur.fr/listerial;
accessed on: 4 March 2022), L. monocytogenes ST14 and ST121 were found

recurrently over a timespan of seven and elven years suggesting adaptation to
niches within the FPE. Both sequence types have frequently been reported to
persist in different FPEs. ST14 was one of three genotypes found to persist in a
meat processing facility in Slovakia and among the most commonly detected STs
recovered from Finnish dairy farms (Véghova et al., 2017; Castro et al., 2021).
ST121 was among the more frequently recovered genotypes from seafood
facilities producing RTE foods in France and a newly established meat processing
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facility (Alvarez-Molina et al., 2021; Palma et al., 2020). ST14 and ST121 were
found to persist in a rabbit meat processing plant in Italy (Cesare et al., 2017).
Further analysis of L. monocytogenes ST14 and ST121 strains isolated at the
aforementioned plant revealed strain specificities, namely a pre-mature stop
codon in inlA in ST121 strains, associated with reduced virulence and the
presence of gqacH and cadA1C genes, associated with adaptation to QAC-
disinfectants and cadmium stress. Furthermore, a truncation in actA was detected
in ST121, a gene involved in motility of L. monocytogenes and onset of biofilm
formation. Congruently, ST14 was phenotypically confirmed to be a stronger
former of biofilm than ST121 (Palma et al., 2017; Pasquali et al., 2018).

The most abundant L. innocua genotypes were ST603 and ST1597, which were
recurrently detected for a period of almost six and almost seven years
respectively. ST1597 was one of the L. innocua genotypes newly identified in our
study and ST603 was previously described in connection with a human case of
bacteraemia and an isolation from a natural wild animal feeding trough (Moura et
al., 2019; Palacios-Gorba et al., 2021; Perrin et al., 2003).

To further elucidate strain characteristics of L. monocytogenes and L. innocua
strains isolated from different dairy processing facilities and cheese products, we
applied biochemical profiling, screening for presence/absence of SSls (SSI-1 and
SSI-2) and assessed the adaptation towards commonly used disinfectant
compounds. Biochemical profiling was performed for L. monocytogenes (n=81)
and L. innocua isolates (n = 124). While all L. monocytogenes isolates yielded a
arylamidase (DIM) negative and rhamnose positive profile (API® profile 6510),
three different profiles were obtained for the L. innocua isolates: the most common
profile included a DIM and rhamnose positive reaction (n=124; API profile 7501),
further isolates were DIM positive and rhamnose negative (n=13; API profile 7110)
and DIM, D-ribose and D-tagatose positive (n=2; API® profile 7531). The power of
association was determined between L. innocua, L. monocytogenes, rhamnose
fermentation (yes/no), sporadic or persistent occurrence by calculating the
Cramer’s V. The association for “persistence and rhamnose positive” was highly
significant (p<0.01), while only a weak association between the other variables
was found. Typically, L. monocytogenes is able to acidify rhamnose, a deoxy

sugar occurring in bacteria and plants, while L. innocua show variable rhamnose
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utilisation (Allerberger, 2003; Giraud & Naismith, 2000). Atypical rhamnose-
negative L. monocytogenes have been described previously and a growth
disadvantage, potentially leading to a decreased ability to environmentally adapt
and to an impaired host colonisation has been suggested for L. monocytogenes
and L. innocua lacking pdu genes needed for 1,2-propanediol utilisation (Xue et
al.,, 2008; Zeng et al., 2021a; Zeng et al.,, 2021b; Schardt et al., 2017).
Investigations into the role of rhamnose utilisation by L. monocytogenes and the
effect on virulence have been conducted; e.g. a subgroup of atypically avirulent
L. monocytogenes lineage Ill strains deficient in rhamnose acidification was
described by Liu et al., while Yin et al. investigated atypic L. monocytogenes
strains lacking rhamnose utilisation genes and exhibiting a rhamnose negative
phenotype (D. Liu et al., 2006b; Yin et al., 2019). We therefore advocate for
further investigation of rhamnose fermentation ability of L. monocytogenes and

L. innocua strains and the potential influence on strain behaviour in the FPE.

Screening of L. innocua and L. monocytogenes isolates for the SSI-1" (9.7 kb
fragment), SSI-1- (F2365_0481 homologous gene; 1.1 kb fragment) and SSI-2*
(2.2 kb fragment) revealed presence of SSI-1 (SSI-1%) in L. monocytogenes
genotypes M6[D] (ST3), MS8[A] (ST7), M10[C] (ST155), MBS3[E] (ST403),
M11[A]=M7[D] (ST14) and presence of the 1.1 kb F2365_0481 homologous gene
(SSI-17) in L. monocytogenes genotypes M9[C] (ST1), M4[E] (ST398), M12[A]
(ST529) and M1[E] (ST59) and presence of SSI-2 (2.2 kb fragment) in
L. monocytogenes ST121 (M2[E] and M5[B]=M5[D]=M5[E]). In accordance with
our results, all tested ST155 as well as ST3, ST7 in a study characterising strains
from various food sources from the Swiss National Reference Centre for
Enteropathogenic Bacteria and Listeria were found to harbour SSI-1 (Ebner et al.,
2015). Wagner and co-authors found that all ST155 (a sequence type frequently
detected from clinical as well as food-associated samples) strains analysed,
harboured SSI-1. The genetic islet has been suggested to confer a survival
advantage in food matrices, FPE as well as in the human host due to tolerance
towards a range of different stresses (Ryan et al., 2010; E. Wagner et al., 2020).
We could also detect SSI-1 in the long-term persistent ST14 strain.

The presence of the SSI-2 had been associated with heightened alkaline and
oxidative stress tolerance (Harter et al., 2017). SSI-2 was detected in all ST121
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and L. innocua strains, which supports previously published study results
(Centorotola et al., 2021; Toledo et al., 2018). Besides the occurrence of SSI-1
and SSI-2 in presumably FPE adapted strains, various geno- and phenotypic
factors (e.g. plasmids, transposons, genetic islands, biofilm formation) have been
suggested to facilitate L. monocytogenes adaptation and persistence in FPEs (see
Supplemental Table 3). However, persistence is multi-faceted and not merely the
result of geno- or phenotypic traits of a contaminant strain. Several major
contributing factors to L. monocytogenes persistence in the FPE have been
mentioned in literature: the survival in hard-to-access niches and harbourage sites
is a key factor. For example, the survival in an FPE-niche was suggested as main
contributor to persistence of a L. monocytogenes strain, implicated in a listeriosis
outbreak caused by RTE meat products in Germany from 2013 to 2018 (Luth et
al., 2020). Niches can evolve in hard-to-clean equipment, with certain surfaces
and materials favouring L. monocytogenes growth (Nyarko et al., 2018). Also,
shortcomings in GMP and hygienic measures, including hygiene barrier-breach
are important contributors to L. monocytogenes persistence previously identified
(Belias et al., 2021; Castro et al., 2018; Leong et al., 2017; Nuesch-Inderbinen et
al., 2021). Another reason for Listeria spp. persistence in the FPE can be
inappropriate cleaning and disinfection (i.e. dilution of disinfectants when applied
on wet or not sufficiently cleaned surfaces and inadequate cleaning and
disinfectant routine), which may result in the adaptation to sublethal concentration
of biocides (Martinez-Suarez et al., 2016; Mgretrg et al., 2017). Detecting
L. innocua and L. monocytogenes, which have lost the sensitivity towards biocides
with techniques beyond genotypic subtyping methods is therefore important. We
assessed the MIC towards disinfectant compounds commonly used in FPEs
(PAA, BC, hydrogen peroxide and sodium hypochlorite) for four
L. monocytogenes and six L. innocua recurrently isolated genotypes. MIC
comparison between the genotypes investigated revealed adaptation to higher
concentrations of BC in M5[B]=M5[D]=M5[E] (ST121),
INS[A]=IN5[C]=INS[D]=IN5[E] (ST1597), and IN2[E] (ST637) (1.3 to 2-fold higher;
mean MIC 15.6 mg/L in comparison to 11.7 and 7.8 mg/L). L. innocua genotypes
IN1[E] (ST1595) and IN2[E] (ST637) were adapted to higher concentrations of
sodium hypochlorite (2.7-5.7-fold higher; mean MIC 10,000 mg/L in comparison to
1750-3750 mg/L). A slightly better adaptation to hydrogen peroxide was
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determined for M5[B]=M5[D]=M5[E] (ST121) and M1[E] (ST59) (1.5-fold higher;
188 mg/L in comparison to 125 mg/L) while all tested L. innocua strains except
INS[A]=IN5[C]=IN5[D]=IN5[E] (ST1597) and IN3[E] (ST1601) were adapted to
higher concentrations of PAA (1.7-fold higher; 250 mg/L in comparison to 141
mg/L). Our results suggest that some strains have adapted to certain disinfectant
compounds, frequently applied in the food industry. As a cause, exposure to
sublethal concentrations of disinfectants due to inadequate application or the
acquisition of resistance genes e.g. BC resistance genes such as the bcrABC
cassette, gac genes, Tn6188, EmrE have previously been named (Gelbicova et
al., 2021; Kovacevic et al., 2016; Minarovicova et al., 2018; Mdller et al., 2013).

We strongly advocate to characterise L. monocytogenes as well as L. innocua
isolates on a genetic level as well as phenotypically, to uncover the mechanisms

behind the adaptive nature of Listeria spp.

4.4.The role of L. innocua in the dairy processing environment (Paper 2)
In various habitats including food, FPE and the natural environment, L. innocua is
more frequently detected than the pathogenic L. monocytogenes (Rossi et al.,
2020; Stea et al., 2015; H. C. Tsai et al., 2018; Q. Zhao et al., 2021). However, as
a non-pathogenic member of the genus Listeria, L. innocua is rarely the focus of
research. A few selected topics of relevance to food safety have been investigated
previously: i) case descriptions of human and animal infections caused by
L. innocua (Favaro et al., 2014; Perrin et al., 2003; Rocha et al., 2013; Walker et
al., 1994), ii) atypical L. innocua isolated from foods and FPEs (Johnson et al.,
2004; Milillo et al., 2012; Moreno et al.,, 2014, 2012; Rosimin et al., 2016;
Volokhov et al., 2007), iii) the use of L. innocua as a surrogate for the pathogenic
L. monocytogenes in strain behaviour studies e.g. challenge tests (Bonilauri et al.,
2021; Giacometti et al., 2020; Hamilton et al., 2021; Michelon et al., 2016) or iv)
growth advantage of L. innocua over L. monocytogenes in selective enrichment
and agar media (Heir et al., 2018; Keys et al., 2013; Locatelli et al., 2017). The
frequent presence of L. innocua in FPE, sometimes alongside the pathogenic
L. monocytogenes, the knowledge gap on adaptation mechanisms and
persistence in FPEs of this non-pathogenic Listeria species and the description of
atypical L. innocua with intact virulence genes or haemolytic properties detected in

FPE warrant further research on this species. With our study, we aimed to
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contribute to a deeper knowledge of the role of L. innocua in dairy FPEs cohabited

by L. monocytogenes.

Of  the L. innocua isolates subtyped (n=139) PFGE profile
INS[A]=IN5[C]=IN5[D]=IN5|[E], newly identified ST1597, was most often detected
(68%, n=94/139), followed by IN4[C]=IN4[E], ST603 (9%, n=13/139).

Genotype IN5 was isolated from product associated liquids (brine and smear),
drain water and cheese products in four different producers (A, C, D and E). In
producers C and D, this genotype was recovered on multiple sampling occasions
for 6.8 years and 6.2 years respectively. Genotype IN4 (ST603) was recovered in
producer E, predominantly from cheese smear samples and on singular occasions
from NFCS and the final cheese product over a period of 5.6 years. Other
genotypes were recurrently isolated over periods ranging from 1.3 years (IN7[C],
ST1085), six months (IN1[E], ST1595 and IN3[E], ST1601), five months
(IN6[A]=IN6[C]=IN6[D], ST1599) and four months (IN2[E], ST637).

L. innocua ST603 (CC600), identified as persistent in our study, was previously
recovered from different types of foods, silage, forest environment and an atypical
case of human listeriosis (Palacios-Gorba et al., 2021; Perrin et al., 2003; Institut

Pasteur database: https://bigsdb.pasteur.fr/cqi-

bin/bigsdb/bigsdb.pl?db=pubmist _listeria_isolates; accessed on: 4 March 2022).

L. innocua ST1085 was isolated recently from a meat processing environment
(Moura et al., 2019). L. innocua ST637 (CC140), recurrently isolated in a dairy
processing facility, was isolated from foods and FPEs in the past (Institut Pasteur

database: https://bigsdb.pasteur.fr/cqi-

bin/bigsdb/bigsdb.pl?db=pubmist listeria isolates; accessed on: 4 March 2022;

L. Wu et al., 2021). The group of L. innocua CC140 includes the reference strain
CLIP 11262, the first fully sequenced L. innocua genome which diverges from
ST637 (Idh 192) by the Idh housekeeping gene (CLIP 11262: Idh 74; ST637: Idh

192) (Glaser et al., 2001; https://www.ncbi.nlm.nih.gov/genome/genomes/10247;

https://bigsdb.pasteur.fr/cqi-bin/bigsdb/bigsdb.pl?db=pubmist_listeria_isolates;
accessed on: 4 March 2022). Together with six L. innocua STs (ST1595 to
ST1601), abundantly recovered persistent L.innocua ST1597 was newly

deposited in the Institut Pasteur MLST database (https://bigsdb.pasteur.fr/listeria/;
accessed on: 4 March 2022).
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We found housekeeping genes common to L. innocua STs 605 and ST1085, the
newly identified L.innocua ST1595, ST1597, ST1599 and ST1601 and
L. monocytogenes genetic lineage lll (abcZ 25, bglA 73, dapE 96, dat 45). Close
relation to L. monocytogenes genetic lineage Ill, ST267 was established for the
housekeeping gene abcZ 40 in L. innocua ST1600. Compared to genetic lineage |
and Il, L. monocytogenes lineage Il strains are relatively rare and show a high
number of recombination events (Y. H. L. Tsai et al., 2011; Zamudio et al., 2020).
Furthermore, lineage lll strains have been associated predominantly with animal
clinical cases (Orsi et al., 2011). It has been suggested that L. monocytogenes
serovar 4a, grouped into lineage Ill, might be an evolutionary intermediate
between L. monocytogenes 1/2a, 4b and L. innocua (J. Chen et al., 2009a).

Despite the close genetic relatedness of certain L. innocua strains determined on
the basis of Listeria housekeeping genes, we did not find atypical haemolytic
L. innocua strains. The latter have been reportedly recovered from different types
of food, FPEs, animal and environmental sources and harbour L. monocytogenes
specific genes such as LIPI-1, inlA, LIPI-3 and exhibit phenotypic features, such
as the ability to lyse red blood cells (see Table 2). These atypical L. innocua
strains with L. monocytogenes virulence traits are likely evolutionary artefacts,

descending from a L. monocytogenes progenitor (Moura et al., 2019).

We performed biochemical testing using API® Listeria rapid kit, to further
characterise Listeria spp. isolates. Three different profiles for the L. innocua
isolates were obtained: 7510 including a DIM and rhamnose positive reaction
(n=124/139), API® profile 7110 with a DIM positive and rhamnose negative
reaction (n=13/139), and API profile 7531 with a DIM, rhamnose, D-ribose, and D-
tagatose positive reaction (n=2/139). The vast majority of the persistent L. innocua
isolates exhibited a rhamnose positive profile (API® profiles 7510), except for
genotype (IN7[C], ST1085), which yielded a rhamnose negative profile (API®
profile 7110). A highly significant association for persistence and the ability to
utilise rhamnose was found by computing the Cramer’'s V coefficient of
association (p = 0.0065; Cramer’s V rV = WERT, p < 0.01). Considering our
results and taking into account previous findings of atypical L. monocytogenes
lineage Il strains and L. innocua unable to utilise rhamnose, those strains have

been associated with a survival disadvantage in FPEs, reduced stress tolerance
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and reduced virulence compared to rhamnose-fermenters (Roberts et al., 2006;
Salazar et al., 2013; Xue et al., 2008).

We observed that the recurrently recovered L. innocua isolates of genotypes
INS[A]=IN5[C]=INS[D]=IN5[E] (ST1597) and IN2[E] (ST637) alongside the
abundantly detected L. monocytogenes M5[B]=M5[D]=M5[E] (ST121), were better
adapted to BC, when compared to the other isolates investigated (1.3- and 2-fold
higher; mean MIC 15.6 mg/L in contrast to 11.7 and 7.8 mg/L). Resistance to BC
in L. innocua has been documented in earlier studies, with Xu et al. reporting
significantly higher MICs of BC in L. innocua than that in L. monocytogenes
isolates from swine and observing a correlation between BC and heavy metal
resistance (Xu et al., 2019). Genes conferring resistance to different agents,
including biocides, metals, toxic dyes or antibiotics are frequently localised
together on bacterial mobile genetic elements such as plasmids, transposons or
genetic islands (Luque-Sastre et al., 2018). Several authors have provided
evidence for the transfer of MGEs from other bacterial species to
L. monocytogenes and between L. innocua, L. welshimeri and L. monocytogenes
by sequence analysis and in vitro (Katharios-Lanwermeyer et al., 2012; Parsons
et al., 2019b). BC and cadmium resistance genes have been detected not only in
L. monocytogenes, but also in non-pathogenic Listeria spp., including L. innocua.
Resistance genes cadA1, cadA2 and bcrABC, extensively described in
L. monocytogenes, were also detected in L. innocua (Katharios-Lanwermeyer et
al., 2012; Korsak et al., 2019). The role of L. innocua as a resistance-gene donor
with the potential to confer enhanced biocide tolerance, as well as the potential
effect on the environmental fithess in connection with the virulence potential of the
human pathogen L. monocytogenes should be considered when recovering

L. innocua from the FPE.

We found that smear and brine provided growth niches and enabled the
L. innocua genotypes ST603 and ST1597 to persist alongside L. monocytogenes
in the dairy FPEs under observation. To our knowledge, our study is the first to
report identification of L. innocua persistence in dairy FPEs co-colonised by
L. monocytogenes. The fact that L. monocytogenes and L. innocua were

frequently detected in samples of the same category, underlines the benefit of
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using the non-pathogenic L. innocua as a hygiene indicator and index organism.
As such, several authors have recently pointed out that recovery of L. innocua in
the FPE could indicate the presence of undetected pathogenic L. monocytogenes
(Gwida et al., 2020; Jemmi & Stephan, 2006; Lakicevi¢ et al., 2010; Townsend et
al., 2021). Although this was most likely not the case in our study, as various
L. monocytogenes strains were recovered from the dairy FPEs alongside
L. innocua, microbiological detection and isolation of L. monocytogenes alongside
accompanying bacteria can be challenging, with L. innocua masking the presence
of L. monocytogenes in enrichment or on selective agar plates (Engelhardt et al.,
2016; Fgaier et al., 2014; Zittermann et al., 2016).

Besides the significance of L.innocua as an index for L. monocytogenes
presence, the possibility of HGT from L. innocua to other Listeria species including
L. monocytogenes should also be considered. Besides the HGT of BC and heavy
metal resistance genes described above, the emergence of atypical haemolytic
L. innocua strains is also very likely a result from HGT transfer events with the
potential of introducing the virulence genes, e.g. LIPI-4 genes, to other bacteria
(M. Li et al.,, 2021; Moreno et al., 2012). Furthermore, although the rate of
antimicrobial resistance in Listeria spp. is low compared to other bacteria,
resistance to antibiotics, including multi-drug resistance, is more common in
L. innocua than in any other Listeria species and provides the potential for
resistance transfer to the human pathogen L. monocytogenes (Baquero et al.,
2020; Bertsch et al., 2014; Chin et al., 2018; Escolar et al., 2017; Gray et al.,
2021; M. Li et al., 2021; Q. Li et al., 2007; H. C. Tsai et al., 2018). The incidental
aggregation of an elevated number of Listeria spp. provides the potential for intra-
and inter-species transfer of resistance to antibiotics, biocides, heavy metals or a
tolerance towards environmental stresses. Due to the high genetic homology
between L. innocua and L. monocytogenes and the frequent co-occurrence along
the food processing chain, the potential for the abovementioned genes being
transferred from L. innocua to L. monocyogenes or to various other commensal
bacteria should be considered.

Detection of L. innocua may facilitate the assessment of hygienic and sanitising
measures in place at the FPE, as some Listeria spp. are considered a good index
organism for L. monocytogenes contamination (Nastasijevic et al., 2017; Joint
FAO/WHO Codex Alimentarius Commission, 2007).
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We therefore strongly support the incorporation of L. innocua into FPE monitoring

programmes and food surveillance.
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5. CONCLUSIONS AND OUTLOOK

The ability of Listeria spp. to adapt to a broad range of environmental stresses,
including high salt concentrations, low temperature or biocide residues, makes the
dairy processing environment and RTE cheese products especially susceptible to
colonisation by these bacterial saprophytes (Martinez-Rios & Dalgaard, 2018;
Melo et al., 2015; Spanu et al., 2015). Due to the intrinsic characteristics of the
foodborne pathogen L. monocytogenes, complete elimination from the FPE is
considered impossible. The overarching aim therefore must be the reduction of
the overall occurrence and the limitation of the presence of Listeria spp. and
particularly of the pathogenic L. monocytogenes within the FPE to areas
precluding direct food contact. Accordingly, systematic monitoring of the FPE is
not only legally required, but also a necessity to identify entry routes,
contamination patterns and persistent strains and the key leverage point to control
contamination within the dairy processing environment (Jooste et al., 2016;
Wagner & Stessl, 2021). Choosing adequate sampling, detection and
identification methods is essential for efficient L. monocytogenes control (Spanu &
Jordan, 2020; Zangerl et al., 2021). Additionally, subtyping is warranted to identify
contamination routes and L. monocytogenes persistence on FPE level and is
indispensable for outbreak investigations, cluster detection and to analyse isolate
characteristics. At the time the principal research for this thesis was conducted
(2010-2013), PFGE was unanimously established as the gold standard molecular
subtyping method for L. monocytogenes, used internationally in research settings
as well as in routine surveillance (Dalmasso & Jordan, 2015; Michelon et al.,
2015). PFGE together with MLST are nowadays still valuable tools for further
strain differentiation and correlation and for tracing contamination routes and are
used in diverse settings (Caruso et al., 2020; Neoh et al., 2019; Zwirzitz et al.,
2021). However, as WGS methods have advanced during the recent years, costs
have significantly dropped and techniques have become more user friendly, WGS,
including plasmid and bacteriophage analysis, as well as cgMLST, which provide
superior typing resolution, are today extensively used in standard surveillance,
outbreak investigations, contamination tracing as well as for research purposes
(Halbedel et al., 2018; Mohan et al., 2021; Moura et al., 2017; Smith et al., 2019;

Stasiewicz et al., 2015; Stessl et al., 2021). Advanced typing and characterisation
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methods are needed, specifically to further investigate Listeria spp. persistence
and environmental adaptation phenomena, frequently described but with the
underlying mechanism still not fully understood (Torresi et al., 2020; Unrath et al.,
2021). WGS methods offer the opportunity to distinguish “truly” persistent isolates
from reintroduced ones and further investigate the genomic basis of adaptive,
resistance, persistence and virulence mechanisms in Listeria spp. (Demaitre et
al., 2021; Hurley et al., 2019; Unrath et al., 2021). WGS-derived data can
furthermore be used for in-silico typing, e.g. for MLST or plasmid typing (M. V.
Larsen et al., 2012; Uelze et al., 2020). Although bacterial subtyping in the clinical
setting as well as in food surveillance will be dominated by WGS technology in the
future, there is a continuous need for the further development of microbiological
and molecular biological methods for isolation and differentiation, rapid and cheap
identification methods and in-vitro and in-vivo phenotypic assays, e.g. to analyse
the nutrient metabolism, biofilm formation or the susceptibility to biocides and
antibiotics and establish the virulence potential of specific Listeria spp. strains
(Lianou & Koutsoumanis, 2013; Sintchenko et al., 2007). However, further
improvement is necessary regarding the data exchangeability and the
comparability of results from geno- as well as phenotypic studies. Molecular typing
methods, especially WGS, offer a multitude of possibilities in terms of data
analysis, interpretation and storage. A harmonised protocol is therefore urgently
needed, especially for international epidemiological surveillance purposes to allow
inter-laboratory data exchange and comparison (Jagadeesan et al., 2019; Luth et
al.,, 2021). In spite of the advances in subtyping methods, prevention of
L. monocytogenes in foods and in FPEs remains the prime public health
protection measure. An optimal Listeria monitoring scheme is tailored to the
respective facility and should create awareness of L. monocytogenes FPE
contamination as the first step for successful control (Beno et al., 2016). Besides
the public health and food safety relevance of the human pathogen
L. monocytogenes, our results also suggest that the typically non-pathogenic
L. innocua should be integrated in Listeria monitoring and control concepts. We
were able to document year-long persistence of L. innocua in dairy processing
environments, alongside L. monocytogenes and given the occurrence of strains
with increased tolerance to biocides, an atypically haemolytic phenotype and

virulence features and reports of multidrug-resistant strais from various sources,
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this species should be investigated further and its role as innocuous member of
the Listeria genus may need reconsideration (M. Li et al., 2021; Moura et al.,
2019; Parsons et al.,, 2019a). Consistent record keeping including longitudinal
mapping of contamination, adapting the cleaning and disinfection routine,
eliminating possible harbourage sites and niches through sustainable structural
modifications, such as hygienically designed equipment, hygienic zoning and
regulating personnel and equipment traffic are some of the main components of
an effective Listeria spp. control strategy (Kallipolitis et al., 2020; Zoellner et al.,
2018).

Despite highly automated production processes, especially in large scale milk
processing and cheese making facilities, the human factor should not be forgotten
when it comes to food hygiene (Evans et al., 2021; Manning, 2017). Awareness
and engagement of the FBO and the management level in Listeria control
measures is an essential step to ensure adequate implementation of basic
hygiene measures by the personnel. Personnel, who are aware of their
responsibility to contribute to safe food and who are trained in the implementation
of essential and easily integrable hygiene measures, are another main factor to
prevent re- and cross-contamination from the FPE to food and thereby decrease

the public health burden of L. monocytogenes.

101



102



6. FUNDING

Research conducted for this thesis was funded by the European Union (EU)
project BIOTRACER (project number 036272; 6th Framework Programme) and
the Integrated Project PROMISE (project number 265877; 7th Framework

Programme).

103



104



7. REFERENCES
Aalto-Araneda, M., Lundén, J., Markkula, A., Hakola, S., & Korkeala, H. (2019).

Processing plant and machinery sanitation and hygiene practices associate
with Listeria monocytogenes occurrence in ready-to-eat fish products. Food
Microbiology, 82, 455-464.

Aalto-Araneda, M., Pdntinen, A., Pesonen, M., Corander, J., Markkula, A., Tasara,
T., Stephan, R., & Korkeala, H. (2020). Strain variability of Listeria
monocytogenes under NaCl stress elucidated by a high-throughput microbial
growth data assembly and analysis protocolL. Applied and Environmental
Microbiology, 86(6), e02378-19.

Aarnisalo, K., Salo, S., Miettinen, H., Suihko, M. L., Wirtanen, G. U. N., Autio, T.,
Lundén, J., Korkeala, H., & Sjoberg, A. M. (2000). Bactericidal efficiencies of
commercial disinfectants against Listeria monocytogenes on surfaces.
Journal of Food Safety, 20(4), 237-250.

Aase, B., Sundheim, G., Langsrud, S., & Regrvik, L. M. (2000). Occurrence of and
a possible mechanism for resistance to a quaternary ammonium compound in
Listeria monocytogenes. International Journal of Food Microbiology, 62(1-2),
57-63.

Abee, T., Koomen, J., Metselaar, K. |., Zwietering, M. H., & Besten, H. M. W. den.
(2016). Impact of Pathogen Population Heterogeneity and Stress-Resistant
Variants on Food Safety. Annual review of food Science and Technology, 7,
439-456.

Acciari, V. A., lannetti, L., Gattuso, A., Sonnessa, M., Scavia, G., Montagna, C.,
Addante, N., Torresi, M., Zocchi, L., Scattolini, S., Centorame, P., &
Gianfranceschi, M. V. (2016). Tracing sources of Listeria contamination in
traditional ltalian cheese associated with a US outbreak: Investigations in
Italy. Epidemiology and Infection, 144(13), 2719-2727.

Aguado, V., Vitas, A. |., & Garcia-Jalon, |. (2004). Characterization of Listeria
monocytogenes and Listeria innocua from a vegetable processing plant by
RAPD and REA. International Journal of Food Microbiology, 90(3), 341-347.

Akrami-Mohaijeri, F., Derakhshan, Z., Ferrante, M., Hamidiyan, N., Soleymani, M.,
Conti, G. O., & Tafti, R. D. (2018). The prevalence and antimicrobial
resistance of Listeria spp in raw milk and traditional dairy products delivered

105



in Yazd, central Iran (2016). Food and Chemical Toxicology, 114, 141-144.

Alessandria, V., Rantsiou, K., Dolci, P., & Cocolin, L. (2010). Molecular methods
to assess Listeria monocytogenes route of contamination in a dairy
processing plant. International Journal of Food Microbiology, 141, S156—
S162.

Allerberger, F. (2003). Listeria: growth, phenotypic differentiation and molecular
microbiology. FEMS Immunology & Medical Microbiology, 35(3), 183—-189.
Allerberger, F., & Guggenbichler, J. P. (1989). Listeriosis in Austria - report of an

outbreak in 1986. Acta Microbiologica Hungarica, 36 (2-3), 149-152.

Allerberger, F., & Wagner, M. (2010). Listeriosis: A resurgent foodborne infection.
Clinical Microbiology and Infection, 16(1), 16-23.

Almeida, G., Magalhaes, R., Carneiro, L., Santos, I., Silva, J., Ferreira, V., Hogg,
T., & Teixeira, P. (2013). Foci of contamination of Listeria monocytogenes in
different cheese processing plants. International Journal of Food
Microbiology, 167(3), 303—309.

Alonso-Hernando, A., Alonso-Calleja, C., & Capita, R. (2009). Comparative
analysis of acid resistance in Listeria monocytogenes and Salmonella
enterica strains before and after exposure to poultry decontaminants. Role of
the glutamate decarboxylase (GAD) system. Food Microbiology, 26(8), 905—
909.

Alonso, V. P. P., & Kabuki, D. Y. (2019). Formation and dispersal of biofilms in
dairy substrates. International Journal of Dairy Technology, 72(3), 472-478.

Alvarez-Molina, A., Cobo-Diaz, J. F., Lopez, M., Prieto, M., de Toro, M., &
Alvarez-Orddrez, A. (2021). Unraveling the emergence and population
diversity of Listeria monocytogenes in a newly built meat facility through
whole genome sequencing. International Journal of Food Microbiology, 340,
109043.

Alvarez-Ordoéfiez, A., Leong, D., Hickey, B., Beaufort, A., & Jordan, K. (2015). The
challenge of challenge testing to monitor Listeria monocytogenes growth on
ready-to-eat foods in Europe by following the European Commission (2014)
Technical Guidance document. Food Research International, 75, 233-243.

Alvarez-Ordénez, A., Leong, D., Hunt, K., Scollard, J., Butler, F., & Jordan, K.
(2018). Production of safer food by understanding risk factors for

L. monocytogenes occurrence and persistence in food processing

106



environments. Journal of Food Safety, 38(6), e12516.

Alvarez-Ordénez, A., Leong, D., Morgan, C. A., Hill, C., Gahan, C. G. M., &
Jordan, K. (2015). Occurrence, Persistence, and Virulence Potential of
Listeria ivanovii in Foods and Food Processing Environments in the Republic
of Ireland. BioMed Research International, 2015,
https://doi.org/10.1155/2015/350526.

Amato, E., Filipello, V., Gori, M., Lomonaco, S., Losio, M. N., Parisi, A., Huedo, P.,
Knabel, S.J., & Pontello, M. (2017). Identification of a major Listeria
monocytogenes outbreak clone linked to soft cheese in Northern Italy — 2009-
2011. BMC Infectious Diseases, 17(1), 1-7.

Angelidis, A. S., & Smith, G. M. (2003). Three transporters mediate uptake of
glycine betaine and carnitine by Listeria monocytogenes in response to
hyperosmotic stress. Applied and Environmental Microbiology, 69(2), 1013—
1022.

Angelo, K. M., Conrad, A. R., Saupe, A., Dragoo, H., West, N., Sorenson, A,,
Barnes, A., Doyle, M., Beal, J., Jackson, K.A., & Stroika, S. (2017). Multistate
outbreak of Listeria monocytogenes infections linked to whole apples used in
commercially produced, prepackaged caramel apples: United States, 2014-
2015. Epidemiology and Infection, 145(5), 848—856.

Antoci, S., Acciari, V. A., Marzio, V. Di, Matto, I. Del, Centorotola, G., Torresi, M.,
Marfoglia, C., lannitto, G., Ruolo, A., Santarelli, G.A., Migliorati, G., & Pomilio,
F. (2019). Preliminary results on prevalence and persistence of Listeria
monocytogenes in different dairy and meat processing plants in Central Italy.
International Journal of Infectious Diseases, 79, 78—79.

Archambaud, C., Nahori, M.-A., Pizarro-Cerda, J., Cossart, P., & Dussurget, O.
(2006). Control of Listeria Superoxide Dismutase by Phosphorylation. Journal
of Biological Chemistry, 281(42), 31812-31822.

Ariza-Miguel, J., Fernandez-Natal, M. |., Soriano, F., Hernandez, M., Stessl, B., &
Rodriguez-Lazaro, D. (2015). Molecular Epidemiology of Invasive Listeriosis
due to Listeria monocytogenes in a Spanish Hospital over a Nine-Year Study
Period, 2006-2014. BioMed Research International, 2015,
https://doi.org/10.1155/2015/191409.

Arous, S., Dalet, K., & Héchard, Y. (2004). Involvement of the mpo operon in

resistance to class lla bacteriocins in Listeria monocytogenes. FEMS

107


https://doi.org/10.1155/2015/350526

Microbiology Letters, 238(1), 37-41.

Arslan, S., & Baytur, S. (2019). Prevalence and antimicrobial resistance of Listeria
species and subtyping and virulence factors of Listeria monocytogenes from
retail meat. Journal of Food Safety, 39(1), e12578.

Asperger, H., Wagner, M., & Brandl, E. (2001). An approach towards public health
and foodborne human listeriosis - The Austrian Listeria monitoring. Berliner
Und Munchener Tierarztliche Wochenschrift, 114(11-12), 446-452.

Assisi, C., Forauer, E., Oliver, H. F., & Etter, A. J. (2021). Genomic and
Transcriptomic Analysis of Biofilm Formation in Persistent and Transient
Listeria monocytogenes Isolates from the Retail Deli Environment Does Not
Yield Insight into Persistence Mechanisms. Foodborne Pathogens and
Disease, 18(3), 179-188.

Australian Government. (2018). Australia New Zealand Food Standards Code —
Standard 1.6.1 — Microbiological limits in food. Retrieved from:
https://www.legislation.gov.au/Details/F2018C00939; accessed on: 5 March
2022.

Awaisheh, S. S. (2010). Incidence and contamination level of Listeria

monocytogenes and other Listeria spp. in ready-to-eat meat products in
Jordan. Journal of Food Protection, 73(3), 535-540.

Baert, L., McClure, P., Winkler, A., Karn, J., Bouwknegt, M., & Kilijn, A. (2021).
Guidance document on the use of whole genome sequencing (WGS) for
source tracking from a food industry perspective. Food Control, 130, 108148.

Bang, J., Beuchat, L. R., Song, H., Gu, M. B., Chang, H. ., Kim, H. S., & Ryu, J.
H. (2013). Development of a random genomic DNA microarray for the
detection and identification of Listeria monocytogenes in milk. International
Journal of Food Microbiology, 161(2), 134—141.

Bansal, M., Nannapaneni, R., Sharma, C. S., & Kiess, A. (2018). Listeria
monocytogenes Response to Sublethal Chlorine Induced Oxidative Stress on
Homologous and Heterologous Stress Adaptation. Frontiers in Microbiology,
9, 2050.

Baquero, F., Lanza, V. F., Duval, M., & Coque, T. M. (2020). Ecogenetics of
antibiotic resistance in Listeria monocytogenes. Molecular Microbiology,
113(3), 570-579.

Barancelli, G. V., Camargo, T. M., Gagliardi, N. G., Porto, E., Souza, R. A,

108


https://www.legislation.gov.au/Details/F2018C00939

Campioni, F., Falcao, J. P., Hofer, E., Cruz, A. G., & Oliveira, C. A. F. (2014).
Pulsed-Field Gel Electrophoresis characterization of Listeria monocytogenes
isolates from cheese manufacturing plants in Sado Paulo, Brazil. International
Journal of Food Microbiology, 173, 21-29.

Barria, C., Singer, R. S., Bueno, |., Estrada, E., Rivera, D., Ulloa, S., ... Moreno-
Switt, A. |. (2020). Tracing Listeria monocytogenes contamination in artisanal
cheese to the processing environments in cheese producers in southern
Chile. Food Microbiology, 90, 103499.

Bechtel, T. D., & Gibbons, J. G. (2021). Population Genomic Analysis of Listeria
monocytogenes From Food Reveals Substrate-Specific Genome Variation.
Frontiers in Microbiology, 12, 165.

Begley, M., Sleator, R. D., Gahan, C. G. M., & Hill, C. (2005). Contribution of three
bile-associated loci, bsh, pva, and bt/B, to gastrointestinal persistence and
bile tolerance of Listeria monocytogenes. Infection and Immunity, 73(2), 894—
904.

Belias, A., Sullivan, G., Wiedmann, M., & Ivanek, R. (2021). Factors that
contribute to persistent Listeria in food processing facilities and relevant
interventions: A rapid review. Food Control, 133, 108579.

Belias, A., & Wiedmann, M. (2021). Hazards, risks, and challenges of Listeria in
the food supply. Food Safety Management in Practice.

Beno, S. M., Stasiewicz, M. J., Andrus, A. D., Ralyea, R. D., Kent, D. J., Martin, N.
H., Wiedmann, M., & Boor, K. J. (2016). Development and validation of
pathogen environmental monitoring programs for small cheese processing
facilities. Journal of Food Protection, 79(12), 2095-2106.

Bergholz, T. M., Bowen, B., Wiedmann, M., & Boor, K. J. (2012). Listeria
monocytogenes shows temperature-dependent and -independent responses
to salt stress, including responses that induce cross-protection against other
stresses. Applied and Environmental Microbiology, 78(8), 2602—-2612.

Bergholz, T. M., den Bakker, H. C., Fortes, E. D., Boor, K. J., & Wiedmann, M.
(2010). Salt stress phenotypes in Listeria monocytogenes vary by genetic
lineage and temperature. Foodborne Pathogens and Disease, 7(12), 1537—
1549.

Bergholz, T. M., den Bakker, H. C., Katz, L. S., Silk, B. J., Jackson, K. A,
Kucerova, Z., Joseph, L.A., Turnsek, M., Gladney, L.M., Halpin, J.L., Xavier,

109



K., & Tarr, C. L.(2016). Determination of evolutionary relationships of
outbreak associated Listeria monocytogenes strains of serotypes 1/2a and
1/2b by whole genome sequencing. Applied and Environmental Microbiology,
82(3), 928-938.

Bergholz, T. M., Shah, M. K., Burall, L. S., Rakic-Martinez, M., & Datta, A. R.
(2018). Genomic and phenotypic diversity of Listeria monocytogenes clonal
complexes associated with human listeriosis. Applied Microbiology and
Biotechnology, 102(8), 3475-3485.

Berrang, M. E., & Frank, J. F. (2012). Generation of airborne Listeria innocua from
model floor drains. Journal of Food Protection, 75(7), 1328—1331.

Berrang, M. E., Frank, J. F., & Meinersmann, R. J. (2013). Contamination of raw
poultry meat by airborne Listeria originating from a floor drain. Journal of
Applied Poultry Research, 22(1), 132—-136.

