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ZUSAMMENFASSUNG 
 
 
Diese Diplomarbeit konzentriert sich auf die Persistenz von Listeria (L.) monocytogenes 

Stämmen in Lebensmittel produzierenden Betrieben und deren Wachstumsverhalten. Dafür 

wurden 26 L. monocytogenes Stämme aus einem Lebensmittelbetrieb ausgewählt, der 

verzehrfertige Lebensmittel herstellt, welche besonders anfällig für die Kontamination mit 

L. monocytogenes sind. Dies ist eine ernstzunehmende Problematik, da die Aufnahme und 

anschließende Infektion mit L. monocytogenes zu Listeriose führen kann. Diese 

Infektionskrankheit kann eine Vielzahl von Gesundheitlichen Problemen verursachen.  

Um sicherzustellen, dass die verwendeten Proben tatsächlich L. monocytogenes enthalten, 

wurden alle Proben mit dem selektive Agar RAPID'L.mono und der qPCR nach Rossmanith et 

al. getestet. Eine Probe zeigte widersprüchliche Ergebnisse, mit einem negativen Ergebnis auf 

dem RAPID'L.mono Agar und einem positiven Ergebnis bei der qPCR für L.  monocytogenes. 

Daher wurde dieser Stamm mittels iap PCR nach Bubert et al., dem selektiv Agar ALOA und 

der durch Chemilumineszenz gemessenen Enzymaktivität (AquaSpark™) weiter untersucht. 

Die Ergebnisse zeigten, dass es sich bei diesem Stamm um einen L. monocytogenes Stamm 

mit reduzierter Phospolipase Aktivität handelt.  

Für das Hauptexperiment wurden die ausgewählten Stämme in drei Kategorien unterteilt: 

„persistent“, „nicht-persistent“ und „transient“. Anschließend wurden Wachstumskurven bei 

Anreicherungstemperatur (37 °C) und Verarbeitungstemperatur (4 °C) im TSB-Y 

Kulturmedium erstellt. Zunächst wurde versucht die Website dashing-growth-curves.ethz.ch 

für die Analyse der Wachstumskurven bei beiden Temperaturen zu verwenden. Es stellte sich 

jedoch heraus, dass sich die Rechenmodell nicht gut an die Wachstumskurven der 4°C 

Messungen anlegten und deshalb keine verwendbaren Ergebnisse erzielt werden konnten. 

Daher wurden die 4 °C Wachstumskurven mittels Excel grafisch dargestellt und vergleichend 

analysiert, während die 37 °C Wachstumskurven mithilfe der Dashing Growth Curves Website 

und dessen Verwendungen „Gompertz-tight-Modell“ und „Manuell“ analysiert wurden.  

Alle Stämme zeigten sowohl unter Anreicherungs- als auch unter Verarbeitungsbedingungen 

ein gutes Wachstum, aber es konnte unter keiner der beiden Temperaturbedingungen ein 

relevanter Unterschied im Wachstum zwischen „persistenten“, „nicht-persistenten“ und 

„transienten“ Stämmen beobachtet werden. 
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ABSTRACT 
 
This work focuses on the persistence of Listeria monocytogenes strains in food production 

facilities and their growth phenotypes. Therefore, 26 strains of L. monocytogenes were 

selected from a food production facility that manufactures ready-to-eat products, which are 

prone to contamination with Listeria. This is a serious issue, as ingestion and subsequent 

infection with L. monocytogenes can lead to listeriosis, which is an infectious disease that can 

cause a variety of health problems.   

To ensure that the used samples do in fact contain L. monocytogenes, all samples were tested 

using selective RAPID'L.mono agar and qPCR according to Rossmanith et al. One sample 

showed contradictory results, with a negative RAPID'L.mono agar and positive qPCR for 

L.  monocytogenes. This strain was further investigated using IAP PCR according to Bubert et 

al., selective ALOA agar and the AquaSpark™ chemiluminescence indicating enzyme activity. 

The results showed that this strain was indeed found to be a L. monocytogenes strain with 

reduced phospholipase enzyme activity. 

For the main experiment, the selected strains were divided into three categories: ‘persistent’, 

‘non-persistent’ and ‘transient’, and growth curves were created at enrichment temperature 

(37°C) and processing temperature (4°C) in TSB-Y culture medium. The website dashing-

growth-curves.ethz.ch was first used to analyze the growth curves for both temperatures, but 

no usable results could be obtained for the 4°C growth curves because the calculation models 

did not fit the growth curve well. Therefore, the 4°C growth curves were analyzed and 

compared graphically using Excel, while the 37°C growth curves were analyzed using the 

Gompertz tight model and manually on the Dashing Growth Curves website. 

All strains showed good growth under both enrichment and processing conditions, but no major 

difference in growth between ‘persistent’, ‘non-persistent’ and ‘transient’ strains could be 

observed under both temperatures.  
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1 Introduction 

 

1.1. Food safety 

 

Food safety is important for human health, as failure to observe food safety can result in 

foodborne illnesses (1,2). Human health can be affected by various undesirable food 

components, such as pathogenic microorganisms (viruses, bacteria, parasites) and their toxins 

(e.g., cereulide produced by Bacillus cereus), chemicals like heavy metals (lead, mercury, 

cadmium), as well as physical hazards including glass fragments, plastic pieces, or metal 

objects in processed foods (3–7). The Austrian Food Safety Report 2022 showed that only 

0.5% of foodstuffs in Austria were contaminated with contents that are harmful to health (8). 

Despite this, the EU Zoonoses Report 2023 shows, that foodborne outbreaks still occur 

regularly in the EU (2). Salmonella spp. is the most common cause of foodborne illnesses with 

77,486 cases in 2023 and 1,115 foodborne outbreaks (2). The main causes were the 

consumption of contaminated eggs and egg products, as well as mixed foods and chicken 

meat and products made from it  (2). Listeria monocytogenes, on the other hand, is much less 

common with around 3,000 cases in 2023, but causes more serious illness with hospitalization 

and possibly even death (2).  In order to make food in Austria as safe as possible, food safety 

monitoring is regulated by the “Food Safety and Consumer Protection Act” 

(Lebensmittelsicherheits- und Verbraucherschutzgesetz; LMSVG) which is based on EU law, 

such as the regulation (EC) NO. 2017/625 (9). This regulation defines the principles, 

requirements, and objectives of official controls along the food chain (9). Responsible for risk 

analysis, traceability, and rapid alert systems (Rapid Alert System for Food and Feed; RASFF) 

is the regulation (EC) NO. 178/2002 (10). In particular, the RASFF has the important role of 

quickly passing on information within the EU to prevent worse consequences in the event of a 

contamination in the food chain and to reduce risks associated with food consumption (10).  
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1.2. General information about Listeria monocytogenes 

 

Before 2009, it was considered that the Listeria genus consisted only of six species, two of 

which were the considered pathogenic species, Listeria monocytogenes and Listeria ivanovii 

while the other four species Listeria seeligeri, Listeria innocua, Listeria welshimeri, and Listeria 

grayi were considered non-pathogenic (11). Between 2010 and 2022, 22 new Listeria species 

were added, but L. monocytogenes and L. ivanovii remain the only pathogenic species (11,12). 

L. monocytogenes is the most important pathogenic agent, as it is primarily pathogenic to 

humans, whereas L. ivanovii is mainly pathogenic to animals and only rarely human-

pathogenic (11).  

L. monocytogenes is a gram-positive, rod-shaped bacterium that can survive and grow under 

adverse conditions, such as high and low temperatures (- 2 to + 45 °C), pH values between 

4.2 and 9.5, low moisture content (aw value of 0.92) and high salt concentrations (up to 16 %) 

in its environment (13). As described above, L. monocytogenes is pathogenic and the 

causative agent of listeriosis in humans and animals and furthermore classified as a zoonosis 

(see chapter 1.3.1) (2). L. monocytogenes is found almost worldwide and occurs in Europe, 

North and South America, Asia, Africa and Oceania (14). Thereby, the bacterium can be found 

in many areas of the environment, such as soil and water, but also food and feed (14–16). In 

particular, the occurrence of L. monocytogenes in food production facilities creates a problem, 

as it can lead to contamination of food and thus pose a health risk to consumers (2,17).  

 

1.2.1. Listeriosis in humans 

 

Human cases of listeriosis have been documented globally, with reports from Africa, Oceania, 

South America, North America, Europe, and Asia (14). In 2023, there were 2,952 confirmed 

cases of listeriosis in the EU and 1,497 people were hospitalized and 335 people died (2). 

Depending on the group of people affected and the course of the disease, the symptoms 

caused by Listeria monocytogenes may vary from flu-like symptoms to symptoms of life-

threatening bacteraemia and encephalitis (16). Healthy individuals with a non-impaired 

immune system usually experience symptoms such as nausea, fever and diarrhoea after 

consuming food contaminated with L. monocytogenes (18). The consumption of contaminated 

food is in general the most common route of infection and leads to the symptoms mentioned 

above in healthy adults after an incubation period varying from 6 h to 10 days (16,19). Pregnant 
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women are particularly at risk of infection, with an approximately 18-fold increased risk 

compared to the rest of the population (18). This is compounded by the fact that pregnant 

women often experience severe courses of the disease, including miscarriage, premature 

labour and stillbirth (20). Even after birth, the newborn can develop serious illnesses such as 

sepsis and meningitis (20). Another at-risk group are older people over 60 years old and 

immunocompromised individuals with pre-existing conditions such as cardiovascular disease, 

chronic kidney disease or lung disease (21). These risk factors, along with some others such 

as neurological course or previous bacteraemia, lead to an increased mortality rate in cases 

of L. monocytogenes infection (21). To reduce mortality, early diagnosis of the infection and 

adequate treatment with antibiotics such as penicillin or amoxicillin, often in combination with 

gentamicin, are important (18).  

 

1.3. Listeria monocytogenes in food processing environments 

 

Listeria monocytogenes is currently not only ubiquitous in the environment but is also present 

in many food processing facilities (2,14). Due to the danger posed by this pathogen as a 

foodborne zoonosis, there are strict regulations such as Commission Regulation (EC) NO. 

