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RESUMEN 

La seguridad alimentaria es una prioridad para la población y en la actualidad cobra 

mayor importancia por ciertas tendencias alimentarias como el consumo de alimentos 

crudos y la distribución generalizada de alimentos orgánicos, que pueden ser la causa de 

enfermedades transmitidas por alimentos.  

Para garantizar la seguridad alimentaria, la detección de estos microorganismos 

debe realizarse de manera rápida y eficiente. Par eso, el método de cultivo microbiológico 

se considera el oficial para la detección de estos patógenos. Sin embargo, adolece de 

importantes inconvenientes, ya que no solo requiere mucho tiempo, sino que también es 

laborioso y consume muchos recursos. Además, puede ser limitado con respecto a la 

detección de bacterias fisiológicamente alteradas y/o estresadas durante el 

almacenamiento y la conservación.  

En este trabajo se ha desarrollado un protocolo sencillo y rápido para la detección 

simultánea de E. coli, L. monocytogenes, S. aureus y S. enterica en alimentos, mediante 

la combinación de una etapa de co-cultivo en medio líquido y la detección por PCR 

múltiple.  

Se ha evaluado la eficiencia de varios medios de enriquecimiento y se seleccionó el 

agua de peptona tamponada como el medio óptimo para el co-cultivo de las cuatro 

bacterias diana. También se optimizaron las condiciones de PCR múltiple y se aplicaron 

tanto a co-cultivos como a muestras de alimentos inoculados artificialmente, lechuga 

orgánica y carne picada.  

Después de la optimización, la PCR múltiple desarrollada fue capaz de detectar las 

cuatro bacterias simultáneamente, hasta con una inoculación inicial de 100 UFC/mL. En 

presencia de ambas matrices alimentarias inoculadas, tras la etapa de co-cultivo, la PCR 

múltiple pudo detectar simultáneamente las 3 bacterias E. coli, S. enterica y L. 

monocytogenes, mientras que S. aureus se ha detectado por PCR simplex, a partir del 

mismo extracto de ADN del co-cultivo.  

Los resultados obtenidos permiten concluir que el uso de un paso de co-cultivo en 

Agua peptona tamponada, antes de la detección por PCR simple y múltiple, puede facilitar 

la detección simultánea de las cuatro bacterias potencialmente presentes en las matrices 

alimentarias. La presencia o ausencia de la bacteria diana en los alimentos se confirma en 



unas 30 horas, lo que reduce el tiempo requerido para la detección en comparación con el 

tiempo mínimo de 7 días por método cultural. Asimismo, permite reducir el número de 

medios de cultivo y reactivos, para el aislamiento e identificación de bacterias que no son 

detectadas por PCR y que no están presentes en las matrices alimentarias, lo que supone 

un importante ahorro económico.



RESUM 

La seguretat alimentària sempre és una prioritat per a la població i en l' actualitat 

cobra major importància per certes tendències alimentàries, com el consum d' aliments 

crus i la distribució generalitzada d' aliments orgànics, que poden ser la causa de malalties 

transmeses per aliments. 

Per garantir la seguretat alimentària, la detecció d' aquests microorganismes s' ha 

de realitzar de manera ràpida i eficient. Per a això, el mètode de cultiu microbiològic es 

considera l' oficial per a la detecció d' aquests patògens. Però, hi ha importants 

inconvenients, ja que no només requereix més temps, sinó que també és laboriós i 

consumeix molts recursos. A més, pot ser limitat pel que fa a la detecció de bacteris 

fisiològicament alterats i/o estressats durant l'emmagatzematge i la conservació.  

En aquest treball s’ha desenvolupat un protocol senzill i ràpid per a la detecció 

simultània d' E. coli, L. monocytogenes, S. aureus i S. enterica en aliments, mitjançant la 

combinació d' una etapa de co-cultiu en medi líquid i la detecció per PCR múltiple.  

S'ha avaluat l'eficiència de diversos mitjans d'enriquiment i s'ha seleccionat l'aigua 

de peptona tamponada com el medi òptim per al co-cultiu dels quatre bacteris diana. 

També es van optimitzar les condicions de PCR múltiple i es van aplicar tant a co-cultius 

com a mostres d'aliments inoculats artificialment, enciam orgànic i carn picada.  

Després de l'optimització, la PCR múltiple desenvolupada va ser capaç de detectar 

els quatre bacteris simultàniament, fins a una inoculació inicial de 100 UFC/mL. En 

presència d' ambdues matrius alimentàries inoculades, després l' etapa de co-cultiu, la 

PCR múltiple va poder detectar simultàniament els 3 bacteris: E. coli, S. enterica i L. 

monocytogenes, mentre que S. aureus s' ha detectat per PCR simple, a partir del mateix 

extracte d' ADN del co-cultiu. 

Els resultats obtinguts permeten concloure que l' ús d' un pas de co-cultiu en Aigua 

de peptona tamponada, abans de la detecció per PCR simple i múltiple, pot facilitar la 

detecció simultània dels quatre bacteris potencialment presents en les matrius 

alimentàries. La presència o absència del bacteri diana en els aliments es confirma en 

unes 30 hores, la qual cosa redueix el temps requerit per a la detecció en comparació amb 

el temps mínim de 7 dies per mètode cultural. Així mateix, permet reduir el nombre de 

mitjans de cultiu i reactius, per a l' aïllament i identificació de bacteris que no són detectats 



per PCR i que no estan presents en les matrius alimentàries, la qual cosa suposa un 

important estalvi econòmic.  

  



ABSTRACT 

Food safety is a priority for the population and is nowadays more important than 

ever due to certain dietary trends such as the consumption of raw foods and the 

widespread distribution of organic foods, which may be the cause of foodborne diseases. 

To ensure food safety, the detection of these microorganisms must be done quickly 

and efficiently. Although, the microbiological culture method is considered to be the 

official method for the detection of these food-borne pathogens, it suffers from significant 

drawbacks, such as time-consuming, laborious and expensive, in addition it may be 

limited regarding the detection of physiologically altered and/or stressed bacteria, during 

storage and preservation. 

In this work has been developed a simple and rapid protocol for the simultaneous 

detection of E. coli, L. monocytogenes, S. aureus and S. enterica in food, by combining a 

liquid co-culture step and detection by multiplex PCR. 

The efficiency of several enrichment media was evaluated and buffered peptone 

water was chosen as the optimal medium for the co-culture of the four target bacteria. 

Then, optimized multiplex PCR conditions were applied to both the co-cultures and the 

samples of artificially inoculated foods, organic lettuce and ground meat.  

After optimization, the developed multiplex PCR was able to simultaneously detect 

the four bacteria, up to an initial inoculation of 100 CFU/mL. In the presence of the two 

inoculated food matrices, after a co-culture step, the multiplex PCR could simultaneously 

detect the 3 bacteria: E. coli, S. enterica and L. monocytogenes, whereas, S. aureus has 

been detected by simplex PCR, from the same co-culture DNA template.  

The results obtained allow conclusion that the use of a co-culture step in Buffered 

Peptone Water, before detection by simplex and multiplex PCR, can facilitate the 

simultaneous detection of the four bacteria potentially present in the food matrices. The 

presence or the absence of the target bacteria in food is confirmed in approximately 30 

hours, which reduce the time required for the detection compared to the minimum time 

of 7 days by cultural method. Also, it allows to reduce the number of culture media and 

reagents, for the isolation and identification of bacteria that are not detected by PCR and 

which are not initially present in the food matrices, which represents a significant 

economic savings. 
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DAEC: Diffuse-adhering E. coli 
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DNA: Deoxyribonucleic Acid 
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ETEC: Enterotoxigenic E. coli  

EXPEC: Extra-intestinal pathogenic strains of E. coli 

EYEPT: Egg Yolk Emulsion Potassium Tellurite 

F/R: Forward/ Reverse 

FB: FRASER Broth 

FBH: FRASER Broth half concentration 

g: gram (gramme) 
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GMP: Good Manufacturing Practices 
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H2O2: Hydrogen peroxide 

H2S: Hydrogen sulfide 

HIV: Human immunodeficiency viruses 

HUS: Hemolytic Uremic Syndrome  

IMViC: Biochemical tests (Indole, Methyl-Red, Voges-Proskauer and Citrate) 

ISO: International Organization for Standardization 

KOH: Potassium hydroxide 

LB: Luria-Bertani 

log10: Decimal logarithm (common logarithm) 

LT: Thermolabile enterotoxins 

M: Molar (mol/L) 

MAEC: Neonatal meningitis E. coli  

MgCl2: Magnesium Chloride 

Milli-Q water: Ultrapure water (Water purified by Millipore) 

min: minute 

MKTTn: Müller-Kauffmann Tetrathionate Broth 

mL: Milliliter 

mM: Millimolar 

MR: Methyl-Red 

MRSA: Methicillin-resistant Staphylococcus aureus 

NB: Nutrient Broth 

NH4: Ammonium cation 

NO2: Nitrogen dioxide 

NO3: Nitrate 

PAL: PALCAM 



PCA: Plate Count Agar 

PCR: Polymerase Chain Reaction 
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pH: Potential Hydrogen 

RD: Royal Decree (Real Decreto) 

RNA: Ribonucleic Acid 

rpm: revolutions per minute 

RTE: Ready-To-Eat 

RV: Rappaport-Vassiliadis 

SSSLE : Multi-pathogen enrichment broth for simultaneous growth of S. enterica, S. 

aureus, S. flexneri, L. monocytogenes and E. coli O157:H7 

ST: Thermostable enterotoxins  

STEC: Shiga Toxigenic Escherichia coli 

TAE: Tris-Acetate-EDTA 

Taq: Thermostable DNA polymerase, named according to Thermus aquaticus. 

TBX: Tryptone Bile X-glucuronide 

TE: Tris-EDTA 

Tm: Melting Temperature 

TSI: Triple Sugar Iron 

UNE: Acronym for A Spanish Standard (Una Norma Española)  

UPEC: Uropathogenic E. coli 

UV: Ultraviolet 
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1.  INTRODUCTION 

Foodborne diseases are a significant global health concern, as unsanitary food is 

not only a threat to the health of populations, it can also have bad repercussions on the 

socio-economic development of countries. Most of the pathogens involved have a 

zoonotic origin and according to the European Food Safety Authority's report on 

Zoonoses in Europe, Salmonellosis is ranked second among zoonotic diseases with the 

highest incidence in the European Union, followed by Shiga toxin-producing Escherichia 

coli (STEC) infection in third position, Listeria infections in fourth position and in the 

category of microbiological contaminants subject to food safety criteria, the Enterotoxins 

of Staphylococcus aureus are mentioned in second position after Histamine (EFSA, 2021; 

ELIKA, 2021).  

The microbiological criteria of foodstuffs in the European Union countries are 

covered by the 2073/2005 Regulation and its modifications. The microbiological criterion 

is described as "the criterion which defines the acceptability of a product, a batch of food 

products or a process, on the basis of the absence, the presence or the number of 

microorganisms and/or quantity of toxins/metabolites per unit of mass, volume, area or 

lot". 

These criteria are divided into two classes, the food safety criteria, which define the 

acceptability of a product or a batch of products and whose non-compliance would mean 

the non-marketing of the product or the batch, or a withdrawal from the market of 

commercialized products. The second class concerns the criteria relating to process 

hygiene, which make it possible to assess whether the operation of the production process 

is acceptable or not. Established according to the type of food, these criteria define the 

microorganisms to be analyzed and the tolerance limits for each, through sample analysis 

protocols by applying standardized techniques, most often belonging to the standards of 

the International Organization for Standardization (ISO). Their development and 

modifications are carried out according to the prevalence reports established by the 

European Food Safety Authority (EFSA).  

Among the microorganisms and toxins usually looked for in the context of food 

safety criteria, we can distinguish Listeria monocytogenes, Salmonella sp., Shiga toxin-

producing Escherichia coli (STEC), and Staphylococcal Enterotoxins, in addition to the 

histamine Cronobacter spp., and Enterobacter sakazakii. Regarding the criteria that 
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define the hygiene of the process, the enumeration of Enterobacteriaceae and Total 

Aerobic Mesophilic bacteria are mainly taken into account, in addition to Salmonella sp., 

Escherichia coli, Coagulase-positive Staphylococci and Bacillus cereus. 

Therefore, the development of a rapid method for the simultaneous detection of the 

four bacteria Escherichia coli, Salmonella sp. Listeria monocytogenes and 

Staphylococcus aureus in food, would be a good initiative to save time, facilitate analyzes 

and minimize the required resources, in comparison to detection by cultural methods. 

1.1. Escherichia coli 

1.1.1. Historical antecedents 

In 1884, the German pediatrician and microbiologist Theodor Escherich began a 

study on the microorganisms present in the guts, by working on the newborn stools, to 

determine their role in digestion, as well as their probable involvement in some enteric 

diseases.  From this study, he discovered a fast-growing bacterium that he named 

"Bacterium coli commune", which made him the first to have isolated and described this 

bacterium in 1885. Years later, in 1919, Castellani and Chalmers proposed to rename the 

microorganism Escherichia coli, to honor his work (Shulman et al., 2007; Blount, 2015). 

1.1.2. Current taxonomic situation 

According to the classification of the List of Prokaryotic names with Standing in 

Nomenclature (LPSN, 2021), the species Escherichia coli belongs to the genus 

Escherichia, which is part of the family Enterobacteriaceae, of the order 

Enterobacteriales, Class Gammaproteobacteria, Phylum Proteobacteria, Subkingdom 

Negibacteria, Kingdom Bacteria. The Genus Escherichia is composed of 6 other species 

with a validly published and correct name in addition to Escherichia coli, all shown in 

Table 1.  

Table 1. Current taxonomic situation of Escherichia coli 

Kingdom Bacteria Cavalier-Smith, 2002 

Subkingdom Negibacteria Cavalier-Smith, 2002 

Phylum Proteobacteria Garrity et al., 2005 

Class Gammaproteobacteria Garrity et al., 2005 

Order Enterobacteriales Garrity and Holt, 2001 

Family Enterobacteriaceae Rahn, 1937 

Genus Escherichia Castellani and Chalmers, 1919 

Species 

Escherichia coli Migula, 1895, Castellani and Ch., 1919 

Escherichia hermannii  Brenner et al., 1982a 

Escherichia vulneris  Brenner et al., 1982b 

Escherichia fergusonii  Farmer et al., 1985 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=50
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956096
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956120
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956156
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956221
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=245
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=280
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Escherichia albertii  Huys et al., 2003 

Escherichia marmotae Liu et al., 2015 

Escherichia ruysiae Van Der Putten et al., 2021 

Source: LPSN (Last revision 11/11/2021) 

1.1.3. Characteristics 

Escherichia coli is a Gram-Negative bacterium, a rod-shaped microorganism with 

an average size of 1.1 to 1.5 µm wide by 2 to 6 µm long, although this may vary 

considerably depending on the growth conditions (Desmarchelier and Fegan, 2011; 

Leung and Gallant, 2014). 

Usually motile in liquid by peritrichous flagella. Many strains produce other 

appendages with filamentous structures such as Fimbriae; bristle-like short and tiny fibers 

composed of Fimbrillin protein, arising in very large numbers for both motile and non-

motile strains, allowing the bacteria to attach to other surfaces, including other cells and 

host tissues (Blount, 2015; Sangwan, 2016). 

Another important structure, the Pili, a thick tubular structure, composed of Pilin 

protein, extended from the surface of Gram-negative bacteria, in small numbers (less than 

1-10 per cell), used during bacterial conjugation, for the gene transfer and attachment. 

Usually arranged singly or in pairs, E. coli is non-spore forming, but some strains may 

have capsules or microcapsules (Dodd et al., 2017; Holban and Grumezescu, 2018; Aryal, 

2019). 

On Nutrient agar, unpigmented colonies, appear in shades of beige, greyish or off-

white colors, with a shiny surface. They generally, appear as large opaque or translucent 

discs, ranging from 2 to 3 mm of diameter, thick and low convex, smooth, moist, with an 

entire fixed margin and a steady growth pattern. Mucoid forms may appear. In broth, the 

growth appears as an intense turbidity with a deposit in the bottom of the container, which 

disperses after shaking (Brenner and Farmer, 2007; Sangwan, 2016; Gillespie, 2018). 

E. coli is an aerobic and facultative anaerobic microorganism, which means that it 

can grow in the presence or the absence of oxygen, possessing both respiratory and 

fermentative metabolism. Under anaerobic conditions, it can grow from the carbohydrate 

fermentation process, which results in the production of a mixed acids (lactate, acetate 

and formate) as well as Carbon Dioxide gas. On the other hand, the bacterium can develop 

by anaerobic respiration. This alternative respiratory pathway is linked to its nitrate 

reductase enzyme, which allows the use of NO3, NO2 or fumarate as a final electron 
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acceptor. This explains its adaptation inside and outside the intestine (Batt, 2014; 

Sangwan, 2016; Todar, 2020).  

As a Chemoorganotrophic and Heterotrophic bacteria 

(Chemoorganoheterotrophic), E. coli derives its energy from organic carbon compounds, 

which are used simultaneously as a carbon source. Versatile, it can grow easily and 

abundantly on simple culture media as well as synthetic ones, transforming Glucose or 

other carbohydrates into molecular component that constitute the cell (Steiner et al., 2006; 

Rivas et al., 2015; SLU, 2019).  

Although it is not considered to be extremophile bacteria; non-thermophilic, non-

halophilic, non-acidophilic, most E. coli strains have the ability to grow over a wide 

temperature range, around 10 to 50 °C, with a maximum growth rate between 37 and 42 

°C (Dworkin et al., 2006; Euzéby, 2010; Blout, 2015). 

Regarding pH, E. coli can grow in a pH range of about 5.5 to 8.0, with optimum 

growth at neutrality. Some diarrhea genic E. coli have the ability to survive at pH=2. In 

addition, strains with the capacity to develop in foods with a water activity (aw) of less 

than 0.95 may occur (Desmarchelier and Fegan, 2011; WHO, 2018). 