Bertsch, D., Muelli, M., Weller, M., Uruty, A., Lacroix, C., & Meile, L. (2014).
Antimicrobial susceptibility and antibiotic resistance gene transfer analysis of
foodborne, clinical, and environmental Listeria spp. isolates including Listeria
monocytogenes. MicrobiologyOpen, 3(1), 118-127.

Bertsch, D., Rau, J., Eugster, M. R., Haug, M. C., Lawson, P. A., Lacroix, C., &
Meile, L. (2013). Listeria fleischmannii sp. nov., isolated from cheese.
International Journal of Systematic and Evolutionary Microbiology, 63(Pt_2),
526-532.

Besser, J., Carleton, H. A., Gerner-Smidt, P., Lindsey, R. L., & Trees, E. (2018).
Next-generation sequencing technologies and their application to the study
and control of bacterial infections. Clinical microbiology and infection, 24(4),
335-341.

Beumer, R. R., & Curtis, G. D. W. (2012). Culture media and methods for the
isolation of Listeria monocytogenes. Handbook of Culture Media for Food and
Water Microbiology, 115. Royal Society of Chemistry.

Bille, J., Catimel, B., Bannerman, E., Jacquet, C., Yersin, M. N., Caniaux, I.,
Monget, D., & Rocourt, J. (1992). API Listeria, a new and promising one-day
system to identify Listeria isolates. Applied and Environmental Microbiology,
58(6), 1857-1860.

Blair, J. M., Webber, M. A., Baylay, A. J., Ogbolu, D. O., & Piddock, L. J. (2015).

Molecular mechanisms of antibiotic resistance. Nature Reviews Microbiology,

110



13(1), 42-51.

Bonilauri, P., Merialdi, G., Ramini, M., Bardasi, L., Taddei, R., Grisenti, M. S.,
Daminelli, P., Cosciani-Cunico, E., Dalzini, E., Frustoli, M.A., Giacometti, F.,
& Serraino, A. (2021). Modeling the behavior of Listeria innocua in Italian
salami during the production and high-pressure validation of processes for
exportation to the U.S. Meat Science, 172, 108315.

Borucki, M. K., Kim, S. H., Call, D. R., Smole, S. C., & Pagotto, F. (2004).
Selective discrimination of Listeria monocytogenes epidemic strains by a
mixed-genome DNA microarray compared to discrimination by pulsed-field
gel electrophoresis, ribotyping, and multilocus sequence typing. Journal of
Clinical Microbiology, 42(11), 5270-5276.

Borucki, M. K., Krug, M. J., Muraoka, W. T., & Call, D. R. (2003). Discrimination
among Listeria monocytogenes isolates using a mixed genome DNA
microarray. Veterinary Microbiology, 92(4), 351-362.

Bouayad, L., Hamdi, T. M., Naim, M., Leclercq, A., & Lecuit, M. (2015).
Prevalence of Listeria spp. and Molecular Characterization of Listeria
monocytogenes lIsolates from Broilers at the Abattoir. Foodborne Pathogens
and Disease, 12(7), 606—611.

Boucher, C., Waite-Cusic, J., Stone, D., & Kovacevic, J. (2021). Relative
performance of commercial citric acid and quaternary ammonium sanitizers
against Listeria monocytogenes under conditions relevant to food industry.
Food Microbiology, 97, 103752.

Braga, V., Vazquez, S., Vico, V., Pastorino, V., Mota, M. I., Legnani, M.,
Schelotto, F., Lancibidad, G., & Varela, G. (2017). Prevalence and serotype
distribution of Listeria monocytogenes isolated from foods in Montevideo-
Uruguay. Brazilian Journal of Microbiology, 48(4), 689—-694.

Bremer, P., Flint, S., Brooks, J., & Palmer, J. (2015). Introduction to Biofilms.
Biofilms in the Dairy Industry, 1-16.

Brito, J. R. F., Santos, E. M. P., Arcuri, E. F., Lange, C. C., Brito, M. A. V. P,,
Souza, G. N., Cerqueira, M.M., Beltran, J.M.S., Call, J.E., Liu, Y., Porto-Fett,
A.C., & Luchansky, J. B. (2008). Retail survey of Brazilian milk and Minas
frescal cheese and a contaminated dairy plant to establish prevalence,
relatedness, and sources of Listeria monocytogenes isolates. Applied and
Environmental Microbiology, 74(15), 4954—-4961.

111



Brown, P., Chen, Y., Parsons, C., Brown, E., Loessner, M. J., Shen, Y., &
Kathariou, S. (2021). Whole Genome Sequence Analysis of Phage-Resistant
Listeria monocytogenes Serotype 1/2a Strains from Turkey Processing
Plants. Pathogens, 10(2), 199.

Bubert, A., Hein, I., Rauch, M., Lehner, A., Yoon, B., Goebel, W., & Wagner, M.
(1999). Detection and differentiation of Listeria spp. by a single reaction
based on multiplex PCR. Applied and Environmental Microbiology, 65(10),
4688-4692.

Buchrieser, C., & Glaser, P. (2011). Genomics of Listeria monocytogenes and
Other Members of the Genus Listeria. In P. Fratamico, Y. Liu, & S. Kathariou
(Eds.), Genomes of Foodborne and Waterborne Pathogens (pp. 125-145).
Washington, DC: ASM Press.

Buchrieser, C., Rusniok, C., Kunst, F., Cossart, P., Glaser, P., & Glaser, P.
(2003). Comparison of the genome sequences of Listeria monocytogenes
and Listeria innocua: clues for evolution and pathogenicity. FEMS
Immunology & Medical Microbiology, 35(3), 207-213.

Bucur, F. |., Grigore-Gurgu, L., Crauwels, P., Riedel, C. U., & Nicolau, A. I. (2018).
Resistance of Listeria monocytogenes to Stress Conditions Encountered in
Food and Food Processing Environments. Frontiers in Microbiology, 9, 2700.

Bdla, C. J., Bille, J., & Glauser, M. P. (1995). An epidemic of food-borne listeriosis
in western Switzerland: Description of 57 cases involving adults. Clinical
Infectious Diseases, 20(1), 66—72.

Bumgarner, R. (2013). Overview of DNA Microarrays: Types, Applications, and
Their Future. Current Protocols in Molecular Biology, 101(1), 22-1.

Bundesministerium fur Soziales, Gesundheit, Pflege und Konsumentenschutz.
(2021). Nationale Referenzzentrale fur Listeriose — Jahresbericht 2020.
Retrieved from: https://www.sozialministerium.at/dam/jcr:2d75f5b0-a92c-
47c0-831e-6¢6c0df0722¢c/FINAL%20L isteriose-
JB%202020%20Stand%2016.02.21 AS.pdf; accessed on: 4 March 2022.

Cabal, A., Pietzka, A., Huhulescu, S., Allerberger, F., Ruppitsch, W., & Schmid, D.
(2019). Isolate-Based Surveillance of Listeria monocytogenes by Whole

Genome Sequencing in Austria. Frontiers in Microbiology, 10, 2282.
Cabrita, P., Trigo, M. J., Ferreira, R. B., & Brito, L. (2015). Differences in the
expression of cold stress-related genes and in the swarming motility among

112


https://www.sozialministerium.at/dam/jcr:2d75f5b0-a92c-47c0-831e-6c6c0df0722c/FINAL%20Listeriose-JB%202020%20Stand%2016.02.21_AS.pdf
https://www.sozialministerium.at/dam/jcr:2d75f5b0-a92c-47c0-831e-6c6c0df0722c/FINAL%20Listeriose-JB%202020%20Stand%2016.02.21_AS.pdf
https://www.sozialministerium.at/dam/jcr:2d75f5b0-a92c-47c0-831e-6c6c0df0722c/FINAL%20Listeriose-JB%202020%20Stand%2016.02.21_AS.pdf

persistent and sporadic strains of Listeria monocytogenes. Foodborne
Pathogens and Disease, 12(7), 576-584.

Call, D. R., Borucki, M. K., & Loge, F. J. (2003). Detection of bacterial pathogens
in environmental samples using DNA microarrays. Journal of Microbiological
Methods, 53(2), 235-243.

Cantinelli, T., Chenal-Francisque, V., Diancourt, L., Frezal, L., Leclercq, A., Wirth,
T., Lecuit, M., & Brisse, S. (2013). “Epidemic clones" of Listeria
monocytogenes are widespread and ancient clonal groups. Journal of Clinical
Microbiology, 51(11), 3770-3779.

Cao, Y., Fanning, S., Proos, S., Jordan, K., & Srikumar, S. (2017). A review on the
applications of next generation sequencing technologies as applied to food-
related microbiome studies. Frontiers in microbiology, 8, 1829.

Capita, R., Alonso-Calleja, C., Mereghetti, L., Moreno, B., & Garcia-Fernandez, M.
del C. (2002). Evaluation of the international phage typing set and some
experimental phages for typing of Listeria monocytogenes from poultry in
Spain. Journal of Applied Microbiology, 92(1), 90-96.

Carlin, C. R., Liao, J., Weller, D., Guo, X., Orsi, R., & Wiedmann, M. (2021).
Listeria cossartiae sp. nov., Listeria immobilis sp. nov., Listeria portnoyi sp.
nov. and Listeria rustica sp. nov., isolated from agricultural water and natural
environments. International Journal of Systematic and Evolutionary
Microbiology, 71(5), 004795.

Carpentier, B., & Cerf, O. (2011). Persistence of Listeria monocytogenes in food
industry equipment and premises. International Journal of Food Microbiology,
145(1), 1-8.

Carrique-Mas, J. J., Hokeberg, |., Andersson, Y., Arneborn, M., Tham, W.,
Danielsson-Tham, M. L., Osterman, B., Leffler, M., Steen, M., Eriksson, E.,
Hedin, G., & Giesecke, J. (2003). Febrile gastroenteritis after eating on-farm
manufactured fresh cheese - An outbreak of listeriosis? Epidemiology and
Infection, 130(1), 79-86.

Caruso, M., Fraccalvieri, R., Pasquali, F., Santagada, G., Latorre, L. M., Difato,
L. M., Miccolupo, A., Normanno, G., & Parisi, A. (2020). Antimicrobial
Susceptibility and Multilocus Sequence Typing of Listeria monocytogenes
Isolated Over 11 Years from Food, Humans, and the Environment in ltaly.
Foodborne Pathogens and Disease, 17(4), 284-294.

113



Castro, H., Douillard, F. P., Korkeala, H., & Lindstrdm, M. (2021). Mobile Elements
Harboring Heavy Metal and Bacitracin Resistance Genes Are Common
among Listeria monocytogenes Strains Persisting on Dairy Farms. mSphere,
6(4), e00383-21.

Castro, H., Jaakkonen, A., Hakkinen, M., Korkeala, H., & Lindstréom, M. (2018).
Occurrence, persistence, and contamination routes of Listeria
monocytogenes genotypes on three Finnish dairy cattle farms: A longitudinal
study. Applied and Environmental Microbiology, 84(4), 2000-2017.

Castro, H., Ruusunen, M., & Lindstrdom, M. (2017). Occurrence and growth of
Listeria monocytogenes in packaged raw milk. International Journal of Food
Microbiology, 261, 1-10.

Centers for Disease Control and Prevention (CDC). (2017). Standard Operating
Procedure for PulseNet PFGE of Listeria monocytogenes. Retrieved from:
https://www.cdc.gov/pulsenet/pathogens/protocols.html; accessed on: 4
March 2022.

Centorotola, G., Guidi, F., D'Aurizio, G., Salini, R., Domenico, M. Di, Ottaviani, D.,
Petruzzelli, A., Fisichella, S., Duranti, A., Tonucci, F., Acciari, V.A., & Blasi, G.
(2021). Intensive Environmental Surveillance Plan for Listeria monocytogenes
in Food Producing Plants and Retail Stores of Central Italy: Prevalence and
Genetic Diversity. Foods, 10(8), 1944.

Cerf, O., Carpentier, B., & Sanders, P. (2010). Tests for determining in-use
concentrations of antibiotics and disinfectants are based on entirely different
concepts: “Resistance” has different meanings. International Journal of Food
Microbiology, 136(3), 247-254.

Cesare, A.D., Parisi, A., Mioni, R., Comin, D., Lucchi, A., & Gerardo, M. (2017).
Listeria monocytogenes Circulating in Rabbit Meat Products and
Slaughterhouses in Italy: Prevalence Data and Comparison Among Typing
Results. Foodborne Pathogens and Disease, 14(3), 167-176.

Chambel, L., Sol, M., Fernandes, |., Barbosa, M., Zilhao, |., Barata, B., Jordan, S.,
Perni, S., Shama, G., Adrido, A., Faleiro, L., & Tenreiro, R. (2007).
Occurrence and persistence of Listeria spp. in the environment of ewe and
cow’s milk cheese dairies in Portugal unveiled by an integrated analysis of
identification, typing and spatial-temporal mapping along production cycle.
International Journal of Food Microbiology, 116(1), 52—63.

114



Charlier, C., Perrodeau, E., Leclercq, A., Cazenave, B., Pilmis, B., Henry, B.,
Lopes, A., Maury, M.M., Moura, A., Goffinet, F., Dieye, H.B., & Zumbo, C.
(2017). Clinical features and prognostic factors of listeriosis: the MONALISA
national prospective cohort study. The Lancet Infectious Diseases, 17(5),
510-519.

Chaturongakul, S., Raengpradub, S., Palmer, M. E., Bergholz, T. M., Orsi, R. H.,
Hu, Y., Ollinger, J., Wiedmann, M., & Boor, K. J. (2011). Transcriptomic and
phenotypic analyses identify coregulated, overlapping regulons among PrfA,
CtsR, HrcA, and the alternative sigma factors o b, o ¢, o0 h, and o | in Listeria
monocytogenes. Applied and Environmental Microbiology, 77(1), 187—-200.

Chaudhuri, S., Bruno, J. C., Alonzo, F., Xayarath, B., Cianciotto, N. P., & Freitag,
N. E. (2010). Contribution of chitinases to Listeria monocytogenes
pathogenesis. Applied and Environmental Microbiology, 76(21), 7302—7305.

Chen, B. Y., Pyla, R., Kim, T.-J., Silva, J. L., & Jung, Y.-S. (2010). Antibiotic
resistance in Listeria species isolated from catfish fillets and processing
environment. Letters in Applied Microbiology, 50(6), 626—632.

Chen, B. Y., Wang, C. Y., Wang, C. L., Fan, Y. C.,, Weng, I|. T., & Chou, C. H.
(2016). Prevalence and persistence of Listeria monocytogenes in ready-to-
eat tilapia sashimi processing plants. Journal of Food Protection, 79(11),
1898-1903.

Chen, G. Y., Pensinger, D. A., & Sauer, J. D. (2017). Listeria monocytogenes
cytosolic metabolism promotes replication, survival, and evasion of innate
immunity. Cellular Microbiology, 19(10), e12762.

Chen, J., Chen, Q., Jiang, L., Cheng, C., Bai, F., Wang, J., Mo, F., & Fang, W.
(2010). Internalin profiling and multilocus sequence typing suggest four
Listeria innocua subgroups with different evolutionary distances from Listeria
monocytogenes. BMC Microbiology, 10, 97.

Chen, J., Cheng, C., Lv, Y., & Fang, W. (2013). Genetic diversity of internalin
genes in the ascB - dapE locus among Listeria monocytogenes lineages Il
and |V strains. Journal of Basic Microbiology, 53(9), 778—784.

Chen, J., Jiang, L., Chen, X,, Luo, X., Chen, Y., Yu, Y., Tian, G., Liu, D., & Fang,
W. (2009a). Listeria monocytogenes serovar 4a is a possible evolutionary
intermediate between L. monocytogenes serovars 1/2a and 4b and

L. innocua. Journal of Microbiology and Biotechnology, 19(3), 238—-249.

115



Chen, J., Zhang, X., Mei, L., Jiang, L., & Fang, W. (2009b). Prevalence of Listeria
in Chinese Food Products from 13 Provinces Between 2000 and 2007 and
Virulence Characterization of Listeria monocytogenes lsolates. Foodborne
Pathogens and Disease, 6(1), 7-14.

Chen, J. Q., Healey, S., Regan, P., Laksanalamai, P., & Hu, Z. (2017). PCR-
based methodologies for detection and characterization of Listeria
monocytogenes and Listeria ivanovii in foods and environmental sources.
Food Science and Human Wellness, 6(2), 39-59.

Chen, S., Li, J., Saleh-Lakha, S., Allen, V., & Odumeru, J. (2011). Multiple-locus
variable number of tandem repeat analysis (MLVA) of Listeria
monocytogenes directly in food samples. International Journal of Food
Microbiology, 148(1), 8—14.

Chen, Y., & Knabel, S. J. (2007). Multiplex PCR for simultaneous detection of
bacteria of the genus Listeria, Listeria monocytogenes, and major serotypes
and epidemic clones of L. monocytogenes. Applied and Environmental
Microbiology, 73(19), 6299-6304.

Chen, Y., Luo, Y., Carleton, H., Timme, R., Melka, D., Muruvanda, T., Wang, C.,
Kastanis, G., Katz, L.S., Turner, L., Fritzinger, A., & Brown, E. W. (2017a).
Whole genome and core genome multilocus sequence typing and single
nucleotide polymorphism analyses of Listeria monocytogenes isolates
associated with an outbreak linked to cheese, United States, 2013. Applied
and Environmental Microbiology, 83(15), e00633-17.

Chen, Y., Luo, Y., Curry, P., Timme, R., Melka, D., Doyle, M., Parish, M.,
Hammack, T.S., Allard, M.W., Brown, E.W. & Strain, E. A. (2017b). Assessing
the genome level diversity of Listeria monocytogenes from contaminated ice
cream and environmental samples linked to a listeriosis outbreak in the
United States. PLoS One, 12(2), e0171389.

Chen, Y., Zhang, W., & Knabel, S. J. (2007). Multi-virulence-locus sequence
typing identifies single nucleotide polymorphisms which differentiate epidemic
clones and outbreak strains of Listeria monocytogenes. Journal of Clinical
Microbiology, 45(3), 835—846.

Chenal-Francisque, V., Lopez, J., Cantinelli, T., Caro, V., Tran, C., Leclercq, A.,
Lecuit, M., & Brisse, S. (2011). Worldwide distribution of major clones of

Listeria monocytogenes. Emerging Infectious Diseases, 17(6), 1110-1112.

116



Chenal-Francisque, V., Maury, M. M., Lavina, M., Touchon, M., Leclercq, A.,
Lecuit, M., & Brisseb, S. (2015). Clonogrouping, a rapid multiplex PCR
method for identification of major clones of Listeria monocytogenes. Journal
of Clinical Microbiology, 53(10), 3355-3358.

Cheng, Y., Siletzky, R., Kathariou, S. (2008). Genomic divisions/lineages,
epidemic clones, and population structure. In D. Liu (Ed.), Handbook of
Listeria monocytogenes. (pp. 337-357). CRC Press.

Cherifi, T., Arsenault, J., Pagotto, F., Quessy, S., Coté, J. C., Neira, K., Fournaise,
S., Bekal, S., & Fravalo, P. (2020). Distribution, diversity and persistence of
Listeria monocytogenes in swine slaughterhouses and their association with
food and human listeriosis strains. PLoS One, 15(8), e0236807.

Cherifi, T., Carrillo, C., Lambert, D., Miniai, I., Quessy, S., Lariviére-Gauthier, G.,
Blais, B., & Fravalo, P. (2018). Genomic characterization of Listeria
monocytogenes isolates reveals that their persistence in a pig slaughterhouse
is linked to the presence of benzalkonium chloride resistance genes. BMC
Microbiology, 18(1), 220.

Chiara, M., Caruso, M., D’Erchia, A. M., Manzari, C., Fraccalvieri, R., Goffredo, E.,
Latorre, L., Miccolupo, A., Padalino, |., Santagada, G., Chiocco, D., & Parisi,
A. (2015). Comparative Genomics of Listeria Sensu Lato: Genus-Wide
Differences in Evolutionary Dynamics and the Progressive Gain of Complex,
Potentially Pathogenicity-Related Traits through Lateral Gene Transfer.
Genome Biology and Evolution, 7(8), 2154-2172.

Chico-Calero, |., Suarez, M., Gonzalez-Zorn, B., Scortti, M., Slaghuis, J., Goebel,
W., & Vazquez-Boland, J. A. (2002). Hpt, a bacterial homolog of the
microsomal glucose-6-phosphate translocase, mediates rapid intracellular
proliferation in Listeria. Proceedings of the National Academy of Sciences,
99(1), 431-436.

Chin, P. S., Ang, G. Y., Yu,C. Y., Tan, E. L., Tee, K. K., Yin, W. F., Chan, K.G., &
Tan, G. Y. A. (2018). Prevalence, Antimicrobial Resistance, and Genetic
Diversity of Listeria spp. Isolated from Raw Chicken Meat and Chicken-
Related Products in Malaysia. Journal of Food Protection, 81(2), 284—289.

Chitlapilly Dass, S., Abu-Ghannam, N., Antony-Babu, S., & J. Cummins, E.
(2010). Ecology and molecular typing of L. monocytogenes in a processing

plant for cold-smoked salmon in the Republic of Ireland. Food Research

117



International, 43(5), 1529-1536.

Christensen, E. G., Gram, L., & Kastbjerg, V. G. (2011). Sublethal triclosan
exposure decreases susceptibility to gentamicin and other aminoglycosides in
Listeria monocytogenes. Antimicrobial Agents and Chemotherapy, 55(9),
4064-4071.

Christiansen, J. K., Larsen, M. H., Ingmer, H., Sg@gaard-Andersen, L., &
Kallipolitis, B. H. (2004). The RNA-binding protein Hfq of Listeria
monocytogenes: Role in stress tolerance and virulence. Journal of
Bacteriology, 186(11), 3355—-3362.

Ciolacu, L., Nicolau, A. ., Wagner, M., & Rychli, K. (2015). Listeria
monocytogenes isolated from food samples from a Romanian black market
show distinct virulence profiles. International Journal of Food Microbiology,
209, 44-51.

Clayton, E. M., Daly, K. M., Guinane, C. M., Hill, C., Cotter, P. D., & Ross, P. R.
(2014). Atypical Listeria innocua strains possess an intact LIPI-3. BMC
Microbiology, 14, 58.

Coelho, M. C,, Silva, C. C. G, Ribeiro, S. C., Dapkevicius, M. L. N. E., & Rosa, H.
J. D. (2014). Control of Listeria monocytogenes in fresh cheese using
protective lactic acid bacteria. International Journal of Food Microbiology,
191, 53-59.

Conficoni, D., Losasso, C., Cortini, E., Di Cesare, A., Cibin, V., Giaccone, V.,
Corno, G., & Ricci, A. (2016). Resistance to Biocides in Listeria
monocytogenes Collected in Meat-Processing Environments. Frontiers in
Microbiology, 7, 1627.

Cooper, A. L., Carrillo, C. D., Deschenes, M., & Blais, B. W. (2021). Genomic
markers for quaternary ammonium compound resistance as a persistence
indicator for Listeria monocytogenes contamination in food manufacturing
environments. Journal of Food Protection, 84(3), 389-398.

Corbett, D., Goldrick, M., Fernandes, V. E., Davidge, K., Poole, R. K., Andrew, P.
W., Cavet, J., & Roberts, |. S. (2017). Listeria monocytogenes has both
cytochrome bd-type and cytochrome aas-type terminal oxidases, which allow
growth at different oxygen levels, and both are important in infection. Infection
and Immunity, 85(11), e00354-17.

Cornu, M., Kalmokoff, M., & Flandrois, J. P. (2002). Modelling the competitive

118



growth of Listeria monocytogenes and Listeria innocua in enrichment broths.
International Journal of Food Microbiology, 73(2-3), 261-274.

Costa, A., Bertolotti, L., Brito, L., & Civera, T. (2016). Biofilm Formation and
Disinfectant Susceptibility of Persistent and Nonpersistent Listeria
monocytogenes Isolates from Gorgonzola Cheese Processing Plants.
Foodborne Pathogens and Disease, 13(11), 602—609.

Costa, A. C., Pinheiro, J., Reis, S. A., Cabanes, D., & Sousa, S. (2020). Listeria
monocytogenes interferes with host cell mitosis through its virulence factors
InIC and ActA. Toxins, 12(6), 411.

Cotter, P. D., Draper, L. A,, Lawton, E. M., Daly, K. M., Groeger, D. S., Casey, P.
G., Ross, R. P., & Hill, C. (2008). Listeriolysin S, a Novel Peptide Haemolysin
Associated with a Subset of Lineage | Listeria monocytogenes. PLoS
Pathogens, 4(9), e1000144.

Cotter, P. D., Gahan, C. G. M., & Hill, C. (2001). A glutamate decarboxylase
system protects Listeria monocytogenes in gastric fluid. Molecular
Microbiology, 40(2), 465—475.

Cramer, M. M. (2013). Food Plant Sanitation: Design, Maintenance, and Good
Manufacturing Practices. CRC Press.

Cruz, C. D., & Fletcher, G. C. (2012). Assessing manufacturers’ recommended
concentrations of commercial sanitizers on inactivation of Listeria
monocytogenes. Food Control, 26(1), 194—199.

Curtis, G. D. W., Mitchell, R. G., King, A. F., & Griffin, E. J. (1989). A selective
differential medium for the isolation of Listeria monocytogenes. Letters in
Applied Microbiology, 8(3), 95-98.

D'Amico, D. J. (2014). Microbiological quality and safety issues in cheesemaking.
In C. W. Donnelly (Ed.), Cheese and microbes (pp. 251-309). Washington,
DC: ASM Press.

D’Arrigo, M., Mateo-Vivaracho, L., Guillamén, E., Fernandez-Le6n, M. F., Bravo,
D., Peirotén, A., Medina, M., & Garcia-Lafuente, A. (2020). Characterization
of persistent Listeria monocytogenes strains from ten dry-cured ham
processing facilities. Food Microbiology, 92, 103581.

da Silva, E. P.,, & De Martinis, E. C. P. (2013). Current knowledge and
perspectives on biofilm formation: The case of Listeria monocytogenes.
Applied Microbiology and Biotechnology, 97(3), 957-968.

119



Dalmasso, M., & Jordan, K. (2015). PFGE as a tool to track Listeria
monocytogenes in food processing facilities: Case studies. Methods in
Molecular Biology, 1301, 29-34.

Dalzini, E., Bernini, V., Bertasi, B., Daminelli, P., Losio, M. N., & Varisco, G.
(2016). Survey of prevalence and seasonal variability of Listeria
monocytogenes in raw cow milk from Northern ltaly. Food Control, 60, 466—
470.

Datta, A. R, & Burall, L.S. (2018). Serotype to genotype: The changing
landscape of listeriosis outbreak investigations. Food microbiology, 75, 18-27.

Davis, M. J., Coote, P. J., & O'Byrne, C. P. (1996). Acid tolerance in Listeria
monocytogenes: The adaptive acid tolerance response (ATR) and growth-
phase-dependent acid resistance. Microbiology, 142(10), 2975-2982.

de Castro, V., Escudero, J. M., Rodriguez, J. L., Muniozguren, N., Uribarri, J.,
Saez, D., & Vazquez, J. (2012). Listeriosis outbreak caused by Latin-style
fresh cheese, Bizkaia, Spain, August 2012. Eurosurveillance, 17(42), 20298.

de las Heras, A., Cain, R. J., Bielecka, M. K., & Vazquez-Boland, J. A. (2011).
Regulation of Listeria virulence: PrfA master and commander. Current
Opinion in Microbiology, 14(2), 118-127.

Demaitre, N., Rasschaert, G., De Zutter, L., Geeraerd, A., & De Reu, K. (2021).
Genetic Listeria monocytogenes Types in the Pork Processing Plant
Environment: From Occasional Introduction to Plausible Persistence in
Harborage Sites. Pathogens, 10(6), 717.

den Bakker, H. C., Bundrant, B. N., Fortes, E. D., Orsi, R. H., & Wiedmann, M.
(2010a). A population genetics-based and phylogenetic approach to
understanding the evolution of virulence in the genus Listeria. Applied and
Environmental Microbiology, 76(18), 6085—6100.

den Bakker, H. C., Cummings, C. A., Ferreira, V., Vatta, P., Orsi, R. H,,
Degoricija, L., Barker, M., Petrauskene, O., Furtado, M.R., & Wiedmann, M.
(2010b). Comparative genomics of the bacterial genus Listeria: Genome
evolution is characterized by limited gene acquisition and limited gene loss.
BMC Genomics, 11, 688.

den Bakker, H. C., Didelot, X., Fortes, E. D., Nightingale, K. K., & Wiedmann, M.
(2008). Lineage specific recombination rates and microevolution in Listeria

monocytogenes. BMC Evolutionary Biology, 8(1), 277.

120



den Bakker, H. C., Fortes, E. D., & Wiedmann, M. (2010c). Multilocus Sequence
Typing of Outbreak-Associated Listeria monocytogenes Isolates to ldentify
Epidemic Clones. Foodborne Pathogens and Disease, 7(3), 257—-265.

den Bakker, H. C., Warchocki, S., Wright, E. M., Allred, A. F., Ahlstrom, C.,
Manuel, C. S., Stasiewicz, M.J., Burrell, A., Roof, S., Strawn, L.K., Fortes, E.,
& Wiedmann, M. (2014). Listeria floridensis sp. nov., Listeria aquatica sp.
nov., Listeria cornellensis sp. nov., Listeria riparia sp. nov. and Listeria
grandensis sp. nov., from agricultural and natural environments. International
Journal of Systematic and Evolutionary Microbiology, 64(6), 1882—1889.

Deng, X., den Bakker, H. C., & Hendriksen, R. S. (2016). Genomic Epidemiology:
Whole-Genome-Sequencing—Powered Surveillance and Outbreak
Investigation of Foodborne Bacterial Pathogens. Annual review of food
science and technology, 7, 353-374.

Denny, J., & McLauchlin, J. (2008). Human Listeria monocytogenes infections in
Europe - an opportunity for improved European surveillance.
Eurosurveillance, 13(13), 9-10.

Desai, A. N., Anyoha, A., Madoff, L. C., & Lassmann, B. (2019). Changing
epidemiology of Listeria monocytogenes outbreaks, sporadic cases, and
recalls globally: A review of ProMED reports from 1996 to 2018. International
Journal of Infectious Diseases, 84, 48-53.

Di Ciccio, P., Rubiola, S., Grassi, M. A., Civera, T., Abbate, F., & Chiesa, F.
(2020). Fate of Listeria monocytogenes in the Presence of Resident Cheese
Microbiota on Common Packaging Materials. Frontiers in Microbiology, 11,
830.

Disson, O., Moura, A., & Lecuit, M. (2021). Making sense of the biodiversity and
virulence of Listeria monocytogenes. Trends in Microbiology, 29(9), 811-822.

Doijad, S. P., Poharkar, K. V., Kale, S. B., Kerkar, S., Kalorey, D. R., Kurkure, N.
V., Rawool, D. B., Malik, S. V. S., Ahmad, R. Y., Hudel, M., Chaudhari, S. P.,
& Chakraborty, T. (2018). Listeria goaensis sp. nov. International Journal of
Systematic and Evolutionary Microbiology, 68(10), 3285-3291.

Dominguez-Bernal, G., Mauller-Altrock, S., Gonzalez-Zorn, B., Scortti, M.,
Herrmann, P., Monzd, H. J., Lacharme, L., Kreft, J., & Vazquez-Boland, J. A.
(2006). A spontaneous genomic deletion in Listeria ivanovii identifies LIPI-2, a

species-specific pathogenicity island encoding sphingomyelinase and

121



numerous internalins. Molecular Microbiology, 59(2), 415-432.

Dorey, A., Marinho, C., Piveteau, P., & O’Byrne, C. (2019). Role and regulation of
the stress activated sigma factor sigma B (o B) in the saprophytic and host-
associated life stages of Listeria monocytogenes. Advances in Applied
Microbiology, 106, 1-48.

Doumith, M., Buchrieser, C., Glaser, P., Jacquet, C., & Martin, P. (2004a).
Differentiation of the Major Listeria monocytogenes Serovars by Multiplex
PCR. Journal of Clinical Microbiology, 42(8), 3819-3822.

Doumith, M., Cazalet, C., Simoes, N., Frangeul, L., Jacquet, C., Kunst, F., Martin,
P., Cossart, P., Glaser, P., & Buchrieser, C. (2004b). New Aspects Regarding
Evolution and Virulence of Listeria monocytogenes Revealed by Comparative
Genomics and DNA Arrays. Infection and Immunity, 72(2), 1072—-1083.

Doyscher, D., Fieseler, L., Dons, L., Loessner, M. J., & Schuppler, M. (2013).
Acanthamoeba feature a unique backpacking strategy to trap and feed on
Listeria monocytogenes and other motile bacteria. Environmental
Microbiology, 15(2), 433—446.

Drolia, R., & Bhunia, A. K. (2019). Crossing the Intestinal Barrier via Listeria
Adhesion Protein and Internalin A. Trends in microbiology, 27(5), 408-425.
Dufour, C. (2011). Application of EC regulation no. 2073/2005 regarding Listeria
monocytogenes in ready-to-eat foods in retail and catering sectors in Europe.

Food Control, 22(9), 1491-1494.

Dumitrascu, L., Nicolau, A. I., Neagu, C., Didier, P., Maitre, |., Nguyen-The, C.,
Skuland, S.E., Mgretrg, T., Langsrud, S., Truninger, M., Teixeira, P., & Borda,
D. (2020). Time-temperature profiles and Listeria monocytogenes presence in
refrigerators from households with vulnerable consumers. Food Control, 111,
107078.

Duze, S. T., Marimani, M., & Patel, M. (2021). Tolerance of Listeria
monocytogenes to biocides used in food processing environments. Food
Microbiology, 97, 103758.

Ebner, R., Stephan, R., Althaus, D., Brisse, S., Maury, M., & Tasara, T. (2015).
Phenotypic and genotypic characteristics of Listeria monocytogenes strains
isolated during 2011-2014 from different food matrices in Switzerland. Food
Control, 57, 321-326.

El-Shenawy, M. A. (1998). Sources of Listeria spp. in domestic food processing

122



environment. International Journal of Environmental Health Research, 8(3),
241-251.

El Hag, M. M. A., El Zubeir, |. E. M., & Mustafa, N. E. M. (2021). Prevalence of
Listeria species in dairy farms in Khartoum State (Sudan). Food Control, 123,
107699.

Elhanafi, D., Utta, V., & Kathariou, S. (2010). Genetic characterization of plasmid-
associated benzalkonium chloride resistance determinants in a Listeria
monocytogenes train from the 1998 -1999 outbreak. Applied and
Environmental Microbiology, 76(24), 8231-8238.

Elson, R., Awofisayo-Okuyelu, A., Greener, T., Swift, C., Painset, A., Amar, C. F.
L., Newton, A., Aird, H., Swindlehurst, M., Elviss, N., Foster, K., & Grant, K.
(2019). Utility of whole genome sequencing to describe the persistence and
evolution of Listeria monocytogenes strains within crabmeat processing
environments linked to two outbreaks of listeriosis. Journal of Food
Protection, 82(1), 30-38.

Engelhardt, T., Agoston, R., Belak, A., Mohacsi-Farkas, C., & Kiskd, G. (2016).
The suitability of the ISO 11290-1 method for the detection of Listeria
monocytogenes. LWT - Food Science and Technology, 71, 213-220.

Escolar, C., Gomez, D., del Carmen Rota Garcia, M., Conchello, P., & Herrera, A.
(2017). Antimicrobial Resistance Profiles of Listeria monocytogenes and
Listeria innocua lIsolated from Ready-to-Eat Products of Animal Origin in
Spain. Foodborne Pathogens and Disease, 14(6), 357-363.

Estrada, E. M., Hamilton, A. M., Sullivan, G. B., Wiedmann, M., Critzer, F. J., &
Strawn, L. K. (2020). Prevalence, persistence, and diversity of Listeria
monocytogenes and Listeria species in produce packinghouses in Three U.S.
States. Journal of Food Protection, 83(2), 277-286.

Eugster, M. R., Morax, L. S., Huls, V. J., Huwiler, S. G., Leclercq, A., Lecuit, M., &
Loessner, M. J. (2015). Bacteriophage predation promotes serovar
diversification in Listeria monocytogenes. Molecular Microbiology, 97(1), 33—
46.

European Commission. (2005). Commmission Regulation (EC) No 2073/2005 of
15 November 2005 on microbiological criteria for foodstuffs. Official Journal of
the European Union, L322(2073), 1-19.

European Commission. (2018). Commission Implementing Decision (EU)

123



2018/945 of 22 June 2018 on the communicable diseases and related special
health issues to be covered by epidemiological surveillance as well as
relevant case definitions. Official Journal of the European Union, L170(2119),
1-74.

European Food Safety Authority (EFSA) and European Centre for Disease
Prevention and Control (ECDC). (2021). The European Union One Health
2020 Zoonoses Report. EFSA Journal, 19(12), 6971.

Evans, E., Samuel, E., Redmond, E., & Taylor, H. (2021). Exploring Listeria
monocytogenes perceptions in small and medium sized food manufacturers:
Technical leaders’ perceptions of risk, control and responsibility. Food
Control, 126, 108078.

Fagerlund, A., Langsrud, S., & Mgretrg, T. (2020). In-depth longitudinal study of
Listeria monocytogenes ST9 isolates from the meat processing industry:
Resolving diversity and transmission patterns using whole-genome
sequencing. Applied and Environmental Microbiology, 86(14), e00579-20.

Falardeau, J., Trmci¢, A., & Wang, S. (2021). The occurrence, growth, and
biocontrol of Listeria monocytogenes in fresh and surface-ripened soft and
semisoft cheeses. Comprehensive Reviews in Food Science and Food
Safety, 20(4), 4019—-4048.

Faleiro, M. L., Andrew, P. W., & Power, D. (2003). Stress response of Listeria
monocytogenes isolated from cheese and other foods. International Journal
of Food Microbiology, 84(2), 207-216.

Fan, Z., Xie, J., Li, Y., & Wang, H. (2019). Listeriosis in mainland China: A
systematic review. International Journal of Infectious Diseases, 81, 17-24.
Faralla, C., Rizzuto, G. A., Lowe, D. E., Kim, B., Cooke, C., Shiow, L.R., &
Bakardjiev, A. I. (2016). InIP, a new virulence factor with strong placental

tropism. Infection and Immunity, 84(12), 3584—-3596.

Farber, J. M. (1996). An introduction to the hows and whys of molecular typing.
Journal of Food Protection, 59(10), 1091-1101.

Favaro, M., Sarmati, L., Sancesario, G., & Fontana, C. (2014). First case of
Listeria innocua meningitis in a patient on steroids and eternecept. JMM Case
Reports, 1(2), e003103.

Feehily, C., O'Byrne, C. P., & Karatzas, K. A. G. (2013). Functional y-

aminobutyrate shunt in Listeria monocytogenes: Role in acid tolerance and

124



succinate biosynthesis. Applied and Environmental Microbiology, 79(1), 74—
80.

Feklistov, A., Sharon, B. D., Darst, S. A., & Gross, C. A. (2014). Bacterial sigma
factors: a historical, structural, and genomic perspective. Annual Review of
Microbiology, 68, 357-376.

Feélix, B., Feurer, C., Maillet, A., Guillier, L., Boscher, E., Kérouanton, A., Denis,
M., & Roussel, S. (2018). Population Genetic Structure of Listeria
monocytogenes Strains Isolated From the Pig and Pork Production Chain in
France. Frontiers in Microbiology, 9, 684.

Feng, Y., Wu, S., Varma, J. K., Klena, J. D., Angulo, F. J., & Ran, L. (2013).
Systematic review of human listeriosis in China, 1964-2010. Tropical
Medicine & International Health, 18(10), 1248-1256.