2073/2005 (2,22). Fish, meat and sausage processing facilities are particularly affected by 

contamination with L. monocytogenes, but so are facilities that produce cheese from raw milk 

and facilities that produce fresh, ready-to-eat salads (2). These ready-to-eat food producing 

companies have the greatest risk of contamination with L. monocytogenes as their ready- to-

eat products do not need to be cooked or heated before consumption(2). These products are 

specially protected by the law (EC) No. 2073/2005, which divides these food stuffs into two 

categories: products in which L. monocytogenes can continue to grow and products in which 

L. monocytogenes cannot continue to grow(22). For products in which the pathogen can 

continue to grow, the manufacturer must prove by means of shelf-life studies that bacterial 

growth does not exceed 100 CFU/g during the shelf life and L. monocytogenes must not be 

detectable in 25 g of the ready-to-eat product when leaving the premises of the company (22). 

For foods that do not allow growth, a bacterial count of up to 100 CFU/g is permitted when the 

product is delivered to the consumer (22). The pathogen can be introduced into the food 

business both via raw materials such as meat or raw milk, and by staff and inadequate hygiene 

barriers (23,24). Another source of pathogens is process water and surfaces on which the 

pathogens can survive for long periods with the formation of biofilms (25,26).    
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1.4. Persistence in Listeria monocytogenes 

 

Persistence of foodborne pathogens in food production facilities is a growing problem for which 

no definitive solution has yet been found (27). Persistent food pathogens are microorganisms 

that can survive for long periods of time in food production facilities, despite cleaning and 

disinfection efforts (13). However, there are currently no genetic markers that can reliably 

identify a persistent Listeria monocytogenes strain as such, and researchers are still searching 

for a clear definition of the term ‘persistence’ in the food producing sector (13,27). Studies 

examining persistence differ both in their methodology and in their definition of persistent 

strains, which challenges comparison and clear definition (28). Older studies often used 

Pulsed-Field Gel Electrophoresis (PFGE), which is a method that uses large DNA fragments 

to produce a characteristic banding pattern (“DNA fingerprint”) and thus allows the subtyping 

and comparison of L. monocytogenes strains (29,30). Later, Multilocus Sequence Typing 

(MLST) analysis was introduced, which is based on 7 housekeeping genes and allows 

comparison in an open database provided by the Institute Pasteur (29,31). The most recent 

method is Whole Genome Sequencing (WGS), whereby the data obtained is either analyzed 

with core genome Multilocus Sequence Typing (cgMLST), whole genome Multilocus Sequence 

Typing (wgMLST) or single nucleotide polymorphism (SNP) analysis (30,32,33). These newer 

methods offer the possibility of examining L. monocytogenes strains more closely and maybe 

identify patterns in their genome or genes related to persistence (28). However, these 

comparative studies require a more precise definition of persistence to detect such patterns 

(28). While some studies classify strains as ‘persistent’ and ‘non-persistent’. based solely on 

the frequency of their occurrence in a food production facility, other studies use SNP analysis 

based on Whole Genome Sequencing (13,28). Unfortunately, there is no uniform definition of 

the number of matching SNPs required for a strain to be classified as ‘persistent’ or ‘non-

persistent’ which makes the comparison even more difficult (28). In addition, the samples for 

analysis are usually obtained from different food businesses and production areas, resulting in 

highly variable environmental conditions, making studies that do not take them into account 

difficult to combat (13,17). Furthermore, such environmental factors are important, as they may 

influence several strategies of L. monocytogenes which have been suspected to contribute to 

its persistence, and these persistence strategies will be addressed in the following section 

(19,27).  

One of the prescience strategies of L. monocytogenes is its ability to grow in cold conditions 

and it makes an ideal pathogen in production facilities, as cold temperatures usually prevail 
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there (13,34). The bacterium can also survive other negative environmental impacts such as 

high salt concentrations, low pH values and low humidity (13,35). A frequently mentioned 

persistence strategy of L. monocytogenes is biofilm formation, although the ability to form 

biofilms alone is not sufficient for effective persistence compared to the growth in mixed 

biofilms with other species such as Lactobacillus plantarum or Pseudomonas fragi  (13,36,37). 

For example, the work of Sterniša et al. shows that Pseudomonas fragi, a biofilm-forming 

bacterium, supports the survival of Campylobacter jejuni and L. monocytogenes at low 

temperatures of 5-15 °C while the study of Voloshchuk et al. shows that Pseudomonas spp. 

increases the tolerance of L. monocytogenes against disinfection (37,38). This is particularly 

important as biofilms are a common cause of recontamination in food chain and can thus lead 

to foodborne outbreaks (2,26). The survival of L. monocytogenes in protozoa could be a 

possible persistence strategy, but this strategy has not yet been proven (13,39). What is 

known, however, is that protozoan species such as Acanthamoeba sp. are found in food 

processing facilities and that L. monocytogenes can survive in these protozoan species 

(39,40). Another persistence strategy discussed is the retarded growth rate, whereby part of 

the bacterial population slows down its reproduction and metabolism, as bacteria are 

particularly sensitive to environmental stressors during their exponential growth phase (41). 

This enables a small part of the population to survive unfavourable conditions and control 

measures, and these surviving microorganisms reactivate afterwards and start to grow 

exponentially again (13,42). L. monocytogenes and other foodborne pathogen also benefit 

from the multiple niches in food production facilities that result from areas that are difficult to 

access and thus challenge adequate cleaning and disinfection (13,27). Drains also represent 

a particularly dangerous niche, as cleaning can produce aerosols that can contribute to the 

further spread of L. monocytogenes (43). Furthermore, biofilms hide in niches such as cracks, 

rough surfaces or hard-to-reach areas on equipment and additionally protect pathogens from 

environmental influences (13,27).  

However, despite all the phenotypic advantages attributed to L. monocytogenes, no specific 

trait has yet been identified that characterises certain strains as ‘persistent’ (13,28).  
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1.5      Aim of the Study 

 

An important issue in food safety is the persistence of Listeria monocytogenes in food 

producing facilities (19). This raises the question: Is the persistence of Listeria monocytogenes 

in food production related to phenotypic advantages, genetic advantages or extrinsic factors? 

This study does not claim to answer all parts of this questions but at least covers one important 

aspect: the phenotypic advantages. Many studies have already investigated the different 

phenotypic advantages of L. monocytogenes, but due to inconsistencies in the origin of the 

samples, the different investigation methods and the inconsistent definition of the term 

‘persistence’, no comparable results have yet been achieved, and no genetic markers have 

been found to this date. As described in chapter 1.4, different environmental conditions can 

lead to inaccurate results and to exclude this sampling bias the samples were taken from only 

one ready-to-eat food producing company. Subsequently, these 26 selected strains of 

L. monocytogenes were categorised into `non-persistent´, `transient` and `persistent` strains 

by SNP analysis and frequency of occurrences. During this thesis, the strain´s growth rates 

were examined both under enrichment temperature condition of 37°C and at a processing 

temperature condition of 4°C to achieve comparable results and find phenotypic advantages 

of certain L. monocytogenes strains that could explain their persistence.  
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2 Material and methods 

 

2.1 Material  

2.1.1 Equipment 

 

Tab. 1 Equipment 

DESIGNATION MANUFACTURER 

Plate Reader, Tecan Spark  Tecan Group Ltd., Männedorf, Switzerland 

Plate Reader, Tecan Infinite 200  Tecan Group Ltd., Männedorf, Switzerland 

Pipettes 10µl, 100 µl, 1000 µl Eppendorf SE, Hamburg, Germany  

Safety Bunsen Burner, Schuett phoenix ii schuett-biotec GmbH, Göttingen Germany 

Incubator 37°C, Incucell Eco line  
MMM Medcenter Einrichtungen GmbH, 
Planegg/München, Germany 

Vortex Mixer, VWR® VV3 VWR International GmbH, Vienna, Austria 

MSC-advantage biological safety cabinet Thermo Fisher Scientific Inc., Waltham, USA 

Centrifuge 5427R Eppendorf SE, Hamburg, Germany 

Thermomixer compact Eppendorf SE, Hamburg, Germany 

Thermocycler, Stratagene Mx3000P Thermo Fisher Scientific Inc., Waltham, USA 

Microwave 
Panasonic Industry Austria GmbH, 
Biedermannsdorf, Austria 

GelDoc Go Bio-Rad Laboratories GmbH, Vienna, Austria 

Gel electrophoresis chamber 
Analytik Jena GmbH+Co. KG, Jena, 
Germany 

 

 

  



S e i t e  17 | 58 

 

2.1.2 Consumable material + Enrichment and agar media; Chemicals and reagents 

 

Tab. 2 Consumable material 

DESIGNATION MANUFACTURER 

Pipette tips 10—20 µl, 100 µl, 1250 µl 
AHN Biotechnologie GmbH, Nordhausen, 
Germany 

Nitril gloves 
Fisher Scientific, Illkirch-Graffenstaden, 
France 

Disposal bags Sarstedt AG & Co. KG, Nümbrecht, Germany 

Inoculation loops 1 µl Sarstedt AG & Co. KG, Nümbrecht, Germany 

Safe-Lock Tubes 1.5 ml Eppendorf SE, Hamburg, Germany 

Cryogenic vials 2.0 ml 
Biologix Europe GmbH, Hallbergmoos, 
Germany 

PCR Tubes Eppendorf SE, Hamburg, Germany 

96-Well Microtiter Plate Thermo Fisher Scientific, Roskilde, Denmark 

 

 

 

Tab. 3 Enrichment and agar media  

DESIGNATION  MANUFACTURER 

Trypto-Casein Soy Agar (TSA) Biokar diagnostics, Allonne, France 

ALOA Agar Biokar diagnostics, Allonne, France 

RAPID'L.mono Medium Bio-Rad Laboratories GmbH, Vienna, Austria 

Trypto-Casein Soy Broth (TSB) Biokar diagnostics, Allonne, France 

Yeast extract Biokar diagnostics, Allonne, France 

Brain Heart Broth (BHI) Biokar diagnostics, Allonne, France 

Tryptone Soya Broth Plus 0.6% yeast (TSB-
Y) 

Oxoid Ltd., Basingstoke, England 
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Tab. 4 Chemicals and reagents 

DESIGNATION MANUFACTURER 

Mikrozid AF liquid 
Schülke & Mayr GmbH, Norderstedt, 
Germany 

Aqua destillata Sigma Aldrich, Vienna, Austria 

10x PCR buffer Thermo Fisher Scientific Inc., Waltham, USA 

dNTP Mix Thermo Fisher Scientific Inc., Waltham, USA 

PCR Primer Eurofins Genomics, Ebersberg, Germany 

Magnesium chloride (MgCl2) Thermo Fisher Scientific Inc., Waltham, USA 

Platinum™ Taq DNA-Polymerase Thermo Fisher Scientific Inc., Waltham, USA 

Chelex® 100 Resin Bio-Rad Laboratories GmbH, Vienna, Austria 

TRIS hydrochloride PUFFERAN® ≥99 %, 
p.a. 