Classified among coliforms for its ability to ferment Lactose within 48 h, this 

characteristic is considered to be the main test for various E. coli of Shigella spp. and 

Salmonella spp. (Dworkin et al., 2006; Batt, 2014). Moreover, its enzymatic diversity 

allows the use of many other substrates. The study of enzymatic activities and the sugar 

fermentation allows the identification and differentiation between strains (Euzéby, 2010; 

Aryal, 2018).  

According to usual biochemical laboratory tests, E. coli is positive for catalase, 

Indole production, Nitrate reductase and Methyl Red tests. However, most strains are 

negative on the Voges Proskauer and Oxidase tests, do not use Citrate and do not produce 

H2S (Dworkin and al., 2006; Sangwan, 2016; Aryal, 2018). 

This species is generally found in two environments, their primary habitat is the 

gastrointestinal tract of warm-blooded organisms, as part of the normal microbiota of the 

human and animal intestinal tract. However, it is regularly evacuated from the host to the 

outside world along with the intestinal mucosa, which is continuously excreted with the 

feces. Consequently, the secondary habitat is the environment, where E. coli can be 
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mainly isolated from plants, soil, water and sediment. It might also be found, albeit less 

commonly in food (Tenaillon et al., 2010; Gordon, 2013; Blount, 2015). 

E. coli strains are divided into serogroups and serotypes, according to the antigenic 

composition. Developed in 1947, the method of serogrouping carried out by sero-

agglutination was subsequently considered as the gold standard, for differentiation 

between multiple E. coli strains (AFSSA, 2003; Dodd et al., 2017; DebRoy et al., 2018). 

The serogroup of the strain is defined by the somatic antigen or "O antigen", which 

is part of the lipopolysaccharide in the outer membrane of E. coli, exposed on the cell 

surface and providing antigenic specificity for each strain. There are at least 188 

serogroups O that have been identified and currently recognized (Stenutz et al., 2006; Bos 

et al., 2007; Dodd et al., 2017). 

Identification of the serotype, within the serogroup, is carried by the identification 

of the complementary antigens, from the structures presented on the surface, such as the 

flagellar antigen "antigen H" or the capsular antigen "antigen K" and their combination 

with the somatic antigen "O". The flagellar antigen "antigen H", is present in motile 

strains with considerable diversity, due to the multiple types of flagellin composing the 

flagella. There are also many strains which express a third kind of antigens, the capsular 

antigen "antigen K", a polysaccharide antigen, eventually (not always) present in the 

envelope. Although important in pathogenesis, it is occasionally used in serotyping. 

Regarding fimbriated strains, the classification can also be based on the fimbrial antigen 

"antigen F" (Campos et al., 2004; Desmarchelier and Fegan, 2011; Rivas et al., 2015; 

Dodd et al., 2017; Aryal, 2020). 

Although serotyping remains limited, this technique is a useful epidemiological 

tool, because it allows to distinguish between different E. coli strains including those 

belonging to particular serotypes, which have been identified as pathogens responsible 

for various diseases, ranging from simple diarrhea to severe systemic infections even fatal 

(Kaper et al., 2004; Desmarchelier and Fegan, 2011; DebRoy et al., 2018). 

1.1.4. Pathogenicity  

Although most E. coli strains are harmless, several groups can cause serious food-

borne illnesses, due to their adhesion capacities and host cells invasion, as well as 

virulence factors such as the production of enterotoxins, verotoxins, colicins and 

siderophores. Transmitted to humans mainly through consumption of contaminated water 
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and uncooked or undercooked food their mode of action is similar to that of other mucosal 

pathogens, following multiple stages, including the colonization of a mucosal site and 

then multiplication, which results in the destruction of host tissues (Steiner et al., 2006; 

FAO, 2017; WHO, 2018).  

Pathogenic E. coli strains are grouped according to their mechanisms of 

pathogenicity, such as their attachment and invasion strategies, their virulence factors, 

such as toxin production, or even the clinical symptoms. However, their nomenclature is 

relatively complex, because of the names given and their incoherent uses in the literature, 

as well as the continued emergence of new pathotypes. This complexity of nomenclature 

may also be due to the overlaps of existing pathogenesis mechanisms, generated by the 

similarity of virulence characteristics, between various pathotypes (Kaper et al. 2004; 

Rivas et al., 2015). 

Depending on the clinical symptoms caused, E. coli strains include intestinal 

pathogens, which may be responsible for diarrhea and other intestinal illnesses, while 

extra-intestinal pathogens may induce disease at non-intestinal sites. These extra-

intestinal pathogenic strains of E. coli (EXPEC) include strains of Uropathogenic E. coli 

(UPEC) associated with urinary tract infections, as well as neonatal meningitis E. coli 

(MAEC) which can cause meningitis and bacteremia. Regarding the intestinal pathogens 

group, also known as Diarrheagenic E. coli (DEC), it includes 6 pathotypes: 

Enteropathogenic E. coli (EPEC), Enterohemorrhagic E. coli (EHEC), Enterotoxigenic 

E. coli (ETEC), Enteroaggregative E. coli (EAEC), Enteroinvasive E. coli (EIEC) and 

Diffuse-adhering E. coli (DAEC) (DebRoy et al., 2018). 

Enteropathogenic E. coli (EPEC) 

In order to bind, this strain produces intimin, an adhesion factor that induces a 

modification of the enterocyte cytoskeleton, resulting in the disappearance of microvilli, 

mainly responsible for infant diarrhea, the symptoms of which may appear as early as the 

third day after infection, including abdominal pain and persistent secretory diarrhea, 

which may progress to hemorrhagic colitis, leading to dehydration or even death, without 

adequate treatment. Moreover, vomiting and fever might occur (Kaper et al., 2004).  

Enterohemorrhagic E. coli (EHEC) 

Enterohemorrhagic E. coli, also known as Shiga Toxin-producing E. coli (STEC), 

are responsible for multiple disorders, ranging from simple diarrhea to hemorrhagic 
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diarrhea, which might be associated with severe kidney damage, called Hemolytic 

Uremic Syndrome (HUS), with a significant risk of chronic kidney disease and even 

death. EHEC colonize the digestive tract by adhering to enterocytes through the intimin, 

then release toxins (shigatoxins), inducing vascular, intestinal and even cerebral damages 

(Tarr et al., 2005). 

Enterotoxigenic E. coli (ETEC) 

The ETECs are responsible for moderate to acute watery diarrhea, without blood or 

mucus, associated with mild fever with nausea and abdominal cramps, headache and 

muscle soreness. Main pathogens of "traveler's diarrhea", commonly referred to as 

"turista". The symptoms appear 2 hours after ingestion of the bacteria.  

These strains mainly colonize the mucous membrane of the small intestine, through 

colonization factors (pilis or fimbriae), in addition to their ability to produce thermostable 

enterotoxins (ST) as well as thermolabile enterotoxins (LT) (Kaper et al., 2004). 

Enteroaggregative E. coli (EAEC) 

EAECs are commonly involved in watery diarrhea, in tourists traveling to 

developing countries, in addition to children and adults infected with HIV. Known as 

strains that do not secrete LT or ST enterotoxins, they adhere to the epithelial cells of the 

intestine through the fimbriae, forming clusters "aggregates". The characteristic 

symptoms of this type of infection are watery secretory diarrhea with blood and mucus, 

associated with moderate fever (Pierard et al., 2012).  

Enteroinvasive E. coli (EIEC) 

EIECs are responsible for dysenteric syndromes. Their mechanisms of 

pathogenicity are based on the invasion of the intestinal epithelium, after adhesion to the 

intestinal villi, and the bacteria penetrate the cell by endocytosis, then multiply until the 

infected cells are destroyed, and join, after that adjacent epithelial cells, causing a strong 

inflammatory reaction. 

The clinical symptoms resulting from this infection, can be very similar to those 

caused by ETEC, including diarrhea with blood and mucus, associated with abdominal 

cramps and high fever. Generally, infections caused by these strains are more associated 

with epidemics than isolated cases (Van Den Beld and Reubsaet, 2012). 
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Diffuse-adhering E. coli (DAEC) 

DAEC is responsible for watery diarrhea without blood or leukocytes, especially in 

children between 4 and 5 years old. These strains are characterized by their mode of 

adhesion to intestinal epithelial cells through fimbrial adhesins, producing a cytopathic 

effect on infected cells, by the formation of large cellular extensions which wrap around 

the bacteria (Steiner et al., 2006). 

1.1.5. Escherichia coli in food 

The usual presence of E. coli in the human intestine and thus in the fecal matter, 

has led to the tracking of thermotolerant coliforms in general and these bacteria 

specifically, in nature, in food and water as an indicator of fecal pollution. Although most 

forms of E. coli are not dangerous, their levels are checked during examinations, because 

as this provides indications on the potential presence of harmful digestive origin bacteria 

(Breyer, 2017; Todar, 2020).  

According to estimates by the World Health Organization, around 600 million 

people worldwide fall ill each year from the consumption of contaminated food and water, 

leading to nearly 420,000 deaths (WHO, 2020). 

From 1999 to 2006, 433 outbreaks related to waterborne transmission of E. coli 

have been reported in Spain, causing 24610 cases, 213 hospitalizations and 2 deaths. In 

2014, the O157: H7 serotype caused 5955 confirmed cases in the European Union 

countries. The 46 cases of Shigatoxigenic Escherichia coli (STEC) infections confirmed 

during 2015 in Spain were related to the consumption of contaminated food and water 

(BES, 2008; BES, 2015). 

As of 2018, Shigatoxigenic Escherichia coli is considered the third cause of 

foodborne zoonotic disease in the European Union, with 8161 reported cases including 

126 confirmed cases in Spain, due to the consumption of meat beef, water from tap and 

wells, as well as juices and other products derived from fruits and vegetables. In 2019, a 

total of 7775 confirmed cases of Shigatoxigenic Escherichia coli infections in humans 

were reported in 27 countries of the European Union, including a total of 42 epidemics 

that caused 50 hospitalizations and 1 death, mainly related to consumption of meat beef 

and milk, in addition to tap and wells water (Civieta, 2021; EFSA, 2021). 
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1.1.6. Escherichia coli detection in food  

In Spain as in the European Union, the microbiological criteria required for food 

are established by (EC) 2073/2005 Regulation and its amendments. Therefore, the 

acceptability of a product, a batch or a process, is defined by the absence or the presence 

as well as the number of microorganisms, in addition to the quantity of toxins or 

metabolites present by unit (mass, volume, surface). Thus, two classes are established: 

food safety criteria and process hygiene criteria. 

The hygiene criteria include specifications for E. coli, applicable at the end of the 

manufacturing process for products such as shelled crustaceans and molluscs, pre-cut 

fruits and vegetables, unpasteurized fruit and vegetable juices, minced meat as well as 

meat preparations. The analytical reference methods for the detection and enumeration of 

beta-glucoronidase positive E. coli, mentioned in the regulation are the protocols ISO 

16649-1, ISO 16649-2 and ISO 16649-3. These standards are effective when the bacteria 

level is low (less than 100/g or 10/mL), or when the target microorganism is 

physiologically weakened and stressed, such as a recovery from dried or frozen products. 

Concerning the detection of the E. coli O157:H7 serotype, the ISO 16654 standard 

describes a precise protocol for the detection of Escherichia coli belonging to the O157 

serogroup. 

Although these traditional detection methods have the advantage of detection at 

very low growth rates and of being applicable on complex matrices, their uses are 

expensive and long, requiring several days, which could represent a danger for the 

consumer. Therefore, the application of faster protocols that could replace the isolation 

steps or even the identification of bacteria, would save time and facilitates the work. 

Among these methods, immunological techniques such as the Enzyme Linked 

Fluorescent Assay (ELISA) method which generates a result in 2 hours after a 24-hour 

enrichment phase, or genetic methods based on the in vitro amplification of DNA or RNA 

specific sequences such as the polymerase chain reaction (PCR) and its variants, which 

allow the detection of injured and stressed bacteria, generally difficult to grow on culture 

media (Bouvier, 2011; Palomino and González, 2014). 
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1.2. Salmonella sp. 

1.2.1. Historical antecedents 

In 1818, Professor Pierre Bretonneau described Typhoid fever, an infectious disease 

named by the French pathologist Pierre Louis in 1829, from the ancient Greek tûphos 

which means "vapor rising to the brain, fever or delusion" (Marineli et al., 2013). 

William Budd, confirmed the faecal-oral transmission route of this disease in 1838, 

after finding what he called "the poison" in the feces of affected patients. The pathogen 

responsible for this disease was determined in the end of the 19th century, by the German 

pathologist Karl Joseph Eberth, who was the first to describe a bacillus found in the 

abdominal lymph nodes and spleen of a patient in 1879. Its discovery was subsequently 

confirmed by numerous German and English bacteriologists including Robert Koch, after 

the publication of his research in 1880 and 1881 (Roumagnac et al., 2006; Emmeluth et 

al., 2009). 

Cultivating these bacteria was only possible four years later, in 1884, when the 

German bacteriologist Georg Theodor August Gaffky, succeeded in growing this 

microorganism in pure culture (Marineli et al., 2013). 

In 1896, the French bacteriologist Fernand Georges Isidore Widal demonstrated the 

antigenic diversity of Salmonella strains by serodiagnosis. The same year, the first 

effective vaccine developed to prevent Typhoid, by the British immunologist Almroth 

Edward Wright was tested on the military (Grimont et al., 2000; Bhan et al., 2005). 

A year later, the medical researcher Theobald Smith, who worked as a laboratory 

assistant in the research team of the pathologist Daniel Elmer Salmon, discovered 

Salmonella choleraesuis, which would later be known as Salmonella enterica (Hardy, 

1999). 

The name Salmonella was only used in the 1900s, at the suggestion of the French 

professor Joseph Léon Lignières, to name this pathogen which was discovered by the 

Salmon team, in his honor (Marques et al., 2006). 

1.2.2. Current taxonomic situation 

According to the classification of the List of Prokaryotic names with Standing in 

Nomenclature, the Genus Salmonella, belongs to the family of Enterobacteriaceae, of the 
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order Enterobacteriales, which is part of the Class Gammaproteobacteria, Phylum 

Proteobacteria, Subkingdom Negibacteria, Kingdom Bacteria (LPSN, 2021). 

At present, the Genus Salmonella is composed of 9 species with a validly published 

name, including three species with a correct name; Salmonella bongori (Reeves et al., 

1989), Salmonella enterica (Le Minor and Popoff, 1987) and Salmonella subterranea 

(Shelobolina et al., 2005), all mentioned in Table 2.  

Table 2.Current taxonomic situation of Salmonella sp. 

Kingdom Bacteria Cavalier-Smith, 2002 

Subkingdom Negibacteria Cavalier-Smith, 2002 

Phylum Proteobacteria Garrity et al., 2005 

Class Gammaproteobacteria Garrity et al., 2005 

Order Enterobacteriales Garrity and Holt, 2001 

Family Enterobacteriaceae Rahn, 1937 

Genus Salmonella Lignières, 1900 

Species  

Salmonella arizonae Kauffmann, 1964 

Salmonella bongori  Reeves et al., 1989 

Salmonella choleraesuis Weldin, 1927 

Salmonella enterica Le Minor and Popoff, 1987 
Salmonella enteritidis Castellani and Chalmers, 1919 

Salmonella paratyphi Ezaki et al., 2000 

Salmonella subterranea Shelobolina et al., 2005 

Salmonella typhi Warren and Scott, 1930 

Salmonella typhimurium Castellani and Chalmers, 1919 

Source: LPSN (Last revision 11/11/2021) 

1.2.3. Characteristics  

Salmonella species are Gram-Negative bacteria, rod-shaped (bacillus) with an 

average size of 0.7 to 1.5 µm diameter by 2 to 6 µm in length, depending on growing 

conditions. Non-spore-forming, the species are predominantly motile, with peritrichous 

flagella (Fàbrega and Vila, 2013; Andino and Hanning, 2015; Chaves et al., 2016). 

Considered as Chemoorganotroph bacteria, Salmonella is aerobic and facultative 

anaerobe microorganism, which means that they can grow in the presence of oxygen by 

respiration, and survive without oxygen through anaerobic respiration by fermentation of 

organic compounds. Along with positive catalase and negative oxidase, these bacteria 

have the ability to ferment glucose and other monosaccharides, resulting in the production 

of acids and gases, including hydrogen sulfide (H2S). However, they do not have the 

capacity to ferment lactose and sucrose, using neither arginine, nor hydrolyze urea. 

Species of this Genus have a citrate permease, which allows the use of citrate as a carbon 

source (Cabrera et al., 2013; Wang and Hammack, 2014). 

https://lpsn.dsmz.de/species/salmonella-bongori
https://lpsn.dsmz.de/species/salmonella-enterica
https://lpsn.dsmz.de/species/salmonella-subterranea
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=50
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956096
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956120
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956156
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=956221
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=245
https://fr.wikipedia.org/w/index.php?title=Joseph_L%C3%A9on_Ligni%C3%A8res&action=edit&redlink=1
https://fr.wikipedia.org/wiki/1900
https://lpsn.dsmz.de/species/salmonella-bongori
https://lpsn.dsmz.de/species/salmonella-choleraesuis
https://lpsn.dsmz.de/species/salmonella-enterica
https://lpsn.dsmz.de/species/salmonella-enteritidis
https://lpsn.dsmz.de/species/salmonella-paratyphi
https://lpsn.dsmz.de/species/salmonella-subterranea
https://lpsn.dsmz.de/species/salmonella-typhi
https://lpsn.dsmz.de/species/salmonella-typhimurium


 
Introduction 

12 
 

Regarding growth parameters, Salmonella strains are not extremophiles and they 

may be destroyed from 60 °C for 15 min. Although they can survive at a minimum 

temperature of 5.2 °C and a maximum of 46.2 °C, its optimal growth requires an 

incubation temperature between 35 and 43 °C. In addition, these bacteria adapt easily to 

acidic pH and alkaline (basic), which can grow at pH ranging from 3.8 to 9.5, with optimal 

growth at neutral pH between 7 and 7.5. Moreover, it is very resistant to low water 

activities up to 0.93, which allows its development even in dry conditions. After 18 to 24 

hours of incubation at 37 °C, Salmonella colonies are generally low convex, smooth type 

(S), circular with regular edges, measuring 2 to 3 mm in diameter, and more translucent 

than coliform colonies (Chaves et al., 2016; ELIKA, 2021). 