Feng, Y., Yao, H., Chen, S., Sun, X,, Yin, Y., & Jiao, X. A. (2020). Rapid detection
of hypervirulent serovar 4h Listeria monocytogenes by multiplex PCR.
Frontiers in Microbiology, 1309,https://doi.org/10.3389/fmicb.2020.01309.

Ferreira, A., Gray, M., Wiedmann, M., & Boor, K. J. (2004). Comparative Genomic
Analysis of the sigB Operon in Listeria monocytogenes and in Other Gram-
Positive Bacteria. Current Microbiology, 48(1), 39—-46.

Ferreira, A., O’'Byrne, C. P., & Boor, K. J. (2001). Role of oB in Heat, Ethanol,
Acid, and Oxidative Stress Resistance and during Carbon Starvation in
Listeria monocytogenes. Applied and Environmental Microbiology, 67(10),
44544457,

Ferreira, C., Pereira, A. M., Pereira, M. C., Melo, L. F., & Simbes, M. (2011a).
Physiological changes induced by the quaternary ammonium compound
benzyldimethyldodecylammonium chloride on Pseudomonas fluorescens.
Journal of Antimicrobial Chemotherapy, 66(5), 1036—1043.

Ferreira, V., Barbosa, J., Stasiewicz, M., Vongkamjan, K., Moreno Switt, A., Hogg,
T., Gibbs, P., Teixeira, P., & Wiedmann, M. (2011b). Diverse geno- and
phenotypes of persistent Listeria monocytogenes isolates from fermented
meat sausage production facilities in Portugal. Applied and Environmental
Microbiology, 77(8), 2701-2715.

Ferreira, V., Wiedmann, M., Teixeira, P., & Stasiewicz, M. J. (2014). Listeria
monocytogenes persistence in food-associated environments: Epidemiology,

strain characteristics, and implications for public health. Journal of Food

125



Protection, 77(1), 150-170.

Fgaier, H., Kalmokoff, M., Ells, T., & Eberl, H. J. (2014). An allelopathy based
model for the Listeria overgrowth phenomenon. Mathematical Biosciences,
247(1), 13-26.

Filipello, V., Gallina, S., Amato, E., Losio, M. N., Pontello, M., Decastelli, L., &
Lomonaco, S. (2017). Diversity and persistence of Listeria monocytogenes
within the Gorgonzola PDO production chain and comparison with clinical
isolates from the same area. International Journal of Food Microbiology, 245,
73-78.

Fillgrove, K. L., Pakhomova, S., Schaab, M. R., Newcomer, M. E., & Armstrong,
R. N. (2007). Structure and mechanism of the genomically encoded
fosfomycin resistance protein, FosX, from Listeria monocytogenes.
Biochemistry, 46(27), 8110-8120.

Finazzi, G., Filipello, V., Gori, M., Scaltriti, E., Bracchi, C., Menozzi, |., Tanzi, E., &
Bolzoni, L. (2020). A Listeria monocytogenes ST325 clone is widespread in
the Lombardy Region dairy processing plants. European Journal of Public
Health, 30(Supplement_5), ckaa166-229.

Food Standards Australia New Zealand (FSANZ). (2014). Proposal P1017 —
Criteria for Listeria monocytogenes — Microbiological Limits for Foods.
Retrieved from:
http://www.foodstandards.gov.au/foodsafety/standards/Pages/Microbiological
-limits-for-food-(Standard-1.6.1).aspx; accessed on: 27 February 2022.

Forauer, E., Wu, S. T., & Etter, A. J. (2021). Listeria monocytogenes in the retail
deli environment: A review. Food Control, 119, 107443.

Fox, E., Hunt, K., O'Brien, M., & Jordan, K. (2011a). Listeria monocytogenes in
Irish Farmhouse cheese processing environments. International Journal of
Food Microbiology, 145, S39-S45.

Fox, E. M., Allnutt, T., Bradbury, M. I., Fanning, S., & Chandry, P. S. (2016).
Comparative Genomics of the Listeria monocytogenes ST204 Subgroup.
Frontiers in Microbiology, 7, 2057.

Fox, E. M., Jiang, Y., & Gobius, K. S. (2018). Key pathogenic bacteria associated
with dairy foods: On-farm ecology and products associated with foodborne
pathogen transmission. International Dairy Journal, 84, 28-35.

Fox, E. M., Leonard, N., & Jordan, K. (2011b). Physiological and Transcriptional

126



Characterization of Persistent and Nonpersistent Listeria monocytogenes
Isolates. Applied and Environmental Microbiology, 77(18), 6559—-6569.

Fox, E. M., Solomon, K., Moore, J. E., Wall, P. G., & Fanning, S. (2014).
Phylogenetic profiles of in-house microflora in drains at a food production
facility: Comparison and biocontrol implications of Listeria-positive and -
negative bacterial populations. Applied and Environmental Microbiology,
80(11), 3369-3374.

Fox, E. M., Wall, P. G., & Fanning, S. (2015). Control of Listeria species food
safety at a poultry food production facility. Food Microbiology, 51, 81-86.
Fraser, J. A., & Sperber, W. H. (1988). Rapid Detection of Listeria spp. in Food
and Environmental Samples by Esculin Hydrolysis. Journal of Food

Protection, 51(10), 762—765.

Fraser, K. R., Sue, D., Wiedmann, M., Boor, K., & O’'Byrne, C. P. (2003). Role of
oB in regulating the compatible solute uptake systems of Listeria
monocytogenes: Osmotic induction of opuC Is oB dependent. Applied and
Environmental Microbiology, 69(4), 2015-2022.

Freitag, N. E., Port, G. C., & Miner, M. D. (2009). Listeria monocytogenes — from
saprophyte to intracellular pathogen. Nature Reviews Microbiology, 7(9),
623-628.

French Agency for Food, Environmental and Occupational Health & Safety
(ANSES) & The European Union Reference Laboratory for Listeria
monocytogenes (EURL Lm). (2012). Guidelines on sampling the food

processing area and equipment for the detection of Listeria monocytogenes.

Version 3 - 20/08/2012. Retrieved from: https://eurl-
Listeria.anses.fr/en/system/files/LIS-Cr-201213D1.pdf; accessed on: 3 March
2022).

French Agency for Food, Environmental and Occupational Health & Safety
(ANSES) & The European Union Reference Laboratory for Listeria
monocytogenes (EURL Lm). (2021). EURL Lm TECHNICAL GUIDANCE
DOCUMENT on challenge tests and durability studies for assessing shelf-life
of ready-to-eat foods related to Listeria monocytogenes. Version 4 of 1 July

2021. Retrieved from: https://ec.europa.eu/food/system/files/2021 -

07/biosafety fh mc tech-quide-doc Listeria-in-rte-foods en 0.pdf; accessed
on: 3 March 2022.

127


https://ec.europa.eu/food/system/files/2021-07/biosafety_fh_mc_tech-guide-doc_Listeria-in-rte-foods_en_0.pdf
https://ec.europa.eu/food/system/files/2021-07/biosafety_fh_mc_tech-guide-doc_Listeria-in-rte-foods_en_0.pdf

Fretz, R., Sagel, U., Ruppitsch, W., Pietzka, A. T., Stdger, A., Huhulescu, S.,
Heuberger, S., Pichler, J., Much, P., Pfaff, G., Stark, K., & Allerberger, F.
(2010). Listeriosis outbreak caused by acid curd cheese “Quargel”, Austria
and Germany 2009. Eurosurveillance, 15(5), 1-2.

Furrer, B., Candrian, U., Hoefelein, C., & Luethy, J. (1991). Detection and
identification of Listeria monocytogenes in cooked sausage products and in
milk by in vitro amplification of haemolysin gene fragments. Journal of Applied
Bacteriology, 70(5), 372-379.

Gaballa, A., Guariglia-Oropeza, V., Wiedmann, M., & Boor, K. J. (2019). Cross
Talk between SigB and PrfA in Listeria monocytogenes Facilitates Transitions
between Extra- and Intracellular Environments. Microbiology and Molecular
Biology Reviews, 83(4), e00034-19.

Gahan, C. G. M., & Hill, C. (2014). Listeria monocytogenes: survival and
adaptation in the gastrointestinal tract. Frontiers in Cellular and Infection
Microbiology, 4, 9.

Gaillard, J. L., Berche, P., Frehel, C., Gouln, E., & Cossart, P. (1991). Entry of
L. monocytogenes into cells is mediated by internalin, a repeat protein
reminiscent of surface antigens from gram-positive cocci. Cell, 65(7), 1127—
1141.

Gandhi, M., & Chikindas, M. L. (2007). Listeria: A foodborne pathogen that knows
how to survive. International Journal of Food Microbiology, 113(1), 1-15.

Garandeau, C., Réglier-Poupet, H., Duball, I., Beretti, J. L., Berche, P., & Charbit,
A. (2002). The sortase srtA of Listeria monocytogenes is involved in
processing of internalin and in virulence. Infection and Immunity, 70(3), 1382—
1390.

Gardan, R., Duché, O., Leroy-Sétrin, S., & Labadie, J. (2003). Role of ctc from
Listeria monocytogenes in osmotolerance. Applied and Environmental
Microbiology, 69(1), 154—161.

Garmyn, D., Augagneur, Y., Gal, L., Vivant, A.-L., & Piveteau, P. (2012). Listeria
monocytogenes Differential Transcriptome Analysis Reveals Temperature-
Dependent Agr Regulation and Suggests Overlaps with Other Regulons.
PLoS One, 7(9), e43154.

Gasanov, U., Hughes, D., & Hansbro, P. M. (2005). Methods for the isolation and

identification of Listeria spp. and Listeria monocytogenes: A review. FEMS

128



Microbiology Reviews, 29(5), 851-875.

Gaulin, C., Ramsay, D., & Bekal, S. (2012). Widespread listeriosis outbreak
attributable to pasteurized cheese, which led to extensive cross-
contamination affecting cheese retailers, Quebec, Canada, 2008. Journal of
Food Protection, 75(1), 71-78.

Gebreyes, W. A., & Thakur, S. (2010). Phenotypic subtyping of foodborne
pathogens. In S. Brul, P. M. Fratamico, & T. A. McMeekin (Eds.). Tracing
pathogens in the food chain. (pp. 141-156). Elsevier Ltd.

Gelbicova, T., Florianova, M., Hluchanova, L., Kalova, A., Korena, K., Strakova,
N., & Karpiskova, R. (2021). Comparative Analysis of Genetic Determinants
Encoding Cadmium, Arsenic, and Benzalkonium Chloride Resistance in
Listeria monocytogenes of Human, Food, and Environmental Origin. Frontiers
in Microbiology, 11, 3397.

Gérard, A., El-Hajjaji, S., Niyonzima, E., Daube, G., & Sindic, M. (2018).
Prevalence and survival of Listeria monocytogenes in various types of
cheese-A review. International Journal of Dairy Technology, 71(4), 825—-843.

Gerba, C. P. (2015). Quaternary ammonium biocides: Efficacy in application.
Applied and Environmental Microbiology, 81(2), 464—469.

Gerner-Smidt, P., Trees, E., Carleton, H., Katz, L., den Bakker, H. C., & Deng, X.
(2019). Molecular Source Tracking and Molecular Subtyping. In M. P. Doyle,
F. Diez-Gonzalez, C. Hill (Eds.), Food Microbiology (pp. 971-988).
Washington, DC: ASM Press.

Giacometti, F., Daminelli, P., Fiorentini, L., Cosciani-Cunico, E., Monastero, P.,
Dalzini, E., Losio, M. N., Dell’Orfano, G., Rossini, R., Piva, S., & Serraino, A.
(2020). Behavior of Listeria innocua during the manufacturing and pit-ripening
of Formaggio di Fossa di Sogliano PDO cheese. ltalian Journal of Food
Safety, 9(2), 114-119.

Giani, A. M., Gallo, G. R., Gianfranceschi, L., & Formenti, G. (2020). Long walk to
genomics: History and current approaches to genome sequencing and
assembly. Computational and Structural Biotechnology Journal, 18, 9—19.

Gilbert, P., & McBain, A. J. (2003). Potential impact of increased use of biocides in
consumer products on prevalence of antibiotic resistance. Clinical
Microbiology Reviews, 16(2), 189-208.

Giraud, M. F., & Naismith, J. H. (2000). The rhamnose pathway. Current Opinion

129



in Structural Biology, 10(6), 687—696.

Glaser, P., Frangeul, L., Buchrieser, C., Rusniok, C., Amend, A., Baquero, F.,
Berche, P., Bloecker, H., Brandt, P., Chakraborty, T., Charbit, A., & Cossart,
P. (2001). Comparative genomics of Listeria species. Science, 294(5543),
849-852.

Gnanou Besse, N., Favret, S., Desreumaux, J., Decourseulles Brasseur, E., &
Kalmokoff, M. (2016). Evaluation of reduction of Fraser incubation by 24 h in
the EN ISO 11290-1 standard on detection and diversity of Listeria species.
International Journal of Food Microbiology, 224, 16-21.

Gomez, D., Azon, E., Marco, N., Carraminana, J. J., Rota, C., Arifio, A., &
Yanguela, J. (2014). Antimicrobial resistance of Listeria monocytogenes and
Listeria innocua from meat products and meat-processing environment. Food
Microbiology, 42, 61-65.

Gonzalez, D., Vitas, A. |., Diez-Leturia, M., & Garcia-Jalén, |. (2013). Listeria
monocytogenes and ready-to-eat seafood in Spain: Study of prevalence and
temperatures at retaiL. Food Microbiology, 36(2), 374-378.

Goris, J., Konstantinidis, K. T., Klappenbach, J. A., Coenye, T., Vandamme, P., &
Tiedje, J. M. (2007). DNA-DNA hybridization values and their relationship to
whole-genome sequence similarities. International Journal of Systematic and
Evolutionary Microbiology, 57(1), 81-91.

Gorski, L., Parker, C. T., Liang, A. S., Walker, S., & Romanolo, K. F. (2016). The
Majority of Genotypes of the Virulence Gene inlA Are Intact among Natural
Watershed Isolates of Listeria monocytogenes from the Central California
Coast. PLoS One, 11(12), e0167566.

Goulet, V., Jacquet, C., Vaillant, V., Rebiére, I., Mouret, E., Lorente, C., Maillot,
E., Stainer, F., & Rocourt, J. (1995). Listeriosis from consumption of raw-milk
cheese. Lancet (British edition), 345(8964), 1581-1582.

Goulet, V., King, L. A., Vaillant, V., & de Valk, H. (2013). What is the incubation
period for listeriosis? BMC Infectious Diseases, 13(1), 1-7.

Gozel, B., Monney, C., Aguilar-Bultet, L., Rupp, S., Frey, J., & Oevermann, A.
(2019). Hyperinvasiveness of Listeria monocytogenes sequence type 1 is
independent of lineage I-specific genes encoding internalin-like proteins.
MicrobiologyOpen, 8(7), e00790.

Graham, T. A., Golsteyn-Thomas, E. J., Thomas, J. E., & Gannon, V. P. J. (1997).

130



Inter- and intraspecies comparison of the 16S-23S rRNA operon intergenic
spacer regions of six Listeria spp. International Journal of Systematic
Bacteriology, 47(3), 863—869.

Graves, L. M., Helsel, L. O., Steigerwalt, A. G., Morey, R. E., Daneshvar, M. [,
Roof, S. E., Orsi, R.H., Fortes, E.D., Milillo, S.R., den Bakker, H.C.,
Wiedmann, M., & Sauders, B. D. (2010). Listeria marthii sp. nov., isolated
from the natural environment, Finger Lakes National Forest. International
Journal of Systematic and Evolutionary Microbiology, 60(6), 1280-1288.

Gray, J. A., Chandry, P. S., Kaur, M., Kocharunchitt, C., Bowman, J. P., & Fox, E.
M. (2021). Characterisation of Listeria monocytogenes food-associated
isolates to assess environmental fitness and virulence potential. International
Journal of Food Microbiology, 350, 109247 .

Gresham, D., Dunham, M. J., & Botstein, D. (2008, April). Comparing whole
genomes using DNA microarrays. Nature Reviews Genetics, 9(4), 291-302.

Grif, K., Patscheider, G., Dierich, M. P., & Allerberger, F. (2003). Incidence of
fecal carriage of Listeria monocytogenes in three healthy volunteers: A one-
year prospective stool survey. European Journal of Clinical Microbiology and
Infectious Diseases, 22(1), 16-20.

Grindling, A., Burrack, L. S., Bouwer, H. G. A., & Higgins, D. E. (2004). Listeria
monocytogenes regulates flagellar motility gene expression through MogR, a
transcriptional repressor required for virulence. Proceedings of the National
Academy of Sciences, 101(33), 12318—12323.

Guariglia-Oropeza, V., Orsi, R. H., Yu, H., Boor, K. J., Wiedmann, M., &
Guldimann, C. (2014). Regulatory network features in Listeria
monocytogenes — Changing the way we talk. Frontiers in Cellular and
Infection Microbiology, 4, 14.

Guerreiro, D. N., Arcari, T., & O’'Byrne, C. P. (2020). The oB-mediated general
stress response of Listeria monocytogenes: life and death decision making in
a pathogen. Frontiers in Microbiology, 11, 1505.

Guidi, F., Orsini, M., Chiaverini, A., Torresi, M., Centorame, P., Acciari, V. A,
Salini, R., Palombo, B., Brandi, G., Amagliani, G., Schiavano, G. F., & Blasi,
G. (2021). Hypo- and Hyper-Virulent Listeria monocytogenes Clones
Persisting in Two Different Food Processing Plants of Central Italy.
Microorganisms, 9(2), 376.

131



Gwida, M., Lith, S., EI-Ashker, M., Zakaria, A., EI-Gohary, F., Elsayed, M., Kleta,
S., & Al Dahouk, S. (2020). Contamination Pathways can Be Traced along
the Poultry Processing Chain by Whole Genome Sequencing of Listeria
innocua. Microorganisms, 8(3), 414.

Hafner, L., Pichon, M., Burucoa, C., Nusser, S. H., Moura, A., Garcia-Garcera, M.,
& Lecuit, M. (2021). Listeria monocytogenes faecal carriage is common and
depends on the gut microbiota. Nature Communications, 12(1), 1-13.

Hain, T., Ghai, R., Billion, A., Kuenne, C. T., Steinweg, C., |zar, B., Mohamed, W.,
Mraheil, M. A., Domann, E., Schaffrath, S., Karst, U., & Chakraborty, T.
(2012). Comparative genomics and transcriptomics of lineages |, Il, and Il
strains of Listeria monocytogenes. BMC Genomics, 13(1), 144.

Halbedel, S., Prager, R., Fuchs, S., Trost, E., Werner, G., & Flieger, A. (2018).
Whole-Genome Sequencing of Recent Listeria monocytogenes Isolates from
Germany Reveals Population Structure and Disease Clusters. Journal of
Clinical Microbiology, 56(6), e00119-18.

Halter, E. L., Neuhaus, K., & Scherer, S. (2013). Listeria weihenstephanensis sp.
nov., isolated from the water plant Lemna trisulca taken from a freshwater
pond. International Journal of Systematic and Evolutionary Microbiology,
63(Pt_2), 641-647.

Hamilton, A., Ruiz-Llacsahuanga, B., Mendoza, M., Mattheis, J., Hanrahan, I., &
Critzer, F. J. (2021). Persistence of Listeria innocua on Fresh Apples During
Long-Term Controlled Atmosphere Cold Storage with Postharvest Fungal
Decay. Journal of Food Protection, 85(1), 133-141.

Hamon, M., Bierne, H., & Cossart, P. (2006). Listeria monocytogenes: A
multifaceted modelL. Nature Reviews Microbiology, 4(6), 423—434.

Harrand, A. S., Jagadeesan, B., Baert, L., Wiedmann, M., & Orsi, R. H. (2020).
Evolution of Listeria monocytogenes in a food processing plant involves
limited single-nucleotide substitutions but considerable diversification by gain
and loss of prophages. Applied and Environmental Microbiology, 86(6),
e02493-19.

Harter, E., Wagner, E. M., Zaiser, A., Halecker, S., Wagner, M., & Rychli, K.
(2017). Stress Survival Islet 2, Predominantly Present in Listeria
monocytogenes Strains of Sequence Type 121, Is Involved in the Alkaline

and Oxidative Stress Responses. Applied and Environmental Microbiology,

132



83(16), e00827-17.

Harvey, J., & Gilmour, A. (2001). Characterization of recurrent and sporadic
Listeria monocytogenes isolates from raw milk and nondairy foods by pulsed-
field gel electrophoresis, monocin typing, plasmid profiling, and cadmium and
antibiotic resistance determination. Applied and Environmental Microbiology,
67(2), 840-847.

Haubert, L., Mendonga, M., Lopes, G. V., de Itapema Cardoso, M. R., & da Silva,
W. P. (2016). Listeria monocytogenes isolates from food and food
environment harbouring tetM and ermB resistance genes. Letters in Applied
Microbiology, 62(1), 23—-29.

Health Canada. (2011). Policy on Listeria monocytogenes in Ready-to-Eat Foods.
Retrieved from: https://www.canada.ca/content/dam/hc-sc/migration/hc-sc/fn-
an/alt_formats/pdf/legislation/pol/policy Listeria_monocytogenes_2011-
eng.pdf; accessed on: 27 February 2022.

Heather, J. M., & Chain, B. (2016). The sequence of sequencers: The history of
sequencing DNA. Genomics, 107(1), 1-8.

Heiman, K. E., Garalde, V. B., Gronostaj, M., Jackson, K. A., Beam, S., Joseph,
L., Saupe, A,, Ricotta, E., Waechter, H., Wellman, A., Adams-Cameron, M., &
Silk, B. J. (2016). Multistate outbreak of listeriosis caused by imported cheese
and evidence of cross-contamination of other cheeses, USA, 2012.
Epidemiology and Infection, 144(13), 2698—-2708.

Hein, 1., Klinger, S., Dooms, M., Flekna, G., Stessl, B., Leclercq, A., Hill, C.,
Allerberger, F., & Wagner, M., (2011). Stress Survival Islet 1 (SSI-1) Survey
in Listeria monocytogenes Reveals an Insert Common to Listeria innocua in
Sequence Type 121 L. monocytogenes Strains. Applied and Environmental
Microbiology, 77(6), 2169-2173.

Heir, E., Mgretrg, T., Simensen, A., & Langsrud, S. (2018). Listeria
monocytogenes strains show large variations in competitive growth in mixed
culture biofiims and suspensions with bacteria from food processing
environments. International Journal of Food Microbiology, 275, 46-55.

Hill, C., Cotter, P. D., Sleator, R. D., & Gahan, C. G. M. (2002). Bacterial stress
response in Listeria monocytogenes: Jumping the hurdles imposed by
minimal processing. International Dairy Journal 12(2-3), 273-283.

Hmaied, F., Helel, S., Le berre, V., Francois, J. M., Leclercq, A., Lecuit, M.,

133



Kechrid, A., Boudabous, A., & Barkallah, |. (2014). Prevalence, identification
by a DNA microarray-based assay of human and food isolates Listeria spp.
from Tunisia. Pathologie Biologie, 62(1), 24—29.

Ho, A. J., Lappi, V. R., & Wiedmann, M. (2007). Longitudinal Monitoring of Listeria
monocytogenes Contamination Patterns in a Farmstead Dairy Processing
Facility. Journal of Dairy Science, 90(5), 2517-2524.

Hoelzer, K., Pouillot, R., Gallagher, D., Silverman, M. B., Kause, J., & Dennis, S.
(2012). Estimation of Listeria monocytogenes transfer coefficients and
efficacy of bacterial removal through cleaning and sanitation. International
Journal of Food Microbiology, 157(2), 267-277.

Hoffmann, S., Batz, M. B., & Morris, J. G. (2012). Annual cost of illness and
quality-adjusted life year losses in the United States due to 14 foodborne
pathogens. Journal of Food Protection, 75(7), 1292—1302.

Holah, J. T. (2014b). 9 - Cleaning and disinfection practices in food processing. In
H. L. M. Lelieveld, J. T. Holah & D. Napper (Eds.), Hygiene in Food
Processing (pp. 259-304). Woodhead Publishing Limited.

Holah, J. (2014a). Chapter 24 - Hygiene in Food Processing and Manufacturing.
In Y. Motarjemi & H. Lelieveld (Eds.), Food Safety Management: A Practical
Guide for the Food Industry (pp. 623—659). Elsevier Inc.

Holah, J. T., Taylor, J. H., Dawson, D. J., & Hall, K. E. (2002). Biocide use in the
food industry and the disinfectant resistance of persistent strains of Listeria
monocytogenes and Escherichia coli. Journal of Applied Microbiology, 92(1),
111-120.

Holch, A., Webb, K., Lukjancenko, O., Ussery, D., Rosenthal, B. M., & Gram,
L. (2013). Genome sequencing identifies two nearly unchanged strains of
persistent Listeria monocytogenes isolated at two different fish processing
plants sampled 6 years apart. Applied and Environmental Microbiology, 79(9),
2944-2951.

Hu, Y., Oliver, H. F., Raengpradub, S., Palmer, M. E., Orsi, R. H., Wiedmann, M.,
& Boor, K. J. (2007a). Transcriptomic and phenotypic analyses suggest a
network between the transcriptional regulators HrcA and oB in Listeria
monocytogenes. Applied and Environmental Microbiology, 73(24), 7981-
7991.

Hu, Y., Raengpradub, S., Schwab, U., Loss, C., Orsi, R. H., Wiedmann, M., &

134



Boor, K. J. (2007b). Phenotypic and transcriptomic analyses demonstrate
interactions between the transcriptional regulators QsR and sigma B in
Listeria monocytogenes. Applied and Environmental Microbiology, 73(24),
7967-7980.

Huang, Y., Morvay, A. A., Shi, X,, Suo, Y., Shi, C., & Kngchel, S. (2018).
Comparison of oxidative stress response and biofilm formation of Listeria
monocytogenes serotypes 4b and 1/2a. Food Control, 85, 416-422.

Hunt, K., Blanc, M., Alvarez-Ordéfiez, A., & Jordan, K. (2018). Challenge studies
to determine the ability of foods to support the growth of Listeria
monocytogenes. Pathogens, 7(4), 80.

Hurley, D., Luque-Sastre, L., Parker, C. T., Huynh, S., Eshwar, A. K., Nguyen, S.
V., Andrews, N., Moura, A., Fox, E.M., Jordan, K., Lehner, A., & Fanning, S.
(2019). Whole-Genome Sequencing-Based Characterization of 100 Listeria
monocytogenes lsolates Collected from Food Processing Environments over
a Four-Year Period. mSphere, 4(4), €00252-19.

Huson, D. H., & Bryant, D. (2006). Application of Phylogenetic Networks in
Evolutionary Studies. Molecular Biology and Evolution, 23(2), 254—-267 .

Hussain, M., & Dawson, C. (2013). Economic Impact of Food Safety Outbreaks on
Food Businesses. Foods, 2(4), 585-589.

Ibba, M., Cossu, F., Spanu, V., Virdis, S., Spanu, C., Scarano, C., & Santis, E. P.
L. De. (2013). Listeria monocytogenes contamination in dairy plants:
evaluation of Listeria monocytogenes environmental contamination in two
cheese-making plants using sheeps milk. /talian Journal of Food Safety, 2(2),
e31.

Impens, F., Rolhion, N., Radoshevich, L., Bécavin, C., Duval, M., Mellin, J., Del
Portillo, F.G., Pucciarelli, M.G., Williams, A.H., & Cossart, P. (2017). N-
terminomics identifies Prli42 as a membrane miniprotein conserved in
Firmicutes and critical for stressosome activation in Listeria monocytogenes.
Nature Microbiology, 2(5), 1-12.

International Organization for Standardization (ISO). (2017a). Microbiology of the
food chain — Horizontal method for the detection and enumeration of Listeria
monocytogenes and of Listeria spp. — Part 1: Detection method (ISO
Standard No. 11290-1:2017). Retrieved from:
https://www.iso.org/standard/60313.html; accessed on: 3 March 2022.

135


https://www.iso.org/standard/60313.html

International Organization for Standardization (ISO). (2017b). Microbiology of the
food chain - Horizontal method for the detection and enumeration of Listeria
monocytogenes and of Listeria spp. - Part 2: Enumeration Method (1ISO
Standard No. 11290-2:2017). Retrieved from:
https://www.iso.org/standard/60314.html; accessed on: 3 March 2022.

International Organization for Standardization (ISO). (2018). Microbiology of the
food chain — Horizontal methods for surface sampling (ISO Standard No.
18593:2018) Retrieved from: https://www.iso.org/standard/64950.html;

accessed on: 3 March 2022.

International Organization for Standardization (ISO). (2019). Microbiology of the
food chain — Requirements and guidelines for conducting challenge tests of
food and feed products — Part 1: Challenge tests to study growth potential,
lag time and maximum growth rate (ISO Standard No. 20976-1:2019)
Retrieved from: https://www.iso.org/standard/69673.html; accessed on: 3
March 2022.

Jackson, B. R., Salter, M., Tarr, C., Conrad, A., Harvey, E., Steinbock, L., Saupe,
A., Sorenson, A., Katz, L., Stroika, S., Jackson, K. A., & Mody, R. K. (2015).
Listeriosis Associated with Stone Fruit — United States, 2014. MMWR.
Morbidity and Mortality Weekly Report, 64(10), 282.

Jackson, B. R., Tarr, C., Strain, E., Jackson, K. A., Conrad, A., Carleton, H., Katz,
L. S., Stroika, S., Gould, L. H., Mody, R. K., Silk, B. J., & Gerner-Smidt, P.

(2016). Implementation of Nationwide Real-time Whole-genome Sequencing

to Enhance Listeriosis Outbreak Detection and Investigation. Clinical
Infectious Diseases, 63(3), 380—386.

Jackson, K. A., Gould, L. H., Hunter, J. C., Kucerova, Z., & Jackson, B. (2018).
Listeriosis outbreaks associated with soft cheeses, United States, 1998-
2014. Emerging Infectious Diseases, 24(6), 1116—-1118.

Jadhav, S., Bhave, M., & Palombo, E. A. (2012). Methods used for the detection
and subtyping of Listeria monocytogenes. Journal of Microbiological Methods,
88(3), 327-341.

Jagadeesan, B., Baert, L., Wiedmann, M., & Orsi, R. H. (2019). Comparative
Analysis of Tools and Approaches for Source Tracking Listeria
monocytogenes in a Food Facility Using Whole-Genome Sequence Data.

Frontiers in Microbiology, 10, 947.

136


https://www.iso.org/standard/64950.html
https://www.iso.org/standard/69673.html

Jain, C., Rodriguez-R, L. M., Phillippy, A. M., Konstantinidis, K. T., & Aluru, S.
(2018). High throughput ANI analysis of 90K prokaryotic genomes reveals
clear species boundaries. Nature Communications, 9(1), 1-8.

Jamali, H., Radmehr, B., & Thong, K. L. (2013). Prevalence, characterisation, and
antimicrobial resistance of Listeria species and Listeria monocytogenes
isolates from raw milk in farm bulk tanks. Food Control, 34(1), 121-125.

James, C., Onarinde, B. A., & James, S. J. (2017). The Use and Performance of
Household Refrigerators: A Review. Comprehensive Reviews in Food
Science and Food Safety, 16(1), 160-179.

Jaradat, Z. W., Schutze, G. E., & Bhunia, A. K. (2002). Genetic homogeneity
among Listeria monocytogenes strains from infected patients and meat
products from two geographic locations determined by phenotyping,
ribotyping and PCR analysis of virulence genes. International Journal of Food
Microbiology, 76(1-2), 1-10.

Jeffers, G. T., Bruce, J. L., McDonough, P. L., Scarlett, J., Boor, K. J., &
Wiedmann, M. (2001). Comparative genetic characterization of Listeria
monocytogenes isolates from human and animal listeriosis cases.
Microbiology, 147(5), 1095-1104.

Jemmi, T., & Stephan, R. (2006). Listeria monocytogenes: food-borne
Pathogenesis and virulence factors. Revue Scientifique et Technique - Office
International Des Epizooties, 25(2), 571-580.

Jennison, A. V., Masson, J. J., Fang, N. X., Graham, R. M., Bradbury, M. I.,
Fegan, N., Gobius, K. S., Graham, T. M., Guglielmino, C. J., Brown, J. L., &
Fox, E. M. (2017). Analysis of the Listeria monocytogenes Population
Structure among Isolates from 1931 to 2015 in Australia. Frontiers in
Microbiology, 8, 603.

Jensen, A., Frederiksen, W., & Gerner-Smidt, P. (1994). Risk factors for listeriosis
in Denmark, 1989-1990. Scandinavian Journal of Infectious Diseases, 26(2),
171-178.

Jensen, A. K., Bjérkman, J. T., Ethelberg, S., Kiil, K., Kemp, M., & Nielsen, E. M.
(2016). Molecular Typing and Epidemiology of Human Listeriosis Cases,
Denmark, 2002—-2012. Emerging Infectious Diseases, 22(4), 625.

Jensen, A., Thomsen, L. E., Jargensen, R. L., Larsen, M. H., Roldgaard, B. B.,
Christensen, B. B., Vogel, B.F., Gram, L., & Ingmer, H. (2008). Processing

137



plant persistent strains of Listeria monocytogenes appear to have a lower
virulence potential than clinical strains in selected virulence models.
International Journal of Food Microbiology, 123(3), 254—-261.

JerSek, B., Gilot, P., Gubina, M., Klun, N., Mehle, J., Tcherneva, E., Rijpens, N., &
Herman, L. (1999). Typing of Listeria monocytogenes strains by repetitive
element sequence- based PCR. Journal of Clinical Microbiology, 37(1), 103—
109.

Johansson, J., & Freitag, N. E. (2019). Regulation of Listeria monocytogenes
Virulence. Microbiology Spectrum, 7(4), 7-4.

Johansson, T. (1998). Enhanced detection and enumeration of Listeria
monocytogenes from foodstuffs and food-processing environments.
International Journal of Food Microbiology, 40(1-2), 77-85.

John, J., Joy, W. C., & Jovana, K. (2020). Prevalence of Listeria spp. in produce
handling and processing facilities in the Pacific Northwest. Food Microbiology,
90, 103468.

Johnson, J., Jinneman, K., Stelma, G., Smith, B. G., Lye, D., Messer, J., Ulaszek,
J., Evsen, L., Gendel, S., Bennett, R. W., Swaminathan, B., & Hitchins, A. D.
(2004). Natural atypical Listeria innocua strains with Listeria monocytogenes
pathogenicity island 1 genes. Applied and Environmental Microbiology, 70(7),
4256-4266.

Joint FAO/WHO Codex Alimentarius Commission. (1969, 2020 revised). Codex
Alimentarius. General Principles of Food Hygiene. CXC 1-1969. Retrieved
from: https://www.fao.org/fao-who-codexalimentarius/sh-
proxy/tr/?Ink=1&url=https%253A%252F %252Fworkspace.fao.org%252F sites
%252Fcodex%252F Standards%252F CXC%2B1-1969%252FCXC_001e.pdf;
accessed on: 3 March 2022.

Joint FAO/WHO Codex Alimentarius Commission. (2007). Codex Alimentarius.
Guidelines on the Application of General Principles of Food Hygiene to the

Control of Listeria monocytogenes in Foods. CXG 61-2007. Retrieved from:

http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-

practice/tr/; accessed on: 3 March 2022.
Jooste, P., Jordan, K., Leong, D., & Alvarez Ordonez, A. (2016). Listeria
monocytogenes in food: Control by monitoring the food processing

environment. African Journal of Microbiology Research, 10(1), 1-14.

138


https://www.fao.org/fao-who-codexalimentarius/sh-proxy/tr/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/tr/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/tr/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXC%2B1-1969%252FCXC_001e.pdf
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/tr/
http://www.fao.org/fao-who-codexalimentarius/codex-texts/codes-of-practice/tr/

Jordan, K., Dalmasso, M., & Jordan, K. (2013). Process environment sampling
can help to reduce the occurrence of Listeria monocytogenes in food
processing facilities. Irish Journal of Agricultural and Food Research, 52(1),
93-100.

Jordan, K., Hunt, K., Lourenco, A., & Pennone, V. (2018). Listeria monocytogenes
in the Food Processing Environment. Current Clinical Microbiology Reports,
5(2), 106-119.

Joseph, B., Mertins, S., Stoll, R., Schar, J., Umesha, K. R., Luo, Q., Mduller-
Altrock, S., & Goebel, W. (2008). Glycerol metabolism and PrfA activity in
Listeria monocytogenes. Journal of Bacteriology, 190(15), 5412-5430.

Jung, Y. S., Frank, J. F., Brackett, R. E., & Chen, J. (2003). Polymerase chain
reaction detection of Listeria monocytogenes on frankfurters using
oligonucleotide primers targeting the genes encoding internalin AB. Journal of
Food Protection, 66(2), 237-241.

Kabisch, J. (2018). In J. J. Schardt, Characterization of Listeria sensu stricto
specific genes involved in colonization of the gastrointestinal tract by Listeria
monocytogenes [Doctoral dissertation, Technische Universitdt Miinchen]. .
Retrieved from: http://nbn-resolving.de/urn/resolver.pl?urn:nbn:de:bvb:91-
diss-20180620-1425235-1-2.; accessed on: 3 March 2022.

Kallipolitis, B., Gahan, C. G., & Piveteau, P. (2020). Factors contributing to Listeria

monocytogenes transmission and impact on food safety. Current Opinion in
Food Science, 36, 9-17.

Kamp, H. D., & Higgins, D. E. (2011). A Protein Thermometer Controls
Temperature-Dependent Transcription of Flagellar Motility Genes in Listeria
monocytogenes. PLoS Pathogens, 7(8), e1002153.

Kara, R., & Aslan, S. (2021). Investigation of Listeria monocytogenes in workers,
equipment and environments at kaymak processing plants. Food Science and
Technology (Brazil), 41(2), 449-452.

Karatzas, K. A. G., Brennan, O., Heavin, S., Morrissey, J., & O'Byrne, C. P.
(2010). Intracellular accumulation of high levels of y-aminobutyrate by Listeria
monocytogenes 10403S in response to low pH: Uncoupling of vy-
aminobutyrate synthesis from efflux in a chemically defined medium. Applied
and Environmental Microbiology, 76(11), 35629-3537.

Kastbjerg, V. G., & Gram, L. (2009). Model systems allowing quantification of

139


http://nbn-resolving.de/urn/resolver.pl?urn:nbn:de:bvb:91-diss-20180620-1425235-1-2
http://nbn-resolving.de/urn/resolver.pl?urn:nbn:de:bvb:91-diss-20180620-1425235-1-2

sensitivity to disinfectants and comparison of disinfectant susceptibility of
persistent and presumed nonpersistent Listeria monocytogenes. Journal of
Applied Microbiology, 106(5), 1667—1681.

Katharios-Lanwermeyer, S., Rakic-Martinez, M., Elhanafi, D., Ratani, S., Tiedje, J.
M., & Kathariou, S. (2012). Coselection of cadmium and benzalkonium
chloride resistance in conjugative transfers from nonpathogenic Listeria spp.
to other Listeriae. Applied and Environmental Microbiology, 78(21), 7549—
7556.

Kathariou, S. (2002). Listeria monocytogenes virulence and pathogenicity, a food
safety perspective. Journal of Food Protection, 65(11), 1811-1829.

Kawacka, |., Olejnik-Schmidt, A., Schmidt, M., & Sip, A. (2020). Effectiveness of
Phage-Based Inhibition of Listeria monocytogenes in Food Products and
Food Processing Environments. Microorganisms, 8(11), 1764.

Kazmierczak, M. J., Mithoe, S. C., Boor, K. J., & Wiedmann, M. (2003). Listeria
monocytogenes ©0B regulates stress response and virulence functions.
Journal of Bacteriology, 185(19), 5722-5734.

Kazmierczak, M. J., Wiedmann, M., & Boor, K. J. (2005). Alternative sigma factors
and their roles in bacterial virulence. Microbiology and Molecular Biology
Reviews, 69(4), 527-543.