Carl Roth GmbH + Co. KG, Karlsruhe, 
Germany 

Agarose Merck KGaA Darmstadt, Germany 

Peq Green  Peglab Biotechologie Erlangen, Germany 

Glycerol 
Carl Roth GmbH + Co. KG, Karlsruhe, 
Germany 

AquaSpark™ inositol-phosphate  Biosynth AG, Staad, Switzerland 
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2.1.3 Bacterial Strains 

 

26 strains were selected prior to this study by my colleague Lauren Alteio, PhD, as can be 

seen in Table 5. The selection process was as follows: The strains were collected by a ready-

to-eat (RTE) food production company over the period from 2018-2023. Listeria 

monocytogenes positive samples were sent to the Austrian Agency for Health and Food Safety 

GmbH (AGES), where a whole genome sequencing of all samples was performed. In addition, 

only environmental strains were selected to analyse persistence in the environment. This 

resulted in a total of 378 strains with 13 sequence types (STs) and 25 core genome MLST 

types (cgMLSTs)(44). A whole genome single nucleotide polymorphism (SNP) analysis was 

then performed to further categorize the strains into ‘persistent’, ‘transient’ and ‘non-persistent’ 

strains. The criteria for the classification ‘persistent’ were less than ten SNP difference to the 

other genomes and if the isolate was found at least three times and occurred over a period of 

at least three years. A strain was declared ‘transient’ if it showed a difference of 20 or fewer 

SNP to the other genomes and was found less than three times and over a period of less than 

three years. The strains that were found one or two times in the entire period were classified 

as ‘non-persistent/sporadic’. To further narrow down the number of isolates for comparison in 

this study, a representative strain was selected for the different core genome MLST types.  
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Tab. 5: List of samples with the strain classification, description and ST- And CT-types.  

 

 



S e i t e  21 | 58 

 

2.2 Methods 

 

2.2.1   Culturing of Listeria monocytogenes strains with RAPID'L.mono and TSA Agar 

 

First, the samples were taken from the original culture send by AGES using a 1 µl inoculation 

loop (Sarstedt AG & Co. KG, Nümbrecht, Germany) and then spread on TSA (Biokar 

diagnostics, Allonne, France) and RAPID'L.mono agar (Bio-Rad Laboratories GmbH, Vienna, 

Austria). The plates were incubated for 24 h at 37 °C and checked afterwards. Because the 

colonies on both types of plates were still too small, the plates were incubated for a further 

24 h at room temperature.  Afterwards, the colonies where big enough for assessment and 

further processing. For further use, the agar plates were then stored at 4 °C and replaced every 

four weeks.   

Further tests were performed on agar for Sample 4. This Sample was streaked out from 

overnight cultures as well as from cryocultures on RAPID’L.mono (Bio-Rad Laboratories 

GmbH, Vienna, Austria) and Agar Listeria Ottaviani and Agosti (ALOA) (Biokar diagnostics, 

Allonne, France) and incubated for 48 h at 37 °C. This experiment was repeated on two 

different days. At the second time the RAPID’L.mono (Bio-Rad Laboratories GmbH, Vienna, 

Austria) plate was split in half and Sample 4 and Sample 6 were spread each on one side (see 

Fig. 6) 

 

2.2.2      DNA isolation using 2.5 % Chelex® 100 Resin solution 

 

For DNA extraction, a modified protocol according to Walsh et al. was used (45). The Chelex®-

TRIS-HCl solution (Bio-Rad Laboratories GmbH, Vienna, Austria; Carl Roth GmbH + Co. KG, 

Karlsruhe, Germany) was already prepared with 40 ml of 2.5 % Chelex® 100 Resin solution 

(Bio-Rad Laboratories GmbH, Vienna, Austria) and 10 ml of 0.01 M TRIS-HCl solution (Carl 

Roth GmbH + Co. KG, Karlsruhe, Germany). 500 µl Chelex®-TRIS-HCl solution (Bio-Rad 

Laboratories GmbH, Vienna, Austria; Carl Roth GmbH + Co. KG, Karlsruhe, Germany) were 

pipetted into 1.5 ml Safe-Lock Tubes (Eppendorf SE, Hamburg, Germany) and then one colony 

from each agar plate to be sampled was taken with an 1 µl inoculation loop (Sarstedt AG & 

Co. KG, Nümbrecht, Germany) and dissolved in the Chelex®-TRIS-HCl solution (Bio-Rad 

Laboratories GmbH, Vienna, Austria; Carl Roth GmbH + Co. KG, Karlsruhe, Germany).  
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Afterwards, the samples were heated at 95 °C (qPCR) or 100 °C (iap PCR) for 10 min with the 

Thermomixer compact (Eppendorf SE, Hamburg, Germany) to lyse the DNA. The samples 

were then centrifuged with the Centrifuge 5427R (Eppendorf SE, Hamburg, Germany) at 

15000 rcf for 30 s for the qPCR and for 10 s for the iap PCR. This produced 150 μl supernatant 

for qPCR and 100 μl supernatant for iap PCR, which was transferred to 1.5 ml Safe-Lock Tubes 

(Eppendorf SE, Hamburg, Germany) for further use.   

 

2.2.3      Quantitative-PCR of all samples 

 

The qPCR was performed according to Rossmanith et al. (46) which targets the prfA gene of 

Listeria monocytogenes and even more specific the area between the forward primer LIP1: 5`-

GAT ACA GAA ACA TCG GTT GGC-3`, the reverse primer LIP2: 5-GTG TAA TCT TGA TGC 

CAT CAG G-3` and LIP probe 2: 5`-FAM-CAG GAT TAA AAG TTG ACC GCA-MGB-3`.  

For 1200 µl master mix, 492 µl Aqua destillata (Sigma Aldrich, Vienna, Austria) was mixed with 

150 µl 10x PCR buffer (Thermo Fisher Scientific Inc., Waltham, USA), 105 µl MgCl2 (50 mM 

stock) (Thermo Fisher Scientific Inc., Waltham, USA) 150 µl lip 1FP (5µM stock) (Eurofins 

Genomics, Ebersberg, Germany), 150 µl lip 2RP (5µM stock) (Eurofins Genomics, Ebersberg, 

Germany), 75 µl lip-probe-Fam (5µM stock)( Eurofins Genomics, Ebersberg, Germany), 60 µl 

dNTP Mix (20mM each 5mM stock) (Thermo Fisher Scientific Inc., Waltham, USA) and 18 µl 

p Platinum™ Taq DNA-Polymerase (5U stock) (Thermo Fisher Scientific Inc., Waltham, USA). 

Subsequently, 20 µl master mix was mixed with 5 µl of extracted DNA from each sample (see 

Chapter 2.2.2) and pipetted in two technical replicates. Pure master mix was used as negative 

control. The samples were then processed with the Thermocycler, Stratagene Mx3000P 

(Thermo Fisher Scientific Inc., Waltham, USA) using the following program: 94 °C for 2 min, 

then 45 cycles for 15 s at 94 °C and 1 min at 64 °C. The resulting cycle threshold (Ct) values 

were then transferred to Excel® (version 2502) from Microsoft® for Microsoft 365 and the 

mean value for each sample was calculated.  
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2.2.4      iap PCR of Sample 4 (MRL-21-01452) 

 

First the DNA of Sample 4 was extracted as described in Chapter 2.2.2 with a modified protocol 

according to Walsh et al. (45).  

Then the multiplex PCR targeting the iap gene was performed according to Bubert et al. (47) 

with Sample 4 and the primer sequences for each species can be found in this study.  

Therefore, the Institute of Food Microbiology at the Veterinary University Vienna provided the 

laboratory strains of Listeria spp. and the master mix already prepared based on the institute's 

recipe. For the iap PCR, the laboratory strains and master mix were thawed and for each 

Listeria spp. 23 µl master mix and 2 µl of the prepared sample were pipetted into PCR tubes 

(Eppendorf SE, Hamburg, Germany). One with the Sample 4, one with the Chelex® 100 Resin 

(Bio-Rad Laboratories GmbH, Vienna, Austria) as blank control, four positive controls with 

L. welshimeri, L. innocua, L. monocytogenes, L. grayi and one with Aqua dest. (Sigma Aldrich, 

Vienna, Austria) as negative control for the PCR. The tubes were the put into the Thermocycler, 

Stratagene Mx3000P (Thermo Fisher Scientific Inc., Waltham, USA) and the iap PCR program 

was started.  

Meanwhile, the gel was prepared for gel electrophoresis. Therefore 1.5 g agarose (Merck 

KGaA, Darmstadt, Germany) was mixed with 100 ml TAE buffer prepared by the Institute of 

Food Microbiology and heated using the microwave (Panasonic Industry Austria GmbH, 

Biedermannsdorf, Austria) for 3 minutes. It was waited for that gel to cool slightly bevor adding 

3 µl of Peq Green colorant (Peglab Biotechologie Erlangen, Germany). Then the gel was 

poured into the prepared mold and leaved to harden for 30 minutes.  

Afterwards the gel was put into the gel electrophoresis chamber (Analytik Jena GmbH+Co. 