The antigenic characteristics are represented by the somatic antigens O 

(lipopolysaccharide) located on the surface of the outer membrane, the flagellar antigens 

H as well as the capsular antigen Vi, a polysaccharide antigen common to serovars such 

as Salmonella Typhi, Salmonella Paratyphi C and Salmonella Dublin (Ryan et al., 2017). 

1.2.4. Pathogenicity 

Several species of the Genus Salmonella may be responsible of enteric infectious 

diseases, including Salmonella enterica subsp. enterica, which is found in the intestines 

of warm-blooded animals. Therefore, direct contact with fecal matter is the main route of 

transmission, in addition to cases of cross-contamination during food processing (Wu et 

al., 2016). 

Diseases caused by this pathogen occur through ingestion of contaminated food or 

water, which is the most common form of transmission, then through contact with 

livestock or domestic animals and contaminated surfaces, in addition to the transmission 

human-to-human by the faecal-oral route. Infections may develop in multiple ways, 

gastroenteritis, bacteremia, typhoid fever or in the case of asymptomatic carriers, without 

any symptoms. This is usually related to the infectious dose, strain, age and state of health 

of the infected person (Forsythe, 2003; Chaves et al., 2016). 

Typhoid fever is a potentially severe systemic infection of enteric origin, which 

could be caused by 4 serotypes of Salmonella; Salmonella Typhi, Paratyphi A, Paratyphi 

B and Paratyphi C. It is characterized by general malaise, abdominal pain, diarrhea, skin 

rash and fevers, with temperature up to 40 °C. These symptoms appear because of the 

entry of bacteria through the digestive tract, even at low infectious dose, after a relatively 
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long incubation period ranging from 1 to 3 weeks. These microorganisms pass through 

the intestinal mucosa, invade the intestinal lymphoid tissue and penetrate in the 

mesenteric lymph nodes, then into the lymph, to end up in the bloodstream, resulting in 

bacteremia. An appropriate antibiotic treatment is generally recommended, in order to 

avoid infection, spread and complications such as intestinal perforation and hemorrhage. 

Moreover, even after recovery, the patient potentially remains a carrier of the 

microorganism for months (Wang and Hammack, 2014; LaRock et al., 2015; Key et al., 

2020; Cohn et al., 2021). 

Another foodborne illness caused by these bacteria, the salmonellosis is considered 

one of the most important diarrheal infections in the world. It is mainly caused by the 

consumption of contaminated food and is characterized by abdominal pain, vomiting and 

diarrhea. These symptoms appear after an incubation period of 12 to 72 hours, from the 

ingestion of a large infectious dose and they last for 4 to 7 days. Although most cases are 

mild, it could be potentially fatal for people with weakened immune systems, such as 

those immunocompromised, persons over 60, and young children under 5, due to the 

severe dehydration caused by the disease (Wang and Hammack, 2014; Cohn et al., 2021). 

1.2.5. Salmonella sp. in food 

The development of these diseases is mainly caused by the consumption of raw or 

ready-to-eat products, which have not been subjected to heat treatment, sufficiently 

effective to inactivate this microorganism, especially in foods such as unpasteurized dairy 

products, meats, eggs products and their derivatives, as well as raw fruits and vegetables, 

which could potentially be contaminated by soil or polluted irrigation water (Ricke, 

2021). 

Salmonellosis is the second most common zoonosis in the European Union (EU), 

especially in Spain where it comes just after campylobacteriosis. In 2015, 94625 cases 

were confirmed in the European Union, with an increase of 1.9 % compared to 2014. 

According to the annual report of the Microbiological Information System a total of 5215 

non-typhoidal Salmonella isolates were reported in Spain, through 11 different 

communities. The prevalence of these bacteria mainly concerned meats and meat 

products requiring cooking before consumption, of which 6.5 % positive samples for 

chicken meat and 4.6 % for turkey meat. However, the rates were lower for both pork 

meat (1.7 %) and beef meat (0.2 %) (EFSA and ECDC, 2016). 
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Despite the large number of reported cases, it would appear that 60-80 % of cases 

are not recorded, because for healthy people this disease does not require treatment 

(ELIKA, 2021). 

In 2018, 1580 outbreaks of salmonellosis related to the consumption of 

contaminated water and food were reported, resulting in 94203 human cases reported by 

the European Surveillance System, in 28 countries of the European Union countries. Of 

the 91857 confirmed cases, 8872 were in Spain of which 53.1 % were in households and 

31.5 % in the catering sector (RENAVE, 2018; EFSA and ECDC, 2019; AESAN, 2021). 

In 2019, 87923 cases of salmonellosis were reported in the European Union, 

including 5103 cases in Spain, which represents a fairly significant decrease, compared 

to the rates in previous years. According to the Centers for Disease Control and 

Prevention (CDC), the types of food concerned were mainly meat (beef, chicken, and 

pork), eggs, vegetables like cabbage and even processed foods like breaded chicken and 

pies of frozen meat (EFSA and ECDC, 2019; Civieta, 2021). 

1.2.6. Salmonella sp. detection in food  

According to the microbiological criteria established by (EC) 2073/2005 

Regulation, the presence of Salmonella spp. is not tolerated in food and its detection 

(presence/absence), as well as its enumeration must be determined by the application of 

the UNE-EN ISO 6579 protocol. The detection of these bacteria is carried out according 

to the four basic steps, pre-enrichment of the sample in Buffered Peptone Water, selective 

enrichment in the two selective broths Muller-Kaufman tetrathionate and Rappaport-

Vassiliadis, isolation from the two selective broths incubated, on the solid selective 

medium Xylose Lysine Deoxycholate agar (XLD), then confirmation by biochemical and 

serological tests. Although, this method is known as the "gold standard", the fact that it 

requires several days is a huge drawback, which is why the development of molecular 

biology has made it possible to develop new, faster detection methods such as detection 

by PCR. 

Among the alternative methods the use of Bioreceptors, a biological recognition 

molecule which makes it possible to distinguish the target, among the most commonly 

used; aptamer, nucleic acid probe, bacteriophage and lectin, in addition to antibodies, 

which have been recognized as a standard recognition factor of commercial rapid 

detection kits used in food safety, including lateral flow immunochromatographic strips 
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and enzyme immunoassay. There are also rapid detection methods based on optical 

detection and electrochemical identification methods, such as Optical Sensing, 

Colorimetry, Fluorescence Analysis and Photothermal Detection (Wang et al., 2021). 

1.3. Listeria monocytogenes 

1.3.1. Historical antecedents 

In 1924, the bacteriologist E. G. D. Murray, after having isolated a gram-positive 

bacilli in the blood of rabbits, could not associate it with any known bacterial genus. Thus, 

in 1926, he described and named these bacteria Bacterium monocytogenes, according to 

the induced increase in monocytes. A year later, John Lister renamed it Listerella 

hepatolytica (Murray et al., 1926). 

In 1940, Joseph Lister was able to isolate these bacteria from humans, thus the 

nomenclature of Listeria monocytogenes, was proposed by his collaborators, then 

accepted by the Approved Lists of Bacterial Names, to honor this British scientist, who 

also discovered that sterilization of surgical instruments, before operations, reduces the 

risk of infection (Euzèby and Tindall, 2004). 

Unfortunately, Lister's observations could not establish sufficient awareness about 

this pathogen, in the field of infectious diseases and food microbiology, during that 

period. The pathogenicity of these bacteria was only realized in 1949, during an epidemic 

of newborns listeriosis in Germany, where the pathogen was classified in the Genus 

Corynebacterium by the bacteriologist J. Potel, according to the detection of granulomas 

called "granulomatosis infantiseptica" in various organs such as the liver, spleen, brain, 

lungs and skin (Hof, 2002). 

At the same time, the research of H. P. R. Seeliger, who examined these pathogens 

isolated from similar lesions, demonstrated the motility of these bacteria, a fact 

ncompatible with Corynebacteria, but rather with Listeria. Over the next few years, a 

new era of listeriosis research had begun, led by Seeliger whose goal was to raise 

awareness of the dangers of Listeria, thus becoming the pioneer of listeriosis research 

(Hof, 2002). 

Today, listeriosis is considered as a typical foodborne illness and a threat to public 

health because of its severity, its long incubation period and its high case fatality rate. 

The epidemics reported were mainly related to leafy vegetables and certain soft cheeses 

(WHO, 2018). 
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1.3.2. Current taxonomic situation    

According to the classification of the List of Prokaryotic names with Standing in 

Nomenclature (LPSN, 2021), the Species Listeria monocytogenes are included in the 

Genus Listeria, of the family Listeriaceae, which is part of the Class Bacilli, of the 

Phylum Firmicutes, Kingdom Bacteria (Gibbons and Murray, 1978; Cavalier-Smith, 

2002; Ludwig et al., 2010). 

At present, the Genus Listeria is composed of 27 species with a validly published 

and correct name, all mentioned in Table 3.  

Table 3 . Current taxonomic situation of Listeria monocytogenes 

Kingdom Bacteria Cavalier-Smith, 2002 

Phylum Firmicutes Gibbons and Murray, 1978 

Class Bacilli Ludwig et al., 2010 

Order Bacillales Prévot, 1953 

Family Listeriaceae Ludwig et al., 2010 

Genus Listeria Pirie, 1940 

Species 

 

 

Listeria monocytogenes Pirie, 1940 

Listeria aquatica   Den Bakker et al., 2014 

Listeria booriae   Weller et al., 2015 

Listeria cornellensis   Den Bakker et al., 2014 

Listeria cossartiae   Carlin et al., 2021 

Listeria costaricensis   Núñez-Montero et al., 2018 

Listeria denitrificans   Prévot, 1961 

Listeria farberi   Carlin et al., 2021 

Listeria fleischmannii   Bertsch et al., 2013 
Listeria floridensis   Den Bakker et al., 2014 

Listeria goaensis   Doijad et al. 2018 

Listeria grandensis   Den Bakker et al., 2014 

Listeria grayi   Errebo Larsen and Seeliger, 1966 

Listeria immobilis   Carlin et al., 2021 

Listeria innocua  Seeliger, 1983 

Listeria ivanovii   Seeliger et al., 1984 

Listeria marthii   Graves et al., 2010 

Listeria monocytogenes  Pirie, 1940 

Listeria murrayi   Welshimer and Meredith, 1971 

Listeria newyorkensis   Weller et al., 2015 

Listeria portnoyi   Carlin et al., 2021 
Listeria riparia   Den Bakker et al., 2014 

Listeria rocourtiae   Leclercq et al., 2010 

Listeria rustica   Carlin et al., 2021 

Listeria seeligeri   Rocourt and Grimont, 1983 

Listeria thailandensis   Leclercq et al., 2019 

Listeria valentina   Quereda et al., 2020 

Listeria weihenstephanensis   Lang Halter et al., 2013 

Source: LPSN (Last revision 11/11/2021) 

1.3.3. Characteristics 

L. monocytogenes is a gram-positive rod-shaped short bacteria (0.5 to 2.0 μm in 

length and 0.4 to 0.5 μm diameter) with blunt-ended. Nonsporulating, these bacteria 

https://lpsn.dsmz.de/species/listeria-aquatica
https://lpsn.dsmz.de/species/listeria-booriae
https://lpsn.dsmz.de/species/listeria-cornellensis
https://lpsn.dsmz.de/species/listeria-cossartiae
https://lpsn.dsmz.de/species/listeria-costaricensis
https://lpsn.dsmz.de/species/listeria-denitrificans
https://lpsn.dsmz.de/species/listeria-farberi
https://lpsn.dsmz.de/species/listeria-fleischmannii
https://lpsn.dsmz.de/species/listeria-floridensis
https://lpsn.dsmz.de/species/listeria-goaensis
https://lpsn.dsmz.de/species/listeria-grandensis
https://lpsn.dsmz.de/species/listeria-grayi
https://lpsn.dsmz.de/species/listeria-immobilis
https://lpsn.dsmz.de/species/listeria-innocua
https://lpsn.dsmz.de/species/listeria-ivanovii
https://lpsn.dsmz.de/species/listeria-marthii
https://lpsn.dsmz.de/species/listeria-monocytogenes
https://lpsn.dsmz.de/species/listeria-murrayi
https://lpsn.dsmz.de/species/listeria-newyorkensis
https://lpsn.dsmz.de/species/listeria-portnoyi
https://lpsn.dsmz.de/species/listeria-riparia
https://lpsn.dsmz.de/species/listeria-rocourtiae
https://lpsn.dsmz.de/species/listeria-rustica
https://lpsn.dsmz.de/species/listeria-seeligeri
https://lpsn.dsmz.de/species/listeria-thailandensis
https://lpsn.dsmz.de/species/listeria-valentina
https://lpsn.dsmz.de/species/listeria-weihenstephanensis
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present a characteristic tumbling motility between 20 and 25 °C, due to the polar 

peritrichous flagella, however it is not mobile at 37 °C. The arrangement of this 

microorganism may be in single or double cell, but it can also exist as long chains, 

depending on growth (Arun, 2008; Soares et al., 2013; Allerberger et al., 2015). 

Aerobes and facultative anaerobe, with catalase positive and oxidase negative, these 

intracellular bacteria are considered psychrotrophic microorganisms, as they can grow at 

temperature of -0.4 °C, with optimal development ranging between 30 and 37 °C and can 

maintain growth up to 50 °C. Moreover, it is very tolerant of extreme environmental stress 

conditions, such as its adaptation to a wide pH ranging from 4.1 to 9.6, with optimal 

growth between pH 6 to 8 and water activity around 0.9 to 0.97. In addition to its ability 

to grow at high salt concentrations of 10 % and survive between 20 and 30 % (Chaves et 

al., 2016; Jamshidi and Zeinali, 2019). 

These bacteria are easy to grow on ordinary media, where they give smooth convex 

colonies of 1 to 2 mm, translucent and round with regular edges. On blood agar, colonies 

are smaller, gray and surrounded by an indistinct zone of beta hemolysis (Sauders et al., 

2012). 

L. monocytogenes have the ability to produce lecithinase, ferment glucose with 

production of acids without gas, in addition to hydrolyzing esculin. However, it is devoid 

of nitrate reductase and does not produce indole. Regarding the antigenic characteristics, 

they are expressed by the presence of somatic antigens (O) and flagellar (H) (Linke et al., 

2014; Jamshidi and Zeinali, 2019). 

1.3.4. Pathogenicity 

L. monocytogenes is responsible for the development of listeriosis, a sever and 

potentially fatal foodborne infection, that occurs after ingestion of contaminated food. It 

can lead to sepsis and infection of the central nervous system in healthy adults and fever 

in pregnant women, resulting to abortion, premature birth or severe neonatal infections in 

the newborn (Angelidis et al., 2015; Ledlod et al., 2020). 

Once inside the body, this pathogen passes through the intestinal epithelium and 

spreads through the bloodstream and lymph, causing damage to affected organs, mainly 

the liver and spleen. Its incubation period extends from a few days to two months, which 

complicates the diagnosis, it is longer in maternal forms compared to septicemic or 
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neurological forms, which lasts only a few days (Ramaswamy et al., 2007; Chaves et al., 

2016). 

There are two types of listeriosis: invasive and non-invasive. The invasive one is 

characterized by symptoms such as fever, muscle pain, endocarditis, pneumonia or 

meningitis, it mainly affects immunocompromised hosts and pregnant women. Non-

invasive listeriosis has symptoms such as diarrhea, fever, muscle pain and headache, 

which go away after 3 days; it usually affects healthy people. In addition to ingestion of 

contaminated food, transmission may occur through cross-contamination or direct contact 

between people (Pizarro-Cerdá and Cossart, 2019). 

1.3.5. Listeria monocytogenes in food 

Food susceptible to be contaminated are mainly raw or ready-to-eat foods, such as 

dairy products (milk and cheese), meat, leafy vegetables which are generally eaten under 

or uncooked. Since refrigeration of food does not protect against the danger of L. 

monocytogenes, due to its ability to grow at low temperatures, it is recommended to 

vulnerable people and especially pregnant women, to eat only well-cooked foods 

(Doménech et al., 2015; Ledlod et al., 2020; ELIKA, 2021). 

In Spain from 2015 to 2018, among the listeriosis cases reported to the National 

Epidemiology Centre (RENAVE), 1369 cases were confirmed including 124 deaths. In 

2017, two outbreaks in Madrid caused 301 cases and three other outbreaks in Andalusia, 

Aragon and Castile La Mancha caused 433 cases in 2018, due to the consumption of 

contaminated meat (RENAVE, 2020). 

The following year, an outbreak of listeriosis in Andalucia, also linked to meat 

consumption, caused 223 confirmed cases, 3 deaths, 2 cases of abortion and 3 stillbirths, 

which brought the incidence of this disease to a total of 548 cases in 2019 (Centro de 

Coordinación de Alertas y Emergencias Sanitarias, 2019; Civieta, 2021). 

September 2021, an alert report was addressed to the Ministry of Health and 

Families, about the presence of Listeria monocytogenes in a batch of fresh goat and cow 

cheese, which was distributed in the provinces of Cadiz, Huelva and Seville (Consejería 

de Salud y Familias de la junta de Andalucía, 2021). 
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1.3.6. Listeria monocytogenes detection in food  

According to Regulation (EC) 2073/2005, L. monocytogenes is bacteria whose 

presence in food is not tolerated. To guarantee the microbiological quality of food, the 

standardized protocols applied are UNE-EN ISO 11290-1 for the detection 

(presence/absence) of bacteria and UNE-EN ISO 11290-2 for enumeration. 

Microbiological controls carried out according to cultural techniques should follow 

a pattern of four basic steps: pre-enrichment of the sample in Half-concentration Fraser 

Broth incubated 24 to 26 hours at 30 °C, then an enrichment in Fraser Broth incubated 24 

hours at 37 °C, isolation on selective solid media Ottaviani and Agosti (ALOA) and 

PALCAM media, for 24 to 48 hours incubation at 37 °C, then confirmation by 

morphological and biochemical analysis. 