Keeney, K., Trmcic, A., Zhu, Z., Delaquis, P., & Wang, S. (2018). Stress survival
islet 1 contributes to serotype-specific differences in biofilm formation in
Listeria monocytogenes. Letters in Applied Microbiology, 67(6), 530-536.

Keeratipibul, S., & Techaruwichit, P. (2012). Tracking sources of Listeria
contamination in a cooked chicken meat factory by PCR-RAPD-based DNA
fingerprinting. Food Control, 27(1), 64—72.

Kells, J., & Gilmour, A. (2004). Incidence of Listeria monocytogenes in two milk
processing environments, and assessment of Listeria monocytogenes blood
agar for isolation. International Journal of Food Microbiology, 91(2), 167-174.

Kérouanton, A., Marault, M., Petit, L., Grout, J., Dao, T. T., & Brisabois, A. (2010).
Evaluation of a multiplex PCR assay as an alternative method for Listeria
monocytogenes serotyping. Journal of Microbiological Methods, 80(2), 134-
137.

Keto-Timonen, R. O., Autio, T. J., & Korkeala, H. J. (2003). An improved amplified

fragment length polymorphism (AFLP) protocol for discrimination of Listeria

140



isolates. Systematic and Applied Microbiology, 26(2), 236—244.

Keto-Timonen, R., Tolvanen, R., Lundén, J., & Korkeala, H. (2007). An 8-year
surveillance of the diversity and persistence of Listeria monocytogenes in a
chilled food processing plant analyzed by amplified fragment length
polymorphism. Journal of Food Protection, 70(8), 1866—1873.

Keys, A. L., Dailey, R. C., Hitchins, A. D., & Smiley, R. D. (2013). Postenrichment
Population Differentials Using Buffered Listeria Enrichment Broth:
Implications of the Presence of Listeria innocua on Listeria monocytogenes in
Food Test Samples. Journal of Food Protection, 76(11), 1854—-1862.

Khan, Z. A., Siddiqui, M. F., & Park, S. (2019). Current and emerging methods of
antibiotic susceptibility testing. Diagnostics, 9(2), 49.

Khelef, N., Lecuit, M., Bierne, H., & Cossart, P. (2006). Species specificity of the
Listeria monocytogenes InIB protein. Cellular Microbiology, 8(3), 457-470.
Kim, H., Marquis, H., & Boor, K. J. (2005). oB contributes to Listeria
monocytogenes invasion by controlling expression of inlA and iniB.

Microbiology, 151(10), 3215-3222.

Klarsfeld, A. D., Goossens, P. L., & Cossart, P. (1994). Five Listeria
monocytogenes genes preferentially expressed in infected mammalian cells:
plcA, purH, purD, pyrE and an arginine ABC transporter gene, arpJ.
Molecular Microbiology, 13(4), 585-597.

Knudsen, G. M., Nielsen, J. B., Marvig, R. L., Ng, Y., Worning, P., Westh, H., &
Gram, L. (2017). Genome-wide-analyses of Listeria monocytogenes from
food-processing plants reveal clonal diversity and date the emergence of
persisting sequence types. Environmental Microbiology Reports, 9(4), 428—
440.

Koch, J., Dworak, R., Prager, R., Becker, B., Brockmann, S., Wicke, A,
Wichmann-Schauer, H., Hof, H., Werber, D., & Stark, K. (2010). Large
Listeriosis Outbreak Linked to Cheese Made from Pasteurized Milk,
Germany, 2006-2007. Foodborne Pathogens and Disease, 7(12), 1581—
1584.

Koo, O. K., Ndahetuye, J. B., O’Bryan, C. A., Ricke, S. C., & Crandall, P. G.
(2014). Influence of Listeria innocua on the attachment of Listeria
monocytogenes to stainless steel and aluminum surfaces. Food Control, 39,
135-138.

141



Kornacki, J.L., & Gurtler, J.B. (2007). Incidence and Control of Listeria in Food
Processing Facilities. In E. T. Ryser & E. H. Marth (Eds.), Listeria, Listeriosis
and Food Safety (3rd ed., fpp. 681-766). CRC Press.

Korsak, D., Chmielowska, C., Szuplewska, M., & Bartosik, D. (2019). Prevalence
of plasmid-borne benzalkonium chloride resistance cassette bcrABC and
cadmium resistance cadA genes in nonpathogenic Listeria spp. isolated from
food and food-processing environments. International Journal of Food
Microbiology, 290, 247-253.

Kovac, J., Bakker, H. den, Carroll, L. M., & Wiedmann, M. (2017). Precision food
safety: A systems approach to food safety facilitated by genomics tools. TrAC
Trends in Analytical Chemistry, 96, 52-61.

Kovacevic, J., Arguedas-Villa, C., Wozniak, A., Tasara, T., & Allen, K. J. (2013).
Examination of food chain-derived Listeria monocytogenes strains of different
serotypes reveals considerable diversity in inlA genotypes, mutability, and
adaptation to cold temperatures. Applied and Environmental Microbiology,
79(6), 1915-1922.

Kovacevic, J., Ziegler, J., Walecka-Zacharska, E., Reimer, A., Kitts, D. D., &
Gilmour, M. W. (2016). Tolerance of Listeria monocytogenes to quaternary
ammonium sanitizers is mediated by a novel efflux pump encoded by emrE.
Applied and Environmental Microbiology, 82(3), 939—953.

Kremer, P. H. C., Lees, J. A., Koopmans, M. M., Ferwerda, B., Arends, A. W. M.,
Feller, M. M., Schipper, K., Seron, M. V., van der Ende, A., Brouwer, M. C.,
van De Beek, D., & Bentley, S. D. (2017). Benzalkonium tolerance genes and
outcome in Listeria monocytogenes meningitis. Clinical Microbiology and
Infection, 23(4), 265.e1-265.e7.

Kuch, A., Goc, A., Belkiewicz, K., Filipello, V., Ronkiewicz, P., Gotebiewska, A.,
Wrébel, |., Kiedrowska, M., Wasko, I., Hryniewicz, W., Lomonaco, S., &
Skoczynska, A. (2018). Molecular diversity and antimicrobial susceptibility of
Listeria monocytogenes isolates from invasive infections in Poland (1997-
2013). Scientific Reports, 8(1), 14562.

Kuenne, C., Voget, S., Pischimarov, J., Oehm, S., Goesmann, A., Daniel, R.,
Hain, T., & Chakraborty, T. (2010). Comparative Analysis of Plasmids in the
Genus Listeria. PLoS One, 5(9), e12511.

Kurpas, M., Osek, J., Moura, A., Leclercq, A., Lecuit, M., & Wieczorek, K. (2020).

142



Genomic Characterization of Listeria monocytogenes Isolated From Ready-
to-Eat Meat and Meat Processing Environments in Poland. Frontiers in
Microbiology, 11, 1412.

Kwong, J. C., McCallum, N., Sintchenko, V., & Howden, B. P. (2015). Whole
genome sequencing in clinical and public health microbiology. Pathology,
47(3), 199-210.

Lakicevic, B., & Nastasijevic, |. (2016). Listeria monocytogenes in retail
establishments: Contamination routes and control strategies. Food Reviews
International, 33(3), 247-269.

Laki¢evic¢, B., Stjepanovi¢, A., Milijasevi¢, M., Terzi¢vidojevi¢, A., Goli¢, N., &
Topisirovi¢, L. (2010). The presence of Listeria spp. and Listeria
monocytogenes in a chosen food processing establishment in Serbia.
Archives of Biological Sciences, 62(4), 881-887.

Laksanalamai, P., Jackson, S. A.,, Mammel, M. K., & Datta, A. R. (2012a). High
Density Microarray Analysis Reveals New Insights into Genetic Footprints of
Listeria monocytogenes Strains Involved in Listeriosis Outbreaks. PLoS One,
7(3), €32896.

Laksanalamai, P., Joseph, L. A., Silk, B. J., Burall, L. S., L. Tarr, C., Gerner-Smidt,
P., & Datta, A. R. (2012b). Genomic Characterization of Listeria
monocytogenes Strains Involved in a Multistate Listeriosis Outbreak
Associated with Cantaloupe in US. PLoS One, 7(7), e42448.

Lambrecht, E., Baré, J., Chavatte, N., Bert, W., Sabbe, K., & Houf, K. (2015).
Protozoan cysts act as a survival niche and protective shelter for foodborne
pathogenic bacteria. Applied and Environmental Microbiology, 81(16), 5604—
5612.

Lambrecht, E., Baré, J., Sabbe, K., & Houf, K. (2017). Impact of Acanthamoeba
cysts on stress resistance of Salmonella enterica serovar Typhimurium,
Yersinia enterocolitica 4/0:3, Listeria monocytogenes 1/2a, and Escherichia
coli O:26. Applied and Environmental Microbiology, 83(14), e00754-17.

Lan, Z., Fiedler, F., & Kathariou, S. (2000). A sheep in wolf’'s clothing: Listeria
innocua strains with teichoic acid-associated surface antigens and genes
characteristic of Listeria monocytogenes serogroup 4. Journal of
Bacteriology, 182(21), 6161-6168.

Lappi, V. R., Thimothe, J., Nightingale, K. K., Gall, K., Scott, V. N., & Wiedmann,

143



M. (2004). Longitudinal studies on Listeria in smoked fish plants: Impact of
intervention strategies on contamination patterns. Journal of Food Protection,
67(11), 2500-2514.

Lariviere-Gauthier, G., Letellier, A., Kérouanton, A., Bekal, S., Quessy, S,
Fournaise, S., & Fravalo, P. (2014). Analysis of Listeria monocytogenes strain
distribution in a pork slaughter and cutting plant in the province of Quebec.
Journal of Food Protection, 77(12), 2121-2128.

Larsen, H. E., & Seeliger, H. P. R. (1966, July). A mannitol fermenting Listeria:
Listeria grayi sp. n. In Proceedings of the third international symposium on
listeriosis (VoL. 1994, pp. 35-39). Bilthoven, Netherlands.

Larsen, M. H., Dalmasso, M., Ingmer, H., Langsrud, S., Malakauskas, M., Mader,
A., Mgretrg, T., MoZina, S. S., Rychli, K., Wagner, M., Wallace, R. J., &
Jordan, K. (2014). Persistence of foodborne pathogens and their control in
primary and secondary food production chains. Food Control, 44, 92—109.

Larsen, M. H., Leisner, J. J., & Ingmer, H. (2010). The chitinolytic activity of
Listeria monocytogenes EGD is regulated by carbohydrates but also by the
virulence regulator PrfA. Applied and Environmental Microbiology, 76(19),
6470-6476.

Larsen, M. V., Cosentino, S., Rasmussen, S., Friis, C., Hasman, H., Marvig, R. L.,
Jelsbak, L., Sicheritz-Pontén, T., Ussery, D. W., Aarestrup, F. M., & Lund, O.
(2012). Multilocus sequence typing of total-genome-sequenced bacteria.
Journal of Clinical Microbiology, 50(4), 1355-1361.

Latorre, A. A., Van Kessel, J. A. S., Karns, J. S., Zurakowski, M. J., Pradhan, A.
K., Boor, K. J., Adolph, E., Sukhnanand, S. & Schukken, Y. H. (2011).
Increased in vitro adherence and on-farm persistence of predominant and
persistent Listeria monocytogenes strains in the milking system. Applied and
Environmental Microbiology, 77(11), 3676—-3684.

Law, J. W. F., Ab Mutalib, N. S., Chan, K. G., & Lee, L. H. (2015). An insight into
the isolation, enumeration, and molecular detection of Listeria
monocytogenes in food. Frontiers in Microbiology, 6, 1227.

Lebrun, M., Loulergue, J., Chaslus-Dancla, E., & Audurier, A. (1992). Plasmids in
Listeria monocytogenes in relation to cadmium resistance. Applied and
Environmental Microbiology, 58(9), 3183-3186.

Leclair, R. M., McLean, S. K., Dunn, L. A., Meyer, D., & Palombo, E. A. (2019).

144



Investigating the Effects of Time and Temperature on the Growth of
Escherichia coli O157:H7 and Listeria monocytogenes in Raw Cow’s Milk
Based on Simulated Consumer Food Handling Practices. International
Journal of Environmental Research and Public Health, 16(15), 2691.

Leclercq, A., Charlier, C., Maury, M.M., & Lecuit., M. (2019a). Rapport annuel
d’activité du Centre national de Référence des Listeria — Année 2018. Institut

Pasteur, Paris, France. Retrieved from: https://www.pasteur.fr/fr/sante-

publiqgue/CNR/les-cnr/Listeria/rapports-d-activite; accessed on: 4 March 2022.

Leclercq, A., Chenal-Francisque, V., Dieye, H., Cantinelli, T., Drali, R., Brisse, S.,
& Lecuit, M. (2011). Characterization of the novel Listeria monocytogenes
PCR serogrouping profile IVb-v1. International Journal of Food Microbiology,
147(1), 74-77.

Leclercq, A., Clermont, D., Bizet, C., Grimont, P. A. D., Fleche-Matéos, A. Le,
Roche, S. M., Buchrieser, C., Cadet-Daniel, V., Le Monnier, A., Lecuit, M., &
Allerberger, F. (2010). Listeria rocourtiae sp. nov. International Journal of
Systematic and Evolutionary Microbiology, 60(9), 2210-2214.

Leclercq, A., Moura, A., Vales, G., Tessaud-Rita, N., Aguilhon, C., & Lecuit, M.
(2019b). Listeria thailandensis sp. nov. International Journal of Systematic
and Evolutionary Microbiology, 69(1), 74—81.

Lecuit, M., Dramsi, S., Gottardi, C., Fedor-Chaiken, M., Gumbiner, B., & Cossart,
P. (1999). A single amino acid in E-cadherin responsible for host specificity
towards the human pathogen Listeria monocytogenes. EMBO Journal,
18(14), 3956—3963.

Lee, B. H., Cole, S., Badel-Berchoux, S., Guillier, L., Felix, B., Krezdorn, N.,
Hébraud, M., Bernardi, T., Sultan, I., & Piveteau, P. (2019). Biofilm Formation
of Listeria monocytogenes Strains Under Food Processing Environments and
Pan-Genome-Wide Association Study. Frontiers in Microbiology, 10, 2698.

Lee, J. C., Daraba, A., Voidarou, C., Rozos, G., Enshasy, H. A. E., & Varzakas, T.
(2021). Implementation of Food Safety Management Systems along with
Other Management Tools (HAZOP, FMEA, Ishikawa, Pareto). The Case
Study of Listeria monocytogenes and Correlation with Microbiological Criteria.
Foods, 10(9), 2169.

Lee, S., Chen, Y., Gorski, L., Ward, T. J., Osborne, J., & Kathariou, S. (2018).

Listeria monocytogenes source distribution analysis indicates regional

145


https://www.pasteur.fr/fr/sante-publique/CNR/les-cnr/Listeria/rapports-d-activite
https://www.pasteur.fr/fr/sante-publique/CNR/les-cnr/Listeria/rapports-d-activite

heterogeneity and ecological niche preference among serotype 4b clones.
MBio, 9(2), e00396-18.

Lee, S. H. I., Barancelli, G. V., de Camargo, T. M., Corassin, C. H., Rosim, R. E.,
da Cruz, A. G., Cappato, L.P., & de Oliveira, C. A. F. (2017). Biofilm-
producing ability of Listeria monocytogenes isolates from Brazilian cheese
processing plants. Food Research International, 91, 88—91.

Lemaitre, J. P., Echchannaoui, H., Michaut, G., Divies, C., & Rousset, A. (1998).
Plasmid-mediated resistance to antimicrobial agents among Listeriae. Journal
of Food Protection, 61(11), 1459-1464.

Leong, D., Alvarez-Orddfiez, A., & Jordan, K. (2014). Monitoring occurrence and
persistence of Listeria monocytogenes in foods and food processing
environments in the Republic of Ireland. Frontiers in Microbiology, 5, 436.

Leong, D., NicAogain, K., Luque-Sastre, L., McManamon, O., Hunt, K., Alvarez-
Ordofiez, A., Scollard, J., Schmalenberger, A., Fanning, S., O'Byrne, C., &
Jordan, K. (2017). A 3-year multi-food study of the presence and persistence
of Listeria monocytogenes in 54 small food businesses in Ireland.
International Journal of Food Microbiology, 249, 18-26.

Li, F., Ye, Q., Chen, M., Shang, Y., Zhang, J., Ding, Y., Xue, L., Wu, Shi., Wang,
J., Pang, R,, Lei, T., Zeng, H., & Wu, Q. (2021). Real-time PCR identification
of Listeria monocytogenes serotype 4c using primers for novel target genes
obtained by comparative genomic analysis. LWT, 138, 110774.

Li, M., Yan, S., Fanning, S., Li, F., & Xu, J. (2021). Whole Genome Analysis of
Three Multi-Drug Resistant Listeria innocua and Genomic Insights Into Their
Relatedness With Resistant Listeria monocytogenes. Frontiers in
Microbiology, 12, 694361.

Li, Q., Sherwood, J. S., & Logue, C. M. (2007). Antimicrobial resistance of Listeria
spp. recovered from processed bison. Letters in Applied Microbiology, 44(1),
86-91.

Li, W., Bai, L., Fu, P., Han, H., Liu, J., & Guo, Y. (2018). The epidemiology of
Listeria monocytogenes in China. Foodborne Pathogens and Disease, 15(8),
459-466.

Li, W., Cui, Q., Bai, L., Fu, P., Han, H., Liu, J., & Guo, Y. (2021). Application of
Whole-Genome Sequencing in the National Molecular Tracing Network for

Foodborne Disease Surveillance in China. Foodborne Pathogens and

146



Disease, 18(8), 538-546.

Lianou, A., & Koutsoumanis, K. P. (2013). Strain variability of the behavior of
foodborne bacterial pathogens: A review. International Journal of Food
Microbiology, 167(3), 310-321.

Linke, K., Ruckerl, 1., Brugger, K., Karpiskova, R., Walland, J., Muri-Klinger, S.,
Tichy, A., Wagner, M., & Stessl, B. (2014). Reservoirs of Listeria species in
three environmental ecosystems. Applied and Environmental Microbiology,
80(18), 5583-5592.

Linnan, M. J., Mascola, L., Lou, X. D., Goulet, V., May, S., Salminen, C., Hird, D.
W., Yonekura, M. L., Hayes, P., Weaver, R., Audurier, A., & Broome, C. V.
(1988). Epidemic Listeriosis Associated with Mexican-Style Cheese. New
England Journal of Medicine, 319(13), 823-828.

Liu, A., Shen, L., Zeng, Z., Sun, M., Liu, Y., Liu, S., Li, C., & Wang, X. (2018). A
Minireview of the Methods for Listeria monocytogenes Detection. Food
analytical methods, 11(1), 215-223.

Liu, D. (2006a). Identification, subtyping and virulence determination of Listeria
monocytogenes, an important foodborne pathogen. Journal of Medical
Microbiology, 55(6), 645-659.

Liu, D., Lawrence, M. L., Ainsworth, A. J., & Austin, F. W. (2005). Comparative
assessment of acid, alkali and salt tolerance in Listeria monocytogenes
virulent and avirulent strains. FEMS Microbiology Letters, 243(2), 373—-378.

Liu, D., Lawrence, M. L., Austin, F. W., & Ainsworth, A. J. (2007). A multiplex PCR
for species- and virulence-specific determination of Listeria monocytogenes.
Journal of Microbiological Methods, 71(2), 133—140.

Liu, D., Lawrence, M. L., Wiedmann, M., Gorski, L., Mandrell, R. E., Ainsworth, A.
J., & Austin, F. W. (2006b). Listeria monocytogenes subgroups IlIA, IlIB, and
IIIC delineate genetically distinct populations with varied pathogenic potential.
Journal of Clinical Microbiology, 44(11), 4229-4233.

Liu, Y., Orsi, R. H., Gaballa, A., Wiedmann, M., Boor, K. J., & Guariglia-Oropeza,
V. (2019). Systematic review of the Listeria monocytogenes o B regulon
supports a role in stress response, virulence and metabolism. Future
Microbiol, 14(9), 801-828.

Lobel, L., & Herskovits, A. A. (2016). Systems Level Analyses Reveal Multiple
Regulatory Activities of CodY Controlling Metabolism, Motility and Virulence

147



in Listeria monocytogenes. PLoS Genetics, 12(2), e1005870.

Locatelli, A., Lewis, M. A., & Rothrock, M. J. J. (2017). The Distribution of Listeria
in Pasture-Raised Broiler Farm Soils Is Potentially Related to University of
Vermont Medium Enrichment Bias toward Listeria innocua over Listeria
monocytogenes. Frontiers in Veterinary Science, 4, 227 .

Lomonaco, S., Decastelli, L., Nucera, D., Gallina, S., Manila Bianchi, D., & Civera,
T. (2009). Listeria monocytogenes in Gorgonzola: Subtypes, diversity and
persistence over time. International Journal of Food Microbiology, 128(3),
516-520.

Lomonaco, S., Nucera, D., & Filipello, V. (2015). The evolution and epidemiology
of Listeria monocytogenes in Europe and the United States. Infection,
Genetics and Evolution, 35, 172—183.

Lomonaco, S., Verghese, B., Gerner-Smidt, P., Tarr, C., Gladney, L., Joseph, L.,
Katz, L., Turnsek, M., Frace, M., Chen, Y., Brown, E., & Knabel, S. (2013).
Novel Epidemic Clones of Listeria monocytogenes , United States, 2011.
Emerging Infectious Diseases, 19(1), 147-150.

Longhi, C., Maffeo, A., Penta, M., Petrone, G., Seganti, L., & Conte, M. P. (2003).
Detection of Listeria monocytogenes in ltalian-style soft cheeses. Journal of
Applied Microbiology, 94(5), 879-885.

Lépez-Exposito, 1., Amigo, L., & Recio, I. (2012). A mini-review on health and
nutritional aspects of cheese with a focus on bioactive peptides. Dairy
Science & Technology, 92(5), 419-438.

Lopez-Valladares, G., Danielsson-Tham, M. L., & Tham, W. (2018). Implicated
Food Products for Listeriosis and Changes in Serovars of Listeria
monocytogenes Affecting Humans in Recent Decades. Foodborne Pathogens
and Disease, 15(7), 387-397.

Lou, Y., & Yousef, A. E. (1997). Adaptation to sublethal environmental stresses
protects Listeria monocytogenes against lethal preservation factors. Applied
and Environmental Microbiology, 63(4), 1252-1255.

Low, J. C., & Donachie, W. (1997). A review of Listeria monocytogenes and
listeriosis. The Veterinary Journal, 153(1), 9-29.

Lundén, J. M., Miettinen, M. K., Autio, T. J., & Korkeala, H. J. (2000). Persistent
Listeria monocytogenes strains show enhanced adherence to food contact

surface after short contact times. Journal of Food Protection, 63(9), 1204—

148



1207.

Lundén, J., Tolvanen, R., & Korkeala, H. (2004). Human listeriosis outbreaks
linked to dairy products in Europe. Journal of Dairy Science, 87(SUPPL. 1),
E6-E12.

Lundén, J., Tolvanen, R., & Korkeala, H. (2007). Acid and heat tolerance of
persistent and nonpersistent Listeria monocytogenes food plant strains.
Letters in Applied Microbiology, 46(2), 276—280.

Luque-Sastre, L., Fanning, S., & Fox, E. M. (2015). Pulsed-field gel
electrophoresis for Listeria monocytogenes. Methods in Molecular Biology,
1301, 43-53.

Luque-Sastre, L., Fox, E. M., Jordan, K., & Fanning, S. (2018). A comparative
study of the susceptibility of Listeria species to sanitizer treatments when
grown under planktonic and biofilm conditions. Journal of Food Protection,
81(9), 1481-1490.

Lath, S., Boone, I, Kleta, S., & Al Dahouk, S. (2019). Analysis of RASFF
notifications on food products contaminated with Listeria monocytogenes
reveals options for improvement in the rapid alert system for food and feed.
Food Control, 96, 479-487 .

Lath, S., Deneke, C., Kleta, S., & Al Dahouk, S. (2021). Translatability of WGS
typing results can simplify data exchange for surveillance and control of
Listeria monocytogenes. Microbial Genomics, 7(1), 1-12.

Lath, S., Halbedel, S., Rosner, B., Wilking, H., Holzer, A., Roedel, A., Dieckmann,
R., Vincze, S., Prager, R., Flieger, A., Al Dahouk, S., & Kleta, S. (2020).
Backtracking and forward checking of human listeriosis clusters identified a
multiclonal outbreak linked to Listeria monocytogenes in meat products of a
single producer. Emerging Microbes & Infections, 9(1), 1600-1608.

Lath, S., Kleta, S., & Al Dahouk, S. (2018). Whole genome sequencing as a typing
tool for foodborne pathogens like Listeria monocytogenes — The way towards
global harmonisation and data exchange. Trends in Food Science &
Technology, 73, 67-75.

Lyytikainen, O., Autio, T., Maijala, R., Ruutu, P., Honkanen-Buzalski, T., Miettinen,
M., Hatakka, M., Mikkola, J., Anttila, V. J., Johansson, T., Rantala, L., &
Siitonen, A. (2000). An Outbreak of Listeria monocytogenes Serotype 3a
Infections from Butter in Finland. The Journal of Infectious Diseases, 181(5),

149



1838-1841.

Madden, R. H., Hutchison, M., Jordan, K., Pennone, V., Gundogdu, O., &
Corcionivoschi, N. (2018). Prevalence and persistence of Listeria
monocytogenes in premises and products of small food business operators in
Northern Ireland. Food Control, 87, 70-78.

Maesaar, M., Mamede, R., Elias, T., & Roasto, M. (2021). Retrospective use of
whole-genome sequencing expands the multicountry outbreak cluster of
Listeria monocytogenes ST1247. International Journal of Genomics, 2021,
https://doi.org/10.1155/2021/6636138.

Magalhaes, R., Almeida, G., Ferreira, V., Santos, I., Silva, J., Mendes, M. M., Pita,
J., Mariano, G., Mancio, I., Sousa, M. M., Farber, J., & Teixeira, P. (2015).
Cheese-related listeriosis outbreak, Portugal, March 2009 to February 2012.
Eurosurveillance, 20(17), 21104.

Magalhaes, R., Ferreira, V., Branddo, T. R. S., Palencia, R. C., Almeida, G., &
Teixeira, P. (2016). Persistent and non-persistent strains of Listeria
monocytogenes: A focus on growth kinetics under different temperature, salt,
and pH conditions and their sensitivity to sanitizers. Food Microbiology, 57,
103-108.

Magalhdes, R., Mena, C., Ferreira, V., Almeida, G., Silva, J., & Teixeira, P.
(2014). Traditional methods for isolation of Listeria monocytogenes. Methods
in Molecular Biology, 1157, 15-30.

Magdovitz, B. F., Gummalla, S., Thippareddi, H., & Harrison, M. A. (2020).
Evaluating environmental monitoring protocols for Listeria spp. And Listeria
monocytogenes in Frozen Food Manufacturing Facilities. Journal of Food
Protection, 83(1), 172-187.

Mahapatra, S., Crick, D. C., & Brennan, P. J. (2000). Comparison of the UDP-N-
acetylmuramate:L-alanine ligase enzymes from Mycobacterium tuberculosis
and Mycobacterium leprae. Journal of Bacteriology, 182(23), 6827—-6830.

Maiden, M. C. J., Van Rensburg, M. J. J., Bray, J. E., Earle, S. G,, Ford, S. A,
Jolley, K. A., & McCarthy, N. D. (2013). MLST revisited: the gene-by-gene
approach to bacterial genomics. Nature Reviews Microbiology, 11(10), 728—
736.

Makino, S. I., Kawamoto, K., Takeshi, K., Okada, Y., Yamasaki, M., Yamamoto,

S., & Igimi, S. (2005). An outbreak of food-borne listeriosis due to cheese in

150



Japan, during 2001. International Journal of Food Microbiology, 104(2), 189—
196.

Malley, T. J. V., Butts, J., & Wiedmann, M. (2015). Seek and destroy process:
Listeria monocytogenes process controls in the ready-to-eat meat and poultry
industry. Journal of Food Protection, 78(2), 436—445.

Malley, T. J. V., Stasiewicz, M. J., Gréhn, Y. T., Roof, S., Warchocki, S.,
Nightingale, K., & Wiedmann, M. (2013). Implementation of statistical tools to
support identification and management of persistent Listeria monocytogenes
contamination in smoked fish processing plants. Journal of Food Protection,
76(5), 796-811.

Mammina, C., Parisi, A., Guaita, A., Aleo, A., Bonura, C., Nastasi, A., & Pontello,
M. (2013). Enhanced surveillance of invasive listeriosis in the Lombardy
region, ltaly, in the years 2006-2010 reveals major clones and an increase in
serotype 1/2a. BMC Infectious Diseases, 13(1), 152.

Manafi, M. (1996). Fluorogenic and chromogenic enzyme substrates in culture
media and identification tests. International Journal of Food Microbiology,
31(1-3), 45-58.

Mangen, M. J. J., Bouwknegt, M., Friesema, |. H. M., Haagsma, J. A., Kortbeek,
L. M., Tariq, L., Wilson, M., van Pelt, W., & Havelaar, A. H. (2015). Cost-of-
illness and disease burden of food-related pathogens in the Netherlands,
2011. International Journal of Food Microbiology, 196, 84—93.

Manios, S. G., Grivokostopoulos, N. C., Bikouli, V. C., Doultsos, D. A., Zilelidou,
E. A., Gialitaki, M. A., & Skandamis, P. N. (2015). A 3-year hygiene and
safety monitoring of a meat processing plant which uses raw materials of
global origin. International Journal of Food Microbiology, 209, 60—69.

Manning, L. (2017). The Influence of Organizational Subcultures on Food Safety
Management. Journal of Marketing Channels, 24(3-4), 180-189.

Manso, B., Melero, B., Stessl, B., Fernandez-Natal, I., Jaime, |., Hernandez, M.,
Wagner, M., Rovira, J., & Rodriguez-Lazaro, D. (2019). Characterization of
Virulence and Persistence Abilities of Listeria monocytogenes Strains
Isolated from Food Processing Premises. Journal of Food Protection, 82(11),
1922-1930.

Martin, B., Perich, A., Gémez, D., Yanguela, J., Rodriguez, A., Garriga, M., &

Aymerich, T. (2014). Diversity and distribution of Listeria monocytogenes in

151



meat processing plants. Food Microbiology, 44, 119-127.

Martinez-Rios, V., & Dalgaard, P. (2018). Prevalence of Listeria monocytogenes
in European cheeses: A systematic review and meta-analysis. Food Control,
84, 205-214.

Martinez-Suarez, J. V., Ortiz, S., & Lépez-Alonso, V. (2016). Potential Impact of
the Resistance to Quaternary Ammonium Disinfectants on the Persistence of
Listeria monocytogenes in Food Processing Environments. Frontiers in
Microbiology, 7, 638.

Matloob, M., & Griffiths, M. (2014). Ribotyping and automated ribotyping of
Listeria monocytogenes. Methods in Molecular Biology, 1157, 85-93.

Maury, M. M., Bracqg-Dieye, H., Huang, L., Vales, G., Lavina, M., Thouvenot, P.,
Disson, O., Leclercq, A., Brisse, S., & Lecuit, M. (2019). Hypervirulent Listeria
monocytogenes clones’ adaption to mammalian gut accounts for their
association with dairy products. Nature Communications, 10(1), 2488.

Maury, M. M., Tsai, Y.-H., Charlier, C., Touchon, M., Chenal-Francisque, V.,
Leclercq, A., Criscuolo, A., Gaultier, C., Roussel, S., Brisabois, A., Disson,
0., & Lecuit, M. (2016). Uncovering Listeria monocytogenes hypervirulence
by harnessing its biodiversity. Nature Genetics, 48(3), 308—313.

Mazaheri, T., Cervantes-Huaman, B. R. H., Bermudez-Capdevila, M., Ripolles-
Avila, C., & Rodriguez-Jderez, J. J. (2021). Listeria monocytogenes Biofilms in
the Food Industry: Is the Current Hygiene Program Sufficient to Combat the
Persistence of the Pathogen? Microorganisms, 9(1), 181.

Mazurier, S. |., & Wernars, K. (1992). Typing of Listeria strains by random
amplification of polymorphic DNA. Research in Microbiology, 143(5), 499—
505.

Mazza, R., Mazzette, R., McAuliffe, O., Jordan, K., & Fox, E. M. (2015).
Differential gene expression of three gene targets among persistent and
nonpersistent Listeria monocytogenes strains in the presence or absence of
benzethonium chloride. Journal of Food Protection, 78(8), 1569-1573.

McClain, D., & Lee, W. H. (1989). FSIS method for the isolation and identification
of Listeria monocytogenes from processed meat and poultry products.
Laboratory Communications number, 57.

McCollum, J. T., Cronquist, A. B., Silk, B. J., Jackson, K. A., O’'Connor, K. A,,
Cosgrove, S., Gossack, J. P., Parachini, S. S., Jain, N. S., Ettestad, P.,

152



Ibraheem, M., & Mahon, B. E. (2013). Multistate Outbreak of Listeriosis
Associated with Cantaloupe. New England Journal of Medicine, 369(10), 944-
953.

McDonnell, G., & Russell, A. D. (1999). Antiseptics and disinfectants: Activity,
action, and resistance. Clinical Microbiology Reviews, 14(1), 227.

Mcintyre, L., Wilcott, L., & Naus, M. (2015). Listeriosis outbreaks in British
Columbia, Canada, caused by soft ripened cheese contaminated from
environmental sources. BioMed  Research International, 2015,
https://doi.org/10.1155/2015/131623.

McLauchlin, J., Aird, H., Amar, C., Barker, C., Dallman, T., Lai, S., Painset, A., &
Willis, C. (2021). An outbreak of human listeriosis associated with frozen
sweet corn consumption: Investigations in the UK. International Journal of
Food Microbiology, 338, 108994.

McLauchlin, J., & Low, J. C. (1994). Primary cutaneous listeriosis in adults: an
occupational disease of veterinarians and farmers. The Veterinary Record,
135(26), 615-617.

McLauchlin, J., Mitchell, R. T., Smerdon, W. J., & Jewell, K. (2004). Listeria
monocytogenes and listeriosis: A review of hazard characterisation for use in
microbiological risk assessment of foods. International Journal of Food
Microbiology, 92(1), 15-33.

McLauchlin, J., & Rees, C E. D. (2009). Genus |. Listeria Pirie. In P. De Vos, G.
Garrity, D. Jones, N. R. Krieg, W. Ludwig, F. A. Rainley, K. H. Schleifer, W. B.
Whitman(Eds.), Bergey’s Manual of Systematic Bacteriology. Volume 3: The
Firmicutes (2" ed., pp. 244-257). New York: Springer.

Meinersmann, R. J., Phillips, R. W., Wiedmann, M., & Berrang, M. E. (2004).
Multilocus Sequence Typing of Listeria monocytogenes by Use of
Hypervariable Genes Reveals Clonal and Recombination Histories of Three
Lineages. Applied and Environmental Microbiology, 70(4), 2193—-2203.

Melero, B., Manso, B., Stessl, B., Hernandez, M., Wagner, M., Rovira, J., &
Rodriguez-Lazaro, D. (2019a). Distribution and Persistence of Listeria
monocytogenes in a Heavily Contaminated Poultry Processing Facility.
Journal of Food Protection, 82(9), 15624—1531.

Melero, B., Stessl, B., Manso, B., Wagner, M., Esteban-Carbonero, O. J.,
Hernandez, M., Rovira, J., & Rodriguez-Lazaro, D. (2019b). Listeria

153



monocytogenes colonization in a newly established dairy processing facility.
International Journal of Food Microbiology, 289, 64—-71.

Melo, J., Andrew, P. W., & Faleiro, M. L. (2015). Listeria monocytogenes in
cheese and the dairy environment remains a food safety challenge: The role
of stress responses. Food Research International, 67, 75-90.

Mengaud, J., Ohayon, H., Gounon, P., Mege, R. M., & Cossart, P. (1996). E-
cadherin is the receptor for internalin, a surface protein required for entry of
L. monocytogenes into epithelial cells. Cell, 84(6), 923-932.

Mereghetti, L., Quentin, R., Marquet-Van Der Mee, N., & Audurier, A. (2000). Low
Sensitivity of Listeria monocytogenes to Quaternary Ammonium Compounds.
Applied and Environmental Microbiology, 66(11), 5083-5086.

Meyer, B. (2006). Does microbial resistance to biocides create a hazard to food
hygiene? International Journal of Food Microbiology, 112(3), 275-279.

Michelon, D., Félix, B., Vingadassalon, N., Mariet, J. F., Larsson, J. T., Mgller-
Nielsen, E., & Roussel, S. (2015). PFGE standard operating procedures for
Listeria monocytogenes: Harmonizing the typing of food and clinical strains in
Europe. Foodborne Pathogens and Disease, 12(3), 244-252.

Michelon, D., Leclercq, A., Garric, G., Guillier, L., Beaufort, A., & Bergis, H.
(2016). Growth Potential Assessment of Listeria in Milk Fat Products by
Challenge Testing. Journal of Food Safety, 36(2), 260-270.

Milillo, S. R., Stout, J. C., Hanning, I. B., Clement, A., Fortes, E. D., den Bakker,
H. C., Wiedmann, M., & Ricke, S. C. (2012). Listeria monocytogenes and
hemolytic Listeria innocua in poultry. Poultry Science, 91(9), 2158-2163.

Miller, M. B. (2011). Solid- and Liquid-Phase Array Technologies. In D. H. Persing,
F. C. Tenover, Y. W. Tang, F. S. Nolte, R. T. Hayden & A. Van Belkum
(Eds.), Molecular Microbiology: diagnostic principles and practice (2nd ed., pp.
275-297). Washington, DC: ASM Press.

Minarovi6ova, J., Véghova, A., MikuldSova, M., Chovanova, R., Soltys, K.,
Drahovska, H., & Kaclikova, E. (2018). Benzalkonium chloride tolerance of
Listeria monocytogenes strains isolated from a meat processing facility is
related to presence of plasmid-borne bcrABC cassette. Antonie van
Leeuwenhoek, International Journal of General and Molecular Microbiology,
111(10), 1913-1923.

Mohan, V., Cruz, C. D., van Vliet, A. H. M., Pitman, A. R,, Visnovsky, S. B., Rivas,

154



L., Gilpin, B., & Fletcher, G. C. (2021). Genomic diversity of Listeria
monocytogenes isolates from seafood, horticulture and factory environments
in New Zealand. International Journal of Food Microbiology, 347, 109166.

Morelli, E., Noel, V., Rosset, P., & Poumeyrol, G. (2012). Performance and
conditions of use of refrigerated display cabinets among producer/vendors of
foodstuffs. Food Control, 26(2), 363—-368.

Moreno, L. Z., Paixédo, R., de Gobbi, D. D. S., Raimundo, D. C., Porfida Ferreira,
T. S., Micke Moreno, A., Hofer, E., dos Reis, C. M. F., Matté, G. R., & Matte,
M. H. (2014). Phenotypic and genotypic characterization of atypical Listeria
monocytogenes and Listeria innocua isolated from swine slaughterhouses
and meat markets. BioMed Research International, 2014, 742032.

Moreno, L. Z., Paixado, R., Gobbi, D. D., Raimundo, D. C., Ferreira, T. P., Hofer,
E., Matte, M. H., & Moreno, A. M. (2012). Characterization of atypical Listeria
innocua isolated from swine slaughterhouses and meat markets. Research in
Microbiology, 163(4), 268-271.

Mgretrg, T., Schirmer, B. C. T., Heir, E., Fagerlund, A., Hjemli, P., & Langsrud, S.
(2017). Tolerance to quaternary ammonium compound disinfectants may
enhance growth of Listeria monocytogenes in the food industry. International
Journal of Food Microbiology, 241, 215-224.

Morganti, M., Scaltriti, E., Cozzolino, P., Bolzoni, L., Casadei, G., Pierantoni, M.,
Foni, E., & Pongolini, S. (2016). Processing-dependent and clonal
contamination patterns of Listeria monocytogenes in the cured ham food
chain revealed by genetic analysis. Applied and Environmental Microbiology,
82(3), 822-831.