KG, Jena, Germany). Then 5 µl of the marker (100bp) (Thermo Fisher Scientific Inc., Waltham, 

USA) was pipetted into the outer pocket of the electrophoresis gel. 10 µl of the finished samples 

were then individually mixed with 3 µl of the marker and pipetted into the single pockets of the 

gel. Then the 30 min program was started with 120 V, 500 mA and 250 W. Finally, the finished 

gel was removed, and a photo was taken using the GelDoc Go (Bio-Rad Laboratories GmbH, 

Vienna, Austria).   
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2.2.5      Phospholipase enzyme activity of Sample 4 (MRL-21-01452) 

 

To determine the enzyme activity of phospholipase (PLC), in addition to Sample 4, five other 

samples with different ST types and different growth types (persistent, non-persistent and 

transient) were selected. The selected samples are Sample 6, 12, 15, 22, 26 and further 

information on these samples can be found in chapter 2.1.3 in table 5. To create overnight 

cultures from the six samples, a colony was taken from the prepared TSA plates (Biokar 

diagnostics, Allonne, France), (see chapter 2.2.1) for each sample and dissolved in TSB-Y 

(Biokar diagnostics, Allonne, France). These overnight cultures were then incubated for 20 

hours at 37 °C. The overnight cultures were then diluted 1:5 with TSB-Y (Biokar diagnostics, 

Allonne, France) and the OD was measured at 600 nm in a photometer. To achieve an OD of 

0.6, these dilutions were then further diluted 1:2 with TSB-Y (Biokar diagnostics, Allonne, 

France). The enzyme activity in these dilutions was then measured using AquaSpark™ 

inositol-phosphate (Biosynth AG, Staad, Switzerland) based on the protocol by Bromberger et 

al. (48). The AquaSpark™ solution (Biosynth AG, Staad, Switzerland) was diluted 1:3 and 1:6 

with Aqua dest. (Sigma Aldrich, Vienna, Austria) and then each 40 µl of the AquaSpark™ 

dilution (Biosynth AG, Staad, Switzerland) and 360 µl of the overnight culture from each 

Sample were mixed. For the negative control 40 µl of each AquaSpark™ dilution (Biosynth AG, 

Staad, Switzerland) was mixed with 360 µl TSB-Y (Biokar diagnostics, Allonne, France). Then 

150 µl of the sample and the negative control per well in duplicate onto the flat white microtiter 

plate (Thermo Fisher Scientific, Roskilde, Denmark). After a 10-minute incubation period in the 

dark, the plate was placed in the Tecan reader Infinite 200 (Tecan Group Ltd., Männedorf, 

Switzerland)  and the following settings were made: Plate flat white without lid, measuring in 

Kinetic Loop with the mode Luminescence for 46 minutes every 2 minutes. The data was then 

downloaded and processed using Excel® (version 2502) from Microsoft® for Microsoft 365.  

 

 

 

 

 



S e i t e  25 | 58 

 

2.2.6 Cryoconservation of Listeria monocytogenes 

 

Each sample was cryoconserved as a duplicate, with one part serving as a working culture 

and one part as a backup culture. For cryoconservation, one colony of each sample was taken 

from the TSA plates (Biokar diagnostics, Allonne, France) and incubated in TSB-Y (Oxoid Ltd., 

Basingstoke, England) at 37°C for 18h as overnight culture. The next day, the 2.0 ml Cryogenic 

vials (Biologix Europe GmbH, Hallbergmoos, Germany) were labelled with name and use (WC 

for working culture and BC for backup culture). Then 700 µL of the overnight culture and 300 

µL glycerol (Carl Roth GmbH + Co. KG, Karlsruhe, Germany) were pipetted into the 2.0 ml 

Cryogenic vials (Biologix Europe GmbH, Hallbergmoos, Germany) and mixed using the vortex 

mixer (VWR International GmbH, Vienna, Austria). Afterwards, the cryocultures were frozen 

and stored at -72°C. 

 

 

2.2.7     Growth curve 

 

The protocol of M. Aalto-Araneda et. Al. described in “Strain variability of Listeria 

monocytogenes under NaCl stress elucidated by a high-throughput microbial growth data 

assembly and analysis protocol” (49) was modified and the created protocol was used to 

prepare the growth curves.  

2.2.7.1 Culturing of Listeria monocytogenes with TSB culture medium 

 

As previously described in chapter 2.2.1, the 26 TSA agar plates (Biokar diagnostics, Allonne, 

France) were incubated with the Listeria monocytogenes samples and afterwards stored at 

4 °C. For the overnight culture a single colony was taken from each plate with an inoculation 

loop (Sarstedt AG & Co. KG, Nümbrecht, Germany) and then each colony was dissolved in 

9ml Tryptone Soya Broth Plus 0.6% yeast (TSB-Y) (Oxoid Ltd., Basingstoke, England). Due to 

supply difficulties, the TSB-Y culture medium from Oxoid Ltd., Basingstoke, England was 

switched to TSB and yeast from Biokar diagnostics, Allonne, France during the experiment. 

The overnight culture was then stored for 18-20h at 37 °C in the Incubator Incucell Eco line 

(MMM Medcenter Einrichtungen GmbH, Planegg/München, Germany).   

For the 37°C growth curves, two biological replicates were incubated for each sample and for 

the 4°C growth curves three biological replicates were incubated for each sample.   
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2.2.7.2 Preparation for the growth curve measurement  

 

The next day 10 µl of each overnight culture was diluted into 990 µl of TSB-Y culture medium 

(Oxoid Ltd., Basingstoke, England; Biokar diagnostics, Allonne, France) to create a 1:100 

dilution. Then 10 µl of this dilution was pipetted into each 990 µl of TSB-Y medium (Oxoid Ltd., 

Basingstoke, England; Biokar diagnostics, Allonne, France) and 990 µl of BHI medium (Biokar 

diagnostics, Allonne, France) to create a final concentration of 1:10,000. These dilutions were 

then spread onto 96-Well Microtiter Plates (Thermo Fisher Scientific, Roskilde, Denmark) with 

250 µl pipetted into each well. As negative control, 250 µl of each culture medium was then 

pipetted into four wells to rule out contamination.  

For the 37°C growth curves, two biological replicates of each sample were distributed on 96-

Well Microtiter Plates (Thermo Fisher Scientific, Roskilde, Denmark) so that they were not next 

to each other and each replicate was pipetted in duplicate to generate technical replicates of 

each sample. Therefore, three 96-Well Microtiter Plates (Thermo Fisher Scientific, Roskilde, 

Denmark) were required for one run to test all 26 samples.  

Due to the longer measurement time and the resulting higher risk of contamination, the 4°C 

growth curves were measured with three technical and three biological replicates each in two 

experiments. In each experiment, the samples were measured every 24 hours over a period 

of 480 hours, except on weekends. 

 

2.2.7.3 Growth curve measurement using the Tecan growth curve analyzer 

 

Two different models of plate readers were used due to changing availability. The same 

program settings were used in both Tecan Spark (Tecan Group Ltd., Männedorf, Switzerland) 

and Tecan Infinite 200 (Tecan Group Ltd., Männedorf, Switzerland). First the ‘Nucleon 96 Flat 

Transparent microtiter plate’ with lid was selected and the area to be measured was specified.  

For the 37 °C growth curves, the temperature was then set to 37 °C and the option ‘Waiting for 

temperature to be reached’ was selected. Then the kinetic loop was chosen with a duration of 

20 h, an interval of 20 min and an absorbance wavelength of 600 nm. Before every 

measurement the plate was shaken for 5 s. This experiment was repeated on two separate 

days so that each sample was measured at least four times in the two different culture media 
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TSB-Y (Oxoid Ltd., Basingstoke, England; Biokar diagnostics, Allonne, France) and BHI 

(Biokar diagnostics, Allonne, France). 

Later, five samples were selected and tested again on five following days using the protocol 

for the 37°C growth curves to exclude time as an influencing factor.  

For the 4 °C growth curves, the plates were first measured directly after pipetting. Likewise, 

the ‘Nucleon 96 Flat Transparent microtiter plate’ with lid was selected and the area to be 

measured was specified. Then the absorbance at 600 nm was selected as well as the shaking 

of the plate for 5 s. This program selection was saved and used for all further measurements. 

The measurements were taken for approximately 480 h every 24 h except on weekends and 

between measurements the 96-Well Microtiter Plates (Thermo Fisher Scientific, Roskilde, 

Denmark) were stored at 4 °C. In the end, each sample was analyzed at least nine times in 

each of the two different culture media.  

 

2.2.8  Analyzing growth curves with Dashing Growth Curves 

 

The used Software “Dashing growth curves is an open-source web application” which was 

invented by Michael A. Reiter et. al. and can be found at the following web address 

https://dashing-growth-curves.ethz.ch/ (50). The software is used to analyze microbiological 

growth curves and an as output the user gets the analyzed and visualized data (50).  

Therefore, the data needed to be formatted in Excel® (version 2502) from Microsoft® for 

Microsoft 365 and all data series/measurements required a name (e.g. Sample 1_1) and the 

negative controls had to be named with blank (e.g. blank 1). In addition, the time had to be 

specified in hours. An example of the uploaded data can be found in the supplements under 

Figure S1, which shows the final formatted data for the first measurement of Sample 1 at 37°C. 

Once the data has been formatted, the Excel file was simply inserted into the website using 

drag and drop. The data was then automatically analyzed and displayed graphically comparing 

all samples individually and grouped (see supplemental Figures S2 and S3). For the analysis 

there were different growth models for selection, such as the Gompertz and Logistic model, as 

well as the logarithm model Easy Linear (50). The Gompertz and Logistic model could in turn 

be differentiated into the application Gompertz tight and Gompertz conventional as well as 

Logistic tight and Logistic conventional (50). In addition, the user could manually select the 

start and end point of the exponential growth, which could be used if the growth curve shows 

irregularities that could be misinterpreted by the models (50).  

https://dashing-growth-curves.ethz.ch/
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After analysing some of the data with all five models it was decided to use the Gompertz tight 

model. An example can be found in the supplements as S4. In addition, the growth curves 

were analyzed manually and therefore a range between 0.1 and 0.4 was selected. For growth 

curves with lower growth, the range was reduced to a range from 0.1 to 0.3 (see S5). After 

selection, the website then used the selected model to calculate the growth rate, doubling time, 

lag time, doublings, doublings in log-phase, yield and the Root Mean Square Error (RMSE). 