Although the effectiveness of this method is proven, the fact that it requires so much 

time (4 to 5 days), as well as the need for several specific selective media complicate the 

analyses, especially for the detection of several pathogens from a single sample. 

Therefore, the need for a rapid result has led to the development of a large number of 

alternative commercial methods, although based on different principles, they all require 

at least a phase of selective enrichment before the application of a test, such as the 

immunoenzymatic test, nucleic acid hybridization test or Polymerase Chain Reaction 

(PCR). 

Some rapid methods apply immunocapture step, by using a support coated with 

antibodies specific for the species L. monocytogenes, to sort positive and negative 

samples within 2 to 3 days.  However, confirmation of a positive result by isolation on 

selective medium and identification remain necessary (AFFSA, 2020; AFNOR, 2021). 

1.4. Staphylococcus aureus 

1.4.1. Historical antecedents 

Staphylococci were first described in the late 1800s by Robert Koch and Louis 

Pasteur, as "Micrococci" from the Greek kokkos (meaning berry) (Bhunia, 2008; Paterson 

et al., 2014). 

In the 1870s, the Scottish Surgeon Alexander Ogston was the first to isolate and 

observe Staphylococcus, after microscopic examination of pus extracted from surgical 
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abscesses, identifying it as the causative agent of inflammation and suppuration of 

wounds (Thomer et al., 2016; Khan, 2017; Rasheed and Hussein, 2021).  

His studies led him in 1882 to baptize them Staphylococcus, according to their 

microscopic appearance and their arrangement in cluster, derived from the Greek words 

"staphyle" (bunch of grapes) and "kokkos" (berry), to differentiate them from 

streptococci, which are arranged in chains and also responsible for post-surgical 

infections (Gnanamani et al., 2017; Rasheed and Hussein, 2021).  

In 1884, the German Surgeon and bacteriologist Anton J. Rosenbach, isolated and 

cultivated Staphylococcus strains of human origin, which he named according to the color 

of the colonies, Staphylococcus aureus from the Latin word "aureus" meaning golden, 

for the colonies with yellow to golden color, and Staphylococcus albus from the Latin 

word "albus" meaning white, which will later be renamed Staphylococcus epidermidis 

(Sejvar, 2013; Rasheed and Hussein, 2021).  

In the 1900s, with the emergence of the first official bacterial classifications, both 

Genus Staphylococcus and Micrococcus were grouped into the family Micrococcaceae. 

However, the recent use of molecular phylogenetic data, associated with chemical 

analyzes has led to the creation of the Staphylococcaceae family (Wattam et al., 2014).  

In 1914, the British scientist Barber discovered that staphylococci had the ability to 

produce a toxic substance, which was the cause of staphylococcal food poisoning (Barber, 

1947; Bhunia, 2008). 

After the introduction of methicillin in 1959, for the treatment of infections caused 

by penicillin-resistant Staphylococcus aureus, isolates of S. aureus having acquired 

resistance to methicillin (Methicillin-resistant Staphylococcus aureus, MRSA) were 

observed by Professor Patricia Jevons in October 1960, then reported in 1961 in the 

British Medical Journal of the United Kingdom, quickly followed by other European 

countries, Japan, Australia and the United States (Mark et al., 2002). 

1.4.2. Current taxonomic situation 

According to the classification of the List of Prokaryotic names with Standing in 

Nomenclature (LPSN, 2021), the Species Staphylococcus aureus is part of the Genus 

Staphylococcus, of the Family Staphylococcaceae, which is part of the Class Bacilli, of 

the Phylum Firmicutes, Kingdom Bacteria. At present, the Genus Staphylococcus is 
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composed of 68 species with a validly published name, of which 61 species with a correct 

name, all mentioned in Table 4.  

 

Table 4. Current taxonomic situation of Staphylococcus aureus 

Kingdom Bacteria Cavalier-Smith, 2002 

Phylum Firmicutes Gibbons and Murray, 1978 

Class Bacilli Ludwig et al., 2010 

Order Bacillales Prévot, 1953 

Family Staphylococcaceae Schleifer and Bell, 2010 

Genus Staphylococcus  Rosenbach, 1884 

Species 

Staphylococcus agnetis   Taponen et al., 2012 

Staphylococcus argensis   Hess and Gallert, 2015 

Staphylococcus argenteus   Tong et al., 2015 

Staphylococcus arlettae   Schleifer et al., 1984 

Staphylococcus aureus   Rosenbach, 1884 

Staphylococcus auricularis   Kloos and Schleifer, 1983 

Staphylococcus borealis   Pain et al., 2020 

Staphylococcus caeli   MacFadyen et al., 2019 

Staphylococcus caledonicus   Newstead et al., 2021 

Staphylococcus canis   Newstead et al., 2021 

Staphylococcus capitis   Kloos and Schleifer, 1975 

Staphylococcus caprae   Devriese et al., 1983 

Staphylococcus carnosus   Schleifer and Fischer,1982 

Staphylococcus casei  Madhaiyan et al., 2020 

Staphylococcus caseolyticus  Schleifer et al., 1982 

Staphylococcus chromogenes Hájek et al.,1987 

Staphylococcus coagulans  Madhaiyan et al., 2020 

Staphylococcus cohnii   Schleifer and Kloos, 1975 

Staphylococcus condimenti   Probst et al., 1998 

Staphylococcus cornubiensis   Murray et al., 2018 

Staphylococcus croceilyticus  Madhaiyan et al., 2020 

Staphylococcus debuckii Naushad et al., 2019 

Staphylococcus delphini   Varaldo et al., 1988 

Staphylococcus devriesei   Supré et al., 2010 

Staphylococcus durrellii   Fountain et al., 2019 

Staphylococcus edaphicus   Pantůček et al., 2018 

Staphylococcus epidermidis  Evans, 1916 

Staphylococcus equorum   Schleifer et al., 1984 

Staphylococcus felis   Igimi et al., 1989 

Staphylococcus fleurettii   Vernozy-Rozand et al., 2000 

Staphylococcus gallinarum   Devriese et al., 1983 

Staphylococcus haemolyticus  Schleifer and Kloos, 1975 

Staphylococcus hominis   Kloos and Schleifer, 1975 

Staphylococcus hyicus  Devriese et al., 1978 

Staphylococcus intermedius  Hájek, 1976 

Staphylococcus jettensis   De Bel et al., 2013 

Staphylococcus kloosii   Schleifer et al., 1984 

Staphylococcus lentus  Schleifer et al., 1983 

Staphylococcus lloydii   Fountain et al., 2019 

Staphylococcus lugdunensis   Freney et al., 1988 

Staphylococcus lutrae   Foster et al., 1997 

Staphylococcus massiliensis   Al Masalma et al., 2010 

Staphylococcus microti   Nováková et al., 2010 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=50
https://lpsn.dsmz.de/species/staphylococcus-agnetis
https://lpsn.dsmz.de/species/staphylococcus-argensis
https://lpsn.dsmz.de/species/staphylococcus-argenteus
https://lpsn.dsmz.de/species/staphylococcus-arlettae
https://lpsn.dsmz.de/species/staphylococcus-aureus
https://lpsn.dsmz.de/species/staphylococcus-auricularis
https://lpsn.dsmz.de/species/staphylococcus-borealis
https://lpsn.dsmz.de/species/staphylococcus-caeli
https://lpsn.dsmz.de/species/staphylococcus-caledonicus
https://lpsn.dsmz.de/species/staphylococcus-canis
https://lpsn.dsmz.de/species/staphylococcus-capitis
https://lpsn.dsmz.de/species/staphylococcus-caprae
https://lpsn.dsmz.de/species/staphylococcus-carnosus
https://lpsn.dsmz.de/species/staphylococcus-casei
https://lpsn.dsmz.de/species/staphylococcus-caseolyticus
https://lpsn.dsmz.de/species/staphylococcus-chromogenes
https://lpsn.dsmz.de/species/staphylococcus-coagulans
https://lpsn.dsmz.de/species/staphylococcus-cohnii
https://lpsn.dsmz.de/species/staphylococcus-condimenti
https://lpsn.dsmz.de/species/staphylococcus-cornubiensis
https://lpsn.dsmz.de/species/staphylococcus-croceilyticus
https://lpsn.dsmz.de/species/staphylococcus-debuckii
https://lpsn.dsmz.de/species/staphylococcus-delphini
https://lpsn.dsmz.de/species/staphylococcus-devriesei
https://lpsn.dsmz.de/species/staphylococcus-durrellii
https://lpsn.dsmz.de/species/staphylococcus-edaphicus
https://lpsn.dsmz.de/species/staphylococcus-epidermidis
https://lpsn.dsmz.de/species/staphylococcus-equorum
https://lpsn.dsmz.de/species/staphylococcus-felis
https://lpsn.dsmz.de/species/staphylococcus-fleurettii
https://lpsn.dsmz.de/species/staphylococcus-gallinarum
https://lpsn.dsmz.de/species/staphylococcus-haemolyticus
https://lpsn.dsmz.de/species/staphylococcus-hominis
https://lpsn.dsmz.de/species/staphylococcus-hyicus
https://lpsn.dsmz.de/species/staphylococcus-intermedius
https://lpsn.dsmz.de/species/staphylococcus-jettensis
https://lpsn.dsmz.de/species/staphylococcus-kloosii
https://lpsn.dsmz.de/species/staphylococcus-lentus
https://lpsn.dsmz.de/species/staphylococcus-lloydii
https://lpsn.dsmz.de/species/staphylococcus-lugdunensis
https://lpsn.dsmz.de/species/staphylococcus-lutrae
https://lpsn.dsmz.de/species/staphylococcus-massiliensis
https://lpsn.dsmz.de/species/staphylococcus-microti
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Staphylococcus muscae   Hájek et al., 1992 

Staphylococcus nepalensis   Spergser et al., 2003 

Staphylococcus pasteuri   Chesneau et al., 1993 

Staphylococcus petrasii   Pantůček et al., 2013 

Staphylococcus pettenkoferi   Trülzsch et al., 2007 

Staphylococcus piscifermentans   Tanasupawat et al., 1992 

Staphylococcus pragensis  Madhaiyan et al., 2020 

Staphylococcus pseudintermedius   Devriese et al., 2005 

Staphylococcus pseudoxylosus   MacFadyen et al., 2019 

Staphylococcus pulvereri   Zakrzewska-Czerwińska et al., 1995 

Staphylococcus rostri   Riesen and Perreten, 2010 

Staphylococcus roterodami   Schutte et al., 2021 

Staphylococcus saccharolyticus  Foubert and Douglas, 1948  

Staphylococcus saprophyticus  Shaw et al., 1951 

Staphylococcus schleiferi   Freney et al., 1988 

Staphylococcus schweitzeri   Tong et al., 2015 

Staphylococcus sciuri  Kloos et al., 1976 

Staphylococcus simiae   Pantůček et al., 2005 

Staphylococcus simulans   Kloos and Schleifer, 1975 

Staphylococcus singaporensis   Chew et al., 2021 

Staphylococcus stepanovicii   Hauschild et al., 2012 

Staphylococcus succinus   Lambert et al., 1998 

Staphylococcus ureilyticus  Madhaiyan et al., 2020 

Staphylococcus vitulinus   Webster et al., 1994 

Staphylococcus warneri   Kloos and Schleifer, 1975 

Staphylococcus xylosus  Schleifer and Kloos, 1975 

Source: LPSN (Last revision 11/11/2021) 

1.4.3. Characteristics 

Staphylococcus aureus is a Gram-positive round-shaped (cocci) bacteria, with a 

diameter ranging between 0.5 and 1 µm. Immobile and non-spore-forming, the cells are 

usually grouped in clusters as a bunch of grapes, but can also appear isolated, in 

diplococci or in short chains (Becker et al., 2004; Sievert et al., 2013). 

It is aerobic and facultative anaerobic bacteria, with positive catalase and negative 

oxidase and the ability to ferment glucose without production of gas, in addition to 

degrading mannitol (Nandy et al., 2013). 

Grows easily on basal medium, it forms convex, smooth, creamy, opaque and 

pigmented colonies, with a typical golden-yellow color, due to its high content of 

carotenoids, in aerobiosis. As mesophilic bacteria, the optimum temperature for growth 

is around 37 °C, however it is thermosensitive, because its growth is slowed down by 

cold and it is effectively destroyed by high temperatures (Liu et al., 2005; Wu and Su, 

2014). 

It requires a neutral pH around 7 for optimal growth, however it is considered as 

halophilic microorganism, due to its ability to develop at high concentrations of NaCl. In 

https://lpsn.dsmz.de/species/staphylococcus-muscae
https://lpsn.dsmz.de/species/staphylococcus-nepalensis
https://lpsn.dsmz.de/species/staphylococcus-pasteuri
https://lpsn.dsmz.de/species/staphylococcus-petrasii
https://lpsn.dsmz.de/species/staphylococcus-pettenkoferi
https://lpsn.dsmz.de/species/staphylococcus-piscifermentans
https://lpsn.dsmz.de/species/staphylococcus-pragensis
https://lpsn.dsmz.de/species/staphylococcus-pseudintermedius
https://lpsn.dsmz.de/species/staphylococcus-pseudoxylosus
https://lpsn.dsmz.de/species/staphylococcus-pulvereri
https://lpsn.dsmz.de/species/staphylococcus-rostri
https://lpsn.dsmz.de/species/staphylococcus-roterodami
https://lpsn.dsmz.de/species/staphylococcus-saccharolyticus
https://lpsn.dsmz.de/species/staphylococcus-saprophyticus
https://lpsn.dsmz.de/species/staphylococcus-schleiferi
https://lpsn.dsmz.de/species/staphylococcus-schweitzeri
https://lpsn.dsmz.de/species/staphylococcus-sciuri
https://lpsn.dsmz.de/species/staphylococcus-simiae
https://lpsn.dsmz.de/species/staphylococcus-simulans
https://lpsn.dsmz.de/species/staphylococcus-singaporensis
https://lpsn.dsmz.de/species/staphylococcus-stepanovicii
https://lpsn.dsmz.de/species/staphylococcus-succinus
https://lpsn.dsmz.de/species/staphylococcus-ureilyticus
https://lpsn.dsmz.de/species/staphylococcus-vitulinus
https://lpsn.dsmz.de/species/staphylococcus-warneri
https://lpsn.dsmz.de/species/staphylococcus-xylosus
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addition it is relatively resistant to bacterial inhibitors such as crystal violet and potassium 

tellurite. S. aureus is also characterized by free coagulase (staphylocoagulase), 

thermonuclease (thermostable DNAse), beta hemolytic activity, in addition to its ability 

to liquefy gelatin (Eisenstein, 2008; Monteith et al., 2021). 

1.4.4. Pathogenicity 

Although S. aureus is a commensal microorganism that colonizes the skin, anterior 

nostrils, and mouths of healthy humans, its huge arsenal of virulence factors, enzymes 

and toxins make it a dangerous opportunistic pathogen, which can act as an intracellular 

and extracellular pathogen, causing various pyogenic and systemic infections, acute, 

chronic infections and even fatal diseases. These virulence factors contribute to its 

adhesion, persistence, protection and evasion of the host's immune defenses, with 

overlapping roles during disease processes (Gorwitz et al., 2008; Becker, 2018). 

Among the virulence factors composing the cell wall, Protein A is an immunogen 

capable of interfering with the opsonization and phagocytosis processes, thereby inducing 

a hypersensitivity reaction. Some species have a polysaccharide capsule with 

antiphagocytic activity, which protects them from the action of polymorphonuclear cells. 

Regarding the enzymatic proprieties, the Catalase and the free Coagulase of S. aureus 

have a role in its resistance to opsonization and phagocytosis, Phospholipase C induces 

the destruction of tissues, Lipases facilitate the propagation of this microorganism 

through the skin and subcutaneous tissues, Staphylokinase which gradually eliminates 

fibrin and Hyaluronidase which hydrolyzes tissues by acting on the intracellular matrix, 

both contribute to the spread of this microorganism in the adjacent tissues. In addition, 

these bacteria have the capacity to produce DNAses, proteases and phosphatases, which 

interact during the infectious process (Stewart, 2017). 

Regarding toxins, S. aureus has α-hemolysin, a toxin that damages the membranes 

of certain cells such as polymorphonuclear in humans and erythrocytes of certain animal 

species. Exfoliative or epidermolytic toxins with proteolytic activity, which cause the 

separation of the outermost layers of the epidermis and epithelial desquamation, thus 

inducing "scalded skin syndrome" or "Ritter's Disease". Toxic Shock Syndrome Toxin 1 

(TSST-1), which is common in women who use vaginal tampons during menstruation, 

causes sudden vascular collapse, shock and erythematous rash, scaly, nausea, vomiting, 

myalgia, kidney and liver dysfunction and even neurological disorders that can lead to 

death. These bacteria have also a Leucocidin, an exotoxin with a toxic effect on the 
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membranes of the polymorphonuclear of humans, as well as Enterotoxins (A, B, C, D and 

E) which are thermostable and resistant to gastric enzymes, responsible for food 

poisoning after ingestion, with diarrhea and vomiting (Castro et al., 2018; Grace and 

Fetsch, 2018). 

In addition to its pathogenic capacities, this microorganism is capable of easily 

acquiring resistance to multiple antibiotics, such as S. aureus resistant to methicillin 

(MRSA) (Becker, 2018). 

Generally, two types of illnesses caused by S. aureus are distinguished, pyogenic 

and/or systemic infections which can affect all organs and organ systems, respectively, 

as well as toxin-mediated diseases, such as staphylococcal food poisoning caused by 

Staphylococcal Enterotoxins (Becker, 2018). 

Staphylococcal food poisoning is one of the most common causes of food poisoning 

in the world. It is usually self-limiting, manifesting after a short incubation period, 2 to 6 

hours after ingestion of food containing Staphylococcal Enterotoxins, symptoms of acute 

gastroenteritis such as nausea, violent vomiting, abdominal cramps, diarrhea and fever 

can be observed (Kérouanton et al., 2007; Castro et al., 2018). 