Moura, A., Criscuolo, A., Pouseele, H., Maury, M. M., Leclercq, A., Tarr, C.,
Bjorkman, J. T., Dallman, T., Reimer, A., Enouf, V., Larsonneur, E., & Brisse,
S. (2016). Whole genome-based population biology and epidemiological
surveillance of Listeria monocytogenes. Nature Microbiology, 2(2), 16185.

Moura, A., Disson, O., Lavina, M., Thouvenot, P., Huang, L., Leclercq, A,
Fredriksson-Ahomaa, M., Eshwar, A. K., Stephan, R., & Lecuit, M. (2019).
Atypical hemolytic Listeria innocua isolates are virulent, albeit less than
Listeria monocytogenes. Infection and Immunity, 87(4), e00758-18.

Moura, A., Lefrancq, N., Leclercq, A., Wirth, T., Borges, V., Gilpin, B., Dallman, T.
J., Frey, J., Franz, E., Nielsen, E. M., Thomas, J., & Listeria CC1 Study

155



Group. (2020). Emergence and global spread of Listeria monocytogenes
main clinical clonal complex. Science Advances, 7(49), eabj9805.

Moura, A., Tourdjman, M., Leclercq, A., Hamelin, E., Laurent, E., Fredriksen, N.,
Van Cauteren, D., Bracg-Dieye, H., Thouvenot, P., Vales, G., Tessaud-Rita,
N., & Lecuit, M. (2017). Real-Time Whole-Genome Sequencing for
Surveillance of Listeria monocytogenes, France. Emerging Infectious
Diseases, 23(9), 1462.

Muchaamba, F., Eshwar, A. K., Stevens, M. J., Stephan, R., & Tasara, T. (2021).
Different Shades of Listeria monocytogenes: Strain, Serotype, and Lineage-
Based Variability in Virulence and Stress Tolerance Profiles. Frontiers in
Microbiology, 12, 792162-792162.

Muehlhoff, E., Bennett, A., & McMahon, D. (2013). Milk and dairy products in
human nutrition. Rome, Italy: Food and Agriculture Organization of the United
Nations (FAO).

Muhterem-Uyar, M., Ciolacu, L., Wagner, K. H., Wagner, M., Schmitz-Esser, S., &
Stessl, B. (2018). New Aspects on Listeria monocytogenes ST5-ECVI
Predominance in a Heavily Contaminated Cheese Processing Environment.
Frontiers in Microbiology, 9, 64.

Muhterem-Uyar, M., Dalmasso, M., Bolocan, A. S., Hernandez, M., Kapetanakou,
A. E., Kuchta, T., Manios, S. G., Melero, B., Minarovi¢ova, J., Nicolau, A. .,
Rovira, J., & Wagner, M. (2015). Environmental sampling for Listeria
monocytogenes control in food processing facilities reveals three
contamination scenarios. Food Control, 51, 94-107.

Muller, A., Rychli, K., Muhterem-Uyar, M., Zaiser, A., Stessl, B., Guinane, C. M.,
Cotter, P. D., Wagner, M., & Schmitz-Esser, S. (2013). Tn6788 - a novel
transposon in Listeria monocytogenes responsible for tolerance to
benzalkonium chloride. PloS One, 8(10), e76835.

Muller, A., Rychli, K., Zaiser, A., Wieser, C., Wagner, M., & Schmitz-Esser, S.
(2014). The Listeria monocytogenes transposon Tn6788 provides increased
tolerance to various quaternary ammonium compounds and ethidium
bromide. FEMS Microbiology Letters, 361(2), 166—173.

Murphy, M., Corcoran, D., Buckley, J. F., O’'Mahony, M., Whyte, P., & Fanning, S.
(2007). Development and application of Multiple-Locus Variable Number of

tandem repeat Analysis (MLVA) to subtype a collection of Listeria

156



monocytogenes. International Journal of Food Microbiology, 115(2), 187-194.

Murray, E. G. D., Webb, R. A., & Swann, M. B. R. (1926). A disease of rabbits
characterised by a large mononuclear leucocytosis, caused by a hitherto
undescribed bacillus Bacterium monocytogenes (n.sp.). The Journal of
Pathology and Bacteriology, 29(4), 407-439.

Murugesan, L., Kucerova, Z., Knabel, S. J., & Laborde, L.F. (2015).
Predominance and distribution of a persistent Listeria monocytogenes clone
in a commercial fresh mushroom processing environment. Journal of Food
Protection, 78(11), 1988—1998.

Nadon, C., Van Walle, I., Gerner-Smidt, P., Campos, J., Chinen, |., Concepcion-
Acevedo, J., Gilpin, B., Smith, A. M., Kam, K. M., Perez, E., Trees, E., &
Carleton, H. (2017). PulseNet International: Vision for the implementation of
whole genome sequencing (WGS) for global food-borne disease surveillance.
Eurosurveillance, 22(23), 30544.

Nadon, C. A., Bowen, B. M., Wiedmann, M., & Boor, K. J. (2002). Sigma B
contributes to PrfA-mediated virulence in Listeria monocytogenes. Infection
and Immunity, 70(7), 3948-3952.

Nadon, C. A, Trees, E., Ng, L. K., Mgller Nielsen, E., Reimer, A., Maxwell, N.,
Kubota, K. A., Gerner-Smidt, P., & Collective the MLVA Harmonization
Working Group. (2013). Development and application of MLVA methods as a
tool for inter-laboratory surveillance. Eurosurveillance, 18(35), 20565.

Nadon, C. A., Woodward, D. L., Young, C., Rodgers, F. G., & Wiedmann, M.
(2001). Correlations between molecular subtyping and serotyping of Listeria
monocytogenes. Journal of Clinical Microbiology, 39(7), 2704-2707.

Nakamura, H., Takakura, K. I., Sone, Y., Itano, Y., & Nishikawa, Y. (2013). Biofilm
formation and resistance to benzalkonium chloride in Listeria monocytogenes
isolated from a fish processing plant. Journal of Food Protection, 76(7),
1179-1186.

Nastasijevic, |., Milanov, D., Velebit, B., Djordjevic, V., Swift, C., Painset, A., &
Lakicevic, B. (2017). Tracking of Listeria monocytogenes in meat
establishment using Whole Genome Sequencing as a food safety
management tool: A proof of concept. International Journal of Food
Microbiology, 257, 157-164.

Nayak, R., & Waterson, P. (2017). The Assessment of Food Safety Culture: An

157



investigation of current challenges, barriers and future opportunities within the
food industry. Food Control, 73, 1114-1123.

Ndraha, N., Hsiao, H. I., Vlajic, J., Yang, M. F., & Lin, H. T. V. (2018). Time-
temperature abuse in the food cold chain: Review of issues, challenges, and
recommendations. Food Control, 89, 12-21.

Neoh, H. M., Tan, X. E., Sapri, H. F., & Tan, T. L. (2019). Pulsed-field gel
electrophoresis (PFGE): A review of the “gold standard” for bacteria typing
and current alternatives. Infection, Genetics and Evolution, 74, 103935.

New Zealand Government. Ministry for Primary Industries. (2017). Guidance for
the Control of Listeria monocytogenes in Ready-to-eat Foods Part 3:
Monitoring Activities. Retrieved from:

https://www.mpi.govt.nz/dmsdocument/16306-Guidance-for-the-Control-of-

Listeria-monocytogenes-in-Ready-to-eat-Foods-Part-3-Monitoring-Activities;

accessed on: 5 March 2022.

NicAogain, K., & O’Byrne, C. P. (2016). The role of stress and stress adaptations
in determining the fate of the bacterial pathogen Listeria monocytogenes in
the food chain. Frontiers in Microbiology, 7, 1865.

Nightingale, K. K., lvy, R. A., Ho, A. J., Fortes, E. D., Njaa, B. L., Peters, R. M., &
Wiedmann, M. (2008). inlA premature stop codons are common among
Listeria monocytogenes isolates from foods and yield virulence-attenuated
strains that confer protection against fully virulent strains. Applied and
Environmental Microbiology, 74(21), 6570—6583.

Nightingale, K. K., Windham, K., & Wiedmann, M. (2005). Evolution and molecular
phylogeny of Listeria monocytogenes isolated from human and animal
listeriosis cases and foods. Journal of Bacteriology, 187(16), 5537-5551.

Nilsson, R. E., Ross, T., & Bowman, J. P. (2011). Variability in biofilm production
by Listeria monocytogenes correlated to strain origin and growth conditions.
International Journal of Food Microbiology, 150(1), 14-24.

Nowak, J., Cruz, C. D., Tempelaars, M., Abee, T., van Vliet, A. H. M., Fletcher, G.
C., Hedderley, D., Palmer, J., & Flint, S. (2017). Persistent Listeria
monocytogenes strains isolated from mussel production facilities form more
biofilm but are not linked to specific genetic markers. International Journal of
Food Microbiology, 256, 45-53.

Nuesch-Inderbinen, M., Bloemberg, G. V., Miller, A., Stevens, M. J. A., Cernela,

158


https://www.mpi.govt.nz/dmsdocument/16306-Guidance-for-the-Control-of-Listeria-monocytogenes-in-Ready-to-eat-Foods-Part-3-Monitoring-Activities
https://www.mpi.govt.nz/dmsdocument/16306-Guidance-for-the-Control-of-Listeria-monocytogenes-in-Ready-to-eat-Foods-Part-3-Monitoring-Activities

N., Koll6ffel, B., & Stephan, R. (2021). Listeriosis Caused by Persistence of
Listeria monocytogenes Serotype 4b Sequence Type 6 in Cheese Production
Environment. Emerging Infectious Diseases, 27(1), 284.

Nunez-Montero, K., Leclercq, A., Moura, A., Vales, G., Peraza, J., Pizarro-Cerda,
J., & Lecuit, M. (2018). Listeria costaricensis sp. nov. International Journal of
Systematic and Evolutionary Microbiology, 68(3), 844—-850.

Nyarko, E., Kniel, K. E., Zhou, B., Miliner, P. D., Luo, Y., Handy, E. T., East, C., &
Sharma, M. (2018). Listeria monocytogenes persistence and transfer to
cantaloupes in the packing environment is affected by surface type and
cleanliness. Food Control, 85, 177-185.

Nyarko, E. B., & Donnelly, C. W. (2015). Listeria monocytogenes: Strain
Heterogeneity, Methods, and Challenges of Subtyping. Journal of Food
Science, 80(12), M2868—-M2878.

Nyfeldt, A. (1929). Etilogie de la mononucleose infectieuse. Comptes Rendus des
Seances de la Societe de Biologie, 101, 590-591.

O’Byrne, C. P., & Karatzas, K. A. G. (2008). The Role of Sigma B (O'B) in the
Stress Adaptations of Listeria monocytogenes: Overlaps Between Stress
Adaptation and Virulence. Advances in Applied Microbiology, 65, 115-140.

Ochiai, Y., Yamada, F., Mochizuki, M., Takano, T., Hondo, R., & Ueda, F. (2014).
Biofilm formation under different temperature conditions by a single genotype
of persistent Listeria monocytogenes strains. Journal of Food Protection,
77(1), 133—-140.

Olanya, O. M., Hoshide, A. K., ljabadeniyi, O. A., Ukuku, D. O., Mukhopadhyay,
S., Niemira, B. A., & Ayeni, O. (2019). Cost estimation of listeriosis (Listeria
monocytogenes) occurrence in South Africa in 2017 and its food safety
implications. Food Control, 102, 231-239.

Oliver, H. F., Orsi, R. H., Wiedmann, M., & Boor, K. J. (2010). Listeria
monocytogenes c° has a small core regulon and a conserved role in
virulence but makes differential contributions to stress tolerance across a
diverse collection of strains. Applied and Environmental Microbiology, 76(13),
4216-4232.

Olm, M. R., Crits-Christoph, A., Diamond, S., Lavy, A., Matheus Carnevali, P. B.,
& Banfield, J. F. (2020). Consistent metagenome-derived metrics verify and

delineate bacterial species boundaries. MSystems, 5(1), e00731-19.

159



Olsen, K. N., Larsen, M. H., Gahan, C. G. M., Kallipolitis, B., Wolf, X. A., Rea, R.,
Hill, C., & Ingmer, H. (2005). The Dps-like protein Fri of Listeria
monocytogenes promotes stress tolerance and intracellular multiplication in
macrophage-like cells. Microbiology, 151(3), 925-933.

Olszewska, M. A., Zhao, T., & Doyle, M. P. (2016). Inactivation and induction of
sublethal injury of Listeria monocytogenes in biofilm treated with various
sanitizers. Food Control, 70, 371-37

Oravcova, K., Kaclikova, E., Krascsenicsova, K., Pangallo, D., Brezna, B., Siekel,
P., & Kuchta, T. (2006). Detection and quantification of Listeria
monocytogenes by 5’-nuclease polymerase chain reaction targeting the actA
gene. Letters in Applied Microbiology, 42(1), 15-18.

Organisation for Economic Cooperation and Development (OECD) and Food and
Agriculture Organization (FAQO). (2019). Agricultural outlook 2019-2028. Dairy
and dairy products. Retrieved from:
http://www.fao.org/3/CA4076EN/CA4076EN Chapter7 Dairy.pdf; accessed
on: 21 February 2022.

Orgaz, B., Puga, C. H., Martinez-Suarez, J. V., & SanJose, C. (2013). Biofilm

recovery from chitosan action: A possible clue to understand Listeria

monocytogenes persistence in food plants. Food Control, 32(2), 484—489.

Orsi, R. H., den Bakker, H. C., & Wiedmann, M. (2011). Listeria monocytogenes
lineages: Genomics, evolution, ecology, and phenotypic characteristics.
International Journal of Medical Microbiology, 301(2), 79-96.

Orsi, R. H., Ripoll, D. R., Yeung, M., Nightingale, K. K., & Wiedmann, M. (2007).
Recombination and positive selection contribute to evolution of Listeria
monocytogenes inlA. Microbiology, 1563(8), 2666—2678.

Orsi, R. H., & Wiedmann, M. (2016). Characteristics and distribution of Listeria
spp., including Listeria species newly described since 2009. Applied
Microbiology and Biotechnology, 100(12), 5273-5287.

Ortiz, S., Lépez, V., & Martinez-Suarez, J. V. (2014). Control of Listeria
monocytogenes contamination in an Iberian pork processing plant and
selection of benzalkonium chloride-resistant strains. Food Microbiology, 39,
81-88.

Ottaviani, F., Ottaviani, M., & Agosti, M. (1997). Differential agar medium for
Listeria monocytogenes. Industrie Alimentari, 36(361), 888-889.

160


http://www.fao.org/3/CA4076EN/CA4076EN_Chapter7_Dairy.pdf

Overney, A., Jacques-André-Coquin, J., Ng, P., Carpentier, B., Guillier, L., &
Firmesse, O. (2017). Impact of environmental factors on the culturability and
viability of Listeria monocytogenes under conditions encountered in food
processing plants. International Journal of Food Microbiology, 244, 74—81.

Oxaran, V., Lee, S. H. |, Chaul, L. T., Corassin, C. H., Barancelli, G. V., Alves, V.
F., de Oliveira, C. A. F., Gram, L., & De Martinis, E. C. P. (2017). Listeria
monocytogenes incidence changes and diversity in some Brazilian dairy
industries and retail products. Food Microbiology, 68, 16—-23.

Paillard, D., Dubois, V., Duran, R., Nathier, F., Guittet, C., Caumette, P., &
Quentin, C. (2003). Rapid Identification of Listeria Species by Using
Restriction Fragment Length Polymorphism of PCR-Amplified 23S rRNA
Gene Fragments. Applied and Environmental Microbiology, 69(11), 6386—
6392.

Painset, A., Bjorkman, J. T., Kiil, K., Guillier, L., Mariet, J.-F., Félix, B., Amar, C.,
Rotariu, O., Roussel, S., Perez-Reche, F., Brisse, S., & Dallman, T. J. (2019).
LISEQ - whole-genome sequencing of a cross-sectional survey of Listeria
monocytogenes in ready-to-eat foods and human clinical cases in Europe.
Microbial Genomics, 5(2), e000257.

Palacios-Gorba, C., Moura, A., Leclercq, A., Gémez-Martin, A., Gomis, J.,
Jiménez-Trigos, E., Mocé, M. L., Lecuit, M., & Quereda, J. J. (2021). Listeria
spp. Isolated from Tonsils of Wild Deer and Boars: Genomic Characterization.
Applied and Environmental Microbiology, 87(6), 1-9.

Palaiodimou, L., Fanning, S., & Fox, E. M. (2021). Genomic insights into
persistence of Listeria species in the food processing environment. Journal of
Applied Microbiology, 131(5), 2082-2094.

Palma, F., Brauge, T., Radomski, N., Mallet, L., Felten, A., Mistou, M. Y.,
Brisabois, A., Guillier, L., & Midelet-Bourdin, G. (2020). Dynamics of mobile
genetic elements of Listeria monocytogenes persisting in ready-to-eat
seafood processing plants in France. BMC Genomics, 21(1), 1-20.

Palma, F., Pasquali, F., Lucchi, A., De Cesare, A., & Manfreda, G. (2017). Whole
genome sequencing for typing and characterisation of Listeria
monocytogenes isolated in a rabbit meat processing plant. ltalian Journal of
Food Safety, 6(3), 125-130.

Pan, Y., Breidt, F., & Kathariou, S. (2006). Resistance of Listeria monocytogenes

161



biofiims to sanitizing agents in a simulated food processing environment.
Applied and Environmental Microbiology, 72(12), 7711-7717.

Pané-Farre, J., Quin, M. B., Lewis, R. J., & Marles-Wright, J. (2017). Structure
and function of the stressosome signalling Hub. Sub-Cellular Biochemistry,
83, 1-41.

Papademas, P., & Bintsis, T. (2010). Food safety management systems (FSMS)
in the dairy industry: A review. International Journal of Dairy Technology,
63(4), 489-503.

Papi¢, B., Golob, M., Ku&ar, D., Pate, M., & Zdovc, |. (2019). Source tracking on a
dairy farm reveals a high occurrence of subclinical mastitis due to
hypervirulent Listeria monocytogenes clonal complexes. Journal of Applied
Microbiology, 127(5), 1349-1361.

Parisi, A., Latorre, L., Fraccalvieri, R., Miccolupo, A., Normanno, G., Caruso, M., &
Santagada, G. (2013). Occurrence of Listeria spp. in dairy plants in Southern
Italy and molecular subtyping of isolates using AFLP. Food Control, 29(1),
91-97.

Park, Y. W., & Haenlein, G. F. (Eds.). (2013). Milk and dairy products in human
nutrition: production, composition and health. John Wiley & Sons.

Parsons, C., Chen, Y., Niedermeyer, J., Hernandez, K., & Kathariou, S. (2019a).
Draft Genome Sequence of Multidrug-Resistant Listeria innocua Strain
UAMOO03-1A, Isolated from a Wild Black Bear (Ursus americanus).
Microbiology Resource Announcements, 8(47), e01281-19.

Parsons, C., Lee, S., & Kathariou, S. (2019b). Heavy metal resistance
determinants of the foodborne pathogen Listeria monocytogenes. Genes,
10(1), 11.

Parsons, C., Lee, S., & Kathariou, S. (2020). Dissemination and conservation of
cadmium and arsenic resistance determinants in Listeria and other Gram-
positive bacteria. Molecular Microbiology, 113(3), 560-569.

Pasquali, F., Palma, F., Guillier, L., Lucchi, A., De Cesare, A., & Manfreda, G.
(2018). Listeria monocytogenes Sequence Types 121 and 14 Repeatedly
Isolated Within One Year of Sampling in a Rabbit Meat Processing Plant:
Persistence and Ecophysiology. Frontiers in Microbiology, 9, 596.

Pérez-Baltar, A., Pérez-Boto, D., Medina, M., & Montiel, R. (2021). Genomic

diversity and characterization of Listeria monocytogenes from dry-cured ham

162



processing plants. Food Microbiology, 99, 103779.

Pérez-Losada, M., Arenas, M., & Castro-Nallar, E. (2018). Microbial sequence
typing in the genomic era. Infection, Genetics and Evolution, 63, 346—359.
Pérez-Trallero, E., Zigorraga, C., Artieda, J., Alkorta, M., & Marimon, J. M. (2014).
Two Outbreaks of Listeria monocytogenes Infection, Northern Spain.

Emerging Infectious Diseases, 20(12), 2155.

Perrin, M., Bemer, M., & Delamare, C. (2003). Fatal case of Listeria innocua
bacteremia. Journal of Clinical Microbiology, 41(11), 5308-5309.

Petit, T. J., & Lebreton, A. (2022). Adaptations of intracellular bacteria to vacuolar
or cytosolic niches. Trends in Microbiology,
https://doi.org/10.1016/j.tim.2022.01.015.

Phelps, C. C., Vadia, S., Amett, E., Tan, Y., Zhang, X., Pathak-Sharma, S.,
Gavrilin, M. A., & Seveau, S. (2018). Relative roles of listeriolysin O, InlA, and
InIB in Listeria monocytogenes uptake by host cells. Infection and Immunity,
86(10), e00555-18.

Pichler, J., Appl, G., Pietzka, A., & Allerberger, F. (2009). Lessons to be Learned
from an Outbreak of Foodborne. Food Protection Trends, 31(5), 268-273.
Pietzka, A., Allerberger, F., Murer, A., Lennkh, A., Stdger, A., Cabal Rosel, A.,

Huhulescu, S., Maritschnik, S., Springer, B., Lepuschitz, S., Ruppitsch, W., &
Schmid, D. (2019). Whole Genome Sequencing Based Surveillance of
L. monocytogenes for Early Detection and Investigations of Listeriosis
Outbreaks. Frontiers in Public Health, 7(139),

https://doi.org/10.3389/fpubh.2019.00139.

Pirie, J. H. (1940). The Genus Listerella pirie. Science, 91(2364), 383-383.

Pizarro-Cerda, J., Charbit, A., Enninga, J., Lafont, F., & Cossart, P. (2016).
Manipulation of host membranes by the bacterial pathogens Listeria,
Francisella, Shigella and Yersinia. In Seminars in Cell & Developmental
Biology (VoL. 60, pp. 155-167). Academic Press.Popowska, M., Osinska, M.,
& Rzeczkowska, M. (2011). N-acetylglucosamine-6-phosphate deacetylase
(NagA) of Listeria monocytogenes EGD, an essential enzyme for the
metabolism and recycling of amino sugars. Archives of Microbiology, 194(4),
255-268.

Porsby, C. H., Vogel, B. F., Mohr, M., & Gram, L. (2008). Influence of processing
steps in cold-smoked salmon production on survival and growth of persistent

163



and presumed non-persistent Listeria monocytogenes. International Journal
of Food Microbiology, 122(3), 287-295.

Potel, J. (1953). Atiologie der Granulomatosis infantiseptica. Wissenschaftliche
Zeitschrift der Martin Luther Universitéat Halle-Wittenberg, 3, 341-349.

Prencipe, V. A., Rizzi, V., Acciari, V., lannetti, L., Giovannini, A., Serraino, A.,
Calderone, D., Rossi, A., Morelli, D., Marino, L., Migliorati, G., & Caporale, V.
(2012). Listeria monocytogenes prevalence, contamination levels and strains
characterization throughout the Parma ham processing chain. Food Control,
25(1), 150-158.

Qiu, Q., Dewey-Mattia, D., Subramhanya, S., Cui, Z., Griffin, P. M., Lance, S.,
Lanier, W., Wise, M. E., & Crowe, S. J. (2021). Food recalls associated with
foodborne disease outbreaks, United States, 2006-2016. Epidemiology &
Infection, 149, e190.

Quereda, J. J., Leclercq, A., Moura, A., Vales, G., Gémez-Martin, A., Garcia-
Mufioz, A., Thouvenot, P., Tessaud-Rita, N., Bracg-Dieye, H., & Lecuit, M.
(2020). Listeria valentina sp. nov., isolated from a water trough and the
faeces of healthy sheep. International Journal of Systematic and Evolutionary
Microbiology, 70(11), 5868-5879.

Quereda, J. J., Nahori, M. A., Meza-Torres, J., Sachse, M., Titos-Jiménez, P.,
Gomez-Laguna, J., Dussurget, O., Cossart, P., & Pizarro-Cerda, J. (2017).
Listeriolysin S is a streptolysin S-like virulence factor that targets exclusively
prokaryotic cells in vivo. MBio, 8(2), e00259-17.

Radoshevich, L., & Cossart, P. (2018). Listeria monocytogenes: Towards a
complete picture of its physiology and pathogenesis. Nature Reviews
Microbiology, 16(1), 32—46.

Raengpradub, S., Wiedmann, M., & Boor, K. J. (2008). Comparative Analysis of
the B-Dependent Stress Responses in Listeria monocytogenes and Listeria
innocua Strains Exposed to Selected Stress Conditions. Applied and
Environmental Micorobiology, 74(1), 1568-171.

Ragon, M., Wirth, T., Hollandt, F., Lavenir, R., Lecuit, M., Le Monnier, A., &
Brisse, S. (2008). A New Perspective on Listeria monocytogenes Evolution.
PLoS Pathogens, 4(9), e1000146.

Rakic-Martinez, M., Drevets, D. A., Dutta, V., Katic, V., & Kathariou, S. (2011).

Listeria monocytogenes Strains Selected on Ciprofloxacin or the Disinfectant

164



Benzalkonium Chloride Exhibit Reduced Susceptibility to Ciprofloxacin,
Gentamicin, Benzalkonium Chloride, and Other Toxic Compounds. Applied
and Environmental Microbiology, 77(24), 8714—8721.

Ranjbar, R., Karami, A., Farshad, S., Giammanco, G. M., & Mammina, C. (2014).
Typing methods used in the molecular epidemiology of microbial pathogens:
A how-to guide. New Microbiologica, 37(1), 1-15.

Rantsiou, K., Alessandria, V., Urso, R., Dolci, P., & Cocolin, L. (2008). Detection,
quantification and vitality of Listeria monocytogenes in food as determined by
quantitative PCR. International Journal of Food Microbiology, 121(1), 99-105.

Raschle, S., Stephan, R., Stevens, M. J. A., Cernela, N., Zurfluh, K., Muchaamba,
F., & Nuesch-Inderbinen, M. (2021). Environmental dissemination of
pathogenic Listeria monocytogenes in flowing surface waters in Switzerland.
Scientific Reports, 11(1), 1-11.

Redfern, J., & Verran, J. (2017). Effect of humidity and temperature on the
survival of Listeria monocytogenes on surfaces. Letters in Applied
Microbiology, 64(4), 276—282.

Reis, O., Sousa, S., Camejo, A., Villiers, V., Gouin, E., Cossart, P., & Cabanes, D.
(2010). LapB, a Novel Listeria monocytogenes LPXTG Surface Adhesin,
Required for Entry into Eukaryotic Cells and Virulence. The Journal of
Infectious Diseases, 202(4), 551-562.

Reissbrodt, R. (2004). New chromogenic plating media for detection and
enumeration of pathogenic Listeria spp. — an overview. International Journal
of Food Microbiology, 95(1), 1-9.

Renier, S., Hébraud, M., & Desvaux, M. (2011). Molecular biology of surface
colonization by Listeria monocytogenes: an additional facet of an
opportunistic Gram-positive foodborne pathogen. Environmental
Microbiology, 13(4), 835-850.

Reniere, M. L., Whiteley, A. T., & Portnoy, D. A. (2016). An In Vivo Selection
Identifies Listeria monocytogenes Genes Required to Sense the Intracellular
Environment and Activate Virulence Factor Expression. PLoS Pathogens,
12(7), e1005741.

Ribeiro, S. C., O’Connor, P. M., Ross, R. P., Stanton, C., & Silva, C. C. G. (2016).
An anti-Listerial Lactococcus lactis strain isolated from Azorean Pico cheese

produces lacticin 481. International Dairy Journal, 63, 18-28.

165



Ricci, A., Allende, A., Bolton, D., Chemaly, M., Davies, R., Fernandez Escamez,
P. S., Girones, R., Herman, L., Koutsoumanis, K., Ngrrung, B., Robertson, L.,
Ru, G., Sanaa, M., Simmons, M., Skandamis, P., Snary, E., Speybroek, N.,
Ter Kuile, B., Threlfall, J., Wahlstrom, H., Takkinen, J., Wagner, M., Arcella,
D., Da Silva Felicio, M. T., Georgiadis, M., Messens, W., Lindqvist, R., &
EFSA Panel on Biological Hazards (BIOHAZ). (2018). Listeria
monocytogenes contamination of ready-to-eat foods and the risk for human
health in the EU. EFSA Journal, 16(1), e05134.

Richter, M., & Rossell6-Modra, R. (2009). Shifting the genomic gold standard for
the prokaryotic species definition. Proceedings of the National Academy of
Sciences, 106(45), 19126-19131.

Ringus, D. L., Ivy, R. A., Wiedmann, M., & Boor, K. J. (2012). Salt Stress-Induced
Transcription of oB- and CtsR-Regulated Genes in Persistent and Non-
persistent Listeria monocytogenes Strains from Food Processing Plants.
Foodborne pathogens and disease, 9(3), 198-206.

Roberts, A., Nightingale, K., Jeffers, G., Fortes, E., Kongo, J. M., & Wiedmann, M.
(2006). Genetic and phenotypic characterization of Listeria monocytogenes
lineage lll. Microbiology, 152(3), 685-693.

Rocha, P. R. D. A., Dalmasso, A., Grattarola, C., Casalone, C., Del Piero, F.,
Bottero, M. T., & Capucchio, M. T. (2013). Atypical cerebral listeriosis
associated with Listeria innocua in a beef bulL. Research in Veterinary
Science, 94(1), 111-114.

Rocourt, J., Audurier, A., Courtieu, A. L., Durst, J., Ortel, S., Schrettenbrunner, A,
& Taylor, A. G. (1985). A Multi-Centre Study on the Phage Typing of Listeria
monocytogenes. Zentralblatt flir Bakteriologie, Mikrobiologie und Hygiene -
Abt. 1 Orig. A, 259(4), 489-497.

Rocourt, J. & Buchrieser, C. (2007). The Genus Listeria and Listeria
monocytogenes: Phylogenetic Position, Taxonomy, and Identification. In E. T.
Ryser, & E. H. Marth (Eds.), Listeria, Listeriosis and Food Safety (3" ed., pp.
9-20). Boca Raton, Florida: CRC Press Taylor & Francis Group.

Rocourt, J., & Grimont, P. A. D. (1983). Listeria welshimeri sp. nov. and Listeria
seeligeri sp. nov. International Journal of Systematic Bacteriology, 33(4),
866—869.

Rocourt, J., Hof, H., Schrettenbrunner, A., Malinverni, R., & Bille, J. (1986). Acute

166



purulent Listeria seelingeri meningitis in an immunocompetent adult.
Schweizerische Medizinische Wochenschrift, 116(8), 248—-251.

Rodriguez, C., Taminiau, B., Garcia-Fuentes, E., Daube, G., & Korsak, N. (2021).
Listeria monocytogenes dissemination in farming and primary production:
Sources, shedding and control measures. Food Control, 120, 107540.

Rodriguez-Campos, D., Rodriguez-Melcén, C., Alonso-Calleja, C., & Capita, R.
(2019). Persistent Listeria monocytogenes Isolates from a Poultry-Processing
Facility Form More Biofilm but Do Not Have a Greater Resistance to
Disinfectants than Sporadic Strains. Pathogens, 8(4), 250.

Rodriguez-Lazaro, D., Hernandez, M., Scortti, M., Esteve, T., Vazquez-Boland, J.
A., & Pla, M. (2004). Quantitative Detection of Listeria monocytogenes and
Listeria innocua by Real-Time PCR: Assessment of hly, iap, and lin02483
Targets and AmpliFluor Technology. Applied and Environmental
Microbiology, 70(3), 1366—1377.

Rodriguez-Lépez, P., Bernardez, M., Rodriguez-Herrera, J. J., Comesanfia, A. S.,
& Cabo, M. L. (2019). Identification and metagenetic characterisation of
Listeria monocytogenes-harbouring communities present in food-related
industrial environments. Food Control, 95, 6-17.

Rodriguez-Melcon, C., Capita, R., Rodriguez-Jerez, J. J., Martinez-Suarez, J. V.,
& Alonso-Calleja, C. (2019). Effect of low doses of disinfectants on the
biofilm-forming ability of Listeria monocytogenes. Foodborne pathogens and
disease, 16(4), 262-268.

Roedel, A., Dieckmann, R., Brendebach, H., Hammerl, J. A., Kleta, S., Noll, M., Al
Dahouk, S., & Vinczea, S. (2019). Biocide-tolerant Listeria monocytogenes
isolates from German food production plants do not show crossresistance to
clinically relevant antibiotics. Applied and Environmental Microbiology, 85(20),
e01253-19.

Romanova, N. A., Wolffs, P. F. G., Brovko, L. Y., & Griffiths, M. W. (2006). Role of
efflux pumps in adaptation and resistance of Listeria monocytogenes to
benzalkonium chloride. Applied and Environmental Microbiology, 72(5),
3498-3503.

Ronholm, J., Nasheri, N., Petronella, N., & Pagotto, F. (2016). Navigating
microbiological food safety in the era of whole-genome sequencing. Clinical
Microbiology Reviews, 29(4), 837-857.

167



Rosimin, A. A., Kim, M. J., Joo, I. S., Suh, S. H., & Kim, K. S. (2016).
Simultaneous detection of pathogenic Listeria including atypical Listeria
innocua in vegetables by a quadruplex PCR method. LWT - Food Science
and Technology, 69, 601-607.

Rossi, F., Amadoro, C., Conficoni, D., Giaccone, V., & Colavita, G. (2020).
Occurrence, diversity of Listeria spp. isolates from food and food-contact
surfaces and the presence of virulence genes. Microorganisms, 8(2), 294.

Rossmanith, P., Krassnig, M., Wagner, M., & Hein, I. (2006). Detection of Listeria
monocytogenes in food using a combined enrichment/real-time PCR method
targeting the prfA gene. Research in Microbiology, 157(8), 763—-771.

Rossmanith, P., Wagner, M., Schoder, D., Szakmary-Brandle, K., & Stessl, B.
(2013). Population diversity of Listeria monocytogenes in quargel (acid curd
cheese) lots recalled during the multinational listeriosis outbreak 2009/2010.
Food Microbiology, 39, 68—73.

Rotariu, O., Thomas, D. J. I., Goodburn, K. E., Hutchison, M. L., & Strachan, N. J.
C. (2014). Smoked salmon industry practices and their association with
Listeria monocytogenes. Food Control, 35(1), 284—292.

Rouquette, C., Ripio, M.-T., Pellegrini, E., Bolla, J. M., Tascon, R. |., Vazquez-
Boland, J. A., & Berche, P. (1996). Identification of a ClpC ATPase required
for stress tolerance and in vivo survival of Listeria monocytogenes. Molecular
Microbiology, 21(5), 977-987.

Rousseaux, S., Olier, M., Lemaitre, J. P., Piveteau, P., & Guzzo, J. (2004). Use of
PCR-Restriction Fragment Length Polymorphism of inlA for Rapid Screening
of Listeria monocytogenes Strains Deficient in the Ability to Invade Caco-2
Cells. Applied and Environmental Microbiology, 70(4), 2180—-2185.

Rudolf, M., & Scherer, S. (2001). High incidence of Listeria monocytogenes in
European red smear cheese. International Journal of Food Microbiology,
63(1-2), 91-98.

Ruppitsch, W., Pietzka, A., Prior, K., Bletz, S., Fernandez, H. L., Allerberger, F.,
Harmsen, D., & Mellmann, A. (2015). Defining and evaluating a core genome
multilocus sequence typing scheme for whole-genome sequence-based
typing of Listeria monocytogenes. Journal of Clinical Microbiology, 53(9),
2869-2876.

Ryan, S., Begley, M., Gahan, C. G. M., & Hil, C. (2009). Molecular

168



characterization of the arginine deiminase system in Listeria monocytogenes:
Regulation and role in acid tolerance. Environmental Microbiology, 11(2),
432-445.

Ryan, S., Begley, M., Hill, C., & Gahan, C. G. M. (2010). A five-gene stress
survival islet (SSI-1) that contributes to the growth of Listeria monocytogenes
in suboptimal conditions. Journal of Applied Microbiology, 109(3), 984—995.

Rychli, K., Grunert, T., Ciolacu, L., Zaiser, A., Razzazi-Fazeli, E., Schmitz-Esser,
S., Ehling-Schulz, M., & Wagner, M. (2016). Exoproteome analysis reveals
higher abundance of proteins linked to alkaline stress in persistent Listeria
monocytogenes strains. International Journal of Food Microbiology, 218, 17—
26.

Ryu, J., Park, S. H., Yeom, Y. S., Shrivastav, A., Lee, S. H., Kim, Y. R., & Kim, H.
Y. (2013). Simultaneous detection of Listeria species isolated from meat
processed foods using multiplex PCR. Food Control, 32(2), 659-664.

Sabat, A. J., Budimir, A., Nashev, D., Sa-Ledo, R., Van Dijl, J. M., Laurent, F.,
Grundmann, H., Friedrich, A. W., & ESCMID Study Group of Epidemiological
Markers (ESGEM). (2013). Overview of molecular typing methods for
outbreak detection and epidemiological surveillance. Eurosurveillance, 18(4),
20380.

Salazar, J. K., Wu, Z., McMullen, P. D., Luo, Q., Freitag, N. E., Tortorello, M. L.,
Hu, S., & Zhang, W. (2013). PrfA-like transcription factor gene Imo0753
contributes to L-rhamnose utilization in Listeria monocytogenes strains
associated with human food-borne infections. Applied and Environmental
Microbiology, 79(18), 5584-5592.

Salcedo, C., Arreaza, L., Alcala, B., de la Fuente, L., & Vazquez, J. A. (2003).
Development of a multilocus sequence typing method for analysis of Listeria
monocytogenes clones. Journal of Clinical Microbiology, 41(2), 757—762.

Salipante, S. J., SenGupta, D. J., Cummings, L. A., Land, T. A., Hoogestraat, D.
R., & Cookson, B. T. (2015). Application of whole-genome sequencing for
bacterial strain typing in molecular epidemiology. Journal of Clinical
Microbiology, 53(4), 1072-1079.

Sallen, B., Rajoharison, A., Desvarenne, S., Quinn, F., & Mabilat, C. (1996).
Comparative analysis of 16S and 23S rRNA sequences of Listeria species.

International Journal of Systematic Bacteriology, 46(3), 669—674.

169



Sandora, T. J., Gerner-Smidt, P., & McAdam, A. J. (2014). What's your subtype?
The epidemiologic utility of bacterial whole-genome sequencing. Clinical
Chemistry, 60(4), 586-588.

Sauders, B. D., Overdevest, J., Fortes, E., Windham, K., Schukken, Y., Lembo,
A., & Wiedmann, M. (2012). Diversity of Listeria species in urban and natural
environments. Applied and Environmental Microbiology, 78(12), 4420—4433.

Sauders, B. D., & Wiedmann, M. (2007). Ecology of Listeria Species and
L. monocytogenes in the Natural Environment. In E. T. Ryser, & E. H. Marth
(Eds.), Listeria, Listeriosis and Food Safety (3™ ed.,pp. 21-53). Boca Raton,
Florida: CRC Press Taylor & Francis Group.

Sauer, J.-D., Herskovits, A. A., & O’'Riordan, M. X. D. (2019). Metabolism of the
Gram-Positive Bacterial Pathogen Listeria monocytogenes. Microbiology
Spectrum, 7(4), 7-4.

Schardt, J., Jones, G., Muller-Herbst, S., Schauer, K., D’Orazio, S. E., & Fuchs, T.
M. (2017). Comparison between Listeria sensu stricto and Listeria sensu lato
strains identifies novel determinants involved in infection. Scientific Reports,
7(1), 1-14.