The maximum specific growth rate (µₘₐₓ) corresponds to the slope of the steepest section of 

the logarithmic growth curve and is reached at the tipping point of the curve, while the lag time 

refers to the period during which the bacteria adapt to the new living conditions (51). Doubling 

time is the time a bacterial population needs to double its number during the exponential growth 

phase (52). The number of times a bacterial population has doubled is called “Doublings” and 

the number of times a bacterial population has doubled during their log-phase is called 

“Doublings in log-phase” (53). Yield refers to the amount of cellular biomass produced per unit 

of substrate used during microbial growth and it quantifies the effectiveness with which 

microorganisms metabolize the available resources (52). Lastly the RMSE quantifies the 

average deviation between observed and predicted values (54).  

The data obtained with the Dashing Growth Curve website was downloaded as csv file and 

further processed using Excel® (version 2502) from Microsoft® for Microsoft 365. Therefore, 

the mean value, the standard deviation and the confidence interval were calculated for each 

sample and each parameter. For a better overview, the mean values were then presented in 

bar charts and color-coded into three groups: ‘Persistent’, ‘Non-persistent’ and ‘Transient’. Due 

to larger individual deviations in the analysis using the Gompertz tight model, one result each 

from Samples 8, 23 and 26 was deleted and the mean value was determined from the 

remaining measurements. 

It was tried to analyze the 4°C growth curves for the 26 samples with Gompertz tight model 

and manually, but the calculation model did not fit the growth curves optimally. It was therefore 

decided to evaluate the data graphically using Excel (see Chapter 2.2.7).  
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2.2.9 Analyzing growth curves with Excel® 

 

The 4°C growth curves were created directly in Excel® (version 2502) from Microsoft® for 

Microsoft 365. Therefore, the data obtained with the Tecan reader (Tecan Group Ltd., 

Männedorf, Switzerland) was downloaded as Excel file and for calculation a new Excel file was 

created. First, the mean value from the blanks of each sample from each of the two 

measurements was calculated and then subtracted from the measurement data. Next the 

mean value of each subtracted measurement was calculated and then graphically plotted 

using a dot plot (see Fig. 6 and 7). Then, the mean value of the standard deviation was 

calculated for each point and included in the dot plot. To distinguish between the two 

experiments at the two different timelines, the first experiment is shown with a blue dot plot 

and the second experiment is shown with an dot plot orange. This resulted in a separate dot 

plot for each sample, summarised in Fig. 6 and 7.  

Three line graphs were then created, each focusing on one of the three categories: ‘persistent’, 

‘non-persistent’ and ‘transient’. To do this, the two mean values obtained from each sample 

were taken and a further mean value was calculated from them. These mean values were then 

plotted individually on the graph provided for this purpose and, for comparison, the mean 

values of all strains in each the other categories were calculated and plotted as a dotted line 

(see Fig. 8).      
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3 Results 

 

3.1 Strain confirmation and description 

 

All 26 strains were spread on selective Rapid’L. mono agar (Bio-Rad Laboratories GmbH, 

Vienna, Austria), to confirm the strains as Listeria monocytogenes. On this selective agar   

L. monocytogenes shows blue colonies with no halo, while other Listeria spp. such as Listeria 

ivanovii show blue colonies with a yellow halo and Listeria innocua shows white colonies with 

no halo (55). Out of the 26 samples that were tested on Rapid’L. mono (Bio-Rad Laboratories 

GmbH, Vienna, Austria) plates, 25 samples showed blue colonies typical for Listeria 

monocytogenes while Sample 4 showed white colonies typical for Listeria innocua. After 

retesting, Sample 4 still showed white colonies on Rapid’L. mono agar (Bio-Rad Laboratories 

GmbH, Vienna, Austria) while another sample (Sample 6) showed blue colonies on the same 

plate (Fig. 1).  Even incubation up to 72 hours at 37 °C and spreading the sample from an 

overnight culture instead of a cryoculture did not change the result. To see whether Sample 4 

also behaved on another selective medium such as L. innocua, the sample was spread 

together with Sample 6 on an ALOA plate (Biokar diagnostics, Allonne, France). As can be 

seen in Fig. 1, both samples show typical growth for L. monocytogenes on ALOA (Biokar 

diagnostics, Allonne, France), which is a halo surrounding blue colonies, while other Listeria 

spp. do not create a halo (55). Interestingly is the same enzyme phospholipase (PLC), 

responsible for the blue colonies on Rapid’L. mono agar (Bio-Rad Laboratories GmbH, Vienna, 

Austria), as for the halo around the colonies on the ALOA agar (Biokar diagnostics, Allonne, 

France)(55). L. monocytogenes is the only Listeria spp. that produces the enzyme PLC and 

therefore shows the typical signs on the selective agar (55). This raises the question of whether 

Sample 4 is perhaps a sample contaminated with L. innocua or whether there is something 

else causing this atypical growth on Rapid’L. mono (Bio-Rad Laboratories GmbH, Vienna, 

Austria). 
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Fig. 1: Rapid’L. mono agar (left side) and ALOA agar (right side) with the Samples 4 (left side 

of the plate) and Sample 6 (right side of the plate) after incubation.  

 

The qPCR according to Rossmanith et al. was performed to verify whether the samples in fact 

contain L. monocytogenes and whether meaningful experiments can therefore be carried out 

with these Samples (46). This was particularly important to ascertain after the deviating results 

of Sample 4 on selective agar. As shown in Tab. 6 the mean CT value of each sample is positive 

for L. monocytogenes, even the mean CT value of Sample 4 is 19.66. The total qPCR shows 

had a mean CT value of 21.96 and a standard deviation of 1.89. which confirms all samples 

being L. monocytogenes.  

 

Tab. 6: qPCR Mean CT values of each Sample  

 

 

To compare Sample 4 directly with the Listeria spp. (L. welshimeri, L. innocua, L. grayi and L. 

monocytogenes) and to reinforce the confirmation as L. monocytogenes, the iap PCR was 

performed according to Bubert et al. (47). The Fig. 2 shows a photo of the gel electrophoresis 

for the iap PCR. As can be seen, Sample 4 (S4) is at the same level as the positive control for 

L. monocytogenes, while the positive control for L. innocua and the other Listeria species are 

not at the same level. This confirms that Sample 4 is indeed L. monocytogenes and shows that 

contamination of the Sample was not the reason for the inconclusive results on selective agar. 

Therefore, a literature search was conducted, and a similar case of white-growing 

L. monocytogenes was found. Based on this, the Sample was further investigated (see below). 

Sample 1 2 3 4 5 6 7 8 9 10 11 12 13

CT value 20.34 21.16 20.54 19.66 20 20.62 24.47 19.2 25.84 21.43 24.08 22.23 19.72

Sample 14 15 16 17 18 19 20 21 22 23 24 25 26

CT value 20.39 21.93 22.54 26.93 22.18 21.74 21.84 22.2 23.34 21.09 21.73 24.58 21.08



S e i t e  32 | 58 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Foto of the gel electrophoresis from the iap PCR for Sample 4.  

 

In this recently published study by M. Stevens et al. describes reduced activity of the enzyme 

phospholipase as the cause of white-growing L. monocytogenes (56). Therefore, it was 

decided to use the AquaSpark™ inositol-phosphate solution (Biosynth AG, Staad, Switzerland) 

and the Tecan reader Infinite 200 (Tecan Group Ltd., Männedorf, Switzerland) to measure the 

relative light units (RLU) according to the protocol from Mester et al (48). These RLU show the 

activity of the enzyme PLC by chemiluminescence, which is responsible for the blue colour of 

the L. monocytogenes colonies on Rapid’L. mono agar (Bio-Rad Laboratories GmbH, Vienna, 

Austria). As can be seen in Fig. 3 both negative controls (grey dot plots) consisting of 

AquaSpark™ inositol-phosphate solution (Biosynth AG, Staad, Switzerland) are negative and 

thus show no contamination. Sample 4 shown in Fig. 3 as red dot plots shows clearly less RLU 

than the other five strains und therefore less enzyme activity of the enzyme phospholipase. 

More specifically Sample 4 shows ten to twenty times less enzyme activity than the Samples 

6, 12, 15, 22 and even 40 times less enzyme activity than Sample 26. This confirms reduced 

phospholipase activity as the cause of white-growing L. monocytogenes on Rapid’L. mono 

agar (Bio-Rad Laboratories GmbH, Vienna, Austria) in our case as well. 
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Fig. 3: Measured RLU graphically represented in dot plots as comparison between Sample 4 

and the Comparison Samples.  
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3.2 Growth parameters at 37°C 

 

After all strains were confirmed as Listeria monocytogenes, the main growth curve experiment 

was started. First, the growth curves were determined at enrichment temperature (37°C) in 

TSB-Y culture medium (Oxoid Ltd., Basingstoke, England; Biokar diagnostics, Allonne, 

France) and measured with the plate reader Tecan Spark and Tecan Infinite 200 (Tecan Group 

Ltd., Männedorf, Switzerland). Due to changes in availability, both the TSB-Y culture medium 

(Oxoid Ltd., Basingstoke, England; Biokar diagnostics, Allonne, France) and the Tecan reader 

model (Tecan Group Ltd., Männedorf, Switzerland) had to be changed during the experiment. 