1.4.5. Staphylococcus aureus in food  

The foods most affected by the presence of S. aureus are raw milk, soft and semi-

soft cheeses made from cow’s milk or from unspecified animals, ice cream, pre-cut fruits 

and vegetables, meat products of chicken or other animal species, processed food 

products and prepared meals, such as pasta, sauces, pastries and more particularly the 

ready-to-eat food (Grace and Fetsch, 2018). 

From 2008 to 2011, 137 outbreaks of foodborne illness caused by Staphylococcus 

spp. and Staphylococcus aureus have been declared in Spain, inducing 1577 cases and 33 

hospitalizations (Espinosa et al., 2015). 

According to the European Food Safety Authority in 2014, 393 food-borne 

outbreaks caused by Staphylococcal toxins were reported in 12 member states of the 

European Union, the majority of the cases were localized in France involving 264 

hospitalizations and 2 deaths, related to mixed foods, chicken and pork broiler meats, 

cheese and dairy products, fish and fish products, in addition to vegetables and fruit juices 

(EFSA-ECDC, 2015a; Castro et al., 2018). In the same year, 26 outbreaks of 



 
Introduction 

25 
 

staphylococcal food poisoning were reported in Japan, the main sources of which were 

packed lunches and rice balls (Jin and Yamada, 2016). 

In 2016, according to the results of the monitoring carried out by Spain on milk, 

cheese, meat, bakery products, vegetables, ready meals and other processed food 

products, 201 (21 %) of the samples were positive for Staphylococcus spp. out of a total 

of 940 samples analyzed (EFSA, 2017). 

In 2019, 16 strong evidence outbreaks and 58 weak evidence outbreaks caused by 

S. aureus enterotoxin poisoning were reported in 13 countries in the European Union, 

including Spain. Among these outbreaks, the two most important ones were reported in 

Hungary causing 380 illnesses and in France causing 300 cases including one 

hospitalization. The most serious outbreaks was reported in Italy which caused 70 cases 

including 44 (62 %) hospitalizations, nevertheless no deaths were reported. According to 

the European Food Safety Authority, a decrease in the number of foodborne disease 

outbreaks caused by S. aureus has been recorded, compared to 2018 in France and Spain 

(EFSA, 2021). 

1.4.6. Staphylococcus aureus detection in food  

The presence of S. aureus, this commensal microorganism of human skin and 

respiratory mucous membranes, in food indicates a deficiency in food and processing 

environment hygiene, mainly associated with improper food handling, in addition to a 

favorable growth conditions, such as non-compliance with the cold chain during storage 

and preparation (Valero et al., 2009; Argudín et al., 2010; Castro et al., 2018). 

According to the microbiological criteria established by (EC) 2073/2005 

Regulation, Staphylococcal Enterotoxins should not be detected in 25 g of dairy food, 

such as cheese, milk powder and whey powder. 

The amount of Staphylococcal Enterotoxin capable of causing disease is obtained 

from a number of cells greater than 105 CFU/g of food, therefore the enumeration of 

coagulase positive Staphylococci is necessary (Bhatia et al. Zahoor, 2007). 

The presence of coagulase positive Staphylococcus aureus is tolerated within the 

limits established by the (EC) 2073/2005 Regulation, depending on the type of food: less 

than 105 CFU/g for raw milk cheeses, less than 102 CFU/g for powdered milk and whey 

and less than 104 CFU/g for milk-based cheeses, subjected to less heat treatment than 

pasteurization and ripened cheese made from milk or whey pasteurized or having 
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undergone a more intense heat treatment than pasteurization, as well as shelled and 

shelled products of cooked crustaceans and molluscs. The enumeration should be 

determined by the application of the protocols mentioned in the regulation, UNE-EN ISO 

6888-1 and UNE-EN ISO 6888-2 (Castro et al., 2018). 

The diagnosis of Staphylococcal food poisoning is mainly established by the 

detection of Staphylococcal Enterotoxins in the food consumed or the presence of S. 

aureus producing Enterotoxins at a cellular concentration exceeding 106 CFU/mL, in 

addition to the presence of Enterotoxins with a large number of microorganisms in vomit, 

or the presence of the S. aureus strain in the stool of affected patients after infection 

(EFSA, 2009; Castro et al., 2018). 

The presence of the microorganism or enterotoxin genes can be quickly and 

efficiently detected by Polymerase Chain Reaction (PCR), including multiplex PCR 

detection methods, which are sensitive enough to detect all known determinants of 

Enterotoxins from contaminated foods, even without the presence of viable bacteria or 

which cannot be cultured. However, the presence of Enterotoxin genes does not mean 

that the microorganisms carrying the genes are able to produce them in sufficient quantity 

to cause disease, under the conditions of food storage (Hait et al., 2014; Stewart, 2017). 

Another alternative method to detect Enterotoxins is the Mass Spectrometry 

analysis, however this type of approach can only be applied to culture supernatants and 

not as a direct measure of Enterotoxins in food. In addition to the commercially available 

Reversed Passive Latex Agglutination assays which have a sensitivity of 0.5 ng/mL, or 

the enzyme-linked immunosorbent assay (ELISA) methods, which can detect 0.1 to 1.0 

ng of Enterotoxin per gram of food (Attien et al., 2014; Stewart, 2017). 
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2. OBJECTIVES 

Foodborne illness may represent a threat to community health all over the world 

and until today, food safety has been ensured by the detection of these microorganisms 

using conventional microbiological methods, which although effective, require time and 

a lot of resources, especially for the detection of several bacteria from a single sample, 

where each microorganism must be detected and isolated according to its own protocols, 

with several different culture media. Molecular detection tools such as multiplex PCR 

can be a good alternative for a rapid and efficient simultaneous detection of multiple 

bacteria in food. However, with detection by multiplex PCR, the more the number of 

targets and primers used increases, the more the detection sensitivity decreases, which is 

problematic for low cell concentrations, as in the case of Salmonella sp. or L. 

monocytogenes, the limit of which is the absence of 1 CFU/25 g. Consequently, the use 

of a co-culture step in a common medium, before detection by multiplex PCR would 

increase the number of cells initially present in the food, thus allowing their detection. 

Thereby the main objective of this work is the development of a quick and easy 

method for the simultaneous detection of Escherichia coli, Salmonella sp., 

Staphylococcus aureus and Listeria monocytogenes in foods, by combining a co-culture 

step in liquid medium and detection by multiplex PCR.  

To achieve this main objective, the following specific objectives have been 

proposed: 

1. Analyze several samples of environmental water and raw food in order to 

detect the target bacteria, using both methods, the microbiological method by 

applying UNE-EN ISO protocols and the molecular method by simplex PCR. 

2. Assess various liquid culture media, to determine the optimal co-culture 

medium for the simultaneous growth of the four target bacteria. 

3. Develop and optimize a multiplex PCR system, for the detection of the four 

target bacteria. 

4. Reduce detection time and improve sensitivity by combining a co-culture step 

and multiplex PCR for the detection of the four target bacteria, from food 

matrices in the presence of background microbiota.  
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3. MATERIAL AND METHODS 

3.1. Analysis of samples by cultural method, for the detection of Escherichia coli, 

Salmonella spp., Staphylococcus aureus and Listeria monocytogenes 

3.1.1. Samples studied  

The food samples were collected, at random, in small shops (butchers and 

greengrocers) and supermarkets in Valencian Community (Spain) and their analysis was 

initiated within 24 h after the collection.  

A total of 73 food samples were collected and tested between 2016 and 2018, 

including raw and Ready-To-Eat (RTE) food products, which can be eaten directly 

without or with little cooking, comprising 43 samples of animal origin products: 12 

samples of fresh minced meat, 10 cold meats (pâtés) and 21 fresh cheeses, as well as 30 

samples of vegetable origin products, mainly leafy vegetables: 10 lettuces, 10 spinach, 10 

chards. In addition, to 15 environmental surface water samples were collected between 

February and June 2018, in the Alboraya and Vera regions of the Valencian Community. 

3.1.2. Analysis of samples by cultural methods  

3.1.2.1. Sample preparation 

Tweenty-five g of each food sample were mixed with 225 mL of sterilized Buffered 

Peptone Water (BPW) (Scharlau-Spain), in a Stomacher bag and homogenized during 5 

min, for the pre-enrichment step according to UNE-EN ISO 16649-3:2015, UNE-EN ISO 

6579-1:2017 and UNE-EN ISO 6888-1:2000 protocols, relating to the research and 

detection of Escherichia coli, Salmonella spp. and Staphylococcus aureus respectively, 

to be finally incubated at 36 °C ± 2 °C for 18 h ± 2 h. 

For the detection of Listeria monocytogenes, 25 g of each food sample was mixed 

with 225 mL of sterile Enrichment Broth FRASER Base (Scharlau-Spain) half 

concentration (FBH), supplemented with Listeria UVMII Selective Supplement 06-111-

LY01 (Scharlau-Spain) and Ferric Ammonium Citrate Supplement 06-112-LY01 

(Scharlau-Spain), in a Stomacher bag and homogenized for 5 min, as a pre-enrichment 

step of the UNE-EN ISO 11290-1:2018 protocol  for the research and detection of L. 

monocytogenes, then the mixtures were incubated 25 h ± 1 h at 30 °C. 

The water samples were analyzed according to the UNE-EN ISO 9308-1:2014 

standard, using membrane filtration method for water with low microbiota content, where 
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225 mL of each water sample were filtered through 0.45 µm membranes (Sartorius 

Stedim Biotech™- Germany). The membranes were immersed into sterile Stomacher bag 

containing 225 mL of sterilized BPW (for E. coli, Salmonella spp. and S. aureus 

detection) and FBH with supplements (for L. monocytogenes detection), then 

homogenized for 5 min to finally be incubated under the same conditions mentioned 

above.  

3.1.2.2. Enumeration of Enterobacteriaceae 

The enumeration of Enterobacteriaceae was carried out from a few analyzed 

samples, following the horizontal method for the detection and enumeration of 

Enterobacteriaceae without the pre-enrichment, detailed in standard UNE-EN ISO 

21528-2:2018. 

One mL taken from the sample homogenized in BPW before the incubation was 

incorporated into a 9 mL sterile distilled water tube, then the serial decimal dilutions were 

carried out. From each decimal dilution 1 mL was inoculated, in duplicate and in depth 

with approximately 15 mL of molten medium Violet Red Bile Glucose AGAR (VRBGA) 

medium (Scharlau-Spain) at 44-47 °C, then after solidification an additional layer of 

medium (about 5 mL) was poured over the first one, to avoid invasive growth. After 

solidification, the dishes were incubated for 24 ± 2 h at 37 °C. Then, the enumeration of 

the characteristic purple/pink colonies was done. 

3.1.2.3. Isolation and identification of Escherichia coli  

For the isolation and identification of E. coli from food or water, there is no specific 

standardized method or a unique reference. Therefore, we had to develop our own 

protocol based on the multiple UNE-EN ISO standards, related to this microorganism 

(UNE-EN ISO 9308-3:1999; UNE-EN ISO 16654:2002 and UNE-EN ISO 21150:2016). 

The protocol mainly provides the isolation by three successive steps; a pre-enrichment in 

non-selective broth Buffered Peptone Water (BPW) (Scharlau-Spain), enrichment in 

selective broth Brilliant Green Bile Lactose Broth (BGBLB) (DifcoTM-BD-France) and 

isolation on selective solid media Tryptone Bile Glucuronic Agar (TBX) (Scharlau-

Spain) and Endo Agar (ENDO) (BBLTM-France). Then identification of the suspected 

colonies by biochemical tests.   

After sample collection, BPW pre-enrichment and incubation (as mentioned 

above), the selective enrichment step was carried out by inoculating 1 mL of the pre-
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enrichment mixture obtained after incubation, in a BGBLB tube for 24 h, at  37 °C. Then 

the isolation on solid selective media was done by streak, from the selective enrichment 

broth (BGBLB) after incubation. The two selective media used allowed a clear distinction 

between the typical E. coli colonies, which are blue to blue-green on the TBX and from 

the dark pink to rose-red with green metallic sheen on ENDO. Both media were incubated 

at 37 °C for 24 hours. After incubation, the characteristic suspicious colonies were plated 

on Plate Count Agar (PCA) (Scharlau-Spain) and incubated for 24 h at 37 °C, to be 

identified by catalase test, gram stain, biochemical tests IMViC. In the case of conclusive 

results for all those tests, the final confirmation would be established by API® 20E strip 

(BioMerieux-France). 

The suspected cultures, with a positive catalase, short bacilli gram-negative, indole-

positive, RM-positive, VP-negative and citrate-negative (IMViC ++--), were subjected to 

the last identification test, Api 20E strips (BioMerieux-France). This standardized and 

rapid system, allowing the identification of Enterobacteriaceae and other gram-negative 

bacteria, is composed of several miniaturized biochemical tests, the results of which need 

to be compared to a database. Results obtained are compared with the manufacturer's 

database to identify the bacteria. Finally, the confirmed E. coli strains were stored in 

cryotubes (Microbank™-ProLab Diagnostics-Canada) at -20 °C. 

3.1.2.4. Isolation and identification of Salmonella spp. 

The isolation and identification of Salmonella spp. from food and water was carried 

out according to the UNE-EN ISO 6579-1:2017 protocol, comprising a pre-enrichment 

step in non-selective Buffered Peptone Water (BPW) broth (Scharlau-Spain), mentioned 

previously, an enrichment step in two selective liquid media, the Rappaport Vassiliadis-

R10 Broth (RV) (DifcoTM-BD-France) and Müller-Kauffmann Tetrathionate Broth Base 

(MKTTn) (Scharlau-Spain) mixed with an iodine/iodide solution and the Brilliant Green-

Novobiocin selective supplement 06-017LYO1 (Scharlau-Spain). The two media were 

incubated 24 h, at 41.5 °C ± 0.5 °C for RV and 37 °C for MKTTn. After incubation, the 

isolation step was carried out from the selective cultures obtained, by streaking 

inoculation on two solid selective media, the Chromogenic Agar Base CM1007 (CAB) 

(Oxoid-United Kingdom) with the supplement SR0194E (Oxoid-United-Kingdom) and 

the Xylose-Lysine-Deoxycholate Agar (XLD) (Scharlau-Spain), the plates were 

incubated 24 h at 37 °C. Then, the plates were examined to identify characteristic colonies 

of Salmonella spp. on the two selective media which are red-pink colonies with or without 
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black center on XLD and magenta colonies on CAB medium. Some characteristic 

colonies were isolated on PCA for biochemical testing. Among the tests carried out are 

Catalase, Gram stain and IMViC, which were mentioned above, but also and more 

particularly the Triple Sugar Iron test (TSI) (Merck KGaA-Darmstadt-Germany). 

The Triple Sugar Iron test demonstrates the ability of a microorganism to ferment 

glucose, lactose and sucrose, as well as the ability to produce hydrogen sulfide (H₂S), 

which is performed by stabbing the center of the medium TSI to the bottom of the tube, 

then finalize the inoculation with the same loop, by streaking the surface of the slanted 

medium. The color change of the medium from red to yellow is a sign of acidification, 

which is due to sugars fermentation, the blackening of the medium results from the 

reduction of Sodium Thiosulfate to H2S, which produces Iron sulfide by reacting with the 

ferric ions of the medium, as well as air bubbles at the bottom of the tube, which can even 

crack the agar, indicating production of gases such as CO2. Cultures considered to be 

typical of Salmonella spp. should get the slanted part of the medium in red (alkaline), 

which means the non-use of lactose and sucrose, and the deep part in yellow 

(acidification), which is a sign of glucose fermentation. Furthermore, in most cases, agar 

blackening is noted, which is due to the production of H2S. 

The resulting suspected cultures resulting with Catalase-positive, Gram-negative of 

bacillus-form, Indole-negative, RM-positive, VP-negative, Citrate-positive (IMViC - + - 

+), as well as a TSI results: Glucose-positive, Lactose/Sucrose-negative and H2S-positive, 

were subjected to the last identification test using the Api 20E strips (BioMerieux-

France). The strains confirmed as Salmonella spp. by Api 20E, were stored in cryotubes 

(Microbank™-ProLab Diagnostics-Canada) at -20 °C, for further use.  

3.1.2.5. Isolation and identification of Staphylococcus aureus  

To detect and isolate S. aureus in food and water samples, we applied steps inspired 

from the UNE-EN ISO 6888-1:2000 protocol. After a pre-enrichment step in a non-

selective medium BPW, mentioned previously, a selective enrichment step was carried 

out by inoculating 1 mL of pre-enrichment culture, at the bottom of a 19 mL tube of 

Giolitti-Cantoni Broth (GC) (Scharlau-Spain), freed of air bubbles by preheating at 65 °C 

for 5-10 min and supplemented with the 06-011-100 Potassium Tellurite Solution 3.5 % 

(Scharlau-Spain), before inoculation. In order to provide an anaerobic atmosphere, the 



 
Material and methods 

32 
 

surface of the medium was covered with 2 mL of Vaseline oil, Extra pure (Scharlau-

Spain) before incubation at 37 °C for 24-48 h, examined daily. 

After the appearance of a black precipitate at the bottom of the tube, or in the whole 

of the medium, which is a sign of potassium tellurite reduction, the isolation step was 

carried out, from this dark zone, by streak on the selective medium Baird Parker Agar 

Base (BPA) (Scharlau-Spain) supplemented with the Egg Yolk Emulsion Potassium 

Tellurite (EYEPT) 06-026-100 (Scharlau-Spain). After 24-48 h of incubation at 37 °C, 

the characteristic colonies of S. aureus should be round, convex, black and shiny, with an 

opaque halo around the colonies, which is due to the reaction of lecithinase (lypolytic 

activity). 

These characteristic suspect colonies were cultured on PCA to be subjected to a 

Catalase test, Gram stain and specially to demonstrate the hemolysis activity. To do this, 

the cultures were inoculated on Blood Agar Base (Columbia) (Scharlau-Spain) medium 

mixed with 5 % Sheep Blood Defibrinated (Thermo Scientific™-Oxoid ™-United 

Kingdom) and incubated for 24 h at 37 °C. The characteristic colonies of S. aureus on 

this medium produce total hemolysis with a complete digestion of hemoglobin, resulting 

in a large area around the colony with distinct edges, where the medium becomes 

transparent and shows the light-yellow color of the nutrient base. 