Schaumburg, J., Diekmann, O., Hagendorff, P., Bergmann, S., Rohde, M.,
Hammerschmidt, S., Jansch, L., Wehland, J., & Karst, U. (2004). The cell wall
subproteome of Listeria monocytogenes. Proteomics, 4(10), 2991-3006.

Schlech, W. F., Lavigne, P. M., Bortolussi, R. A., Allen, A. C., Haldane, E. V.,
Wort, A. J., Hightower, A. W., Johnson, S. E., King, S. H., Nicholls, E. S., &
Broome, C. V. (1983). Epidemic Listeriosis — Evidence for Transmission by
Food. New England Journal of Medicine, 308(4), 203—-206.

Schmid, B., Klumpp, J., Raimann, E., Loessner, M. J., Stephan, R., & Tasara, T.
(2009). Role of cold shock proteins in growth of Listeria monocytogenes
under cold and osmotic stress conditions. Applied and Environmental
Microbiology, 75(6), 1621-1627.

Schmitz-Esser, S., Anast, J. M., & Cortes, B. W. (2021). A large-scale
sequencing-based survey of plasmids in Listeria monocytogenes reveals
global dissemination of plasmids. Frontiers in Microbiology, 12, 510.

Schmitz-Esser, S., Mdller, A., Stessl, B., & Wagner, M. (2015). Genomes of
sequence type 121 Listeria monocytogenes strains harbor highly conserved

plasmids and prophages. Frontiers in Microbiology, 6, 380.

170



Schoder, D., Melzner, D., Schmalwieser, A., Zangana, A., Winter, P., & Wagner,
M. (2011). Important vectors for Listeria monocytogenes transmission at farm
dairies manufacturing fresh sheep and goat cheese from raw milk. Journal of
Food Protection, 74(6), 919-924.

Schoder, D., Stessl, B., Allerberger, F., Nepf, R., & Wagner, M. (2010, May 17-
20). Growth of and genetic diversity of L. monocytogenes in acid cured milk
cheese recalled during the Austrian episode of listeriosis 2009/2010
[Conference abstract]. Thirty-second Meeting of the Austrian Society for
Hygiene, Microbiology and Preventive Medicine, Vienna, Austria.

Schirch, A. C., Arredondo-Alonso, S., Willems, R. J. L., & Goering, R. V. (2018).
Whole genome sequencing options for bacterial strain typing and
epidemiologic analysis based on single nucleotide polymorphism versus
gene-by-gene—based approaches. Clinical Microbiology and Infection, 24(4),
350-354.

Seeliger, H. P. R. (1981). Apathogene listerien: L. innocua sp.n. (Seeliger et
Schoofs, 1977). Zentralblatt Fiir Bakteriologie, Mikrobiologie Und Hygiene. 1.
Abt. Originale. A, Medizinische Mikrobiologie, Infektionskrankheiten Und
Parasitologie, 249(4), 487—-493.

Seeliger, H. P. R., & HOhne, K. (1979). Serotyping of Listeria monocytogenes and
Related Species. Methods in Microbiology, 13(C), 31-49.

Seeliger, H.P.R., & Jones, D. (1986). Listeria. In P. H. A. Sneath, N. S. Nair, N. E.
Sharpe, & J. G. Holt (Eds.), Bergey’s Manual of Systematic Bacteriology.
Volume 2 (pp. 1235-1245). Baltimore: Williams and Wilkins.

Seeliger, H. P. R., Rocourt, J., & Schrettenbrunner, A. (1984). Listeria ivanovii sp.
nov. International Journal of Systematic Bacteriology, 34(3), 336—337.

Segerman, B. (2020). The Most Frequently Used Sequencing Technologies and
Assembly Methods in Different Time Segments of the Bacterial Surveillance
and RefSeq Genome Databases. Frontiers in Cellular and Infection
Microbiology, 10, 527102.

Seifart Gomes, C. S., lzar, B., Pazan, F., Mohamed, W., Mraheil, M. A.,
Mukherjee, K., Billion, A., Aharonowitz, Y., Chakraborty, T., & Hain, T. (2011).
Universal Stress Proteins Are Important for Oxidative and Acid Stress
Resistance and Growth of Listeria monocytogenes EGD-e In Vitro and In
Vivo. PLoS One, 6(9), €24965.

171



Selander, R. K., Caugant, D. A., Ochman, H., Musser, J. M., Gilmour, M. N., &
Whittam, T. S. (1986). Methods of multilocus enzyme electrophoresis for
bacterial population genetics and systematics. Applied and Environmental
Microbiology, 51(5), 873-884.

Sereno, M. J., Viana, C., Pegoraro, K., Lopes da Silva, D. A., Yamatogi, R. S.,
Nero, L. A., & dos Santos Bersot, L. (2019). Distribution, adhesion, virulence
and antibiotic resistance of persistent Listeria monocytogenes in a pig
slaughterhouse in BrazilL. Food Microbiology, 84, 103234.

Sergelidis, D., Abrahim, A., Sarimvei, A., Panoulis, C., Karaioannoglou, P., &
Genigeorgis, C. (1997). Temperature distribution and prevalence of Listeria
spp. in domestic, retail and industrial refrigerators in Greece. International
Journal of Food Microbiology, 34(2), 171-177.

Seth-Smith, H. M. B., Bonfiglio, F., Cuénod, A., Reist, J., Egli, A., & Wthrich, D.
(2019). Evaluation of Rapid Library Preparation Protocols for Whole Genome
Sequencing Based Outbreak Investigation. Frontiers in Public Health, 7, 241.

Shen, Y., Naujokas, M., Park, M., & Ireton, K. (2000). InIB-dependent
internalization of Listeria is mediated by the Met receptor tyrosine kinase.
Cell, 103(3), 501-510.

Shimojima, Y., Ida, M., Nishino, Y., Ishitsuka, R., Kuroda, S., Hirai, A., Sadamasu,
K., Nakama, A., & Kai, A. (2015). Multiplex PCR serogrouping of Listeria
monocytogenes isolated in Japan. Journal of Veterinary Medical Science, 15-
0470.

Simmons, C., Stasiewicz, M. J., Wright, E., Warchocki, S., Roof, S., Kause, J. R.,
Bauer, N., Ibrahim, S., Wiedmann, M., & Oliver, H. F. (2014). Listeria
monocytogenes and Listeria spp. contamination patterns in retail delicatessen
establishments in three U.S. states. Journal of Food Protection, 77(11),
1929-1939.

Simmons, C. K., & Wiedmann, M. (2018). Identification and classification of
sampling sites for pathogen environmental monitoring programs for Listeria
monocytogenes: Results from an expert elicitation. Food Microbiology, 75, 2—
17.

Simonetti, T., Peter, K., Chen, Y., Jin, Q., Zhang, G., LaBorde, L. F., & Macarisin,
D. (2021). Prevalence and Distribution of Listeria monocytogenes in Three

Commercial Tree Fruit Packinghouses. Frontiers in Microbiology, 12, 1238.

172



Sintchenko, V., Iredell, J. R., & Gilbert, G. L. (2007). Pathogen profiling for
disease management and surveillance. Nature Reviews Microbiology, 5(6),
464-470.

Sleator, R. D., Gahan, C. G. M., Abee, T., & Hill, C. (1999). Identification and
disruption of BetL, a secondary glycine betaine transport system linked to the
salt tolerance of Listeria monocytogenes LO28. Applied and Environmental
Microbiology, 65(5), 2078—-2083.

Sleator, R. D., Wemekamp-Kamphuis, H. H., Gahan, C. G. M., Abee, T., & Hill, C.
(2005). A PrfA-regulated bile exclusion system (BIlE) is a novel virulence
factor in Listeria monocytogenes. Molecular Microbiology, 55(4), 1183-1195.

Smith, A. M., Tau, N. P., Smouse, S. L., Allam, M., Ismail, A., Ramalwa, N. R.,
Disenyeng, B., Ngomane, M., & Thomas, J. (2019). Outbreak of Listeria
monocytogenes in South Africa, 2017-2018: Laboratory Activities and
Experiences Associated with Whole-Genome Sequencing Analysis of
Isolates. Foodborne Pathogens and Disease, 16(7), 524-530.

Sonnier, J. L., Karns, J. S., Lombard, J. E., Kopral, C. A., Haley, B. J., Kim, S. W.,
& Van Kessel, J. A. S. (2018). Prevalence of Salmonella enterica, Listeria
monocytogenes, and pathogenic Escherichia coli in bulk tank milk and milk
filters from US dairy operations in the National Animal Health Monitoring
System Dairy 2014 study. Journal of Dairy Science, 101(3), 1943—-1956.

Spanu, C., & Jordan, K. (2020). Listeria monocytogenes environmental sampling
program in ready-to-eat processing facilities: A practical approach.
Comprehensive Reviews in Food Science and Food Safety, 19(6), 2843—
2861.

Spanu, C., Scarano, C., Ibba, M., Spanu, V., & De Santis, E. P. L. (2015).
Occurrence and traceability of Listeria monocytogenes strains isolated from
sheep’s milk cheese-making plants environment. Food Control, 47, 318—325.

Stadlmdller, L., Matt, M., Sttger, H. P., Komericki-Strimitzer, T., Jebousek, K.,
Luttenfeldner, M., & Fuchs, K. (2017). An operational hygiene inspection
scoring system for Austrian high-risk companies producing food of animal
origin. Food Control, 77, 121-130.

Stasiewicz, M. J., Oliver, H. F., Wiedmann, M., & den Bakker, H. C. (2015).
Whole-Genome Sequencing Allows for Improved Identification of Persistent

Listeria monocytogenes in Food-Associated Environments. Applied and

173



Environmental Microbiology, 81(17), 6024—6037.

Stea, E. C., Purdue, L. M., Jamieson, R. C., Yost, C. K., & Hansen, L. T. (2015).
Comparison of the prevalences and diversities of Listeria species and Listeria
monocytogenes in an urban and a rural agricultural watershed. Applied and
Environmental Microbiology, 81(11), 3812-3822.

Stessl, B., Fricker, M., Fox, E., Karpiskova, R., Demnerova, K., Jordan, K., Ehling-
Schulz, M., & Wagner, M. (2014). Collaborative Survey on the Colonization of
Different Types of Cheese-Processing Facilities with Listeria monocytogenes.
Foodborne Pathogens and Disease, 11(1), 8—14.

Stessl, B., Szakmary-Brandle, K., Vorberg, U., Schoder, D., & Wagner, M. (2020).
Temporal analysis of the Listeria monocytogenes population structure in floor
drains during reconstruction and expansion of a meat processing plant.
International Journal of Food Microbiology, 314, 108360.

Stessl, B., Wagner, M., & Ruppitsch, W. (2021). Multilocus Sequence Typing
(MLST) and Whole Genome Sequencing (WGS) of Listeria monocytogenes
and Listeria innocua. In E. M. Fox, H. Bierne & B. Stessl (Eds.), Listeria
Monocytogenes: Methods and Protocols. Methods in Molecular Biology,
VoL. 2220 (2”d ed., pp. 89-103). New York, NY: Humana Press.

Stoll, R., & Goebel, W. (2010). The major PEP-phosphotransferase systems
(PTSs) for glucose, mannose and cellobiose of Listeria monocytogenes, and
their significance for extra- and intracellular growth. Microbiology, 156(4),
1069-1083.

Strawn, L. K., Grohn, Y. T., Warchocki, S., Worobo, R. W., Bihn, E. A., &
Wiedmann, M. (2013). Risk factors associated with Salmonella and Listeria
monocytogenes contamination of produce fields. Applied and Environmental
Microbiology, 79(24), 7618-7627.

Strydom, A., Vorster, R., Gouws, P. A., & Witthuhn, R. C. (2016). Successful
management of Listeria spp. in an avocado processing facility. Food Control,
62, 208-215.

Swaminathan, B., Barrett, T. J., Hunter, S. B., Tauxe, R. V., & Force, C. P. T.
(2001). PulseNet: the molecular subtyping network for foodborne bacterial
disease surveillance, United States. Emerging Infectious Diseases, 7(3), 382.

Swaminathan, B., & Gerner-Smidt, P. (2007). The epidemiology of human
listeriosis. Microbes and Infection, 9(10), 1236—1243.

174



Tagliazucchi, D., Martini, S., & Solieri, L. (2019). Bioprospecting for Bioactive
Peptide Production by Lactic Acid Bacteria Isolated from Fermented Dairy
Food. Fermentation, 5(4), 96.

Tahoun, A. B. M. B., Abou Elez, R. M. M., Abdelfatah, E. N., Elsohaby, I., El-
Gedawy, A. A, & ElImoslemany, A. M. (2017). Listeria monocytogenes in raw
milk, milking equipment and dairy workers: Molecular characterization and
antimicrobial resistance patterns. Journal of Global Antimicrobial Resistance,
10, 264-270.

Tapia, N. C., Dorey, A. L., Gahan, C. G., den Besten, H. M., O'Byrne, C. P., &
Abee, T. (2020). Different carbon sources result in differential activation of
sigma B and stress resistance in Listeria monocytogenes. International
Journal of Food Microbiology, 320, 108504.

Tasara, T., & Stephan, R. (2006). Cold stress tolerance of Listeria
monocytogenes: A review of molecular adaptive mechanisms and food safety
implications. Journal of Food Protection, 69(6), 1473—-1484.

Taylor, A. J., & Stasiewicz, M. J. (2019). Persistent and sporadic Listeria
monocytogenes strains do not differ when growing at 37 °C, in planktonic
state, under different food associated stresses or energy sources. BMC
Microbiology, 19(1), 1-13.

Tenover, F. C., Arbeit, R. D., Goering, R. V., Mickelsen, P. A., Murray, B. E.,
Persing, D. H., & Swaminathan, B. (1995). Interpreting chromosomal DNA
restriction patterns produced by pulsed-field gel electrophoresis: criteria for
bacterial strain typing. Journal of Clinical Microbiology, 33(9), 2233-2239.

Thomas, M. K., Vriezen, R., Farber, J. M., Currie, A., Schlech, W., & Fazil, A.
(2015). Economic cost of a Listeria monocytogenes outbreak in Canada,
2008. Foodborne Pathogens and Disease, 12(12), 966-971.

Tibayrenc, M. (2009). Multilocus enzyme electrophoresis for parasites and other
pathogens. In D. A. Caugant (Ed.), Molecular Epidemiology of
Microorganisms: Methods and Protocols. Methods in Molecular Biology,
VoL. 551 (pp. 13-25). Totowa, NJ: Humana Press.

Tiensuu, T., Guerreiro, D. N., Oliveira, A. H., O'Byrne, C., & Johansson, J. (2019).
Flick of a switch: regulatory mechanisms allowing Listeria monocytogenes to
transition from a saprophyte to a killer. Microbiology, 165(8), 819-833.

Tirloni, E., Bernardi, C., Pomilio, F., Torresi, M., De Santis, E. P. L., Scarano, C.,

175



& Stella, S. (2020). Occurrence of Listeria spp. and Listeria monocytogenes
Isolated from PDO Taleggio Production Plants. Foods, 9(11), 1636.

To, M. S., Favrin, S., Romanova, N., & Griffiths, M. W. (2002). Postadaptational
resistance to benzalkonium chloride and subsequent physicochemical
modifications of Listeria monocytogenes. Applied and Environmental
Microbiology, 68(11), 5258-5264.

Toledo, V., den Bakker, H. C., Hormazabal, J. C., Gonzalez-Rocha, G., Bello-
Toledo, H., Toro, M., & Moreno-Switt, A. I. (2018). Genomic diversity of
Listeria monocytogenes isolated from clinical and non-clinical samples in
Chile. Genes, 9(8), 396.

Toledo-Arana, A., Dussurget, O., Nikitas, G., Sesto, N., Guet-Revillet, H.,
Balestrino, D., Loh, E., Gripenland, J., Tiensuu, T., Vaitkevicius, K.,
Barthelemy, M., Vergassola, M., Nahori, M. A., Soubigou, G., Régnault, B.,
Coppée, J. Y., Lecuit, M., Johansson, J., & Cossart, P. (2009). The Listeria
transcriptional landscape from saprophytism to virulence. Nature, 459(7249),
950-956.

Tompkin, R. B. (2002). Control of Listeria monocytogenes in the food-processing
environment. Journal of Food Protection, 65(4), 709-725.

Torresi, M., Rinaldi, A., Centorotola, G., Di Domenico, M., Camma, C., Di
Pasquale, A., Pomilio, F., & Acciari, V. A. (2020). Listeria monocytogenes
clones in Italian food products: virulence and environmental adaptation.
European Journal of Public Health, 30(Supplement_5), ckaa166-233.

Townsend, A., Strawn, L. K., Chapman, B. J., & Dunn, L. L. (2021). A systematic
review of Listeria species and Listeria monocytogenes prevalence,
persistence, and diversity throughout the fresh produce supply chain. Foods,
10(6), 1427.

Tsai, H. C., Chou, M. Y., Wu, C. C., Wan, M. T., Kuo, Y. J., Chen, J. S., Huang, T.
Y., & Hsu, B. M. (2018). Seasonal Distribution and Genotyping of Antibiotic
Resistant Strains of Listeria innocua lIsolated from A River Basin Categorized
by ERIC-PCR. International Journal of Environmental Research and Public
Health, 15(7), 1559.

Tsai, Y. H. L., Maron, S. B., McGann, P., Nightingale, K. K., Wiedmann, M., &
Orsi, R. H. (2011). Recombination and positive selection contributed to the

evolution of Listeria monocytogenes lineages Ill and IV, two distinct and well

176



supported uncommon L. monocytogenes lineages. Infection, Genetics and
Evolution, 11(8), 1881-1890.

Uelze, L., Grutzke, J., Borowiak, M., Hammerl, J. A., Juraschek, K., Deneke, C.,
Tausch, S. H., & Malorny, B. (2020). Typing methods based on whole
genome sequencing data. One Health Outlook, 2(1), 1-19.

US Department of Agriculture (USDA) - Food Safety and Inspection Service
(FSIS). (2014). Verification Activities for the Listeria monocytogenes (Lm)
Regulation and the Ready-to-Eat (RTE) Sampling Program. (FSIS Directive
10240.4). Retrieved from:
https://www.fsis.usda.gov/sites/default/files/media_file/2020-08/10240.4.pdf;
accessed on: 27 February 2022.

US Department of Agriculture (USDA) - Food Safety and Inspection Service
(FSIS). (2020). Foodborne Pathogen Test Kits Validated by Independent
Organizations. Retrieved from: https://www.fsis.usda.gov/quidelines/2019-
0008; accessed on: 2 March 2022.

US Food and Drug Administration (FDA). (2017). Draft Guidance for Industry:

Control of Listeria monocytogenes in Ready-To-Eat Foods. Retrieved from:

https://www.fda.gov/requlatory-information/search-fda-quidance-

documents/draft-quidance-industry-control-Listeria-monocytogenes-ready-

eat-foods; accessed on: 05 March 2022.

Unrath, N., McCabe, E., Macori, G., & Fanning, S. (2021). Application of Whole
Genome Sequencing to Aid in Deciphering the Persistence Potential of
Listeria monocytogenes in Food Production Environments. Microorganisms,
9(9), 1856.

Upham, J., Chen, S., Boutilier, E., Hodges, L., Eisebraun, M., Croxen, M. A.,
Fortuna, A., Mallo, G. V., & Garduno, R. A. (2019). Potential Ad Hoc Markers
of Persistence and Virulence in Canadian Listeria monocytogenes Food and
Clinical Isolates. Journal of Food Protection, 82(11), 1909-1921.

Valimaa, A. L., Tilsala-Timisjarvi, A., & Virtanen, E. (2015). Rapid detection and
identification methods for Listeria monocytogenes in the food chain—a review.
Food Control, 55, 103-114.

Van Belkum, A. (2007). Tracing isolates of bacterial species by multilocus variable
number of tandem repeat analysis (MLVA). FEMS Immunology & Medical
Microbiology, 49(1), 22-27.

177


https://www.fsis.usda.gov/sites/default/files/media_file/2020-08/10240.4.pdf
https://www.fsis.usda.gov/guidelines/2019-0008
https://www.fsis.usda.gov/guidelines/2019-0008
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-control-listeria-monocytogenes-ready-eat-foods
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-control-listeria-monocytogenes-ready-eat-foods
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/draft-guidance-industry-control-listeria-monocytogenes-ready-eat-foods

Van Netten, P., Perales, I., van de Moosdijk, A., Curtis, G. D. W., & Mossel, D. A.
A. (1989). Liquid and solid selective differential media for the detection and
enumeration of L. monocytogenes and other Listeria spp. International
Journal of Food Microbiology, 8(4), 299-316.

Van Stelten, A., Simpson, J. M., Ward, T. J., & Nightingale, K. K. (2010).
Revelation by single-nucleotide polymorphism genotyping that mutations
leading to a premature stop codon in inl[A are common among Listeria
monocytogenes isolates from ready-to-eat foods but not human listeriosis
cases. Applied and Environmental Microbiology, 76(9), 2783—-2790.

Vasanthakrishnan, R. B., de las Heras, A., Scortti, M., Deshayes, C., Colegrave,
N., & Vazquez-Boland, J. A. (2015). PrfA regulation offsets the cost of Listeria
virulence outside the host. Environmental Microbiology, 17(11), 4566—4579.

Vazquez-Boland, J. A., Dominguez-Bernal, G., Gonzalez-Zorn, B., Kreft, J., &
Goebel, W. (2001a). Pathogenicity islands and virulence evolution in Listeria.
Microbes and Infection, 3(7), 571-584.

Vazquez-Boland, J. A., Kuhn, M., Berche, P., Chakraborty, T., Dominguez-Bernal,
G., Goebel, W., Gonzalez-Zorn, B., Wehland, J., & Kreft, J. (2001b). Listeria
pathogenesis and molecular virulence determinants. Clinical microbiology
reviews, 14(3), 584-640.

Vazquez-Boland, J. A., Wagner, M., & Scortti, M. (2020). Why are some Listeria
monocytogenes genotypes more likely to cause invasive (Brain, placental)
infection? MBio, 11(6), 1-7.

Véghova, A., Korefiova, J., Minarovicova, J., Drahovska, H., Siekel, P., &
Kaclikova, E. (2015). |Isolation and characterization of Listeria
monocytogenes from the environment of three ewes’ milk processing
factories in Slovakia. Journal of Food and Nutrition Research, 54(3), 252—
259.

Véghova, A., MinaroviCova, J., Korenova, J., Drahovska, H., & Kaclikova, E.
(2017). Prevalence and tracing of persistent Listeria monocytogenes strains
in meat processing facility production chain. Journal of Food Safety, 37(2),
e12315.

Verghese, B., Lok, M., Wen, J., Alessandria, V., Chen, Y., Kathariou, S., &
Knabel, S. (2011). comK prophage junction fragments as markers for Listeria

monocytogenes genotypes unique to individual meat and poultry processing

178



plants and a model for rapid niche-specific adaptation, biofilm formation, and
persistence. Applied and Environmental Microbiology, 77(10), 3279-3292.

Verraes, C., Vlaemynck, G., Van Weyenberg, S., De Zutter, L., Daube, G., Sindic,
M., Uyttendaele, M., & Herman, L. (2015). A review of the microbiological
hazards of dairy products made from raw milk. /nternational Dairy Journal, 50,
32-44.

Vilar, M. J., Yus, E., Sanjuan, M. L., Diéguez, F. J., & Rodriguez-Otero, J.
L. (2007). Prevalence of and risk factors for Listeria species on dairy farms.
Journal of Dairy Science, 90(11), 5083-5088.

Viswanath, P., Murugesan, L., Knabel, S. J., Verghese, B., Chikthimmah, N., &
Laborde, L. F. (2013). Incidence of Listeria monocytogenes and Listeria spp.
in a small-scale mushroom production facility. Journal of Food Protection,
76(4), 608—615.

Vogel, B. F., Hansen, L. T., Mordhorst, H., & Gram, L. (2010). The survival of
Listeria monocytogenes during long term desiccation is facilitated by sodium
chloride and organic material. International Journal of Food Microbiology,
140(2-3), 192-200.

Volokhov, D., Rasooly, A., Chumakov, K., & Chizhikov, V. (2002). Identification of
Listeria species by microarray-based assay. Journal of Clinical Microbiology,
40(12), 4720-4728.

Volokhov, D. V., Duperrier, S., Neverov, A. A., George, J., Buchrieser, C., &
Hitchins, A. D. (2007). The presence of the internalin gene in natural
atypically hemolytic Listeria innocua strains suggests descent from
L. monocytogenes. Applied and Environmental Microbiology, 73(6), 1928—
1939.

Vongkamijan, K., Benjakul, S., Kim Vu, H. T., & Vuddhakul, V. (2017). Longitudinal
monitoring of Listeria monocytogenes and Listeria phages in seafood
processing environments in Thailand. Food Microbiology, 66, 11-19.

Vongkamjan, K., Roof, S., Stasiewicz, M. J., & Wiedmann, M. (2013). Persistent
Listeria monocytogenes subtypes isolated from a smoked fish processing
facility included both phage susceptible and resistant isolates. Food
Microbiology, 35(1), 38—48.

Vos, P., Hogers, R., Bleeker, M., Reijans, M., Lee, T. V. D., Hornes, M., Friters,
A., Pot, J., Paleman, J., Kuiper, M., & Zabeau, M. (1995). AFLP: a new

179



technique for DNA fingerprinting. Nucleic acids research, 23(21), 4407-4414.

Wagner, E., Zaiser, A., Leitner, R., Quijada, N. M., Pracser, N., Pietzka, A.,
Ruppitsch, W., Schmitz-Esser, S., Wagner, M., & Rychli, K. (2020). Virulence
characterization and comparative genomics of Listeria monocytogenes
sequence type 155 strains. BMC Genomics, 21(1), 1-18.

Wagner, M., & Stessl, B. (2021). Sampling the Food-Processing Environment:
Taking Up the Cudgel for Preventive Quality Management in Food
Processing (FP). Methods in Molecular Biology, 2220, 233—-242.

Walker, J. K., Morgan, J. H., McLauchlin, J., Grant, K. A., & Shallcross, J. A.
(1994). Listeria innocua isolated from a case of ovine meningoencephalitis.
Veterinary Microbiology, 42(2-3), 245-253.

Walle, I. Van, Bjorkman, J. T., Cormican, M., Dallman, T., Mossong, J., Moura, A.,
Pietzka, A., Ruppitsch, W., & Grant, K. (2018). Retrospective validation of
whole genome sequencingenhanced surveillance of listeriosis in Europe,
2010 to 2015. Eurosurveillance, 23(33), 1-11.

Walsh, D., Duffy, G., Sheridan, J. J., Blair, I. S., & McDowell, D. A. (2001).
Antibiotic resistance among Listeria, including Listeria monocytogenes, in
retail foods. Journal of Applied Microbiology, 90(4), 517-522.

Walsh, P. S., Metzger, D. A., & Higuchi, R. (1991). Chelex 100 as a medium for
simple extraction of DNA for PCR-based typing from forensic material.
BioTechniques, 10(4), 506—-513.

Wang, G., Qian, W., Zhang, X., Wang, H., Ye, K., Bai, Y., & Zhou, G. (2015).
Prevalence, genetic diversity and antimicrobial resistance of Listeria
monocytogenes isolated from ready-to-eat meat products in Nanjing, China.
Food Control, 50, 202—-208.

Wang, J., Ray, A. J., Hammons, S. R., & Oliver, H. F. (2015). Persistent and
transient Listeria monocytogenes strains from retail deli environments vary in
their ability to adhere and form biofilms and rarely have inlA premature stop
codons. Foodborne Pathogens and Disease, 12(2), 151-158.

Wang, R. F., Cao, W. W., & Johnson, M. G. (1992). 16S rRNA-based probes and
polymerase chain reaction method to detect Listeria monocytogenes cells
added to foods. Applied and Environmental Microbiology, 58(9), 2827-2831.

Ward, T. J., Ducey, T. F., Usgaard, T., Dunn, K. A., & Bielawski, J. P. (2008).
Multilocus genotyping assays for single nucleotide polymorphism-based

180



subtyping of Listeria monocytogenes isolates. Applied and Environmental
Microbiology, 74(24), 7629-7642.

Ward, T. J., Gorski, L., Borucki, M. K., Mandrell, R. E., Hutchins, J., & Pupedis, K.
(2004). Intraspecific phylogeny and lineage group identification based on the
prfA virulence gene cluster of Listeria monocytogenes. Journal of
Bacteriology, 186(15), 4994-5002.

Waters, L. S., & Storz, G. (2009). Regulatory RNAs in bacteria. Cell, 136(4), 615-
628.

Wei, X., & Zhao, X. (2021). Advances in typing and identification of foodborne
pathogens. Current Opinion in Food Science, 37, 52-57 .

Weller, D., Andrus, A., Wiedmann, M., & den Bakker, H. C. (2015). Listeria
booriae sp. nov. and Listeria newyorkensis sp. nov., from food processing
environments in the USA. International Journal of Systematic and
Evolutionary Microbiology, 65(Pt_1), 286—292.

Wemekamp-Kamphuis, H. H., Wouters, J. A., de Leeuw, P. P., Hain, T,
Chakraborty, T., & Abee, T. (2004). Identification of sigma factor oB-
controlled genes and their impact on acid stress, high hydrostatic pressure,
and freeze survival in Listeria monocytogenes EGD-e. Applied and
Environmental Microbiology, 70(6), 3457-3466.

Wernars, K., Heuvelman, C. J., Chakraborty, T., & Notermans, S. H. W. (1991).
Use of the polymerase chain reaction for direct detection of Listeria
monocytogenes in soft cheese. Journal of Applied Bacteriology, 70(2), 121-
126.

Wessels, S., & Ingmer, H. (2013). Modes of action of three disinfectant active
substances: A review. Regulatory Toxicology and Pharmacology, 67(3), 456—
467.

Wiedmann, M. (2002). Molecular Subtyping Methods for Listeria monocytogenes.
Journal of AOAC INTERNATIONAL, 85(2), 524-532.

Wiedmann, M., Bruce, J. L., Keating, C., Johnson, A. E., McDonough, P. L., &
Batt, C. A. (1997). Ribotypes and virulence gene polymorphisms suggest
three distinct Listeria monocytogenes lineages with differences in pathogenic
potential. Infection and Immunity, 65(7), 2707-2716.

Wiedmann, M., Wang, S., Post, L., & Nightingale, K. (2014). Assessment criteria
and approaches for rapid detection methods to be used in the food industry.

181



Journal of Food Protection, 77(4), 670-690.

Wiktorczyk-Kapischke, N., Skowron, K., Grudlewska-Buda, K., Watecka-
Zacharska, E., Korkus, J., & Gospodarek-Komkowska, E. (2021). Adaptive
response of Listeria monocytogenes to the stress factors in the food
processing environment. Frontiers in Microbiology, 12,
https://doi.org/10.3389/fmicb.2021.710085.

Wonderling, L. D., Wilkinson, B. J., & Bayles, D. O. (2004). The htrA (degP) Gene
of Listeria monocytogenes 10403S Is Essential for Optimal Growth under
Stress Conditions. Applied and Environmental Microbiology, 70(4), 1935—
1943.

Waésten, M. M. S. M. (1998). Eubacterial sigma-factors. FEMS Microbiology
Reviews, 22(3), 127-150.

Wouters, J. A., Hain, T., Darji, A., Hufner, E., Wemekamp-Kamphuis, H.,
Chakraborty, T., & Abee, T. (2005). Identification and characterization of Di-
and tripeptide transporter DtpT of Listeria monocytogenes EGD-e. Applied
and Environmental Microbiology, 71(10), 5771-5778.

Wu, L., Bao, H., Yang, Z., He, T., Tian, Y., Zhou, Y., Pang, M., Wang, R., &
Zhang, H. (2021). Antimicrobial Susceptibility, Multilocus Sequence Typing,
and Virulence of Listeria Isolated From A Slaughterhouse. BMC Microbiology,
21(1), 1-13.

Wu, S., Wu, Q., Zhang, J., Chen, M., Yan, Z., & Hu, H. (2015). Listeria
monocytogenes Prevalence and Characteristics in Retail Raw Foods in
China. PLoS One, 10(8), e0136682.

Wu, S., Yu, P. L., Wheeler, D., & Flint, S. (2018). Transcriptomic study on
persistence and survival of Listeria monocytogenes following lethal treatment
with nisin. Journal of Global Antimicrobial Resistance, 15, 25-31.

Wurtzel, O., Sesto, N., Mellin, J. R., Karunker, I., Edelheit, S., Bécavin, C.,
Archambaud, C., Cossart, P., & Sorek, R. (2012). Comparative
transcriptomics of pathogenic and non-pathogenic Listeria species. Molecular
Systems Biology, 8(1), 583.

Xu, D., Deng, Y., Fan, R., Shi, L., Bai, J., & Yan, H. (2019). Coresistance to
benzalkonium chloride disinfectant and heavy metal ions in Listeria
monocytogenes and Listeria innocua swine isolates from China. Foodborne
Pathogens and Disease, 16(10), 696-703.

182



Xue, J., Murrieta, C. M., Rule, D. C., & Miller, K. W. (2008). Exogenous or L-
rhamnose-derived 1,2-propanediol is metabolized via a pduD-dependent
pathway in Listeria innocua. Applied and Environmental Microbiology, 74(22),
7073-7079.

Yde, M., Naranjo, M., Mattheus, W., Stragier, P., Pochet, B., Beulens, K., De
Schrijver, K., Van den Branden, D., Laisnez, V., Flipse, W., Leclercq, A.,&
Bertrand, S. (2012). Usefulness of the European Epidemic Intelligence
Information System in the management of an outbreak of listeriosis, Belgium,
2011. Eurosurveillance, 17(38), 1.

Yin, Y., Yao, H., Doijad, S., Kong, S., Shen, Y., Cai, X., Tan, W., Wang, Y., Feng,
Y., Ling, Z., Wang, G., & Jiao, X. (2019). A hybrid sub-lineage of Listeria
monocytogenes comprising hypervirulent isolates. Nature Communications,
10(1), 1-16.

Yu, T., Jiang, X., Zhang, Y., Ji, S., Gao, W., & Shi, L. (2018). Effect of
Benzalkonium Chloride Adaptation on Sensitivity to Antimicrobial Agents and
Tolerance to Environmental Stresses in Listeria monocytogenes. Frontiers in
Microbiology, 9, 2906.

Zakrzewski, A. J., Chajecka-Wierzchowska, W., Zadernowska, A., & Podlasz, P.
(2020). Virulence Characterization of Listeria monocytogenes, Listeria
innocua, and Listeria welshimeri Isolated from Fish and Shrimp Using In Vivo
Early Zebrafish Larvae Models and Molecular Study. Pathogens, 9(12), 1028.

Zamudio, R., Haigh, R. D., Ralph, J. D., Croix, M. D. S., Tasara, T., Zurfluh, K.,
Kwun, M.J., Millard, A.D., Bentley, S.D., Croucher, N.J., Stephan, R., &
Oggioni, M. R. (2020). Lineage-specific evolution and gene flow in Listeria
monocytogenes are independent of bacteriophages. Environmental
Microbiology, 22(12), 5058-5072.

Zangerl, P., Schoder, D., Eliskases-Lechner, F., Zangana, A., Frohner, E., Stessl,
B., & Wagner, M. (2021). Monitoring by a Sensitive Liquid-Based Sampling
Strategy Reveals a Considerable Reduction of Listeria monocytogenes in
Smeared Cheese Production over 10 Years of Testing in Austria. Foods
2021, 10(9), 1977.

Zeng, Z., Li, S., Boeren, S., Smid, E. J., Notebaart, R. A., & Abee, T. (2021a).
Anaerobic growth of Listeria monocytogenes on rhamnose is stimulated by

Vitamin B12 and bacterial microcompartment dependent 1,2-propanediol

183



utilization. MSphere, 6(4), e00434-21.

Zeng, Z., Wijnands, L. M., Boeren, S., Smid, E. J., Notebaart, R. A., & Abee, T.
(2021b). Impact of vitamin B12 on rhamnose metabolism, stress defense and
in-vitro virulence of Listeria monocytogenes. BioRxiv,
https://doi.org/10.1101/2021.08.26.457850.

Zhang, C., Zhang, M., Ju, J., Nietfeldt, J., Wise, J., Terry, P. M., Olson, M.,
Kachman, S. D., Wiedmann, M., Samadpour, M., & Benson, A. K. (2003).
Genome diversification in phylogenetic lineages | and Il of Listeria
monocytogenes: |ldentification of segments unique to lineage |l populations.
Journal of Bacteriology, 185(18), 5573-5584.

Zhang, X., Niu, Y., Liu, Y., Lu, Z., Wang, D., Cui, X., Chen, Q., & Ma, X. (2019).
Isolation and characterization of clinical Listeria monocytogenes in Beijing,
China, 2014-2016. Frontiers in Microbiology, 10, 981.

Zhao, H., Chen, J., Fang, C., Xia, Y., Cheng, C., Jiang, L., & Fang, W. (2011).
Deciphering the biodiversity of Listeria monocytogenes lineage lll strains by
polyphasic approaches. Journal of Microbiology, 49(5), 759767 .

Zhao, Q., Hu, P., Li, Q., Zhang, S., Li, H., Chang, J., Jiang, Q., Zheng, Y., Li, Y.,
Liu, Z., Ren, H., & Lu, S. (2021). Prevalence and transmission characteristics
of Listeria species from ruminants in farm and slaughtering environments in
China. Emerging Microbes & Infections, 10(1), 356-364.

Zhao, T., Podtburg, T. C., Zhao, P., Schmidt, B. E., Baker, D. A., Cords, B., &
Doyle, M. P. (2006). Control of Listeria spp. by competitive-exclusion bacteria
in floor drains of a poultry processing plant. Applied and Environmental
Microbiology, 72(5), 3314-3320.

Zheng, W., & Kathariou, S. (1995). Differentiation of epidemic-associated strains
of Listeria monocytogenes by restriction fragment length polymorphism in a
gene region essential for growth at low temperatures (4 °C). Applied and
Environmental Microbiology, 61(12), 4310-4314.

Ziegler, M., Kent, D., Stephan, R., & Guldimann, C. (2019). Growth potential of
Listeria monocytogenes in twelve different types of RTE salads: Impact of
food matrix, storage temperature and storage time. International Journal of
Food Microbiology, 296, 83—-92.

Zittermann, S. |., Stanghini, B., See, R. S., Melano, R. G., Boleszczuk, P.,
Murphy, A., Maki, A., & Mallo, G. V. (2016). Assessment of Listeria sp.

184



interference using a molecular assay to detect Listeria monocytogenes in
food. Journal of Food Protection, 79(1), 138—143.

Zitz, U., Zunabovic, M., Domig, K. J., Wilrich, P. T., & Kneifel, W. (2011). Reduced
Detectability of Listeria monocytogenes in the Presence of Listeria innocua.
Journal of Food Protection, 74(8), 1282—1287.

Zoellner, C., Ceres, K., Ghezzi-Kopel, K., Wiedmann, M., & lvanek, R. (2018).
Design Elements of Listeria Environmental Monitoring Programs in Food
Processing Facilities: A Scoping Review of Research and Guidance
Materials. Comprehensive Reviews in Food Science and Food Safety, 17(5),
1156-1171.

Zoz, F., Grandvalet, C., Lang, E., laconelli, C., Gervais, P., Firmesse, O., Guyot,
S., & Beney, L. (2017). Listeria monocytogenes ability to survive desiccation:
Influence of serotype, origin, virulence, and genotype. International Journal of
Food Microbiology, 248, 82—89.

Zunabovic, M., Domig, K. J., & Kneifel, W. (2011). Practical relevance of
methodologies for detecting and tracing of Listeria monocytogenes in ready-
to-eat foods and manufacture environments—A review. LWT-Food Science
and Technology, 44(2), 351-362.

Zwietering, M. H., Jacxsens, L., Membré, J. M., Nauta, M., & Peterz, M. (2016).
Relevance of microbial finished product testing in food safety management.
Food Control, 60, 31-43.