In order to rule out these changes as a source of error, a follow-up experiment was carried out, 

which will be discussed in more detail in Fig. 5 and the following section. In addition, during 

the two rounds of the main experiment, two technical and two biological replicates were 

examined, and four negative controls in the form of TSB-Y culture medium (Oxoid Ltd., 

Basingstoke, England; Biokar diagnostics, Allonne, France) were measured in each 

measurement to detect possible contamination. After the measurements, the results were 

uploaded onto the Dashing Growth Curves website and first analyzed using the Gompertz tight 

calculation model. However, it became apparent that the calculation model did not optimally fit 

the growth curves, and it was therefore decided to evaluate the growth curves manually on the 

Dashing Growth Curve website. The results for the Gompertz tight model can be found in the 

supplements under S7. The data obtained from the manual analysis using the Dashing Growth 

Curves website was then downloaded and the mean values of the measurements and 

replicates were created in Excel® (version 2502) from Microsoft® for Microsoft 365, from which 

the standard deviation and confidence interval were obtained. This evaluation was carried out 

for all parameters and it was found that the mean value of the Growth rate ranged between 

0.77 h⁻¹ and 0.93 h⁻¹ with a standard deviation (SD) up to 0.07 and a confidence interval (CI) 

up to 0.04. The mean Lag time ranged between 7.17 h and 9.71 h with a standard deviation 

up to 2.0 and a confidence interval up to 1.13. Meanwhile, the mean value was between 0.73 

h and 0.91 h based on the Doubling time and the standard deviation was up to 0.08 and the 

confidence interval up to 0.04. The mean of the Doublings in general ranged from 8.87 to 12.8 

while the mean value of the Doublings in log-phase ranged from 1.45 to 1.71. The standard 

deviation of the Doublings was up to 2.3 while the standard deviation of the Doublings in log-

phase was up to 0.22. The Yield mean value varied from 0.53 to 0.85 with a standard deviation 

up to 0.16 and a confidence interval up to 0.09. The maximum value of the R2 was 0.999. The 

exact results of all samples are listed in the table S8 found in the supplements. 
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For a simpler overview, the results were then presented graphically in the form of bar charts in 

Excel for the Gompertz tight model (Supplements S9) and manually (Results Fig. 4).  

 

 
 

 

 

  
 

 

 

 
 

Fig. 4: Bar charts as a graphical comparison of the mean values with standard deviation from 

each of the 26 strains analyzed manually.  

 

Because the results of the manually selected data had better quality (as described above) 

compared to the Gompertz tight model date, it was chosen to discuss the manually selected 

data further in this chapter. The mean values and standard deviation for the manually selected 

data can be seen in Fig. 4. The persistent strains are shown in purple, the non-persistent 

strains in blue and the transient strains in orange.  

As can be seen in the diagrams, there is no apparent difference between the three categories 

‘persistent’, ‘non-persistent’ and ‘transient’ in any of the measured values (Growth rate, Lag 

time, Doublings, Doublings in log-phase, Doubling time or Yield). Both in the standard 
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deviations of the bar charts and in the graphical representations of the growth curves on the 

Dashing growth curve website do the strains show repeatedly large individual deviations that 

could not be directly explained (see S9 and Fig. 4). To rule out human error, the time interval 

between measurements and changing equipment as sources of variation, the experiment was 

repeated with a reduced number of strains (Sample 2, 4, 6, 13, 21) on five consecutive days. 

Two biological and eight technical replicates were used per day for each Sample and all 

Samples were cultivated and diluted using the same bottle of TSB-Y (Biokar diagnostics, 

Allonne, France) and only the Tecan Infinite 200 (Tecan Group Ltd., Männedorf, Switzerland) 

plate reader. As can be seen in Fig. 5, the strains again showed large biological variance, and 

no pattern could be identified.  

 
Sample 2 

 
Sample 4 

 
Sample 6 

 
Sample 13 

 
Sample 21 
 

 

Fig. 5: Screenshots of the Dashing Growth Curve website showing the growth curves in 

comparison from the five Samples used for the retest.  
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3.3 Growth parameters at 4°C 

To compare growth rates of the 26 strains at processing conditions (4°C), the samples were 

measurement in two experiments with each three technical and three biological replicates. To 

simplify the comparison, the mean values of the replicates were calculated from each 

measurement and these mean values are now shown in Fig. 6 and 7. 

 
Fig. 6: Results of the 4° C growth curves from Sample 1 – 12 graphically displayed in Excel 

using dot plot and standard deviation. 
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Fig. 7: Results of the 4° C growth curves from Sample 13 – 26 graphically displayed in Excel 

using dot plot and standard deviation. 
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First, an attempt was made to analyse the 4 °C growth curves using the Dashing Growth 

Curves website, as with the 37 °C growth curves, to make both temperatures more 

comparable. However, after uploading the data to the website, it became apparent that neither 

the Gompertz tight calculation model nor the manual selection of data could be applied to this 

data set. The Gompertz tight model did not fit the measured growth curves well, and when 

selecting the data manually, only a period between two fixed dates could be selected. This 

meant that all samples showed almost identical results for the different parameters. It is 

possible that the 24-hour intervals between measurements were too long for this application. 

For this reason, it was decided to create the 4° C growth curves shown in Fig. 6 and 7 in 

Excel® (version 2502) from Microsoft® for Microsoft 365. As described above the mean value 

of each of the three technical and three biological replicates was calculated in Excel® and then 

graphically display using dot plots. Each sample was measured over two time periods, which 

are shown here for comparison as orange and blue dot plots for all 26 strains. The error 

quotient consisting of the standard deviation is shown as a small black line for each point. 

There is a certain variance in the two measured periods for strains one to ten, while the 

remaining 16 strains show graphs that are close to each other. In addition, the first strains show 

a greater standard deviation than the remaining strains. As can be seen, all 26 strains show 

exponential growth after 100-150h in both periods despite the cold temperature. Thereby, most 

strains reach a µmax of 0.6 h⁻¹ to 0.7 h⁻¹, while strains one to ten reach a µmax of 0.9 h⁻¹ to 

1.1 h⁻¹ in their first measurement.  

As described at the beginning, the 4 °C growth curves were measured with three technical and 

three biological replicates over two different time periods, and in addition, four negative controls 

consisting of the TSB-Y culture medium (Biokar diagnostics, Allonne, France) were measured. 

These precautions were taken because the samples were measured more frequently and over 

a longer period of time than the 37 °C growth curves. This increases the risk of contamination 

and falsification of the results. In fact, contamination of the negative controls was detected 

during the first measurement of the Samples 1—10 and during the second measurement of 

Samples 11—20, which is why the results were discarded, and the experiment was repeated. 
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For better comparison, the strains were divided in Fig. 8 according to one of there three 

categories, ‘persistent,’ ‘non-persistent,’ and ‘transient,’ and presented as mean values. 

 

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Growth curves from the mean values of the 26 strains for comparison in 4°C processing 

conditions.   

 

Figure 8 shows the growth curves of the 26 strains summarized from the mean values of the 

measurements during the period from 0 to 450 hours. The purple graphs represent the 

persistent strains, the blue graphs represent the non-persistent strains, and the orange graphs 

represent the transient strains. The solid graphs represent individual strains, and the dashed 

graphs represent the mean values of the strains from the two other categories. For example, 

in the graph at the top left, the purple solid graphs represent the six persistent strains, the 

dashed blue line represents the mean values from the 14 non-persistent strains, and the 

dashed orange line represents the mean value from the six transient strains.  

from the results it is clear that there is no major difference between the three categories 

‘persistent,’ ‘non persistent,’ and ‘transient.’   
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4 Discussion 

 

4.1 White L. monocytogenes on Rapid’L. mono agar 

 

In the course of this thesis, we unexpectedly encountered a strain of Listeria monocytogenes 

that exhibits atypical growth on Rapid’L. mono agar (see Chapter 3.1, Fig. 1). 

With the results of the qPCR and the iap PCR it could be proven, that Sample 4 in fact is L. 

monocytogenes even though it grows with white colonies on Rapid’L. mono agar. The reason 

for this appears to be the considerably lower production of the enzyme PLC which can be seen 

in Fig. 3. This phenomenon was already described at the beginning of the year by Stevens et 

al., but they found that the strain on ALOA plates showed a smaller halo which could not be 

confirmed with strain 4 (56). The discovery of atypically growing L. monocytogenes on selective 

agar is an important finding because Rapid’L. mono is regularly used in the testing of Listeria 

samples and can therefore lead to false negative results. Because of the importance of this 

findings the strains was further investigated, and the results were published in our article “Risk 

of false-negative diagnostics of Listeria monocytogenes due to weak phospholipase activity” 

(57).  

4.2 Comparison of strains at enrichment (37°C) and processing conditions (4°C) 

 

The aim of this study was to investigate the phenotypic differences in growth of the 26 

L. monocytogenes strains out of one ready-to-eat food producing facility and to discover 

possible patterns for `persistence` of certain L. monocytogenes strains.  It was specifically 

chosen to only use strains out of one food producing facility because different environments 

may influence the persistence of L. monocytogenes strains and studies often do not take the 

sampling environment into account (13,17). In addition, a ready-to-eat food business was 

particularly suitable, as L. monocytogenes often persists in these facilities and leads to 

problems like recontamination and reduced food safety, potentially leading to listeriosis 

outbreaks (19,25). The strains for this study were divided into three categories: ‘persistent’, 

‘non-persistent’ and ‘transient’, and precise definitions were selected for this purpose using 

SNP analysis and frequency of occurrence to exclude inaccuracies as a source of error. This 

distinguishes this study from other studies, as different research methods and definitions are 

often used to investigate the persistence of L. monocytogenes which makes these studies 
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difficult to compare (28). The preparation of growth curves is a reliable method for investigating 

persistence in L. monocytogenes, which is why we also decided to use this method and test 

the strains at enrichment and processing temperatures (13,17,58). Another important factor 

was that only environmental samples were selected and no food samples, as these can make 

the data inaccurate due to re-entry of Listeria strains and this does not reflect the state of 

stationary ‘persistence’ (17). The strains were adjusted by overnight culture in TSB-Y culture 

medium (Biokar diagnostics, Allonne, France) to give them all the same starting point for 

growth to avoid biological variability as an error. Nevertheless, a large biological variability was 

observed between the strains, which, however, did not reveal any connection between 

‘persistent’ and ‘non-persistent’ strains (see Fig. 6, 7). 

The 2024 published website Dashing Growth Curves was used to analyze the growth curves 

at enrichment conditions, and the Gompertz tight model and manual selection were therefore 

selected (50). As discussed previously, the website proved to be not ideal for the analysis of 

all data sets, but it is a free and easy to use calculation model with many possible applications. 

This makes it a useful tool for analyzing large data sets of growth curves, but attention should 

be paid to how the calculation models are fitted to the curves. 

The data obtained from the Dashing Growth Curves website were then plotted graphically (see 

Fig. 4) so that all parameters (Growth rate, Lag time, Doublings, Doublings in log-phase, 

Doubling time or Yield) could be compared between the three categories. The obtained results 

revealed no major difference between the ‘persistent’, ‘non-persistent’ and ‘transient’ strains in 

all measured parameters (see Fig. 4) indicating that bacterial growth rates under optimal 

conditions do not influence persistence of L. monocytogenes in this food production facility.  