Finally, the suspect cultures showing a catalase-positive test, gram-positive with 

cocci form, in cluster arrangement and a beta-hemolysis activity, were subjected to the 

last identification test by Api Staph strip (BioMerieux-France). The strains confirmed by 

Api Staph as being S. aureus were stored in cryotubes (Microbank™-ProLab 

Diagnostics-Canada) at -20 °C, for further use. 

3.1.2.6. Isolation and identification of Listeria monocytogenes   

The detection and isolation of L. monocytogenes were carried out according to the 

steps mentioned in the UNE-EN ISO 11290-1:2018 protocol. After the pre-enrichment 

step in Enrichment Broth Fraser Base Half concentration (FBH) (Scharlau-Spain), 

supplemented with Listeria UVMII Selective Supplement 06-111-LY01 (Scharlau-Spain) 

and Ferric Ammonium Citrate Supplement 06-112-LY01 (Scharlau-Spain), previously 

mentioned, 0.1 mL of the pre-enrichment culture was added to 10 mL tube of Enrichment 

Broth Fraser Base (FB) medium with supplements, as a selective enrichment step, then 

incubated at 37 °C for 24 h.  
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From the selective enrichment culture, the isolation step was carried out by 

streaking on two selective media Palcam Agar Base (PAL) (Scharlau-Spain), mixed with 

a Selective Supplement 06-110LY01 (Scharlau-Spain) and Chromogenic Listeria Agar 

Base of Ottaviani and Agosti (ALOA) (Oxoid-United Kingdom), with the OCLA 

Selective Supplement SR0226E (Oxoid-United Kingdom) and the BrillianceTM Listeria 

Differential Supplement SR0228E (Oxoid-United Kingdom), then incubated for 24 to 48 

h at 37 °C. The characteristic colonies of L. monocytogenes, which are gray-green, round 

with a concave center, surrounded by dark-brown to black halos on PAL medium and 

round convex with a shiny blue to blue-green color, surrounded by an opaque halo on 

ALOA medium, were cultured on PCA in order to be subjected to multiple tests such as 

catalase, gram stain and demonstration of hemolysis activity. 

Presumptive cultures with Catalase-positive, Gram-positive, as well as a small, 

straight and thin rounded ends bacillus shape and, above all, a clear area of beta-hemolysis 

on Blood Agar, which indicate a hemolysis activity, were submitted to a final 

identification step by Api Listeria strip. The strains confirmed by Api Listeria as L. 

monocytogenes, were stored in cryotubes (Microbank™-ProLab Diagnostics-Canada) at 

-20 °C, for further use. 

3.2. Analysis of samples by molecular method, for the detection of Escherichia coli, 

Salmonella spp., Staphylococcus aureus and Listeria monocytogenes 

3.2.1. Reference strains 

In this work, four reference strains were used as positive controls: Escherichia coli 

CECT 101, Salmonella enterica CECT 4266, Listeria monocytogenes CECT 936 and 

Staphylococcus aureus CECT 435, procured from the Spanish Type Culture Collection 

(CECT, Valencia, Spain). 

Cultures were prepared from culture stocks, stored in cryotubes (Microbank™-

ProLab Diagnostics-Canada) at -20 °C, by streaking on Plate Count Agar (PCA-

Scharlau), the different bacterial strains were cultured separately and the plates were 

incubated for 24 h at 37 °C. After incubation, each strain was inoculated by the spread 

plate method (lawn) on the agar surface, to obtain abundant growth of each pure culture 

and sufficient template for DNA extraction, then incubated for 24 h at 37 °C. 
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3.2.2. DNA extraction    

For the analyzed samples, 1 mL aliquots collected from selective enrichment steps 

(BGBLB, GC, RV, MKTTn, FR) were subjected to DNA extraction by kit. 

After 2 min of centrifugation at 16000 ×g (Centrifuge Sigma-Germany), the 

supernatant was removed and the pelleted cells were used for DNA extraction, following 

the manufacturer's Gram-positive extraction protocol, of GenElute™ Bacterial Genomic 

DNA Kit (Sigma-Aldrich), which requires the use of Lysozyme (BioChemica-PanReac 

AppliChem-ITW Reagents). The eluted DNA was stored at -20 °C, to be used as a PCR 

template. 

As a positive control template, the amount of fresh pure culture, from each reference 

strains Escherichia coli CECT 101, Salmonella enterica CECT 4266, Listeria 

monocytogenes CECT 936 and Staphylococcus aureus CECT 435, were homogenized 

separately in 1 mL of Tris-EDTA Buffer (TE buffer-PanReac AppliChem; 0.1 mM 

EDTA-Na2, 10 mM Tris, pH 8.0), then subjected to DNA extraction by kit, previously 

mentioned. 

3.2.3. Selection of primers 

One of the most critical steps is the selection of target DNA sequences to amplify, 

in order to design the specific primers pair for each target gene. The design of primers is 

usually done using open-source online software. 

For the detection of the four studied bacteria, the pairs of primers used were selected 

from other studies and presented in Table 5. To detect E. coli, GADA 670-F/R primers 

pair targeting the Glutamate Decarboxylase enzyme-encoding gene (gadA) was chosen 

from the work of McDaniels et al. (1996). For S. enterica primers pair SalinvA 284-

139/141 was chosen from the Rahn et al. (1992) work, targeting the encoding gene of 

Invasion protein A (invA). In addition to the LM 404-F/R primers pair from Wu et al. 

(2004) targeting the Listeriolysin-encoding gene (lisA) of L. monocytogenes and Nuc 484-

F/R primers pair, targeting the encoding gene of S. aureus Thermostable Nuclease (nuc), 

from the work of Xu et al. (2006). The primers used were synthesized by TIB MOLBIOL 

(Syntheselabor GmbH-Germany).  
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Table 5. Primers used 

Strains Primers Sequences Size References 

E. coli 
GADA/F ACCTGCGTTGCGTAAATA 

670 bp 
McDaniels et 

al., 1996 GADA/R GGGCGGGAGAAGTTGATG 

S. aureus 
Nuc/F CTTTAGCCAAGCCTTGACGAAC 

484 pb Xu et al., 2006 
Nuc/R AAAGGGCAATACGCAAAGAGGT 

L. monocytogenes 
LM404/F ATCATCGACGGCAACCTCGGAGAC 

404 bp Wu et al., 2004 
LM404/R CACCATTCCCAAGCTAAACCAGTGC 

S. enterica 
SalinvA139 GTGAAATTATCGCCACGTTCGGGCAA 

284 bp 
Rahn et al., 

1992 SalinvA141 TCATCGCACCGTCAAAGGAACC 

 

3.2.4. Primers validation by simplex PCR and temperature gradient 

Each pair of primers was previously validated individually by simplex PCR, in a 

similar reaction mixture containing its own target DNA (extracted by kit), under the same 

amplification conditions. These conditions chosen as a starting point, were established 

and optimized from the PCR kit manufacturer recommendations, based on the conditions 

used in the original studies of each primers pair from Rahn et al. (1992), McDaniels et al. 

(1996), Wu et al. (2004) and Xu et al. (2006), in addition to the comparison of several 

study conditions, working with the same primers pairs, to obtain reagents concentrations 

and the most suitable temperatures, for an effective running of all primers. 

During this evaluation, several annealing temperatures were used and the 

temperature gradient assay (55, 56, 57, 58, 60 °C) was performed to assess the 

performance of each primers pair in PCR simplex amplification to determine the optimum 

common temperature between the four pairs of primers. 

For each test, a reaction mixture with distilled Milli-Q water was used, instead of 

the DNA template, as a negative control and amplifications were carried out using a 

Thermal Cycler (Eppendorf AG-Germany). Then, 5 μL of each PCR products were mixed 

with Ready-to-Load (GeneRuler-Thermo Scientific) and subjected to an electrophoresis 

for 80 min at 80 Volts on 1.5 % agarose gel (Agarose D1 low EEO-Conda/TAE buffer-

PanReac AppliChem; 0.05 M EDTA-Na2·2H2O, 1 M Acetic Acid glacial, 2 M Tris). 

Amplification products were visualized under UV transilluminator (Vilber Lourmat-

France). 
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3.2.5. Evaluation of primers sensitivity in simplex PCR 

The sensitivity of the primers was determined separately, by evaluating the 

detection limits of the four simplex PCRs. To do this, each reference strain was cultured 

individually in 10 mL of Nutrient Broth medium (NB) (Difco™- BD-France) and 

incubated under 150 rpm agitation for 24 h at 37 °C, in order to obtain an approximate 

cell concentration of 108 CFU/mL. 

After incubation, serial dilutions of the overnight cultures were carried out, in 9 mL 

tubes of 0.85 % sterile physiological saline solution. Then, cell concentrations were 

determined by a viable counting, in duplicate on the corresponding selective media (TBX, 

BPA, PAL and XLD). Plates were incubated for 24-48 h at 37 °C.  

1 mL aliquots collected from each suspension (108-100 CFU/mL) were used for 

DNA extraction by kit (previously mentioned). Then from each resulting DNA, 4 µL 

were used to perform a simplex PCR, according to the conditions previously established. 

After amplification, 5 μL of each resulting PCR products, were mixed with Ready-

to-Load, separated by electrophoresis on 1.5 % agarose gel at 80 Volts for 80 min, then 

visualized using a UV transilluminator. 

3.2.6. Analysis of samples by simplex PCR  

The detection of the four bacteria from water and food samples by molecular 

method was carried out by simplex PCR assays, using DNAs extracted from the aliquots 

of selective enrichment media and the four specific pairs of primers mentioned in Table 

5.  

For each detection, a positive control and a negative control were prepared. For the 

positive control, DNA extracted from the reference strains was added to the reaction and 

sterile distillated Milli-Q water was used instead of DNA, in the negative control reaction. 

3.3. Simultaneous co-culture and detection of Escherichia coli, Salmonella spp., 

Staphylococcus aureus and Listeria monocytogenes by multiplex PCR 

3.3.1. Selection of a co-culture medium      

The effect of several selective and non-selective broths on the growth of the four 

studied microorganisms was compared, according to the maximum population rates 

obtained under the same culture conditions (24 h at 37 °C), in order to select the most 

suitable co-culture broth for the 4 target bacteria.  
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3.3.1.1. Effect of various culture broths on individual growth  

The individual growth of each target bacteria was evaluated in several commercial 

non-selective broths; Luria-Bertani Broth (LB) (DifcoTM-BD-France), Nutrient Broth 

(NB) (Difco™-BD-France) and Buffered Peptone Water (BPW) (Scharlau-Spain). 

Likewise, selective culture broths recommended in UNE-EN ISO protocols, for the 

selective enrichment of each studied bacteria were tested; BGBLB, RV, GC and FB with 

supplements for E. coli, S. enterica, S. aureus and L. monocytogenes, respectively.  

The selective synthetic broth developed by Chen et al. (2015), SSSLE broth, for the 

simultaneous growth of S. enterica, S. aureus, S. flexneri, L. monocytogenes and E. coli, 

was also tested in our work. 

To do this, 1 CFU/mL of pure culture of each reference strains cultivated for 24 h 

on PCA, were separately inoculated in 10 mL of culture broths tested, then incubated for 

24 h at 37 °C for NB, BPW, LB, BGBLB, GC, FB, SSSLE and at 41.5° ± 0.5°C for RV. 

The maximum population rates obtained were determined after incubation by 

counting on the respective selective media described in the UNE-EN ISO protocols 

(TBX, XLD, BPA and PAL). The Plates were incubated at 37 °C during 24-48 h. The 

number of CFU/mL was determined according to UNE-EN ISO 7218:2008 standard. 

3.3.1.2. Buffered Peptone Water as co-culture broth 

3.3.1.2.1. Inoculum preparation 

Fresh pure cultures of each reference target strain were cultivated separately, in 10 

mL of BPW then incubated for 24 h at 37 °C with 150 rpm shaking, to obtain an 

approximate cell concentration of 108 CFU/mL. 

After incubation, overnight cultures were submitted to decimal dilutions in 9 mL 

BPW tubes, to preserve cell integrity and maintain viability, then cell concentrations were 

estimated by counting on respective selective media described in the UNE-EN ISO 

protocols, mentioned above. The number of CFU/mL was determined according to the 

formula, mentioned in UNE-EN ISO 7218:2008 standard. 

3.3.1.2.2. Effect of BPW on individual and co-culture growth  

To evaluate the BPW recovery abilities, from low initial inoculum concentrations, 

in individual pure cultures, three inoculum levels were used 103, 102, 101 CFU/mL, in a 
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final volume of 10 mL, for each target strain. Then, the BPW recovery abilities in co-

culture, from low initial inoculum concentrations were tested, also on three inoculum 

levels with equal concentration between the four target bacteria, for a final volume of 10 

mL, in several experiments:  

-Experiment 1: 103, 103, 103, 103 CFU/mL,  

-Experiment 2: 102, 102, 102, 102 CFU/mL and  

-Experiment 3: 101, 101, 101, 101 CFU/mL, then incubated 24 h at 37 °C. 

The initial inoculum concentrations and the recovery rates of each experiment were 

determined by counting, on respective selective media, previously mentioned. All plates 

were incubated 24-48 h at 37 °C and the number of CFU/mL was determined according 

to the formula mentioned in UNE-EN ISO 7218:2008 standard, and 1 mL aliquots from 

each suspension culture were frozen at -20 °C, to be tested by multiplex PCR. 

3.3.1.2.3. Effect of BPW on co-culture growth, from artificially 

inoculated food matrix 

To evaluate recovery abilities, during co-culture from an artificially inoculated food 

matrix, with the presence of background microbiota, two kinds of ready-to-eat food were 

tested, eco-organic lettuce and raw minced meat. The samples were purchased from local 

stores and used fresh, without prior heat treatment, to preserve their background 

microbiota. 

Each sample was handled, according to the same protocol: 10 g of sample were 

artificially inoculated with the appropriate pure culture dilutions (prepared previously and 

mentioned in 3.3.1.2.1), to obtain an initial inoculum concentration of 103 CFU/mL for 

each strain. Then 90 mL of sterile BPW was added to the Stomacher bag containing the 

inoculated sample. The mixtures were homogenized for 5 minutes, then incubated for 24 

h at 37 °C. 

Initial inoculum concentrations and recovery rates were determined by counting, on 

the respective selective media and all plates were incubated during 24-48 h at 37 °C. The 

number of CFU/mL was determined after incubation and 1 mL aliquots of each resulting 

co-culture were frozen at -20 °C, to be tested by multiplex PCR. 
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3.3.2. Development and Optimization of multiplex PCR  

To detect simultaneously the four microorganisms from a single sample, with an 

effective means that is simpler, faster and economical, we have relied on the development 

of a multiplex PCR, using several sets of primers specific to each template, in a single 

reaction. 

However, the practical development of a multiplex PCR is fastidious, as its 

complexity increases with the number of amplified targets and the primers pairs used. It 

usually requires numerous optimization tests to ensure a stable reaction, with the best 

balance between specificity and detection sensitivity, for all the target genes present in 

the reaction (Oscorbin et al., 2021). 

Many factors may influence the multiplex PCR, among the most important; the 

quality of the DNA matrix, the targeted sequences, the design of the primers, the quantity 

of reaction reagents used and the Thermal Cycler program applied (temperatures and 

number of cycles) (Chuang et al., 2013). 

3.3.2.1. In silico validation of primers  

Prior to multiplexing, the specificity of each primers pair was rigorously analyzed 

in silico, using the Primer-Blast program Basic Local Alignment Search Tool 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) to confirm their correspondence with the targeted 

genes, and ensure the absence of homologous sequences in non-target microorganisms, 

thus avoiding any non-specific amplification. 

Another factor related to primers that might influence detection results, is the 

formation of secondary structures. The control of these structures was made through 

primers analysis, by an open source program, the Multiple Primer Analyzer (Thermo 

Fisher Scientific). 

With the same program, the four primers pairs were compared with each other, to 

confirm the absence of any complementarity, thus avoiding the risk of primers 

dimerization during multiplexing (Huang et al., 2018). 

3.3.2.2. Development of multiplex PCR 

After the in silico validation of the primers, the multiplexing was carried out by a 

progressive integration of the primers, in combination of two, three, then all 4 in a single 

reaction, with their respective DNA targets. 
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The multiplex PCR was carried out according to the conditions resulting from 

simplex PCRs temperature gradient. 

All components of the reaction mixture: 2.9 µL Reaction Buffer 10×NH4, 3 mM 

MgCl2 Solution, 0.20 mM dNTP’s (dNTP Mix-BIOLINE) and 2.5 Units Taq DNA 

polymerase (BIOTAQ™ DNA Polymerase-BIOLINE), were mixed with the 4 primers 

pairs (0.4 µM GADA670, 0.4 µM Nuc484, 0.4 µM LM404 and 0.2 µM SalinvA284). 1 

µL of each target DNA (extracted by kit) was added, resulting in 4 µL of DNA template 

for a total volume of 29 µL (amplification conditions showed in Table 14 of RESULTS 

AND DISCUSSION section). After amplification, 5 µL of PCR product were subjected 

to electrophoresis, according to the conditions mentioned previously. 

To verify the presence of a possible cross-hybridization during the multiplexing 

step, which could lead to a mispriming between the four primers and the four DNA 

templates, each target DNA was individually incorporated into a reaction mixture, 

composed of all primers pairs in addition to the reagents required for the multiplex PCR 

reaction, previously mentioned. 

3.3.2.3. Optimization of multiplex PCR 

To obtain the best simultaneous detection of the four microorganisms, optimization 

tests were carried out to resolve the detection problems resulting from multiplexing. Such 

as removing artifacts and non-specific products by increasing the annealing temperature 

(58, 59, 60, 61, 62 °C), by reducing the number of cycles (30, 25, 20) or by increasing the 

amount of MgCl2 (3.2, 3.5, 4 mM). All of these variations were first done separately and 

then combined. 

To improve detection sensitivity, the modifications were mainly based on 

increasing the amount of dNTP’s (0.22, 0.3, 0.4 mM), Taq DNA polymerase or even the 

DNA template.  