Zwirzitz, B., Wetzels, S. U., Dixon, E. D., Fleischmann, S., Selberherr, E.,
Thalguter, S., Quijada, N. M., Dzieciol, M., Wagner, M., & Stessl, B. (2021).
Co-Occurrence of Listeria spp. and Spoilage Associated Microbiota During
Meat Processing Due to Cross-Contamination Events. Frontiers in
Microbiology, 12, 632935.

185



186



8. FURTHER PUBLICATIONS AND SCIENTIFIC
PRESENTATIONS

Publication:

Linke, K., Ruckerl, I., Brugger, K., Karpiskova, R., Walland, J., Muri-Klinger, S.,
Tichy, A., Wagner, M., & Stessl, B. (2014). Reservoirs of Listeria species in three
environmental ecosystems. Applied and Environmental Microbiology, 80(18),
5583-5592.

Book chapter:

Stessl, B., Ruckerl, I., & Wagner, M. (2014). Multilocus Sequence Typing (MLST)
of Listeria monocytogenes. In J. Kieran (Ed.), Listeria monocytogenes: Methods
and Protocols. Methods in Molecular Biology, VoL. 1157 (pp.73-85). New York,

NY: Humana Press.

Oral and poster presentations:

Ruckerl, 1., Stabler, R., Klinger, S., Wagner, K. H., Wagner, M., & Stessl, B. (2011,
May 18-20). Is there a genetic relationship between potentially persistent
L. innocua and L. monocytogenes strains? [Conference presentation]. IAFP's

European Symposium on Food Safety, Ede, Netherlands.

Ruckerl, I., Stabler, R., Klinger, S., Wagner, M., & Stessl, B. (2011, August 31-
September 2). Molekulare Epidemiologie von persistierenden Listerien isoliert aus
Molkereibetrieben [Conference presentation]. 44. DACH Epidemiologietagung,

Wien, Austria.

Ruckerl, 1., Pin, C., Stabler, R., Klinger, S., Wagner, K. H., Wagner, M., Stessl, B.
(2012, May 21-24). Surveying a common marker region in persistent L. innocua
and L. monocytogenes strains [Conference poster]. Thirty-third Meeting of the
Austrian Society for Hygiene, Microbiology and Preventive Medicine, Salzburg,

Austria. (Poster Award 2012, best poster).

187


https://vetdoc.vu-wien.ac.at/vetdoc/suche.publikationen_mug_autoren?sprache_in=de&menue_id_in=102&id_in=&publikation_id_in=78372
https://vetdoc.vu-wien.ac.at/vetdoc/suche.publikationen_mug_autoren?sprache_in=de&menue_id_in=102&id_in=&publikation_id_in=78372
https://vetdoc.vu-wien.ac.at/vetdoc/suche.publikationen_mug_autoren?sprache_in=de&menue_id_in=105&id_in=3662&publikation_id_in=74076
https://vetdoc.vu-wien.ac.at/vetdoc/suche.publikationen_mug_autoren?sprache_in=de&menue_id_in=105&id_in=3662&publikation_id_in=70122
https://vetdoc.vu-wien.ac.at/vetdoc/suche.publikationen_mug_autoren?sprache_in=de&menue_id_in=105&id_in=3662&publikation_id_in=74079

188



9. ANNEX | — Supplemental tables

Supplemental Table 1: Listeria species and their first-time isolation sources

first reported

Listeria species ::;;::::y source location G(;;::)T;e)nt type strain reference

L. aquatica ANE running water Florida, USA 409 DSM 26686 den Bakker et al., 2014
L. booriae FPE NFCS, dairy processing ”OrthL;:ZStem 452 DSM 28860 Weller et al., 2015

L. cornellensis ANE water Colorado, USA 42.5 DSM 26689 den Bakker et al., 2014

North Carolina,

L. cossartiae ANE soil Georgia, 38.6/38.7 FSLL7-1447,

Carlinetal., 2021

FSL L7-0993
Alabama, USA
Alajuel
L. costaricensis FPE drainage system ajuzia;,aCOSta 43.7 DSM 105474 Nufiez-Montero et al., 2018
. . Texas, Florida, .
L. farberi ANE soil USA 36.8 FSL L7-0091 Carlinetal.,, 2021
L. fleischmannii FPE, food cheeses ripening cellars Switzerland 39.0 DSM 24998 Bertsch et al., 2013
L. floridensis ANE running water Florida, USA 41.8 DSM 26687 den Bakker et al., 2014
L. goaensis ANE mangrove swamps Goa, India 40.3 DSM 29886 Doijad et al., 2018
L. grandensis ANE water Colorado, USA 43.0 DSM 26688 den Bakker et al., 2014
L. grayi animal chinchilla faeces Denmark 38.0 DSM 20601 Larsen & Seeliger, 1966
Montana,
L. immobilis ANE soil South Dakota, 35.9 FSLL7-1519 Carlinetal.,, 2021
Wyoming, USA
. . . . DSM 20649, .
L. innocua animal bovine brain unk 37.4 Fsl $4-378* Seeliger, 1981
L. ivanovii animal sheep Bulgaria 38.0 DSM 20750 Seeliger et al., 1984
L. kieliensis ANE wastewater plant Germany 45.7 nd Kabisch, 2018
Finger Lakes
L. marthii ANE environment region, 37.7 DSM 23813 Graves et al., 2010
New York, USA
DSM 20600,
L. imal i K . ’ Pirie, 194
monocytogenes anima rabbit U 38.0 104035** irie, 1940
th-east
L. newyorkensis FPE NFCS, seafood processing nor U:ZS emn 45.2 DSM 28861 Weller et al., 2015
South Dakot
L. portnoyi ANE soil ou us: ota, 41.9 FSL L7-1582 Carlinetal., 2021
L. riparia ANE running water Florida, USA 419 DSM 26685 den Bakker et al., 2014
L. rocourtiae food pre-cut lettuce Salzburg, Austria 40.3 DSM 22097 Leclercq et al., 2010
L. rustica ANE agricultural water source  New York, USA 42.3 FSL W9-0585 Carlinetal., 2021
L. seeligeri ANE soil Germany 36.0 DSM 20751 Rocourt & Grimont, 1983
L. thailandensis food fried chicken Thailand 40.3 DSM 107638 Leclercq et al., 2019b
L. valentina animal sheep faeces Valencia, Spain 40.2 DSM 110544 Quereda et al., 2020
L
L. weihenstephanensis ANE X water plant Lemna Germany 41.8 DSM 24698 Halter etal., 2013
trisulca, freshwater pond
L. welshimeri ANE decaying vegetation USA 36.0 DSM 20650 Rocourt & Grimont, 1983

Abbreviations: ANE: agricultural and natural environment; unk: unknown; nd: not determined; * isolated from puddle of
water, New York, USA, 2002; ** streptomycin resistant human skin lesion isolate, Montana, USA; further references: Orsi &
Wiedmann, 2016; https://bacdive.dsmz.de/; accessed on: 4 March 2022.
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10. ANNEX Il — Publications

10.1. Original article 1

Intemational Journal of Food Microbiology 189 (201 4) 98- 105
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International Journal of Food Microbiology
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L. monocytogenes in a cheese processing facility: Learning from
contamination scenarios over three years of sampling

@ Crosshlark

. Riicker!l *¢, M. Muhterem-Uyar *, S. Muri-Klinger ?, K.-H. Wagner ¢, M. Wagner *, B. Stess] **

* Institu te of Milk Hygiene, Milk Technology and Food Science, Department of Veterinary Public Health and Food Science, Unfversity of Veterinary Medicine, Vienna,
Veterindrplatz 1, 1210 Vienng, Austria

¥ (hristian Doppler Laboratory for Molecular Food Analysés, University of Veterinary Medicine, Veterindrplatz 1, 1210 Vienna, Austria

¢ Department of Nutritional Sciences, Faculty of Life Sciences, University of Vienna, Althanstrafe 14, 1090 Vienng, Austria

ARTICLE INFO ABSTRACT

Article history:
Received 18 April 2014

Received in revised form 17 July 2014
Accepted 1 August 2014

The aim of this study was to analyze the changing patterns of Listeria monocytogenss contamination in a cheese
processing facility manufacturing a wide range of ready-to-eat products. Char acterization of L monocytogenes
isolates included genotyping by pulsed-field gel electrophoresis (PFGE) and multi-locus sequence typing
( MLST). Disinfectant-susceptibility tests and the assessment of L monocytogenes survival in fresh cheese were

Auailable online 7 August 2014 also conducted. During the sampling period between 2010 and 2013, 2 total of 1284 environmental samples
Keywords were investigated. Overall occurrence rates of Listeria spp. and L monocytogenes were 21.9% and 19.5%, respec-
Listeria monocytogenes tively. Identical L monocytogenes ge notypes were found in the food processing environment ( FPE), raw materials
Food processing and in products. Interventions after the sampling events changed contamination scenarios substantially. The high

diversity of globally, widely distributed L. monocytogenes genotypes was reduced by identifying the major
sources of contamination. Although susceptible to a broad range of disinfectants and deaners, one dominant
L monocymogenes sequence type (ST) 5 could not be eradicated from drains and floors. Significantly, intense hu-
midity and steam could be observed in all rooms and water residues were visible on floors due to increased
cleaning strategies. This could explain the high L monogytogenes contamination of the FPE (drains, shoes and
floors) throughout the study (15.8%). The outcome of a challenge experiment in fresh dheese showed that
L monocytogenes could survive after 14 days of storage at insufficient cooling temperatures (8 and 16 "C). All
efforts to reduce L monocy togenes environmental contamination eventually led to a transition from dynamic o
stable conmination scenarios. Consequenty, implementation of syste matic e nvironme ntal monitoring via in-
house systems should either aim for total avoidance of FPE colonization, or emphasize a first redudtion of
L monocytogenes to sites where contamination of the processed product is unlikely. Drying of surfaces afrer
cleaning is highly recommended m faciliate the L monocytogenes eradiation.

© 2014 Elsevier BV. All rights reserved.

Contamination scenario

1 Introduction

Human listeriosis is a severe food-borne disease caused by Listeria
monocytogenes, a Gram-positive environmental saprophyte, that is
capable of switching into a facultative intracellular pathogen (Freitag
et al, 2009). The main route of transmission to susceptible individuals,
such as pregnant women, the elderly and immunocompromised pa-
tients, is contaminated food (McLaughlin et al, 2004). Over the last
eight years, incidence rates ranging from 0.3 to 1.3 per 100,000 capita
have been reported in European countries, the US., Canada and

* Corresponding author at: Institute of Milk Hygiene, Milk Technology and Food
Science, Department of Veterinary Public Health and Food Scence, University of
Veterinary Medicine Vienna, Veterindrplatz 1, 1210 Vienna, Austria. Tel: 443 1 25077
3502; fax: 4-43 1 25077 3590,

E-muail eddres: Beatrix Stess ivetmeduni acat (B, Stessl).

hitp://dx doiorz/1 0.1016 ] ijfood micrn 20 14.08.001
0168-1605/@ 2014 Elsevier BV, All rights reserved.

Australia (Tedd and Notermans, 201 1), Cheese-related foodbome out-
breaks were often linked to major deficiencies in good hygiene practices,
inadequate process monitoring and fluctuation in L monocyingenes con-
tamination dynamics (Fretz et al, 2010; Koch et al, 2010; Jackson et al,
20171; Schoder et al, 2012; Yde et al, 2012). L. monocytogenes is difficult
to eradicate due to surface and niche colonization, resistance conditions
af low pH (=4.4), water activity (<0.94) and growth at refrigeration tem-
peratures (Ortiz et al., 2010; Tasara and Stephan, 2006). Recently an in-
crease in the prevalence of L. monocytogenes serotype 1/2a has been
observed among food and human sources (Gilmour et al, 2010;
Lambertz et al,, 2013; Lomonaco et al, 201 3; Mammina et al., 2013). Al-
though Listeria spp. are generally sourced to soil environments, cariage
by wild and domesticated animals, and humans, specific routes of entry
to food processing facilities are still not fully understood.

Even low grade contamination (=10 cfu/g) of mw materials with
L. monocytogenes poses a major challenge to the food industry, with
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respect to the ease of potential equipment and plant colonization
(Alessandria et al., 2010; Carpentier and Cerf, 2011; Reij and den
Aantrekker, 2004; Williams et al,, 2011). Consequently, subtyping
of L. monocytogenes isolated from food and local environments is
necessary to trace contamination events back to potential sources,
to detect potential persistent strains and to optimize sanitation and
sampling strategies {Almeida et al., 2013; Schoder et al., 2013b).
Pulsed-field gel electrophoresis (PFGE), the ‘gold standard’ among
molecular typing methods, is highly applicable for the detection of
large-scale genomic re-arrangements in genomic islands and mobile
elements resulting in gain or loss of restriction sites ( Cooper and Feil,
2004; Tenover et al, 1995). To reconstruct the ancestral and evolu-
tionary linkage between L. monocytogenes isolates based on genetic
variations, PFGE can be complemented by multi-locus sequence typ-
ing ( MLST).

To add more insight to the L. monocytogenes contamination
dynamics in food processing environments (FPEs) this study set
out to: (i) analyze contamination scenarios of L monocytogenes in
an Austrian cheese producing facility by applying PFGE typing and
(ii) characterize L. monocytogenes isolates by PCR-restriction frag-
ment length polymorphism (RFLP) of inlA, stress survival islet 1
(551-1) PCR, multi locus sequence typing (MLST) and disinfectant
susceptibility testing. Fresh cheese may favor the growth of
L. monocytogenes due to pH-values = 4.4 and aw = 094 (European
Commission (EC) regulation, 2073/2005). Hence, a challenge ex-
periment was performed including two storage temperatures (8
and 16 *C) representing temperature fluctuations at retail level and
in consumers households (Dufour, 2011; Garrido et al, 2010;
Marklinder et al., 2004,

99
2. Materials and methods
21. Cheese processing fadlity characteristics and sampling

Producing a wide range of artisan cheese products requires the
highest microbiological standards in processing facilities. For this
reason, an Austrian dairy company producing fresh cheese and fresh
cheese products, ripened brine curd cheese and semi-hard cheeses, all
made from pasteurized cow, ewe and goat milk, was selected. Occur-
rence and contamination patterns of L. monocytogenes in the FPE
were determined in a sampling approach between 01.06.2010 and
20.022013. The production faality comprised three compart ments:
one for the production of fresh cheese products, including rooms for
preparation of raw materials and a cooling chamber (Bl), an extension
building, mainly for dairy processing (yogurt, semi-hard cheese pro-
cessing, fresh cheese processing) (BIl), and a third for the storage and
preparation of raw materials (BIII) (Fig. 1). Sampling included non-
food contact surfaces (NRCS; drain water, floors, walls, tables, trays,
and trolleys), food-contact surfaces (FCS: e.g. fillers, molds, milk vats,
slicers; tables, trays, and trolleys), and gloves, work aprons and shoes
from dairy staff. Sterile sponge-sticks (3M, St. Paul, MN, USA) were
used for FCS and NFCS sampling by swabbing an area up to 900 cm?,
Liquid samples as drain water (500-1000 ml) were collected in sterile
polypropylene bottles (Thermo Fisher Scientific, Nalgene®, Waltham,
MA, USA). All samples were transported to the laboratory of the Insti-
tute of Milk Hygiene, Milk Technology and Food Science (IMMF) in stan-
dardized cooling boxes (cooling temperature 4 °C), and investigated
immediately. Examination of routine food lot controls was undertaken
by the local district laboratory.

S 1
[ vy asasapmsse | CORRIDOR J €o nt3 (il
COOUNG CHAMBER PREPARATION IV PREPARATION ¥
PREPARATION
ETeT 7 (3], Aput Pu1d 2], dact T a2 1] mryip ) PRAYY MATERLAL
el L CHEESE FRESH CHEESE [
PROCESSING PROCESSING TAHK
FRESH CHEESE
NG Compartmenta (i)
tmsmm.mmlul
Compartment] |51}
ST (1T 5 (A
1n3,3,6 §
PREPARATION | H
2
*TI16L1 {6 531102k
2,8,1201)
CODLNG WASH SYSTEM
PAEPARATION
CHAMBER RAW MATERIAL
R P
- i 7l 2 2,12 {2l iz 1)
=
" 1
1 : 0
i
! QFFICE : PREPARATION 111
1
! ! TR =768 ZRAS 1L}
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Fig 1. Distribution of Listeriz monocytogene s PFGE types inthe building compartments (BL, BIL and BIT ) of the cheese processing fcility investigated during the study phase (2010-2013).
PFGE types marked with an asterisk (¥} are listed in gray boxes and frequencies of isolation are shown in brackets. The restriction enzyme is su pplemented for PRGE-types differing in one

enzyme. The rectangle presents the hygiene barder.
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22, Microbiological investigntion of samples

Environmental swabs were enriched in 50-100 ml half-strength
Fraser (HF; Biokar Diagnostics, Beauvais Cedex, France) and investigat-
ed according to the IS0 11290-1 protocol (1996; Amd. 2004).

Ligquid samples (600 ml) were centrifuged for 30 min at 11,305 g.
The sediment was transferred to 1000 ml HF. Additionally, 100 ml,
10 mland 1 ml of each liquid sample were enriched 1:10in HF follow-
ing a semi-quantitative approach applied in the Austrian Listeria Moni-
toring by IMMF (Asperger et al, 2001; Stessl et al, 213). After
incubation at 30 °C for 24 h, 0.1 ml HF each was transferred to 10 ml
full-strength Fraser (FF) (Biokar Diagnostics) and incubated for 48 h at
37 °C. HF and FF enrichments were both separately streaked onto
Agar Listeria according to Ottaviani and Agosti (ALOA; Merck KgA,
Darmstadt, Germany) and Palcam agar (Biokar Diagnostics).

The local district laboratory applied the VIDAS Listeria DUO test kit
(bioMerieux, Marcy I'Etoile. France) for the simultaneous detection of
L monocytogenes and Listeria spp. in food products. L monocytogenes
positive food lots were enumerated on ALOA agar according to 150
11290-2 (1998).

23, Isolate confirmation

Colonies suspected for Listeria spp. on ALOA (turquoise with and
without surrounding halo) and on Palcam agar (concave gray-green
colonies surrounded by black halos in the medium) were confirmed
by P(R method. Therefore, one Listeria spp. colony was dispersed in
100 ul of 0.1 M Tris-HQ buffer (Sigma Aldrich, St. Louis, MO, USA). Ad-
ditionally, the whole agar surface was swabbed and dispersed in 1 mlof
0.1 M Tris-HCl buffer (Sigma Aldrich). DNA isolation followed a simple
protocol based on Chelex® 100-Resin (BioRad, Hercules, CA, USA:
Walsh et al,, 1991). Subsequently, Listeria species were confirmed and
differentiated by multiplex-PCR targeting the invasion-assodated pro-
tein (iap) gene (Bubert et al,, 1999).

24 Subtyping and epidemiological analysis

L monocytogenes serogroups were defined using a multiplex-P(R
targeting genes Imo0737, Imol118, ORF2819, ORF2110 and Listeria
spp. specific prs, as published by Doumith et al. (2004).

L monocytogenes confirmed isolates were incubated overnight
in Brain Heart Infusion (BHI; Merck KgA) at 37 *C and cryo-conserved
in 15% glycerol (Merck KgA) at — 80 °C. FFGE typing applying the
restriction enzymes Ascl and Apal was performed according to the
mast up-to-date PulseNet International protocol (http://www.
pulsenetinternational.org/assets/PulseNet/uploads/pfge/PNLO4_
Listeria PFGEProtocol.pdf; accessed on: 05.04.2014).

Restricted DMA was electrophoresed on 1% (w/v) SeaKem gold
agarose in 0.5 x TBE at 6 V/cm on a Chef DR [l system (Bio-Rad Labora-
tories, Inc., Hercules, CA, US.). A linear amping factor with pulse times
from 4.0 to 40.0 5 at 14 "Cand an included angle of 120° was applied for
22,5 h. Gels were stained with ethidium bromide (Sigma Aldrich), digi-
tally photographed with Gel Doc 2000 ( Bio-Rad Laboratories, Inc.) and
normalized as TIFF images ( BioMumerics 6.6 software Applied Math
NV, Sint-Martens-Latem, Belgium) using the PFGE global standard
Salmonella ser, Braenderup H9812. Pattern clustering was performed
using the unweighted pair group method, including arithmetic averages
(UPGMA) and the Dice comrelation coefficient with a position tolerance
of 1.0, PFGE types with less than three band difference were consid-
ered as closely related, according to Tenover et al. (1995).

25, Characterization of potentially persistent strains
MLST typing of seven housekeeping loc abeZ (ABC transporter ), bglAd

(beta glucosidase), cat (catalase), dapE (succinyl diaminopimelate
desuccinylase), dat (D-amino acid aminotransferase), Idh (L-lactate

dehydrogenase) and lhkA (histidine kinase) was performed according
to Ragon et al. (2008). Sequence types (ST) were determined using
the Institute Pasteur Database (http://www.pasteur.fr/recherche/
genopole/PF8/mist/lmono.html; accessed on: 05.04.2014). A split
decompeosition analysis was performed on allelic profile data (based
on the seven housekeeping genes analyzed), using a web version of
SplitsTree (http://pubmistorg/analysis/; Huson, 1998). L monocytogenes
STs detected in this study were compared with L monocytogenes MLST
profiles stored in the Institte Pasteur MLST database.

Asubsetof 15 sporadically and recurrently isolated L monocytogenes
PFCE types was characterized by PCR-restriction fragment length poly-
morphism (RFLP) for detection of point mutations in the 733-bp frag-
ment of the inlA gene, according to Rousseaux et al. (2004). Therefore,
1 wl of amplified DNA was digested with 10U Alul (1 h at 37 °C) and
separated on a 2% (w/v) agarose gel containing 3.5 ul SYBR Safe DNA
gel stain (Invitrogen, Eugene, Oregon, USA).

Furthermore, the 15 sporadically and recurrently isolated
L monocytogenes PFGE types were screened for the presence or absence
of the stress survival islet 1 (S51-1) by PCR, targeting the intergenic re-
gion between Imo0443 and Imo0449, according to Ryan et al. (2010).
PCR was performed in a GeneAmp PCR System 9700 (Applied
Biosystems, Foster City, CA, USA) and amplicons were resolved on 1%
(w/v) agarose gels containing 1x Tris-Acetate-EDTA ( TAE) buffer and
SYBR Safe at 70 V for 1 h.

2.6, Disinfectant and cleaner susceptibility testing

An agar spotting test was performed in duplicate to determine the
minimal inhibitory concentration (MIC) of disinfectants and industrial
cleaners against six recurrently isolated L monocytogenes (Mereghetti
et al, 2000). L monocytogenes isolates were grown on Mueller-Hinton
agar at 37 °C for 18 h (Thermofisher, Oxoid Ltd., Hampshire, UK).
Aliquots of 5 ul of bacterial inoculum adjusted to a turbidity of 05
McFarland unit (7.5 = 10% cfu per spot) were spotted onto Mueller-
Hinton agar, containing the respective cleaner or disinfectant to be test-
ed. Following basic disinfectants [peracetic acid, benzalkonium chloride
and hydrogen peroxide, (Hz0;); Sigma-Aldrich], commercially available
multiple composited disinfectants [Prodesan PE 15 (H;0, acetic and
peracetic acid), Weiquat (quaternary ammonium compounds); Tensid
Chemie], and cleaners [Gitrosan SR (acidic), Rimalkan SR mild (alka-
line); Tensid Chemie, Muggensturm, Germany| were tested. The test
concentrations included the working concentrations applied in the
company (representing each highest test concentration) and ranged
for peracetic acid, H;0;, Prodesan PE 15, and Citrosan SR from 31.3 to
2500 mg/l, for benzalkonium chlorde and Weiquat from 3.9 to
2500 mg/1, and for Rimalkan SR mild from 1250 to 25,000 mg/1. Agar
plates were incubated at 37 "Cfor 24-48 h

2.7 Antificial contamination of fresh cheese samples with L monocytogenes

The ability of L monocytogenes to survive in fresh cheese was inves-
tigated by artificial inoculation. Initially, fresh cheese samples were neg-
ative before inoculation, in accordance with 150 11290-1, 2 {1996;
1998; Amd. 2004). Subsequently, subsamples of fresh cheese were
spiked on the surface with spike level 1 (0.4-4 cfu/g) and spike level 2
(4-40 cfu/g) of L. monocytogenes (FCP7, PCR-serogroup 1/2b, 3b and
FCPY, PCR-serogroup 1,2¢, 3c¢). The L. monocytogenes strains were
grown in BHI and serially diluted in sterile Ringer's solution up to dilu-
tion 107, The cheese samples were longi tudinally (days 0, 7, 14) sur-
veyed at two incubation temperatures (8 *C and 16 °C). Samples were
enumerated after days 0, 7 and 14, according to 150 11290-2, by plating
1 ml of the initial suspension (1:10) onto three ALOA agar plates. Addi-
tional subsamples of 25 g each were diluted with 225 ml HF (Biokar
Diag nostics), homogenized for 180 s in a Stomacher 400 (Seward Inc,
West Sussex, UK ). After incubation at 30 *C for 24 h, 0.1 ml of the prima-
ry enfchment was transferred to 10 ml FF (Biokar Diagnostics) and
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incubated for 48 h at 37 °C Loop inoculation of ALOA and Palcam agar
‘was performed according to 150 11290-1. Colony confirmation was per-
formed as described in Section 2.3. All experiments were performed in
duplicate.

3. Results
3.1. Longitudinal environmental monitoring of L. monocytgenes

During the sampling period between 2010 and 2013, atotalof 1284
environmental samples were tested for the presence or absence
of Listeria spp. including L monecytogenes. L monocy togenes isolated
(n =71) from raw materials and products were provided by the district
laboratory and compared to local environmental isolates to trace poten-
tial routes of contamination (Supplemental Table 1).

Specifically, 183 drain water samples and 1101 swab samples were
taken from three compartments of the facility. Surface sampling com-
prised the following: 393 swabs from FCS (conveyor belts, fillers, tables,
slicers, mixers and molds), 615 swabs from NFCS (including transport
boxes and trolleys, floors and drains), and 93 swabs from shoes, work
aprons, and personnel gloves.

The overall Listeria s pp. occurrence rate was 2 1.9%, which was dom-
inated by L monocytogenes (19.5%). In detail, 153% of the investigated
samples were contaminated with L monocytogenes, 34% contained
Listeria species mixtures (L monocytogenes, L innocua, and L
welshimeri), and 0.9%, mainly floor and drain samples, contained
L. monocytogenes mixtures,

Sampling began in 2010 to trace the source of a L. monocytogenes
contamination in fresh cheese during processing. RCS swabs from fillers
‘were mainly positive for L. monocytogenes (4.7%) in the first sampling
phase. After improving hygiene management, e.g. strict compartmen-
talization of the hygiene areas, and staff training, eg. following to one-
way traffic routes and correct usage of hygiene locks, FCS were Listerin
spp. negative, In the subsequent monitoring period, several extensions
and reconstructions of the facility took place. Further testing of NFCS
(conveyor belts, transport trolleys, pallets, and tables) resultedin 1.4%
of samples positive for L. monocytogenes. The processing environment
(drains, walls, doors and floors) was found to be L monocytogenes
positive during the whole investigation (15.8%). L monocytogenes con-
tamination spread from the processing environment in building com-
partment Bl to BIl As floor contamination increased, shoes were
frequently found to be positive for L monocytogenes (484%). In 2013

NFCS and FCS sampling was peformed by the quality management
team (QMT) afthe company and not available for the actual publication.
Further details on L. monocytogenes occurrence during the study phase
are depicted in Supplemental Table 2.

32. Subtyping and epidemiological analysis

In total, 226 and 71 L monocytogenes were isolated from FCS/MCFS
and from raw materials/cheese products, respectively. The majority of
isolates were classified by PCR as serogroup 1/2b, 3b, 7 (67 4% ) ollowed
by serogroups 4b, 4d, 4e (15.8%), 1,24, 3a (14.8%) and 1/2¢, 3¢ (2%).
Therefore, 247 isolates were assigned to genetic Lineage [or [l (1/2b,
3b, 4b) and 50 isolates assigned to Lineage [1(1/2a, 1/2c). PFGE analysis
of the 297 L monocytogenes resulted in 17 Ascl and 17 Apal profiles. The
restriction digest applying Ascl and Apal resulted in at least one subtype
(st) for FCP1, RCP2, FCP6S, FCP7, and RCP9. A combined PFGE-cluster
analysis revealed a high genetic relatedness (= 90%) among FCP7 and
FCP7 st1 and FCPG and FOPG st when digested with both Ascl and Apal.
Furthermore, = 85% relatedness was found among FCP9 and FCPO st,
FCF2 and FCP2 st, and FCP7 st2 and FCP7 /RCP7 st (Fg. 2).

At the beginning of monitoring in 2010, seven different genotypes
dominated the food processing environment (FCP1, FCP1 st2, FCP2,
RCP3, F(P4, FCPS and FCP6). FCP1 st2, FCP2 and FCPE were also isolated
from raw materials and cheese products during lot control (Supplemen-
tal Table 1). Food lots tested positive for L. monocytogenes were found to
be contaminated below 10 cfu/g. PRCE type FCP1 ( PCR-serogroup 4b,
4d, 4e) represented the majority of strains isolated from the food asso-
dated equipment, floors and drains in 2010. Subtype FCP1 st2 was most
often found on workers' shoes and was also isolated from the end prod-
uct. During 2011, two novel PRGE types were introduced into the food
processing area probably via raw materials: FCP9 (PCR-serogroup 1/
2¢,3c¢) and RCP11 (PCR-serogroup 1/2a, 3a). FCP11 was solely detected
in the storage rooms at BIll. In 2011, a decrease in L monocytogenes
strain variability was observed. Mevertheless, a new genotype ap-
peared: FCP7 was initially detected in drain water samples, The latter
type could not be eradicated from the environment and was also
found in the cheese products. During the final period of sampling
(2012 to 2013) another genotype FCP12 (serotype 1/2a, 3a) was colo-
nizing the equipment and drains.

MLST typing resulted in nine L. monocytogenes MLST types. The
SplitsTree analysis of L. monocytogenes ST types vielded a fit value of
83.2 (Fig. 3). The inlA analysis applying the restriction enzyme Alul

FFGE combined (A<l and Apat) PRGE-Ascl FRGEApal

3 & § & Year Source Pscipreiite  n [Apciprefie
2010-2011 LS jchoose products P11 9 P11 9
010 15 fFcra 3 P4 3
o NFES‘M\!MCHII CPE 1 FCPs 1
00 HFCS L] 1 et 2
011 HFCS rawmaterial cra 3 FCPY 4
2000 s natsial Foras 1 FePda 1
20112012 FESANFCS P12 & FCPI2 &
011.2013 FESNFCS/chosse products  FOPT 1ETFLPT 186
012 HFCS CPIsil 1 FePIal ]

w12 HFCS CP7s12 1 FCPT
20102011 FLS/NFCS Fors 11 feps 1
20102011 FESNFCS crL 30 Frey EL]
2010 e L E ) 1 FPisl 1
2010-2011, 2013 HFCSfcheese products CP1s12 15 FOPi a2 is
E om0 FESMNFLS fchoese products  FCP2 1 FLPY Pl
2010 chewse products cP2st 1 fPau 1
2000 cheese products cP1D 1 Ferio 1
2010 HFCS PR3 1 FCP3 1

Fig. 2 Combined PFGE cluster analysis of Listerio monocytogenss isolates from this study (regricion enzymesAsc] & Apd ). The TIFFimages wene compared using BioNumerics 66 software
(Applied Math NV, Sint-Martens-Latern, Belgium), and normalized using the PRGE global standard Seimonells ser. Braenderup H9812. Pattem clustering was performed using the un-
weighted pair group method using arithmetic averages (UPGMA|) and the Dice correlation coefficient was applied with a position tolerance of 1.5%. The table indicates the year of isolation,
the source, and the number of isolates (n).* FCS, food contact surfaces; “NFCS, non-food contact surfaces; st®, subtype.
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revealed five major PCR-RLFP profiles: ST37 strains corresponded to
PCR-RLFP profile 1; 5T1, 5T5, 5T7 and ST87 shared the PCR-RLFP profile
2; 5§T21 and ST570 had PCR-RLFP profile 3; 5T9 and ST204 PCR-RLFP
had profile 4 and ST7 was typed as PCR-RLFP profile 5. According
to Rousseaux et al. (2004), PCR-RLFP profiles 1 and 4 include
L monocytogenes strains with truncation in inlA. Additional screening
for the presence of genetic SSI-1 revealed that L. monocytogenes ST5,
ST7, ST9 and ST204 had a typical 9.7 kbp fragment.

33, Disinfectont and cleaner susceptibility testing

In general, all L. monocytogenes test strains (FCP1 st2, FCP2, FCP7,
FCP7 st2, FCP6, FCP12) were susceptible to peracetic acdd (MIC
250 mg/1), Hz0z (MIC 125 mg/1), Prodesan PE 15 and Citrosan (MIC
500 mg/1), and Rimalkan (MIC 15714 mg/l). No variability among
L monocytogenes test strains could be detected with these disinfectants
and cleaners. Additionally, all strains were sensitive to benzalkonium
chloride (at concentrations in the range of 7.8-31.3 mg/1) and Weiquat
(at concentrations in the range of 31.3-187.5 mg/1). FOP7 showed the
highest MIC at 313 mg/l for benzalkonium chloride and FCP12 for
Weiguat (MIC 187.5 mg/). These strains were recurrently isolated in
the last phase of the project (2012-2013) when hygiene measures
and changes in sanitation routines were implemented

34, Artificial contumination of fresh cheese samples with L. monocytogenes
Fresh cheese samples were spiked with 1.4 (spike level 1) and 150

cfu (spike level 2) L. monocytogenes per g. The pH ranged from 4.7 to
5.6 and the water activity ( ay ) ranged from 0.97 to 0.98. After seven

of Food Micobiology 189 (20 14) 98-105

days of storage at 8 °C the enumeration of L. monocytogenes (150
11290-2) yielded <10 and 10 cfu/g for the spike levels of 1.4 and
15 cfu/g. At 16 °C, <10 and 20 cfu/g L. monocytogenes were detected
After further seven days of storage at 8 °C L monocytogenes counts for
both spike levels were <10 cfuw/'g. At 16 °C and 14 days of storage a
L monocytogenes and pH (5.6) increase could be observed, as 120 and
8.0 = 10 cfu/g were detected at spike levels of 1.4 and 15 cfu/g, respec-
tively. All test samples were positive in the qualitative test, according to
IS0 11290-1.

4. Discussion

L. monocytogenes is widely distributed in the environment, capable
of entering the food chain via raw materials, persisting in niches and
recontaminating final products by cross-contamination (Almeida
et al,, 2013; Ferreira et al,, 2011; Fox et al,, 2011; Holch et al,, 2013;
Parisi et al., 2013). Following the most recent outbreaks of human liste-
riosis, it has been recognized that food lot analyses are not sufficient to
control L. monocytogenes transmission during food production ( Fretz
et al, 2010; Gilmour et al., 2010; Schoder et al, 2013a).

Therefore, this study is the first to focus on analysis of changing
L monocytogenes environmental contamination patterns in respect of
an Austrian cheese processing facility within a certain timeframe
(2010 to 2013). The study was complemented by application of epide-
miological tools for strain characterzation, recording changes in
hygiene management strategies, susceptibility tests of recurrently iso-
lated L monocytogenes strains to disinfectants and cleaners, and
L. monocytogenes survival experiments during storage on the food
matrix.

PFGE-type FCP11(1/2a-33") LINAGE ||
(A} rodent
570
.
PEGE-type FCPG [1/2a-3a%) [H3F3A3E)
(E=*H=F) Fllreland 2009)
E{Austria 2009) H/F [Australia 2009)

Yde et al. 2011 (outbreak: past, milk hard cheese)

PEGE-type FCPS [1/2b-3b-7"]
AF=+H=E]
1
] Fi 4l
(H=*E-2ASF) PH 7
E(Austria 2009) H—F—+E—>A]
HYF {Awstralis 2009, 2010 5 :q{p,uwill :}oosl

[ 4]

Wang etal. 2012 (food)

PFGE-type FCP12 [1/2a-32%)
(FE2H)
Flaustralia 2009)

21
PFGE-type FCP2, FCPLO(1/2a-32%)
[A-3H)

PBEGE:type FCP4 (1/2a-3a7)
(AFEFHIF)
E [Austria 2009)

Wang et al. 2012

7

Lamenaco 2013 [outbreak: cantaloupa)

Fit=#3.2 ninx=9

Fig. 3. Genetic relationships of Listeria monogytogenes isolates from this study based on MLST compared with isolates from the Institute Pasteur database and literature searches. MIST
profiles ofthe Institute Pasteur database were selected withina timeframe between 2009 and 2013, Figure shows a split decomposition analys s based on allelic profiles using a PubMIST
sftware tool by Huson [ 1998). Each number represents a multilo cus sequence typing genotype (5T). Source abbreviations for food, factory ( F), human (H), animal (A), and environment
(E) are listed, according to the serotype. The armow marks decreasing isolation frequencies in the respedtive sources PFGE-types and PCR-serogroups [ marked with an asterick) ame

depicted

210



I Rilcked et al / ntemational Journal of Food Microbiology 189 (2014) 98- 105 103

In the course of monitorng cheese production, three major contam-
ination scenarios were observed: initially (2010) filler contamination
was predominant; a complex L. monocytogenes biofilm might have led
to a “sloughing effect”, where food lots were probably minimally con-
taminated by particles of the biofilm (Van Houdt and Michiels, 2010).
During food lot testing by the district laboratory most of these lots
were negative. In the second phase of sampling, awareness of the ubig-
uity and persistence of L monocytogenes during food processing was
heightened and sanitation measures were improved. Hence, the initial
strain variability (up to eight different genotypes) decreased. A second
contamination scenario was observed: the remaining and newly intro-
duced L monocytogenes strains (probably via raw materials and building
extensions) were further transmitted to the processing environment
dueto alack of one-way personnel and equipment traffic routes. Insuf-
ficient attention was paid to critical control points in the processing and
packaging areas. Further, weak points in hygiene management were
eliminated by extended training and greater compartmentalization of
the processing and packaging areas. The third contamination scenario
inthe final phase (2012-2013 ) was total reduction to one predominant
genotype FCP7 (ST5), with occasional detection of FCP12 (5T204) in
the drains and on the floors. A reduction of certain L monocytogenes
strains in food processing plant was also observed by other authors
(Ferreira et al., 2011; Ortiz et al, 2010). Malley et al. (2013) stated
that L. monocytogenes was successfully eliminated from F(S in a fish
plant. Nonetheless, L. monocytogenes could be still isolated from niches
on NFCS. Therefore, the authors suggested implementation of statistical
tools, including typing data, to support identification of persistent
L. monocytogenes,

In this study, intensive humidity and steam could be observed in all
rooms, and water residues were visible on the floors due to enhanced
cleaning vigor. This could even explain the high L. monocytogenes
contamination of the FPE (shoes, drains and floors) throughout the
study (15.8%). Non-stop processing of foodstuffs and permanently wet
processing rooms may lead to two negative consequences of improved
sanitation: Listerin spp. transmission to FCS and food by aerosols, and re-
duced effectiveness of disinfectants (Berrang and Frank, 2012).