 

In order to investigate the growth of the 26 L. monocytogenes strains under processing 

conditions, the strains were incubated at 4°C for approximately 480 hours and measured every 

24 hours except on weekends. The resulting growth curves were graphically represented as 

dot plots using Excel® (version 2502) from Microsoft® for Microsoft 365 and provided with 

standard deviation (see Fig. 6 and 7), as the attempt to analyze the data using the Dashing 

Growth Curves website failed, because the calculation model did not fit the growth curves well 

(see Chapter 3.3). In addition to the graphical representation of each individual strain (see Fig. 

6 and 7) the figure 8 was prepared in Excel® using the mean value of each of the three 

categories ‘persistent’, ‘non-persistent’ and ‘transient’ for better comparison. The graphical 

representation (see Fig. 6,7 and 8) show no major difference between the three categories, 
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indicating that persistence of L. monocytogenes in this food producing facility is not driven by 

growth performance under processing conditions. 

This is in agreement with the results of the enrichment temperature measurement and shows 

that the strains do not exhibit any large phenotypic differences in terms of growth. As described 

above, many different measures were taken to minimise the possibility of errors, which makes 

this work an important study, even though no phenotypic patterns for ‘persistence’ of 

L. monocytogenes strains could be found. 
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5 Conclusion 

Coming back to our main question: Is the persistence of Listeria monocytogenes in food 

production related to phenotypic advantages? In terms of growth there was no major difference 

found between ‘persistent’, ‘non-persistent’ and ‘transient’ strains at both temperatures. Further 

research is therefore needed to find out whether different phenotypic advantages, genetic 

advantages or perhaps extrinsic factors lead to persistence in L. monocytogenes. Moreover, 

there is still no clear and uniform definition of ‘persistence’, which further challenges research 

and raises the question of whether ‘persistence’ in the stricter sense exists and can be defined. 

  

The great biological variability between the different strains coming from the same food 

production facility is another interesting discovery and could be a possible reason for the 

persistence of L. monocytogenes, even though there were no differences between the strains 

detected. 

In addition, it was shown that not all L. monocytogenes strains form blue colonies on 

Rapid’L. mono, which is an important point for food safety as it can lead to false negative 

results. Further research is also important here, both to find the exact cause of this 

phenomenon and to develop other investigation methods that enable reliable Listeria 

monitoring. 

 

 

 

 

 

 

 

 

 

 

 

 



S e i t e  45 | 58 

 

6 References  

1. Gizaw Z. Public health risks related to food safety issues in the food market: A 

systematic literature review. Vol. 24, Environmental Health and Preventive Medicine. 

BioMed Central Ltd.; 2019.  

2. Food Safety Authority E, Centre for Disease Prevention E. The European Union One 

Health 2023 Zoonoses report European Food Safety Authority (EFSA) | European 

Centre for Disease Prevention and Control (ECDC). 2014; Available from: 

https://efsa.onlinelibrary.wiley.com/doi/10.2903/j.efsa.2024.9106 

3. Afonne OJ, Ifediba EC. Heavy metals risks in plant foods – need to step up 

precautionary measures. Vol. 22, Current Opinion in Toxicology. Elsevier B.V.; 2020. p. 

1–6.  

4. Fung F, Wang HS, Menon S. Food safety in the 21st century. Vol. 41, Biomedical 

Journal. Elsevier B.V.; 2018. p. 88–95.  

5. Pakdel M, Olsen A, Bar EMS. A Review of Food Contaminants and Their Pathways 

Within Food Processing Facilities Using Open Food Processing Equipment. Vol. 86, 

Journal of Food Protection. Elsevier B.V.; 2023.  

6. Leong SS, Korel F, King JH. Bacillus cereus: A review of “fried rice syndrome” causative 

agents. Vol. 185, Microbial Pathogenesis. Academic Press; 2023.  

7. Onyeaka H, Jalata DD, Mekonnen SA. Mitigating physical hazards in food processing: 

Risk assessment and preventive strategies. Vol. 11, Food Science and Nutrition. John 

Wiley and Sons Inc; 2023. p. 7515–22.  

8. Steiner A. FOOD SAFETY REPORT 2022 FIGURES, DATA, FACTS FROM AUSTRIA. 

2020.  

9. European Parliament; Council of the European Union. Regulation (EU) 2017/625 of the 

European Parliament and of the Council of 15 March 2017 on official controls and other 

official activities performed to ensure the application of food and feed law, rules on 

animal health and welfare, plant health and plant protection products. [Internet]. Vol. 

L95, Official Journal of the European Union. 2017 [cited 2025 Sep 2]. p. 1–142. Available 

from: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32017R0625 



S e i t e  46 | 58 

 

10. European Parliament; Council of the European Union. Regulation (EC) No 178/2002 of 

the European Parliament and of the Council of 28 January 2002 laying down the general 

principles and requirements of food law, establishing the European Food Safety 

Authority and laying down procedures in matters of food safety [Internet]. Vol. L31, 

Official Journal of the European Union. 2002 [cited 2025 Sep 2]. p. 1–24. Available from: 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32002R0178 

11. Hain T, Steinweg C, Chakraborty T. Comparative and functional genomics of Listeria 

spp. Vol. 126, Journal of Biotechnology. 2006. p. 37–51.  

12. Orsi RH, Liao J, Carlin CR, Wiedmann M. Taxonomy, ecology, and relevance to food 

safety of the genus Listeria with a particular consideration of new Listeria species 

described between 2010 and 2022. Vol. 15, mBio. American Society for Microbiology; 

2024. p. 13.  

13. Tuytschaever T, Raes K, Sampers I. Listeria monocytogenes in food businesses: From 

persistence strategies to intervention/prevention strategies—A review. Vol. 22, 

Comprehensive Reviews in Food Science and Food Safety. John Wiley and Sons Inc; 

2023. p. 3910–50.  

14. Orsi RH, Wiedmann M. Characteristics and distribution of Listeria spp., including Listeria 

species newly described since 2009. Vol. 100, Applied Microbiology and Biotechnology. 

Springer Verlag; 2016. p. 5273–87.  

15. Low JC, Donachie W. A Review of Listeria monocytogenes and Listeriosis. 1997;153:9–

29.  

16. Chlebicz A, Śliżewska K. Campylobacteriosis, Salmonellosis, Yersiniosis, and 

Listeriosis as Zoonotic Foodborne Diseases: A Review. Vol. 15, International Journal of 

Environmental Research and Public Health. MDPI AG; 2018.  

17. Ferreira V, Wiedmann M, Teixeira P, Stasiewicz MJ. Listeria monocytogenes persistence 

in food-associated environments: Epidemiology, strain characteristics, and implications 

for public health. Vol. 77, Journal of Food Protection. 2014. p. 150–70.  

18. Valenti M, Ranganathan N, Moore LS, Hughes S. Listeria monocytogenes infections: 

presentation, diagnosis and treatment. Br J Hosp Med. 2021 Oct 2;82(10):1–6.  



S e i t e  47 | 58 

 

19. Ricci A, Allende A, Bolton D, Chemaly M, Davies R, Fernández Escámez PS, et al. 

Listeria monocytogenes contamination of ready-to-eat foods and the risk for human 

health in the EU. EFSA Journal. 2018 Jan 1;16(1).  

20. Madjunkov M, Chaudhry S, Ito S. Listeriosis during pregnancy. Arch Gynecol Obstet. 

2017 Aug 23;296(2):143–52.  

21. Huang C, Lu TL, Yang Y. Mortality risk factors related to listeriosis — A meta-analysis. 

Vol. 16, Journal of Infection and Public Health. Elsevier Ltd; 2023. p. 771–83.  

22. European Commission. Commission Regulation (EC) No 2073/2005 of 15 November 

2005 on microbiological criteria for foodstuffs. Vol. L338, Official Journal of the European 

Union. 2005. p. 1–26.  

23. Bolocan AS, Oniciuc EA, Alvarez-Ordóñez A, Wagner M, Rychli K, Jordan K, et al. 

Putative cross-contamination routes of listeria monocytogenes in a meat processing 

facility in Romania. J Food Prot. 2015 Sep 1;78(9):1664–74.  

24. Melero B, Stessl B, Manso B, Wagner M, Esteban-Carbonero ÓJ, Hernández M, et al. 

Listeria monocytogenes colonization in a newly established dairy processing facility. Int 

J Food Microbiol. 2019 Jan 16;289:64–71.  

25. Koutsoumanis K, Alvarez-Ordonez A, Bolton D, Bover-Cid S, Chemaly M, Davies R, et 

al. The public health risk posed by listeria monocytogenes in frozen fruit and vegetables 

including herbs, blanched during processing. EFSA Journal. 2020;18(4):1–102.  

26. Carrascosa C, Raheem D, Ramos F, Saraiva A, Raposo A. Microbial biofilms in the food 

industry—a comprehensive review. Int J Environ Res Public Health. 2021 Feb 

2;18(4):1–31.  

27. Koutsoumanis K, Allende A, Bolton D, Bover-Cid S, Chemaly M, De Cesare A, et al. 

Persistence of microbiological hazards in food and feed production and processing 

environments. EFSA Journal. 2024 Jan 1;22(1).  

28. Alteio L V., Spiegel F, Rychli K, Wagner M. Nevertheless, they persist: addressing the 

stalemate of persistence in food-associated Listeria monocytogenes research. Critical 

Reviews in Microbiology. Taylor and Francis Ltd.; 2025.  



S e i t e  48 | 58 

 

29. Louie M, Jayaratne P, Luchsinger I, Devenish J, Yao J, Schlech W, et al. Comparison of 

Ribotyping, Arbitrarily Primed PCR, and Pulsed-Field Gel Electrophoresis for Molecular 

Typing of Listeria monocytogenes. Vol. 34, JOURNAL OF CLINICAL MICROBIOLOGY. 

1996.  

30. Fugett EB, Schoonmaker-Bopp D, Dumas NB, Corby J, Wiedmann M. Pulsed-field gel 

electrophoresis (PFGE) analysis of temporally matched Listeria monocytogenes 

isolates from human clinical cases, foods, ruminant farms, and urban and natural 

environments reveals source-associated as well as widely distributed PFGE types. J 

Clin Microbiol. 2007 Mar;45(3):865–73.  