To homogenize the detection intensity between the four specific amplicons, primers 

quantities were adjusted, by decreasing the quantity for amplicons with high band 

intensity and increasing it for the weakest. 

The integrity and the quantity of DNA recovered after extraction is a very important 

factor, which might significantly influence the PCR detection result. Therefore, the DNA 

purification method by commercial kit, with Lysozyme, was compared with the DNA 
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extraction by thermal lysis (the boiling method) without lysozyme, according to Zhang et 

al. (2012).  

Both methods were applied on aliquots of 1 mL, collected from individual cultures 

and co-cultures of reference strains, made in BPW. 

3.3.2.4. Evaluation of multiplex PCR specificity 

The multiplex PCR specificity was evaluated by determining the ability of this 

protocol to distinguish the target bacteria from the non-target ones.  

To do this, several reaction mixtures were prepared, containing the 4 pairs of 

primers, all the components necessary for amplification and the extracted DNA from pure 

cultures, including: Escherichia coli CECT 425, Escherichia coli CECT 418, Escherichia 

coli CECT 4558, Citrobacter freundii CECT 401, Micrococcus luteus CECT 245, 

Staphylococcus epidermidis CECT 231 and the 3 laboratory isolates Listeria innocua, 

Listeria grayi, Bacillus cereus. 

All the strains used were cultured separately on PCA, for 24 h at 37 °C and the 

DNA templates were extracted by the DNA purification kit previously mentioned. 

3.3.2.5. Evaluation of multiplex PCR sensitivity 

To determine the sensitivity of the multiplex PCR, the protocol applied was the 

same as that mentioned for the evaluation of the simplex PCRs sensitivity. Based on the 

use of DNA extracted by kit, from decimal dilutions of each pure culture (108-100 

CFU/mL). 

The DNA template used for this evaluation is composed of the four target DNAs (1 

µL ×4) with an equivalent cell concentration (CFU/mL) for each strain, added separately 

to the reaction mixture with the rest of necessary reagents. 

In addition, the DNA templates DNAs used in each PCR mixture were measured 

using the Qubit 4 Fluorometer (Thermo Fisher Scientific). Then, the amplification was 

carried out, according to the optimized conditions. 

3.3.3. Detection limits by multiplex PCR from the co-culture 

To evaluate the detection limits from co-culture carried out in BPW, with and 

without food matrices, all the aliquots collected after incubation were subjected to a DNA 
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extraction by kit. Then the resulting DNAs were used as templates in several multiplex 

PCRs, according to the optimized conditions. 
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4. RESULTS AND DISCUSSION 

4.1. Analysis of samples by cultural method, for the detection of Escherichia coli, 

Salmonella spp., Staphylococcus aureus and Listeria monocytogenes 

Raw and Ready-To-Eat food samples were analyzed by cultural and molecular 

methods, including 43 animal origin samples (minced meat, cold meat, fresh cheese), 30 

vegetable origin samples, mainly leafy vegetables (lettuce, spinach, chard). In addition to 

15 environmental surface water samples, from two agricultural canals in the areas of 

Alboraya and Vera (Valencian Community-Spain), to detect four target bacteria: 

Escherichia coli, Salmonella spp., Staphylococcus aureus and Listeria monocytogenes. 

4.1.1. Enumeration of Enterobacteriaceae 

According to the Regulation CE N° 2073/2005 issued by the European 

Commission, concerning the microbiological criteria applicable to foodstuffs, the 

Enterobacteriaceae enumeration might be used as an indicator of microbiological risk, 

because even if most of its species are not dangerous, this group also includes pathogenic 

species. Therefore, the presence of this family may induce the establishment of controls, 

targeting specific pathogens. 

Relevant for routine monitoring, it is used to assess the hygienic quality of food and 

water, because their presence can be related to original raw material contamination, to 

cross-contamination with the environment (soil or irrigation water), or to inappropriate 

treatment during handling, such as compromising the cold chain or a poor sanitation of 

processing environment and equipment. For this reason, EFSA's recommendations 

regarding the controls of Enterobacteriaceae, include both manufacturing environment 

as well as the finished product.  

In order to determine the number of Enterobacteriaceae in the analyzed food and 

water samples, the VRBGA medium was used and for each type of food/water results 

obtained from the multiple enumerations, were expressed as an average. After analysis of 

Enterobacteriaceae enumeration results, presented in Table 6, it was observed that the 

analyzed animal origin products were more loaded with enterobacteria (3.08×103-

2.49×106) than vegetable origin products (4.30×103-1.71×105) and environmental water 

samples (with an average of 4.73×104). 
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Table 6. Enumeration of Enterobacteriaceae 

Animal origin products (CFU/g) 

Minced meat 1.17×105 

Cold meat 3.08×103 

Fresh cheese 2.49×106 

Vegetable origin products (CFU/g) 

Lettuce 5.34×103 

Spinach 4.30×103 

Chard 1.71×105 

Environmental water (CFU/mL) 

Alboraya area 2.81×104 

Vera area 6.64×104 

Water average 4.73×104 

  

Among these samples, fresh cheese was the one with the highest number of 

Enterobacteriaceae, a fact that has been reported in several studies, concerning different 

Mediterranean cheeses (Psoni et al., 2003; Macedo et al., 2004), and correlated with 

certain organoleptic characteristics such as aroma, taste and texture (Dahl et al., 2000; 

Morales et al., 2004), which contribute to the sensory characterization of cheese (Chaves 

et al., 2006; Martín et al., 2018). The rate of Enterobacteriaceae resulting from our 

analysis seems to be the same as the results of Armas et al. (2020) in Cuba, but higher 

than results mentioned by Ashkezary et al. (2020) in Italy and Espinoza et al. (2020) in 

Ecuador. According to the regulation CE N° 2073/2005, pasteurized milk and other 

pasteurized liquid dairy products with an Enterobacteriaceae level higher than 10 

CFU/mL are considered unsatisfactory, therefore, a control of the heat treatment 

efficiency, prevention of recontamination and quality control of raw materials should be 

done. 

Followed by minced meat, in second position, which might be due to the fact that 

these were samples of raw and fresh food. Enterobacteriaceae enumerations obtained 

from raw minced meat are significantly higher than those mentioned in the work of 

Siriken (2004); Elmali and Yaman (2005) in Turkey, Phillips et al. (2008) in Australia, 

Abdelrahman et al. (2014) in Egypt, Atlabachew and Mamo (2021) in Ethiopia. The high 

incidence of Enterobacteriaceae in ground beef constitutes a potential danger to public 

health, such as histamine poisoning, especially when consumed raw (with little or no 

cooking). This type of contamination can be due to the rupture of the intestine or the use 

of contaminated water during evisceration and slaughter, but also related to handling 
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during the preparation process (slicing, mincing, weighing and packaging) in butcher's 

shops (Wong et al., 2004; Scheutz et al., 2012). According to the regulation CE N° 

2073/2005, meat and carcasses before refrigeration with an Enterobacteriaceae level 

higher than 1.5-2.5 log10 CFU/cm2, are considered unsatisfactory and improvements in 

hygiene during slaughter, in addition to a review of the process should be carried out. 

Among the animal origin samples, the food least loaded with Enterobacteriaceae 

was the cold meat kind, this may be related to the fact that it is not a raw food and that 

for their preparation preservatives are usually used. Generally, for this category, food 

samples showing an Enterobacteriaceae level higher than 104 CFU/g are considered 

unsatisfactory (Gilbert et al., 2000). In our case, although the maximum rate has not been 

reached and the cold meat samples are considered satisfactory, efforts still need to be 

made by the supermarket in order to reduce the rate and improve the sanitary quality of 

this type of food.  

Regarding the analyzed vegetable origin products, the number of 

Enterobacteriaceae recorded although lower than that found in animal origin products, it 

nevertheless remains high. Among the leafy vegetables tested, we noticed that the rate 

obtained from chard samples (Beta vulgaris) was much higher than those obtained from 

lettuce (Lactuca sativa) and spinach samples (Spinacia oleracea). This could be due to 

the size, the shape and texture of the leaves, as chard leaves are larger fan-shaped in a 

cluster form (Aycicek et al., 2006; Korire et al., 2016), which increases the contact surface 

in the event of possible contamination, by polluted irrigation water or during manual 

picking, transport and storage for example. In addition to its crumpled and blistered 

texture, which facilitates the adhesion of pathogens, unlike spinach and lettuce, which 

have smaller and smoother leaves.  

The counts of Enterobacteriaceae recorded from the analysis of vegetables 

products seem to coincide with the results obtained by Nguz et al. (2005) in Zimbia, 

Abadias et al. (2008) and Oliveira et al. (2010) in Spain, Seow et al. (2012) in Singapore, 

Cardamone et al. (2015) in Italy, Al-Kharousi et al. (2016) in Oman, Kłapeć et al. (2016) 

in Poland. Slightly higher than the results of Johannessen et al. (2002) in USA and Ryu 

et al. (2014) in Korea, and lower than Viswanathan and Kaur (2001) in India, Aycicek et 

al. (2006) in Turkey and Al-Holy et al. (2013) in Saudi Arabia results.  

The presence of Enterobacteriaceae can be due, in addition to polluted irrigation 

water, to the contact with soil contaminated by animal excrement, or in the case of organic 
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farming, which requires the use of organic fertilizers, such as manure and slurry. Since 

the vegetables analyzed were raw, fresh, unpackaged and purchased from greengrocers, 

contamination may also occur during destocking and displaying operations, or even 

during weighing.  

However, we have observed that most microbiological quality guide recommend 

the use of Enterobacteriaceae enumeration only for the evaluation of the microbiological 

quality of Ready-To-Eat food, taken at the sale point and judge the enumeration from raw 

foods, like vegetables or fruits as irrelevant, since these types of foods generally have a 

high level of Enterobacteriaceae, as part of their normal microbiota (Gilbert et al., 2000; 

Amador et al., 2010). 

The environmental water analyzed samples from the two zones Alboraya and Vera 

(Valencia-Spain), showed a relatively similar load of Enterobacteriaceae, which exceeds 

the limits, ranging between 102 and 103 CFU/100 mL, established in Spain and 

recommended by the European Union for use as irrigation water (RD 1620/2007). It 

therefore, falls into the category of water that cannot be used directly for agricultural 

purposes, because their direct contact with food would represent a significant risk for 

human health, if purification treatments were not implemented beforehand (Alcalde-Sanz 

and Gawlik, 2017). 

4.1.2. Isolation and identification of Escherichia coli  

According to the regulation CE N° 2073/2005 issued by the European Commission, 

concerning the microbiological criteria applicable to foodstuffs, then modified by the CE 

N° 1441/2017 and CE N° 229/2019, the presence of E. coli in food is tolerable at defined 

limit, beyond which the products are considered non-compliant and unsatisfactory. For 

foods like ground meat intended for raw consumption, the level of E. coli must be less 

than 50 CFU/g, and less than 102 CFU/g for fresh cheese. The criteria developed by the 

Federation of Trade and Distribution (FDC-Fédération du commerce et de la distribution) 

indicate that the level of E. coli present in foods such as cold meat should not exceed 10 

CFU/g for product of a satisfactory sanitary quality (FCD, 2020). Regarding raw 

vegetables and green products, the number of E. coli should be between 10 and 102 CFU/g 

(Gilbert et al., 2000; Pascual and Calderón, 2010). According to Alcalde-Sanz and Gawlik 

(2017) the water used for all food crops intended for raw consumption including roots, 

which are the edible part in direct contact with water and where all irrigation methods 

authorized, must be of "A category", with an E. coli level not exceeding 10 CFU/100 mL. 
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Analysis of the environmental water and food samples (results presented in Table 

7), showed that E. coli was present in the water samples with a rate 10/15 (66.67 %), 

which is slightly higher than the results obtained by Holvoet et al. (2013) in Belgium. 

Since this bacterium is a part of the humans and warm-blooded animal’s intestinal 

microbiota, its survival time in the main habitat is two days (Groisman and Winfiel, 2003; 

Reshes et al., 2008). It grows and divides only inside and will not withstand long outside 

due to external factors (Groisman and Winfiel, 2003). Depending on the environment 

where it is found, E. coli can survive for about 1 day in water and from 1 to 2 days, 

approximately, in soil (Larrea et al., 2013). Therefore, its continued detection in water 

could only be due to constant contact or transfer of feces (Groisman and Winfiel, 2003). 

Hence this microorganism is used as an indicator of environment fecal contamination 

(Jimenez et al., 1989). Its presence in surface water is generally due to the direct discharge 

of livestock excreta, which has access to watercourses, runoff from manure piles or 

drainage from spreading plots and pastures (CAC, 2013). The contamination of 

environmental waters by pathogens represents a major health risk, which might cause 

intoxications, infections and even epidemics, but also a threat for the future of the water 

supply, especially from the point of view antibiotic resistance genes transfer, because 

according to Martínez (2009) about 90 % of bacteria in water are resistant to more than 

one antibiotic and 20 % are resistant to at least five. Among the most resistant, 

Escherichia coli, Staphylococcus aureus, Klebisiella pneumoniae, followed by 

Salmonella spp (WHO, 2018).  

Table 7.  Results of the isolation and identification of Escherichia coli 

Origin 

products 
Analyzed samples Positive samples 

Animal 

Minced meat  12 05/12 (41.66 %) 

Cold meat   10 00 

Fresh cheese 21 01/21 (4.76 %) 

Total 43 06/43 (13.95 %)  

Vegetable 

Lettuce  10 04/10 (40 %) 

Spinach  10 02/10 (20 %) 

Chard  10 01/10 (10 %) 

Total 30 07/30 (23.33 %) 

Water Water 15 10/15 (66.67 %) 

The presence rate of E. coli in leafy vegetables was 7/30 (23.33 %), of which 40 % 

of lettuce samples (04/10), 20 % of spinach samples (2/10) and 10 % of chard samples 

(01/10) contaminated. Based on these results, E. coli prevalence in vegetables food is 

relatively close to the rates mentioned in the work of Olivera et al. (2010) in Spain, Al-
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Kharousi et al. (2016) in Oman, Kłapec et al. (2016) in Poland. However, it remains 

higher than those mentioned in the work of Abadias et al. (2008) in Spain, Santos et al. 

(2012) in Portugal, Cardamone et al. (2015) in Italy. 

Regarding the presence of E. coli in animal origin food, the rate of contaminated 

samples was 6/43 (13.95 %) of which 05/12 (41.66 %) samples of minced meat and 1/21 

(4.76 %) samples of fresh cheese. The recorded results of E. coli prevalence in minced 

meat during analyzes are relatively close to those mentioned in the work of Gwida et al. 

(2014) in Egypt, and lower than those of Abdelrahman et al. (2014) Egypt. As for the 

prevalence of E. coli in fresh cheese, our results are quite close to those described in the 

work of Rosengren et al. (2010) in Sweden and much lower than those of Ombarak et al. 

(2016) in Egypt and Vásquez et al. (2018) in Peru.  

According to Amador et al. (2010) in Portugal, the presence of E. coli in the deli 

meat samples was around 15.4 %, which is very far from the results of our analysis, 

because no cold meat sample has been tested positive for the presence of E. coli, which 

could be due to the heat treatment carried out during the transformation and the 

preservatives used in the preparation, but above all, to the absence of recontamination 

during the handling process, which means that the standards of Good Manufacturing 

Practices (GMP) have been correctly applied, resulting in satisfactory products.  

From the samples analyses carried out, we were able to observe that the efficiency 

of the TBX medium with 16/23 (69.56 %) positive samples was clearly higher than that 

obtained using ENDO 13/23 medium (56.52 %). However, the fact that only 6/23 (26.08 

%) of the positive samples were obtained by both media at the same time, demonstrates 

the need to combine the two selective culture media. These results are presented in Table 

8. 

Table 8. Efficacy comparison of the two selective media TBX and ENDO 

Samples ENDO  TBX  ENDO & TBX  

Minced meat 4/23 4/23 3/23 

Fresh cheese 0/23 1/23 0/23 

Lettuce 2/23 2/23 0/23 

Spinach 2/23 2/23 2/23 

Chard 1/23 1/23 1/23 

Water 4/23 6/23 0/23 

TOTAL  13/23  16/23  6/23  

% 56.52 % 69.56 % 26.08 % 
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In addition to E. coli, several Enterobacteriaceae species were isolated from the 

analyzed samples and identified by Api 20E strip (results shown in Table 9). These 

cultures were tested by Api strip because they were suspected of belonging to E. coli 

species, getting all the characteristics required by cultural methods on selective media, 

Gram stains and biochemical tests. These bacteria are mainly part of the commensal 

microbiota of humans or animal digestive tract, which are usually isolated from the 

environment (soil, water, wastewater, plants), their presence in food is mainly due to 

direct or cross contamination. These microorganisms can behave as opportunistic 

pathogens, inducing urinary and respiratory infections, wound superinfection and 

nosocomial infections in hospital environment and even septicemia in people with 

weakened immune system. Clinically, certain members of the Enterobacteriaceae family 

are among the most feared agents for their pathogenicity (Nhung et al., 2007), but also 

for their ability to acquire antibiotic resistance genes (Ruimy et al., 2010), which once 

integrated, can be transferred to other bacteria (Mathur et al., 2005). 