However, the impact of a dilution effect and sublethal concentra-
tions of disinfectants triggering resistance and virulence is still contro-
versial {Carpentier and Cerf, 2011; Pricope et al, 2012; Rodrigues
et al, 2011). All sanitizers included in this study were effective against
recurrently isolated L. monocytogenes. In the last monitoring phase,
the persistent strains RCPT and FCP12 resulted in higher MICs for qua-
temary ammonium compounds (QAC) (benzalkonium chloride and
Weiquat). Industrial disinfectants and cleaners applied in accordance
with the manufacturer's instructions are still efficient on pre-dried sur-
faces (Kastbjerg and Gram, 2012). These authors stated that the QAC
Triquart SUPER could still actively kill L monocytogenes at a concentra-
tion of 0L0125%,

The maolecular ty ping of recurrently isolated L monocytogenes geno-
types revealed that the facility harbored the worldwide second most
prevalent 5T1 in the first period of monitoring. 5T1 was also found to
be persistent in two Austrian dairies during 1996-2003 (Stessl et al,
2013). STB7 and ST5 (both PCR serogroup 1/2b, 3b, 7), could be isolated
from the local environment for more than six months, Recently, Wang
et al (2012) reported that STET was the third most prevalent genotype
isolated from meat and vegetable samples in China. 5T5,55-1" and per-
sistent in the cheese processing envimmnment of the current study, was
also isolated during the epidemic outbreak related to cantaloupes
(lomonaco et al., 2013). Ryan et al. (2010) claimed that SS1-1%
L. monocytogenes strains are better adapted to low pH and high salt
concentrations. Evidence that certain strains possessing a 551-17 seem
to withstand adverse environmental conditions and sanitation is rising
and warrants further research, 5T7 ($51-1%), isolated once in 2010,
was comparable to a second US cantaloupe outbreak strain
(Lomonaco et al, 2013). 8T7 is distributed wordwide, and was fre-
quently isolated from animals, particularly from farm outbreaks (silage

feeding) and sporadic cases in humans (Institute Pasteur MLST data-
base:http://www .pasteur fr/recherche/genopole/FF8 /mbk t/Lmonohtml;
accessed: 05.04.2014). ST37 (truncated inlA), occasionally isolated from
the cheese processing environment, was comparable to the genotype
responsible for an outbreak in Belgium linked to consumption of hard
cheese (Yde et al, 2012). ST570 represents a new allelic profile and
was probably introduced into the cheese processing environment via
raw materials. The latter was probably eradicated due to implementa-
tion of hygiene measures as the application of correct concentrations
of disinfectants and one-way traffic routes of staff and equipment.
5T21 was prevalent during the first contamination phase and was not
re-isolated during further L monocytogenes monitoring. This occasional-
ly isolated genotype is strongly linked to rodents (Institute Pasteur MLST
database), ST9 (truncated inlA, $51-17) represents the genotype most
often isolated from meat and fish in China (Wang et al,, 2012), and
from Irish and Australian food samples (MLST database Institute
Pasteur). A premature stop codon causing a truncation in the virulence
gene inlA is often present in L monocytogenes strains CC9 and CC121.
L monocytogenes ST assigned to the latter CC is suggested to be better
adapted to environmental conditions (Holch et al, 2013; Ragon et al,,
2008). In the current study, ST9 was introduced most likely via raw
materials, L monecytogenes strain ST204 (truncated inlA, $51-17), iden-
tified during the final phase of monitoring, was also found to be persis-
tent in two food processing facilities in the Czech Republic (Stessl et al,
2013; Fig. 3).

To summarize, a high number of L monecytogenes strains enter
adairy plant and cycles of elimination, recontamination and persistence
frequently occur (Chambel et al,, 2007 ). It appears that L. monocytogenes
contamination could establish as a multifactorial random event, influ-
enced by the global distribution of 5Ts, cross-border trade of raw mate-
rials, building renovations of the facility, potential biofilm formation,
missing hygiene compartmentalization, inadequately trained dairy
staff and a large product range (Nilsson et al, 2011).

The outcome of challenge experiments in fresh cheese showed that
L monocytogenes was able to survive, even after 14 days of storage,
and to multiply at insuffident cooling temperatures (8 and 16 *C).
This has been proposed to be influenced by heterogeneity of im-
mobilized bulk water present in the cheese matrix (Maller et al,
2013). Successful control of L monocytogenes growth could be achieved
by adding bacteriocinogenic Lactocoraus loctis starter cultures (Dal Bello
etal, 2012).

In conclusion, a better incorporation of systematic environmental
monitoring (FCS, MFCS, and product associated samples) into food sur-
veillance systems is needed (Anonymous, 2012; Luber et al,, 2011). In-
frequent or inadequate sampling could easily overlook L monocytogenes
contamination and could pose a risk of transmission to food under dis-
guise of false security, Contamination may also be the result of persistent
strains. Consequently, further research is required to understand this
persistence and how it may be controlled. In this study, identification of
L monocytogenes FPE contamination scenarios was important to increase
FBOs awareness of possible transmission routes to food lots. Contamina-
tion scenarios identified were subject to change and thereby must be
viewed as dynamic processes,

Improving awareness of FBOs and dairy staff of good hygiene prac-
tices should be estimated by questionnaires as published by Lehto
etal (2011) and Rotariu etal. (2014). Knowledge of the type of contam-
ination in an FPE, as described in this study, could facilitate improved
hygiene management to direct sanitation activities, facilitate communi-
cation with staff and implement comrective action.
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Abstract: The genus Listeria now comprises up to now 21 recognized species and six subspecies, with
L. monocytogenes and L. inhocua as the most prevalent sensu stricto associated species. Reports focusing
on the challenges in Listerin detection and confirmation are available, especially from food-associated
environmental samples. L. innocua is more prevalent in the food processing environment (FPE) than
L. monocytogenes and has been shown to have a growth advantage in selective enrichment and agar
media. Until now, the adaptive nature of L. innocua in FPEs has not been fully elucidated and potential
persistence in the FPE has not been observed. Therefore, the aim of this study is to characterize L.
innocua (n=139) and L. monocytogenes (n = 81) isolated from FPEs and cheese products collected at five
dairy processing facilities (A-E) at geno- and phenotypic levels. Biochemical profiling was conducted
for all L. monocytogenes and the majority of L. innocua (n = 124) isolates and included a rhamnose
positive reaction. L. monocytogenes isolates were most frequently confirmed as PCR-serogroups 1/2a,
3a (95%). Pulsed-field gel electrophoresis (PFGE)-typing, applying the restriction enzymes Ascl,
revealed 33 distinct Listeria PFGE profiles with a Simpson’s Index of Diversity of 0.75. Multi-locus
sequence typing (MLST) resulted in 27 5Ts with seven new L. innocua local STs (ST1595 to ST1601).
L. innocua ST1597 and ST603 and L. monocytogenes ST121 and ST14 were the most abundant genotypes
in dairy processing facilities A—E over time. Either SSI-1 (5T14) or 55I-2 (ST121, all L. innocua) were
present in successfully FPE-adapted strains. We identified housekeeping genes common in Listeria
isolates and L. monocytogenes genetic lineage III. Wherever there are long-term contamination events
of L. monocytogenes and other Listeria species, subtyping methods are helpful tools to identify niches
of high risk.

Keywords: Listeria monocytogenes; Listeria innocua; dairy processing; subtyping; persistence
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1. Introduction

The genus Listeria, assigned to the phylum Firmicutes, comprises Gram-positive facultative
anaerobe bacteria that are found ubiquitously in environments such as soil, water, or plant material [1,2].
The genus comprises up to 21 recognized species and six subspecies, with L. monocytogenes and L. innocua
as the most prevalent sensu stricto associated species [3] (http://www.bacterio.net/listeria.html).
L. monocytogenes has been implicated in human listeriosis outbreaks, most often associated with
ready-to-eat (RTE) food products (https://fwww.cdc.gov/listeria/outbreaks/index.html) [4,5]. Food is
most commonly contaminated by L. monocytogenes from niches in the food processing environment
(FPE) [6]. As anenvironmental saprophyte, L. monocytogenes is highly adapted to harsh conditions, such
as those associated with osmotic and cold stress, low pH, desiccation, and competitive microflora [7].
The adaptive strategies of L. monocytogenes to ecological niches are clearly divergent. Genetic lineage 1
(serovar 1/2b and 4b) has a tropism to human and animal host tissues and cell types, whereas genetic
lineage II (serovar 1/2a and 1/2c) is more adapted to environmental conditions [8,9].

The ecological co-habitation, genomic synteny, and phenotypic similarities of L. monocytogenes
and L. innocua qualify the latter as surrogate for L. monocytogenes behavior prediction in FPEs [10].
Nevertheless, the prfA-virulence gene cluster that was present in the common ancestor of Listeria
species was lost in two separate recombination events with L. innocua and L. welshimeri [11]. In fact,
L. innocua comprises two major subgroups A and B, with one atypical subgroup D (e.g., hemolytic,
LIPI regions and inl| positive) serving as a link between L. monocytogenes and L. innocua in the
evolutionary chain [12]. Internalin genes (lin0354, lin0661, lin1204, and 1in2539) have been suggested as
potential genetic markers for L. innocua subgroups A-D [13]. Hemolytic L. innocua strains have now
been characterized by whole genome sequencing (WGS) and virulence testing. The strains harbor a
pathogenic island, LIPI-1, and internalin inlA, required for mammalian cell invasion. These findings
will challenge risk management in the food chain, as L. innocua was often assessed in the past as
non-hazardious [12]. Currently, L. innocua genome sequences are still limited [14,15]. Eleven L. innocua
genome assemblies are currently available from the National Center for Biotechnology Information
(NCBI) (https://www.ncbi.nlm.nih.gov/genome/genomes/10247?).

The loss of full virulence in L. monocytogenes lineage Il strains (e.g., sequence type (ST) 9, ST121),
due to point mutations in prfA, inlA, inlB, and plcA, indicates the formation of monophyletic groups
present in FPEs [16]. The latter strains were mentioned, amongst others (e.g., ST5, ST/, ST8), in
past long-term FPE contamination scenarios, which were then referred to as in-house clones or
persisters [17-20]. Until now, the adaptive nature of L. innocua in FPEs has not been fully characterized
and potential persistence has not been observed. Accordingly, the aim of this study is to characterize
potential L. innocua persistent isolates originating from FPEs and cheese products on geno- and
phenotypic levels and to compare them to L. monocytogenes strains from the same habitat.

2. Materials and Methods

2.1. Isolate Selection and Listeria Species Confirmation

In total, 220 Listerin isolates (139 L. innocua and 81 L. monocytogenes) originating from different
cheese types, product-associated liquids (PAL; smear, brine), product-associated samples (culture,
enrichment), raw material (RM), food contact surfaces (FCS), non-food contact surfaces (NFCS),
and environmental liquid samples (EL; floor and drain water) were included in this study. The isolates
were collected during a Listeria monitoring program between 1987 and 2010 from five dairy producers
(A—E) [21,22]. The selection criteria for this study were as following: (1) producer with a history of
frequent L. innocua or L. monocytogenes isolation, and (2) L. nonocytogenes previously identified as
potentially persistent in the FPE. Producer A was mainly involved with ripening cheese and packaging
grated and sliced semi-hard cheeses. Producers B and C manufactured a broad range of white dairy
and fresh products and a product line of semi-hard and hard cheeses. Producer D manufactured a
range of semi-hard and red smear cheeses and producer E manufactured acid curd cheeses (Table 1).
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The L. innocua and L. monocytogenes isolates were stored at —80 °C at the Listeria collection located
at the Unit of Food Microbiology, University of Veterinary Medicine Vienna, Austria. L. innocua
and L. monocytogenes isolates were re-cultivated on tryptic soy agar (TSA; Merck KgA, Darmstadt,
Germany) at 37 °C overnight. DNA isolation followed a rapid protocol using Chelex 100-Resin
(Bio-Rad Laboratories Inc., Hercules, CA, USA), as published by Walsh et al. [23]. For Listeria species
differentiation, a multiplex PCR targeting the invasion-associated protein (iap) gene was performed [24].
L. monocytogenes isolates were subtyped by serogroup PCR, targeting the Listeria spp. specific prs, and
Imo0737, Imo1118, ORF2819, and ORF2110 [25]. Biochemical profiling was performed for each Listeria
isolate by applying the API-Listeria identification system (Biomeérieux, Marcy I'Etoile, France).

To evaluate a possible association between the categorical variables, i.e., Listeria species, rhamnose
(ves/no), and sporadic/persistence, the association coefficient (Cramer’s V) was calculated (Microsoft
Excel 2010, Microsoft Corp., Redmond, WA, USA).

2.2, Molecular Epidemiological Analysis

DNA macrorestriction digest, applying Ascl and Apal of 220 Listeria isolates (139 L. innocua and 81
L. monocytogenes), was performed according to the latest CDC PulseNet International PFGE protocol
(https:/www.cdc.gov/pulsenet/pdf/listeria- pfge-protocol-508c.pdf). In brief, the cell suspension was
standardized to an optical density of 1.0 in sterile TE buffer (10 mM Tris, 1 mM EDTA, pH 8§;
Sigma-Aldrich Corp, 5t. Louis, MO, USA) and lysed by adding 20 mg/mL lysozyme (Sigma-Aldrich
Corp) to an incubation step at 55 °C for 30 min. After incubation, 20 mg/mL proteinase K (Roche
Diagnostics GmbH, Mannheim, Germany) was added to the cell suspension followed by 1% SeaKem
Gold agarose (1:1; each 400 puL; Lonza Group, Basel, Switzerland). The suspension was poured into
plug molds and the solidified plugs were lysed overnight in 5 mL of cell lysis buffer (50 mM Tris, 50 mM
EDTA, pH 8, 1% Sarcosyl + 0.1 mg/mL proteinase K; Sigma-Aldrich Corp). Subsequently, the plugs
were washed with sterile water (twice; Mayrhofer Pharmazeutika, Leonding, Austria) and TE buffer
(three times). The Listerit DNA macrorestriction digest was performed by applying 50 U each of Ascl
and Apal at 37 °C and 30 "C for 4 h (Thermo Fisher Scientific Inc., Waltham, MA, USA). The universal
standard Salmonella ser. Braenderup H9812 was digested with 50 U Xbal (Thermo Fisher Scientific Inc.)
at 37 °C for 4 h (https://www.cdc.gov/pulsenet/pdf/ecoli-shigella-salmonella- pfge-protocol-508c.pdf).
The restriction digested plugs were loaded into 1% SeaKem Gold Agarose gel in 0.5 x Tris borate EDTA
buffer (45 mM Tris, 45 mM borate, 1 mM EDTA; Sigma-Aldrich Corp) and electrophorezed for 22.5 h at
6 V/cm with a linear ramping factor and pulse times from 4.0 to 40.0 s at 14 °C and an included angle
of 120° (CHEF DR III system; Bio-Rad Laboratories Inc., Hercules, CA, USA).

The gel was stained with ethidium bromide (Sigma-Aldrich Corp) and digitally photographed
with Gel Doc 2000 (Bio-Rad Laboratories, Inc.). The TIFF images were normalized with BioNumerics 6.6
software package (Applied Math NV, Sint-Martens-Latem, Belgium) to the universal standard Salmonella
ser. Braenderup H9812. Pattern clustering utilized the unweighted pair group method with arithmetic
mean (UPGMA) and the dice correlation coefficient with a position tolerance of 1.5%. PFGE types
were considered identical when the patterns were indistinguishable. The Simpson’s Index of diversity
was calculated with the online tool of Comparing Partitions (http://www.comparingpartitions.info/).

The L. monocytogeres multi-locus sequence typing (MLST) scheme included the following seven
housekeeping genes: ABC transporter (achZ, mo2752), beta glucosidase (bglA, Imo0319), catalase (cat,
Imo2785), succinyl diaminopimelate desuccinylase (dapE, [mo0265), D-amino acid aminotransferase
(dat, Imo1617), L-lactate dehydrogenase (Idh, Imo0210), and histidine kinase ({ikA, Imo1508). Protocols
for target-specific primers and PCR conditions are provided at https://bigsdb.web.pasteur.fr/listeria/
primers_used.html. Target-specific PCR products were sequenced with universal sequencing primers
(oF: GTT TTC CCA GTC ACG ACG TTG TA; oR: TTG TGA GCG GAT AAC AAT TTC; LGC Genomics,
Berlin, Germany) and allele-specific sequences were submitted to the Institute Pasteur sequence
and profile database (https://bigsdb.pasteur fr/cgi-bin/bigsdb/bigsdb.pl?db=pubmilst_listeria_seqdef).
The sequence types (ST) were determined by the combination of the seven housekeeping loci.
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The STs were compared to the Institute Pasteur isolate database (https://bigsdb.pasteur.fr/cgi-bin/
bigsdb/bigsdb.pl?db=pubmlst_listeria_isolates_public) to estimate their global presence and potential
niche attribution.

2.3. Screening for Stress Survival Islets (SSI-1 and SSI-2)

L.innocua and L. monocytogenes isolates were screened for the presence of SSI-17 (9.7 kbp fragment),
SSI-17(F2365_0481 homologous gene; 1.1 kbp fragment) and SSI-2 (2.2 kbp fragment). PCR primers
targeting the [. monocytogenes flanking genes Imo0443 and Imo0449 were used according to
Ryan et al. [26]. The homologous genes related to L. innocua lin0464 and lin0465 (2.2 kbp fragment)
were investigated according to Hein et al. [27]. PCR reactions contained 0.2 uM each primer, 2 mM
MgCly, 1 mM deoxynucleoside triphosphates (ANTPs; Thermo Fisher Scientific), 1 U Platinum Tag
DNA polymerase (Thermo Fisher Scientific), 10x PCR buffer, diethyl pyrocarbonate (DEPC)-treated
water (Thermo Fisher Scientific), and 1 uL. DNA template in a final volume of 25 uL.

The PCR reaction for the detection of SSI-17 (9.7 kbp) and SSI-17 (1.1 kbp) differed from the latter
mix by the following components: 2.5 U long range DNA polymerase and 2 uL. DNA template in a
final volume of 25 uL. The gel electrophoresis of PCR-reactions was determined in a 1.5% agarose
gel containing 0.5 x Tris-borate-EDTA (TBE) buffer and 3.5 uL peqGREEN DNA gel stain (VWR
International, Radnor, PA, USA). The DNA standard Thermo Scientific™ GeneRuler™ 100 bp and 1 kb
plus (Thermo Fisher Scientific Inc.) were applied for fragment length comparison.

2.4. L. Monocytogenes and L. Innocua Minimum Inhibitory Concentration (MIC) towards Biocides

The minimum inhibitory concentrations (MIC) of five disinfectant compounds (peracetic acid,
benzalkonium chloride, sodium hypochlorite, hydrogen peroxide, and isopropanol; all supplied
by Sigma AldrichCorp) were determined for 10 recurrent L. monocytegenes and L. innocua
genotypes: MI[E] (ST39, 1/2b); M5[B]=M5[D]=M5[E] (5T121, 1/2a); MI10[C] (ST155, 1/2a);
MI11[A]=M7[D] (ST14, 1/2a); IN1[E] (ST1595); IN2[E] (ST637); IN3[E] (ST1601); IN4[C]=IN4 [E]
(ST603); INS[A]=IN5[C]=IN5[D]=IN5[E] (ST1597); IN7[C] (ST1085).

The disinfectant components were tested at concentration ranges of 31.3-1000 mg/L for peracetic
acid and hydrogen peroxide, 0.5-1000 mg/L for benzalkonium chloride and 125-10,000 mg/L for
sodium hypochlorite. An agar dilution method was performed in duplicates to determine the minimal
inhibitory concentration (MIC) of the disinfectants against L. innocua and L. monocytogenes strains.
As previously described, 5 pL of bacterial culture was spotted onto Mueller-Hinton agar (Oxoid,
Basingstoke, UK) containing the disinfectants to be tested [28,29]. Plates were incubated at 37 °C for 24
to 48 h. Following incubation, the lowest disinfectant concentration that showed no bacterial growth
was recorded as MIC. Mean MIC values were calculated using Excel (Microsoft Corporation, Redmond,
WA, USA).

3. Results

3.1. Isolate Characteristics

The isolate set comprised 139 L. innocua and 81 L. monocytogenes PCR-confirmed isolates targeting
the iap (invasion associated protein p60) gene [24]. Listeria spp. originated from the following Austrian
cheese processing facilities: A (L. innocua/L. monocytogenes: (n = 9/13), B (n = 0/47), C (n = 34/3),
D(n="72/9), and E (n = 24/9). The Listeria isolate collection was established over a monitoring
period of 23 years (1987-2010). Listeria spp. were isolated from cheese samples (24 L. innocua and
3 L. monocytogenes), product associated samples (PA, PAL; 100 L. innocua and 64 L. monocytogenes),
production environment (FCS, NFCS, environmental liquids (EL); 14 L. innocua and 14 L. monocytogenes),
and one L. innocua isolate from raw milk (RM) (Table 1).
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The biochemical profiling resulted for all L. monocytogenes isolates in the typical naphthylamidase
(DIM; Differentiation/Innocua/Monocytogenes) negative and rhamnose positive profile (AP profile 6510).
L. innocua isolates exhibited three different biochemical profiles: API profile 7510 with a DIM and
rhamnose positive reaction (1 = 124), API profile 7110 with a DIM positive and rhamnose negative
reaction (# = 13), and API profile 7531 with a DIM, D-ribose, and D-tagatose positive reaction (1 = 2)
(Table 1).

L. monocytogenes isolates (n = 81) were most frequently confirmed as PCR-serogroups 1/2a,
3a (n = 76; 95%), followed by 1/2b, 3b (n = 3; 3.75%), and 4b, 4d, 4e (n = 2; 1.25%).

The PFGE-typing, applying the restriction enzyme Ascl, revealed 33 distinct Listeria PFGE profiles
with a Simpson’s Index of Diversity of 0.75. Thereof, 11 and 22 Ascl were specific for L. monocytogenes
and L. innocua, respectively (Simpson’s Index 0.519 and 0.533). The Apal macrorestriction digest resulted
in fewer PFGE profiles for L. innocua (n = 20). L. innocua PFGE profiles IN5[A]=IN5[C]=IN5[D]=IN5[E]
and IN4[C]=IN4[E] were non-typable by Apal.

PFGE-types with identical Ascl profiles assigned to dairy producers A-E and isolated during two
or more sampling events were classified as recurrent, whereas Listeria isolates with unique Ascl profiles
and isolated once were defined as sporadic genotypes. Listeria spp. genotypes recurrently isolated
over a period of six or more months were defined as persistent. Generally, L. monocytogenes clustered
together in a distinct subcluster A and could be clearly distinguished at a similarity level of 25% from
L. innocua subcluster B and C (similarity level 40%) (Table 1, Figure 1).

The MLST typing resulted in 27 STs (Simpson’s Index of Diversity of 0.742). In total, 9 and 3
clonal complexes (CCs) and 1 and 14 singletons were identified among L. monocytogenes and L. inncoua
isolates, respectively. The discriminatory power of MLST analysis was comparable to PFGE-typing
for L. monocytogenes (10 STs; Simpson’s Index 0.469). ST121 could be differentiated by applying PFGE
typing into two L. monocytogenes distinct fingerprints. MLST analysis for L. innocua isolates was less
discriminative in comparison to PFGE (AscI), resulting in 17 STs (Simpson’s Index 0.531).

Seven new L. innocua STs (5T1595 to ST1601) were defined by submitting the sequences to the
Institute Pasteur MLST database (https://bigsdb.web.pasteurfr/listeria/listeria.html; Table 1). The ST
attribution to dairy processing facilities A-E is depicted in Figure 2.

The stress survival islet (SSI-1) inserted into intergenic region Imo0443 to Imo0449 in L. monocytogenes
was present in 5T3 (genetic lineage I; PCR serogroups 1/2b, 3b), ST7, 5T14, ST155, and ST403 (genetic
lineage II; PCR serogroup 1/2a, 3a). The L. monocytogenes homologous gene to F2365_0481 (1.1 kbp)
was present in genetic lineage I isolates assigned to ST1 (serogroup 4b, 4d, 4e) and ST59 (1/2b, 3b),
ST398 (genetic lineage 11 (PCR-serogroup 1/2a, 3a), and ST529 (genetic lineage 111, PCR-serogroup 4b,
4d, 4e). L. monacytogenes ST121 and all L. innocua isolates harbored the SSI-2 (2.2 kbp fragment; Table 1).
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Figure 2. Comparison of the L. innocua and L. monocytogenes STs identified in this study to the Institute
Pasteur MLST 1solate database (https:,{e’bigsdb.pasteur.frflisleria.-"listeria.hhnl) was performed to identify
highly abundant housekeeping genes, CC and STs (Table 51). Interestingly, some housekeeping genes
were not specific for L. monocytogenes genetic lineage Il or L. innocua.

3.2. Molecular Epidemiological Interpretation

The majority of L. innocua and L. monocytogenes PFGE types were isolated once (1 = 20/33; 60.61%),
but certain genotypes were recurrently isolated from process associated samples and cheese for a short
period of time (1 = 6/33; 18.18%). These genotypes were present in PAL (smear) and environmental
samples and after contamination events in cheese for between one and six months and were successfully
eliminated. Other Listeria spp. PFGE types were persistent in the dairy processing environment for a
long period and somehow adapted to niches (smear, brine, drain water). The latter L. monocytogenes
and L. innoctia PFGE types cross-contaminated the surface of cheeses (e.g., hard cheese). Almost all
of the persistent L. innocua and L. monocytogenes isolates were rhamnose positive (API profiles 7510
and 6510), except for one genotype with a rhamnose negative profile (IN7[C], 5T1085). Almost all of
the persistent L. innocua and L. monocytogenes isolates were rhamnose positive (API profiles 7510 and
6510) except for one genotype with a rhamnose negative profile (IN7[C], ST1085). The association
coefficient Cramer’s V showed a weak association between L. innocua, L. monocytogenes, rhamnose
positive, rhamnose negative sporadic and persistent occurrences, although the result “for persistence
and rhamnose positive” was highly significant (p = 0.0065; Cramer’s V rV = WERT, p < 0.01).

The most abundant L. monocytogenes genotypes related to persistence in cheese processing
associated samples and environments were PFGE profiles M5[B]=M5[D]=M5[E] (5T121, 1/2a, 3a) and
M11[A]=M7[D] (ST14, 1/2a, 3a), which were present for 7 and 11 years at dairy processing facility B
and A in smear and drain water, respectively. The latter profiles were also isolated once and after four
months at producers D and E. PFGE profiles M10[C] (ST155, 1/2a, 3a), M3[E] (ST403, 1/2a, 3a) were
present at producers C and E for one year and seven months. M1 (ST59, 1/2b, 3b) and M2 (5T121, 1/2a,
3a) were recurrently isolated during a shorter timeframe (one and two months), both at producer E.
Other sporadically isolated L. monocytogenes genotypes (ST1, ST3, ST7, and ST398) were isolated once
during the monitoring period.
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The most common L. innocua genotypes were IN5[A J=IN5[C]=IN5[D]=IN5[E] (newly identified
ST1597), IN4[C]=IN4[E] (ST603), and IN7[C] (ST1085), which were repeatedly isolated for a year up
to 6.8 years in the same dairy processing environment (floor water) and product-associated liquids
(smear, brine). IN1[E] (newly identified 5T1595) and IN 3[E] (newly identified ST1601) were recurrently
isolated during a six-month period at processing facility E.

IN6[A]=IN6[C]=IN6[D] was present during a short contamination event (four and five
months) at processing facilities A and D. The L. monocytogenes and L. innocua PFGE clusters were
heterogeneous (25% similarity). Interestingly, the persistence-related genotypes L. monocytogenes ST14
(M11[A]=M7[D]), ST155 (M10[C]), and ST121 (M5[B]=M5[D]=M5[E]) clustered together in subcluster A
ata75% and 80% similarity level. L. innocua ST43 (IN16[A], IN21[C]), ST603 (IN4ST[E], IN4[C]=IN4[E]),
and ST637 (IN12[A], IN15[C]) related PFGE profiles clustered in subcluster B and C at a similarity
level =80%.

L. innocua ST1597, ST603 and L. monocytogenes ST121 and ST14 were the most abundant genotypes
in dairy producing facilities A~E over time (1 = 178/220 isolates). The highest genotype diversity was
identified in dairy producing facilities A, C, and E (# = 11, 12, and 9 different genotypes; Figure 2).

The following housekeeping genes were common in Listeria isolates included in this study and
L. monocytogenes genetic lineage 111: ST529, ST1595 (abcZ 25, bglA 73), ST529, ST1597 and ST1599 (dapE
96), STH29, STH30, ST448, ST1482, ST605, and ST1087 (dat 45) (Table 1). Furthermore, the housekeepi.ng
gene abcz 40 in L. innocua ST1600 was identified in the Institute Pasteur MLST database to be more
related to L. monocytogenes genetic lineage I1I (ST267). Further details concerning the prevalence of
housekeeping genes present in the MLST database are provided in Table S1.

3.3. Susceptibility to Biocides

The MIC towards biocides was determined for four recurrent L. monocytogenes and six L. innocua
genotypes. All test strains except L. innocua genotype IN5[A]=IN5[C]=IN5[D]=IN5[E] (5T1597)
and IN3[E] (ST1601), both 141 mg/L, were adapted to higher concentrations of peracetic acid (250
mg/L; 1.7 fold higher). M5[B]=M5[D]=M5[E] (ST121, 1/2a), IN5[A]=IN5[C]=IN5[D]=IN5[E] (5T1597),
and IN2[E] (ST637) were better adapted to benzalkonium chloride (1.3- and 2-fold higher; mean MIC
15.6 mg/L in contrast to 11.7 and 7.8 mg/L). M5[B]=M5[D]=M5[E] (5T121, 1/2a) and M1[E] (ST59, 1/2b)
were slightly better adapted to hydrogen peroxide (1.5-fold higher; 188 mg/L in contrast to 125 mg/L).
IN1[E] (ST1595) and IN2[E] (ST637) were better adapted to sodium hypochlorite (2.7-5.7-fold higher;
10,000 mg in contrast to 1750-3750 mg/L).

4. Discussion

Dairy and cheese processing environments are frequently colonized by Listeria spp., including
pathogenic L. monocytogenes. Even newly established dairy processing facilities become colonized after
a short period of time [29,30].

Generally, prevalence and concentrations of L. monocytogenes in cheeses and cheese processing
environments are low. Its growth is supported by the presence of fresh, ripened, veined, and smear
cheeses (0.8%—5.1% prevalence in cheese lots). Brined cheeses are most often contaminated by
L. monocytogenes (11.8%), according to a meta-analysis-based literature review [31]. This suggests
that product-associated liquids (smear, brine) contribute to L. monocytogenes contamination of
cheese lots [21,32]. In our study, smear and brine samples were indeed most often associated with
L. monocytogenes and L. innocua surface contamination and supported the persistence of certain
genotypes (ST121, ST14, 5T603, and ST1597) in the dairy environment.

Floor drains are further niches for efficient Listeria spp. colonization of the FPE and hot-spots for
cross and recontamination events [33,34]. These niches were also identified in our study. To a certain
extent, drain waters harbored recurrent and persistent Listeria spp. (ST14, ST637, ST1595, ST1597;
Table 1). Despite having a cleaning potential, the introduction of high-pressure water from hoses into a
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contaminated drain can cause the airborne spread of Listeria and further contribute to the successful
establishment of persistent Listeria spp. strains in a facility [35].

As reports about dairy processing environment contamination scenarios in the literature are
sparse, our goal was to identify any potential long-term contamination with certain L. innocua and
L. monocytogenes genotypes.

Some studies indeed allude to wider contamination of dairy facilities. Parisi et al. [36] isolated
Listeria spp. at 19/34 cheese factories (55.8%). Occasionally, L. innocua and L. monocytogenes were
detected at the same sampling site (2/19 plants) and persisted in floor drains, which were identified as
ideal sampling sites to be included in a monitoring system.

Relevantly, we clearly identified a higher fluctuation of L. innocua and L. monocytogenes genotypes
in parallel in 4/5 dairy processing facilities (Figure 1, Table 1). One dairy plant (B) harbored a persistent
L. monocytogenes genotype (ST121) for seven years without further introduction of other Listeria
spp. genotypes.

Lomonaco et al. [37] reported two persistent L. monocytogenes genotypes in the Gorgonzola
processing chain. About 88% of the L. monocytogenes strains were serotype 1/2a, which is consistent
with our findings (95% of the isolates were serotype 1/2a). However, genotypes were not comparable
due to the lack of common nomenclature in Listeria spp. subtyping, which is urgently in need of
rectification [38]. In this respect, Jagadeesan et al. [39] highlighted the need to include metadata
for genotypic approaches, which should be sufficiently cleaned with the removal of replicates and
unintended information. Actual studies indicate that whole-genome sequencing (WGS) and core
genome (cg) MLST approaches already contribute to the real-time exchange of information on the
emergence and geographic dispersal of clones [40-42]. Maury et al. [43] reported that L. monocytogenes
CC1 are strongly associated with dairy products, whereas hypovirulent clones, CC9 and CC121,
are related to meat products.

In the presented study, several disease-related genotypes that are globally distributed were
introduced into the dairy processing environment (ST1, ST3, ST7, ST59, 5T155, ST398, and ST403).
However, 5T14 and ST121 established themselves for a longer time (7 and 11 years, respectively)
in the FPE and tended to be persistent. Almost all of the persistent L. innocua and L. monocytogenes
isolates that we identified were rhamnose-positive (API profiles 7510 and 6510; Table 1). Rhamnose is
a naturally occurring monosaccharide present in plant material and important for saprophytes such as
Listeria spp.

Atypical L. innocua and L. monocytogenes lacking the ability to ferment rhamnose (where the pdu
operon for propanediol utilization is missing) are potentially less capable of exploiting nutritional
sources important for adaptation to the FPE [44].

Further, atypical strains with deficient rhamnose fermentation have been reported to be attenuated
in virulence and have reduced resistance to temperature changes [45]. In contrast, L. monocytogenes
serotype 1/2a mutants confer phage-resistance due to a loss of rhamnose. This is important when
there is a field application of lytic phage cocktails as biocontrol measures [46]. Therefore, detailed
characterizations of L. monocytogenes and L. innocta rhamnose-positive and -negative field strains in
respect of persistence in the FPE and resistance to biocontrol measures are important.

Pasquali et al. [47] also identified ST14 and 5T121 as persisters in a rabbit meat processing plant.
Several strain-specific features, such as a stronger biofilm-forming potential (ST14) and the presence of
the gacH gene associated with adaptation to BAC in ST121, contributed to successful establishment in
the FPE.

The stress survival islet (SSI-1) inserted into the intergenic region Imo0443 to lmo0449 in
L. monocytogenes is present in long-term persister 5T14 and is related to acid tolerance [26].
L. monocytogenes ST121 and all L. innocua isolates that we identified harbored the SSI-2 (2.2 kbp
fragment), which is related to elevated tolerance to oxidative and alkaline stress (Table 1) [48].

The entrance and establishment of certain successful genotypes in the FPE are influenced by
several factors. These include strain properties (e.g., prophage diversification, transposons, plasmids),
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the possibility of reintroduced genotypes by raw material, over-diluted biocides on wet surfaces,
and a permanent change in cleaning regimes by external cleaning companies and consultants [49].
Consequentially, Muhterem-Uyaret al. (2018) reported thatin a heavily contaminated cheese processing
environment, the strain variability (ST1, ST7, ST21, and ST37) was reduced to a persistent genotype
(ST5) harboring a plasmid type (pIM80 related), which is present in successful clones worldwide [20].

In corroboration, we observed higher MICs towards biocides in M5[B]=M5[D]=M5[E] (ST121,
1/2a), INS[A]=IN5[C]=IN5[D]=IN5[E] (5T1597), and IN2[E] (ST637), which were better adapted to
benzalkonium chloride (up to two-fold higher). IN1[E] (ST1595) and IN2[E] (ST637) were better
adapted to sodium hypochlorite (2.7-5.7-fold higher).

In FPEs, resident Listeria are frequently exposed to sublethal concentrations of biocides due to the
dilution effect of wet surfaces and the presence of food soil [50]. Therefore, testing the sensitivity of
Listeria spp. to sublethal concentrations of biocides should be performed routinely to identify potential
strain adaptations. Particularly, L. monocytagenes and L. innocua isolated from the pork processing
chain have been shown to harbor efflux pumps and resistance genes ( cadAl-cadA4, arsAl, arsA2) that
confer resistance to benzalkonium chloride and heavy metals [51].

The exchange of genetic material between L. innocua and L. monocytogenes has been observed
in a few studies. The possibility of horizontal gene transfer (HGT) of plasmids, including heavy
metal resistance, enhanced tolerance to QACs and DNA intercalating dyes between L. welshimeri,
L. innocun and L. monocytogenes, has been described by sequence analysis in experimental settings and
by comparison of FPE isolates [52-54].

The presence of atypical hemolytic L. innocua strains in the food chain might also have
been introduced by HGT, and this constitutes a reservoir of virulence genes transferable to other
species [12,55]. This could be the same for genetic exchange between L. innocua and L. monocytogenes
related to environmental adaptation. More research focusing on the uptake of genetic material by
Listeria spp. in the FPE is warranted.

We identified housekeeping genes common in novel identified L. innocua 5T1595, ST1597, ST1599,
and ST1601 in STs 605 and ST1085 that are recorded in the MLST database, and L. monocytogenes genetic
lineage II (abcZ 25, bglA 73, dapE 96, dat 45) (Table 1, Table 51).

Comparing L. innocua STs from this study to the MLST Institute Pasteur database, we identified
ST603 (CCH00) and ST637 (CC140) (Figure 2), commonly isolated from different niches (e.g., silage,
food, human blood samples). Comparing the NCBI available strains (# = 11) to L. innocua from this
study, no complete match was found based on STs. The nearest match was L. innocua reference strain
CLIP 11,262 assigned to CC140, which differed by the Idh housekeeping gene (Idh 74) in comparison to
ST637 (Idh 192) (https://www.ncbi.nlm.nih.gov/genome/genomes/10247; https://bigsdb.web. pasteur.fr/
cgi-bin/bigsdb/bigsdb.pl?db=pubmlst_listeria_isolates).

In fact, the draft genome of Listeria innociia UAMO03-1A, available from NCBI, is also related to
highly abundant CC140 [14].

We did not identify any atypical hemolytic ST188 or ST437 L. innocua strains (LIP-1 positive,
hly positive), which have recently been isolated from wild bird feces in Finland [12] and previously
described by Volokhov [56]. The L. innocua strains included in our study showed no relationship to the
newly announced MEZLIS26 genome, due to their different housekeeping genes. The latter L. innocua
was assigned to the highly abundant CC537 [15].

L. innocua has been reported to be more commonly found in the FPE than L. monocytogenes [57],
which is supported by our findings. We fully agree with Jemmi and Stephan [58] who suggest that
L.innocuais a good hygiene indicator and also a marker for unrecognized L. imenocytogenes contamination
events in the FPE. What should now be considered in retrospect is the demanding nature of the
microbiological reference method, for example, IS0 11290-1, concerning the differentiation of L. innocua
and L. monocytogenes [59]. Reports focusing on the challenges associated with Listerin detection and
confirmation are available, including atypical strains or L. monocytogenes present in lower concentrations
due to competitive L. innocua strains during enrichment or that mask detection of L. monocytogenes on
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selective agar plates such as ALOA medium [60,61] (https://www.fda.gov/food/laboratory- methods-
food/guidelines-bam-users-identification-atypical-hemolytic-listeria-isolates). This might also have
contributed to a higher isolation rate of L. innocua compared to L. monocytegenes in our study.

In respect of long-term contamination events with L. monocytogenes and other Listeria species,
subtyping methods are helpful tools to identify the true nature of persister candidates.

5. Conclusions

L. monocytogenes is a foodborne pathogen of significance to human health, and it is able to
co-survive in the dairy FPE in microbial communities with other Listeria species and with other bacteria
(e.g., Proteobacteria, lactic acid bacteria) [33,62]. Our study identified for the first time the recurrent
isolation and persistence of L. innocua in L. monocytogenes-colonized habitats. Novel local L. innocua
sequence types (ST1595 to ST1601) were identified, which shared, to a certain extent, the housekeeping
genes that are also common in L. monocytogenes genetic lineage II1. Either SSI-1 (ST14) or SSI-2 (ST121,
all L. innocua) were present in strains successfully adapted to the FPE. There is a great need for further
insight into the processes of FPE adaptation and exchange of genetic information between Listeria
species so that appropriate food safety control measures can be designed.
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