31. Stessl B, Wagner M, Ruppitsch W. Multilocus Sequence Typing (MLST) and Whole 

Genome Sequencing (WGS) of Listeria monocytogenes and Listeria innocua. In 2021. 

p. 89–103.  

32. Uelze L, Grützke J, Borowiak M, Hammerl JA, Juraschek K, Deneke C, et al. Typing 

methods based on whole genome sequencing data. One Health Outlook. 2020 

Dec;2(1).  

33. Fagerlund A, Idland L, Heir E, Møretrø T, Aspholm M, Lindbäck T, et al. Whole-Genome 

Sequencing Analysis of Listeria monocytogenes from Rural, Urban, and Farm 

Environments in Norway: Genetic Diversity, Persistence, and Relation to Clinical and 

Food Isolates FOOD MICROBIOLOGY. 2022.  

34. Griefahn B, Mehnert P, Brode P, Forsthoff A. Working in moderate cold: A possible risk 

to health. J Occup Health. 1997;39(1):36–44.  

35. Gandhi M, Chikindas ML. Listeria: A foodborne pathogen that knows how to survive. 

Vol. 113, International Journal of Food Microbiology. 2007. p. 1–15.  

36. Van der Veen S, Abee T. Mixed species biofilms of Listeria monocytogenes and 

Lactobacillus plantarum show enhanced resistance to benzalkonium chloride and 

peracetic acid. Int J Food Microbiol. 2011 Jan 5;144(3):421–31.  

37. Sterniša M, Gradišar Centa U, Drnovšek A, Remškar M, Smole Možina S. 

Pseudomonas fragi biofilm on stainless steel (at low temperatures) affects the survival 

of Campylobacter jejuni and Listeria monocytogenes and their control by a polymer 

molybdenum oxide nanocomposite coating. Int J Food Microbiol. 2023 Jun 2;394.  



S e i t e  49 | 58 

 

38. Voloshchuk O, Rolon ML, Bartlett K V., Mendez Acevedo M, LaBorde LF, Kovac J. 

Pseudomonadaceae increased the tolerance of Listeria monocytogenes to sanitizers in 

multi-species biofilms. Food Microbiol. 2025 Jun 1;128.  

39. LY TMC, MULLER HE. Ingested Listeria monocytogenes survive and multiply in 

protozoa. J Med Microbiol. 1990 Sep 1;33(1):51–4.  

40. Vaerewijck MJM, Sabbe K, Baré J, Houf K. Microscopic and molecular studies of the 

diversity of free-living protozoa in meat-cutting plants. Appl Environ Microbiol. 2008 

Sep;74(18):5741–9.  

41. Salcedo-Sora JE, Kell DB. A quantitative survey of bacterial persistence in the presence 

of antibiotics: Towards antipersister antimicrobial discovery. Antibiotics. 2020 Aug 

1;9(8):1–36.  

42. Serrano S, Grujović M, Marković KG, Barreto-Crespo MT, Semedo-Lemsaddek T. From 

Dormancy to Eradication: Strategies for Controlling Bacterial Persisters in Food 

Settings. Vol. 14, Foods. Multidisciplinary Digital Publishing Institute (MDPI); 2025.  

43. Carpentier B, Cerf O. Review — Persistence of Listeria monocytogenes in food industry 

equipment and premises. Int J Food Microbiol [Internet]. 2011 Jan 31 [cited 2025 Sep 

5];145(1):1–8. Available from: 

https://www.sciencedirect.com/science/article/pii/S0168160511000122 

44. Ruppitsch W, Pietzka A, Prior K, Bletz S, Fernandez HL, Allerberger F, et al. Defining 

and evaluating a core genome multilocus sequence typing scheme for whole-genome 

sequence-based typing of listeria monocytogenes. J Clin Microbiol. 2015 Sep 

1;53(9):2869–76.  

45. Walsh PS, Metzger DA, Higushi R. Chelex 100 as a medium for simple extraction of 

DNA for PCR-based typing from forensic material. BioTechniques 10(4): 506-13 (April 

1991). Biotechniques. 2013;54(3):134–9.  

46. Rossmanith P, Krassnig M, Wagner M, Hein I. Detection of Listeria monocytogenes in 

food using a combined enrichment/real-time PCR method targeting the prfA gene. Res 

Microbiol. 2006 Oct;157(8):763–71.  



S e i t e  50 | 58 

 

47. Bubert A, Hein I, Rauch M, Lehner A, Yoon B, Goebel W, et al. Detection and 

Differentiation of Listeria spp. by a Single Reaction Based on Multiplex PCR [Internet]. 

Vol. 65, APPLIED AND ENVIRONMENTAL MICROBIOLOGY. 1999. Available from: 

https://journals.asm.org/journal/aem 

48. Bromberger B, Mester PJ. Rapid detection of Listeria monocytogenes in dairy products 

by a novel chemilumonogenic approach. Food Microbiol. 2023 Feb 1;109.  

49. Aalto-Araneda M, Pöntinen A, Pesonen M, Corander J, Markkula A, Tasara T, et al. 

Strain variability of listeria monocytogenes under NaCl stress elucidated by a high-

throughput microbial growth data assembly and analysis protocol. Appl Environ 

Microbiol. 2020;86(6).  

50. Reiter MA, Vorholt JA. Dashing Growth Curves: a web application for rapid and 

interactive analysis of microbial growth curves. BMC Bioinformatics. 2024 Dec 1;25(1).  

51. Rosales GS. Mathematical and Computational Modeling of Bacterial Infection. Systems 

Medicine: Integrative, Qualitative and Computational Approaches: Volume 1-3. 2020 

Jan 1;1–3:534–42.  

52. Tang YW, Liu D, Spearman P, Hindiyeh M, Sails A, Zhang JR, editors. Molecular Medical 

Microbiology. 3rd ed. Elsevier; 2024.  

53. Gross T, Faull J, Ketteridge S, Springham D. Microbial growth. In: Introductory 

Microbiology. Boston, MA: Springer US; 1995. p. 31–61.  

54. Hyndman RJ, Koehler AB. Another look at measures of forecast accuracy. Int J 

Forecast. 2006 Oct;22(4):679–88.  

55. Becker B, Schuler S, Lohneis M, Sabrowski A, Curtis GDW, Holzapfel WH. Comparison 

of two chromogenic media for the detection of Listeria monocytogenes with the plating 

media recommended by EN/DIN 11290-1. Int J Food Microbiol. 2006 May 25;109(1–

2):127–31.  

56. Stevens MJA, Wambui J, Corti S, Nüesch-Inderbinen M, Stephan R. Weak 

phospholipase-positive Listeria monocytogenes: a challenge for the diagnostic 

laboratory. Diagn Microbiol Infect Dis [Internet]. 2025 Jul 1 [cited 2025 Sep 

7];112(3):116802. Available from: 



S e i t e  51 | 58 

 

https://www.sciencedirect.com/science/article/pii/S0732889325001257?getft_integrato

r=scopus&pes=vor&utm_source=scopus 

57. Alteio L V., Pietzka A, van den Höövel L, Mikuni-Mester P. Risk of false-negative 

diagnostics of Listeria monocytogenes due to weak phospholipase activity. Diagn 

Microbiol Infect Dis. 2025 Dec 1;113(4).  

58. Valík Ľ, Minarovičová J, Kaclíková E, Véghová A, Kuchta T. Modelling growth of two 

Listeria monocytogenes strains, persistent and non-persistent: Effect of temperature. 

Heliyon. 2024 Dec 30;10(24).  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



S e i t e  52 | 58 

 

7 List of tables  

Tab. 1: Equipment..................................................................................................... P. 16 

Tab. 2: Consumable material.................................................................................... P. 17 

Tab. 3: Enrichment and agar media.......................................................................... P. 17 

Tab. 4: Chemicals and reagents............................................................................... P. 18 

Tab. 5: List of samples ............................................................................................. P. 20 

Tab. 6: qPCR mean CT values of each Sample....................................................... P. 30 

 

8 List of figures 

Fig. 1: Rapid’L. mono agar and ALOA agar with the Samples 4 and Sample 6  

after incubation ........................................................................................................ P. 30 

Fig. 2: Foto of the gel electrophoresis from the iap PCR for Sample 4.................... P. 31 

Fig. 3: Measured RLU graphically represented in dot plots as comparison  

between Sample 4 and the Comparison Samples................................................... P. 32 

Fig. 4: Bar charts as a graphical comparison of the mean values with  

standard deviation  from each of the 26 strains analyzed manually......................... P. 34 

Fig. 5: Screenshots of the Dashing Growth Curve website showing the  

growth curves in comparison from the five Samples used for the retest.................. P. 35 

Fig. 6: Results of the 4° C growth curves from Sample 1 – 12 graphically  

displayed in Excel using dot plot and standard deviation......................................... P. 36 

Fig. 7: Results of the 4° C growth curves from Sample 13 – 26 graphically  

displayed in Excel using dot plot and standard deviation......................................... P. 37 

Fig. 8: Growth curves from the mean values of the 26 strains for comparison  

in 4°C processing conditions.................................................................................... P. 39 
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9 Supplements  

 

 

S1: Formatted excel sheet of all three measurements from Sample 1 measured at 37°C. 

 

 

S2: Screenshot of the Dashing Growth Curve website showing all three measurements of 

Sample 1 measured at 37 °C compared to each other. 
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S3: Screenshot of the Dashing Growth Curve website showing the first technical and biological 

replicate of Sample 1 measured at 37 °C named as Sample 1_1. 

 

 

S4: Screenshot of the Dashing Growth Curve website showing the growth curve from Sample 

1_1 analyzed with the Gompertz tight model. 
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S5: Screenshot of the Dashing Growth Curve website showing the growth curve from Sample 

1_1 analyzed with the manually selected tool. 
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S7: Results at 37° C analyzed with the dashing growth curve website and the selected 

Gompertz tight model. 
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S8: Results at 37° C analyzed with the dashing growth curve website and selected manually. 
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S9: Bar charts as a graphical comparison of the mean values with standard deviation from 

each of the 26 strains analyzed with the Gompertz tight model.  
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