Table 9. Identification of several strains by Api strip 20E, from analyzed samples 

Origin Strains Samples 

Animal 

S. liquefaciens 5/43 (11.63 %) 

E. cloacae 3/43 (6.78 %) 

P. mirabilis 2/43 (4.65 %) 

S. marcescens 1/43 (2.32 %) 

A. hydrophila 1/43 (2.32 %) 

H. alvei 1/43 (2.32 %) 

R. ornithinolytica 1/43 (2.32 %) 

K. oxytoca 1/43 (2.32 %) 

C. koseri 1/43 (2.32 %) 

Vegetable 

P. luteola 2/30 (6.67 %) 

P. oryzihabitans 2/30 (6.67 %) 

P. mirabilis 2/30 (6.67 %) 

P. rettgeri 1/30 (3.33 %) 

M. morganii 1/30 (3.33 %) 

A. baumanni 1/30 (3.33 %) 

P. aeruginosa 1/30 (3.33 %) 

P. stuartii 1/30 (3.33 %) 

C. freundii   1/30 (3.33 %) 

R. ornithinolytica 1/30 (3.33 %) 

K. pneumoniae   1/30 (3.33 %) 

Among the identified bacteria, Klebsiella oxytoca which can cause colitis (Hoenigl 

et al., 2012), Klebsiella pneumoniae which is usually found in the upper airways of 

humans and warm-blooded animals, feared for its ease of acquiring antibiotic resistance 

genes (Rashid and Ebringer, 2007), also isolated from lettuce samples in the work of Al-

Holy et al. (2013) in Saudi Arabia. Enterobacter cloacae considered in recent years as a 
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nosocomial infectious agent (Barnes et al., 2003), was also isolated in samples of deli 

meat with a prevalence of 5.1 % in the study of Amador et al. (2010) in Portugal. 

Citrobacter koseri which might be transmitted vertically from mother to fetus, thus 

causing meningitis and septicemia (McPherson et al., 2008), and Citrobacter freundii 

which represents 29 % of the opportunistic infections (Whalen et al., 2007). Raoultella 

ornithinolytica usually isolated from food samples, as mentioned by Gwida et al. (2014) 

in Egypt, the prevalence of which was 2 % from raw meat, which may be responsible for 

bronchopulmonary and intra-abdominal infections, in addition of histamine shock due to 

its ability to produce histamine. In 2009, a link was established between this bacterium 

and Enteric Fever-Like Syndrome (Morais et al., 2009). 

4.1.3. Isolation and identification of Salmonella spp. 

According to the regulation CE N° 2073/2005 issued by the European Commission, 

concerning the microbiological criteria applicable to foodstuffs, then modified by the CE 

N° 1441/2017 and CE N° 229/2019, the absence of Salmonella spp. is required in food 

intended for human consumption, to obtain compliant products. For foods such as ground 

meat intended for raw consumption or meat preparations such as cold meat, Salmonella 

spp. should be undetectable in 25 g of food. According to Gilbert et al. (2000), for dairy 

products such as fresh cheese, Salmonella spp. must be absent in 25 g of food for 

satisfactory quality. The same goes for raw vegetables according to Pascual and Calderón 

(2010).  

Based on the analysis of the samples, no Salmonella spp. was isolated and 

confirmed by Api 20E. The absence of Salmonella spp. could be due to a low rate, less 

than 1 CFU/25 g of food, which would mean that the analyzed products comply with the 

established requirements, or the present cells could be stressed and injured, which would 

make them unable to grow on culture medium. Our results are in accordance with 

numerous work such as Bohayhuck et al. (2006) in Canada, Amador et al. (2010) in 

Portugal, Al-Holy et al. (2013) in Saudi Arabia, Abdelrahman et al. (2014) and Gwida et 

al. (2014) in Egypt, Perdoma et al. (2015) in Venezuela, Kłapeć et al. (2016) in Poland, 

Vásquez et al. (2018) in Peru, Belhaj and Elamrani (2019) in Morocco. Unlike the results 

obtained by Siriken et al. (2004) in Turkey, Philips et al. (2008) in Australia, Espinoza et 

al. (2020) in Ecuador, Atlabachew and Mamo (2021) in Ethiopia, where the prevalence 

of Salmonella spp. was between 1.1 and 51.43 %. 
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However, several strains isolated from the selective culture media XLD and CAB, 

with Salmonella spp. characteristics (Characteristic colonies on selective media, gram, 

cell form, IMViC biochemical tests), were identified by Api 20E strip (results shown in 

Table 9).  

The majority were non-pathogenic Enterobacteriaceae, which might behave as 

opportunistic pathogens. Serratia was the predominant Genus, present in 6/43 (13.95 %) 

of animal origin samples, including Serratia liquefaciens 5/43 (11.63 %) and Serratia 

marcescens 1/43 (2.32 %). These bacteria, are part of the digestive tract, usually isolated 

from soil, water, plants and vegetables, in addition to being responsible for mastitis in 

dairy animals, their ability to form biofilms makes them dangerous in hospital 

environment, because they can induce urinary tract infections, nosocomial infections and 

bacteremia in immunocompromised (Engel et al., 2009). 

Regarding the analyzed samples of plant origin, more specifically leafy vegetables, 

the most isolated bacteria were of Pseudomonas genus 5/30 (16.67 %), including 

Pseudomonas luteola 2/30 (6.67 %), an opportunistic pathogen that can cause meningitis 

and septicemia (Chihab et al., 2004), and Pseudomonas oryzihabitans 2/30 (6.67 %), 

which are generally found in soil, stagnant water and even in drinking water supplies, it 

might cause Peritonitis, Endophthalmitis and bacteremia (Dussart-Baptista et al., 2007). 

In addition to Pseudomonas aeruginosa 1/30 (3.33 %), found in water environments, it 

infects vegetables such as lettuce, inducing symptoms of soft rot, as well as animals. For 

humans, it might be a very resistant and dangerous pathogen, whose ability to form 

biofilms makes it responsible of nosocomial infections, leading to a mortality rate of 50 

% of immunocompromised patients (Rahme et al., 1997). Proteus mirabilis isolated and 

identified from animal origin products 2/43 (4.65 %) and from leafy vegetables 2/30 (6.67 

%), is part of the normal microbiota of human and animal digestive tract. However it can 

also behave as an opportunistic pathogen (Kim et al., 2003), as well as klebsiella 

pneumoniae or Morganella morganii, which might be responsible for food poisoning due 

to histamines (Dworkin et al., 2005), in addition to Providancia stuartii and Providencia 

rettgeri, which have a major clinical role in urinary tract infections, particularly on urinary 

catheters, and bacteremia (Chamberland et al., 2013). Also, Acinetobacter baumannii, 

usually found in wet sludge, ponds and even plants, which is not part of the human 

commensal microbiota and whose transmission results from anthropization or through the 

hands in clinical environment (Bonnin et al., 2013).  
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During our analyzes Aeromonas hydrophila was isolated from minced meat sample 

and identified by Api 20E, this bacterium considered as an infectious agent, is generally 

a sign of food contamination by water, which can multiply even at 4 °C, inducing severe 

gastroenteritis and poisoning even if the contaminated food is refrigerated, in addition to 

extra-digestive infections and bacteremia, due to its ability to produce enterotoxins 

associated with hemolysins and cytotoxins (Janda and Abbott, 2010). 

Finally, Hafnia alvei strain was isolated from a sample of fresh cheese. This 

enterobacteria is not pathogenic and is generally found in animal manure and it is also 

used as a probiotic (Janda and Abbott, 2006).  

4.1.4. Isolation and identification of Staphylococcus aureus  

According to the regulation CE N° 2073/2005 issued by the European Commission, 

concerning the microbiological criteria applicable to foodstuffs, then modified by the CE 

N° 1441/2017 and CE N° 229/2019, the presence of S. aureus in food is tolerated up to a 

defined level, beyond which the products are considered non-compliant and 

unsatisfactory. As for fresh cheese, the level of which must not exceed 10 CFU/g and 

beyond 105 CFU/g, the detection of staphylococcal enterotoxins must be carried out. 

Regarding meat products such as minced meat prepared by butcher, or cold meat 

preparations, the rate must be less than 102 CFU/g (BOE 211/86; FCD, 2020). According 

to Gilbert et al. (2000), the rate of S. aureus should be less than 102 CFU/g in fresh 

vegetables to be considered as a product of acceptable quality, and less than 20 CFU/g 

for a satisfactory product.  

Even if the presence of S. aureus in the environment and more particularly its 

isolation from different types of available water (for human consumption, animals, 

agriculture, recreation) have been reported in multiple studies around the world 

(Charoenca and Fujioka, 1995; Hunter, 1997; Ibarluzea et al., 1998; Cheung et al., 2002; 

Harakeh et al., 2006; Faria et al., 2009; Adesoj et al., 2019), we could not find clear 

standards for the presence of S. aureus in environmental surface or irrigation waters.  

Among all the minced meat samples analyzed, the presence of S. aureus was 

confirmed in 5/12 (41.67 %) samples, this rate is higher than those mentioned in various 

studies such as Siriken et al. (2004) in Turkey, Cohen et al. (2008) and Oumokhtar et al. 

(2008) in Morocco, Philips et al. (2008) in Australia, Chaalal et al. (2018) and Titouche 

et al. (2020) in Algeria as well as Atlabachew and Mamo (2021) in Ethiopia. However, 
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other works have published much higher rates, such as Belhaj and Elamrani (2019) in 

Morocco. The contamination of minced meat with S. aureus, if not of animal origin, might 

occur in butcher shops due to improper handling, such as handling paper money, or poor 

knowledge of hygiene practices, non-compliance with the cold chain, the usual use of 

equipment that are difficult to clean, but also the handling of carcasses in a narrow space, 

inducing permanent contact with workers, who could be asymptomatic carriers (Belhaj 

and Elamrani, 2019).  

The presence of S. aureus in the fresh cheese samples analyzed, was confirmed in 

8/21 (38.10 %) samples, which is higher than the results obtained by Jamali et al. (2015) 

in Iran, but significantly lower than those obtained from several studies about the hygienic 

quality of fresh cheese, such as Rosengren et al. (2010) in Sweden, Silva et al. (2010) in 

Brazile, Perdoma et al. (2015) in Venezuela, Vàsquez et al. (2018) in Peru, Espinoza et 

al. (2020) as well as Mendoza et al. (2020) in Ecuador. The main source of S. aureus 

contamination is probably dairy animals (in cases of mastitis) or even the milking process 

and equipment, resulting in contaminated milk. In addition to the water and the 

environment, which are also important sources, one of the most frequently mentioned 

sources of contamination, in research on the hygiene of fresh dairy products, is human 

handling (Bergonier et al., 2003; Jorgensen et al., 2005c; Rosengren et al., 2010). 

From the analysis of leafy vegetables, the presence of S. aureus was confirmed in 

3/30 (10 %) samples, including 1/10 sample for each kind (lettuce, spinach and chard), 

which is lower than the rate reported by Al-kharousi et al. (2016) in Oman from radishes. 

Other studies on the hygienic quality of raw vegetables have not isolated S. aureus, such 

as Al-Holy et al. (2013) in Saudi Arabia, Cardamone et al. (2015) in Italy as well as 

Klapec et al. (2016) in Poland. 

Finally, the presence of S. aureus was confirmed in 1/15 (6.67 %) water sample, a 

rate equivalent to the work of Lechevallier and Seidler (1980) in USA, after analysis of 

rural drinking water samples. Harakech et al. (2006) in Lebanon reported a higher rate, 

with 45 % of S. aureus isolated strains resistant to at least 1 antibiotic, as well as the work 

of Adesoj et al. (2019) in Nigeria and Santos et al. (2020) in Brazil. These results are 

presented in Table 10.  
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Table 10. Isolation and identification of Staphylococcus aureus 

Origin 

products 
Analyzed samples Positive samples 

Animal 

Minced meat  12 05/12 (41.66 %) 

Cold meat   10 00 

Fresh cheese 21 08/21 (38.10 %) 

Total 43 13/43 (30.23 %) 

Vegetable 

Lettuce  10 01/10 (10 %) 

Spinach  10 01/10 (10 %) 

Chard  10 01/10 (10 %) 

Total 30 03/30 (10 %) 

Water Water 15 01/15 (6.67 %) 

 

Studies such as Al-Bahry et al. (2014), Kadariya et al. (2014) and Ho et al. (2015) 

suggest that the presence of S. aureus in raw food is mainly due to nasal carriers or human 

skin disease, whose main transmission pathway is through the hands. However even if 

there is no association with the development of infection through drinking water (WHO, 

2017a) and it is not a bacterial indicator of fecal contamination, its presence in drinking 

or environmental water might be a serious threat on public health, especially if these 

strains carry antibiotics resistance genes, such as the MRSA strains, which could be 

transferred between bacteria (Pavlov et al., 2004; Percival et al., 2004; Abulreesh and 

Organji, 2011; Adesoji et al., 2019). According to study of Zieliński et al. (2020), MRSA 

(methicillin resistant S. aureus) strains were isolated from air samples of wastewater 

treatment plants, and from upper respiratory tract mucous membranes swabs, of plant 

workers which were allegedly contaminated with bioaerosols. 

In addition to S. aureus, several strains of the Genus Staphylococcus were identified 

during this analysis by Api Staph strips (results shown in Table 11). Most isolates are 

part of the normal microbiota of human and animal skin, which could behave as 

opportunistic pathogens with the characteristic of easily acquiring antibiotics resistance 

genes, especially in hospital environment, such as; Staphylococcus cohnii ssp. 

Urealyticus (1 sample of minced meat), which might be the cause of bacteremia and 

urinary tract infections or even meningitis (Soldera et al., 2013), Staphylococcus 

epidermidis (1 sample of fresh cheese), a human and animal commensal found on the skin 

and mucous membranes, which have the ability to produce biofilms. Although not 

pathogenic it can be responsible for skin or nasal infections (Levinson, 2010) and 

Staphylococcus capitis (1 sample of chard), which is mainly present on the neck, face, 

scalp, ears and scrotum of humans, with an ability to produce biofilms, it is considered as 
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an opportunistic pathogen, associated with prosthetic endocarditis (Van Der Zwet et al., 

2002).  

Table 11. Identification of Staphylococcus from samples 

Origin Strains Samples 

Animal 

S. lentus  3/43 (6.98 %) 

S. xylosus  2/43 (4.65 %) 

S. cohnii  1/43 (2.32 %) 

S. epidermidis  1/43 (2.32 %) 

Vegetable 
S. lentus  4/30 (13.33%) 

S. capitis  1/30 (3.33 %) 

Water S. haemolyticus  1/15 (6.67 %) 

 

Among these different species Staphylococcus lentus was the most isolated, present 

in 3/43 (6.98 %) of animal origin analyzed samples, including 2/12 (16.67 %) of minced 

meat, 1/21 (4.76 %) fresh cheese and 4/30 (13.33 %) of leafy vegetables. This commensal 

species colonizes the skin of animals and workers, it is generally isolated from raw milk 

because of its association with mastitis in cattle. Its infectious effect on humans has 

recently been noted (Stepanović et al., 2005). Also, identified from 1/12 (8.33 %) meat 

sample and 1/21 (4.76 %) fresh cheese sample, Staphylococcus xylosus was isolated from 

2/43 (4.65 %) animal origin analyzed samples. This bacterium is part of the traditional 

cheese microbiota, generally isolated from raw milk, cheese and sausage. It is rarely 

mentioned in human infections but can, nevertheless, behave as an opportunistic pathogen 

(Gozalo et al., 2010). 

Regarding the water samples, Staphylococcus haemolyticus was isolated from 1/15 

(6.67 %) of the analyzed samples. Although it is part of the human and domestic animal 

microbiota, this strain might be responsible for localized or systemic infections, due to its 

ability to produce biofilms, enterotoxins and/or hemolysins. Therefore it is recognized as 

an agent of nosocomial infection in hospitals (Fredheim et al., 2009). 

According to the results of cultural method analysis, the rate of samples with a 

single microorganism was 25.58 % from animal origin products, of which 4.65 % 

contaminated only with E. coli and 20.93 % contaminated with S. aureus. 26.66 % of 

leafy vegetables, with 20 % contaminated with E. coli and 6.66 % contaminated with S. 

aureus and 60 % of the water samples were contaminated with E. coli. This shows a 

predominance of E. coli in the samples of leafy vegetables and water, unlike S. aureus, 

which was mostly isolated from animal origin products. 
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Regarding the number of samples with both E. coli and S. aureus, the highest rate 

was 9.30 % from animal origin products, followed by 6.67 % from water samples, then 

3.33 % of leafy vegetable samples. All these results are shown in Table 12. 

Table 12.  Results of target microorganisms present in a single sample 

Analyzed samples 
Samples with one target microorganism Samples with 

E. coli and S. aureus Only by E. coli Only by S. aureus 

Animal origin 
02/43 (4.65 %) 09/43 (20.93 %) 

04/43 (9.30 %) 
11/43 (25.58 %) 

Vegetable origin 
06/30 (20 %) 02/30 (6.66 %) 

01/30 (3.33 %) 
8/30 (26.66 %) 

Water 
09/15 (60 %) 00 

01/15 (6.67 %) 
09/15 (60 %) 

 

4.1.5. Isolation and identification of Listeria monocytogenes 

L. monocytogenes is a dangerous microorganism, the presence of which is not 

authorized according to the Regulation CE N° 2073/2005 issued by the European 

Commission, concerning the microbiological criteria applicable to foodstuffs, 

subsequently amended by the CE N° 1441/2017 and CE N° 229/2019, L. monocytogenes 

should not be detected in 25 g of foods such as minced meat intended for raw 

consumption, meat preparations such as cold meats and dairy products such as fresh 

cheeses. According to Gilbert et al. (2000) the presence of L. monocytogenes in 

vegetables should not exceed 20 CFU/g, for satisfactory products. 

No L. monocytogenes was isolated and confirmed by Api Listeria from the samples 

analyzed. The absence of this strain would mean that the food products analyzed comply 

with the established requirements. These results are identical to those obtained in the work 

of Al-Holy et al. (2013) in Saudi Arabia as well as Belhaj and Elamrani (2019) in 

Morocco. On the other hand, the results of L. monocytogenes prevalence, obtained by 

Vitas et al. (2003) in Spain, Wu et al. (2015) in China, Byrnea et al. (2016) in Brezil, were 

between 2.22 and 34.9 %. 

Multiple strains isolated from the selective culture media PALCAM and ALOA, 

showing characteristics similar to those of L. monocytogenes, were identified by Api 

Listeria strip (results shown in Table 13), including Listeria grayi in 1/43 (2.32 %) animal 

origin samples and 3/30 (10 %) vegetable origin samples, as well as Listeria ivanovii in 

1/43 (2.32 %) animal origin samples and in 1/30 (3.33 %) vegetable origin samples. This 
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bacterium is known to be responsible of gastrointestinal diseases after ingestion and even 

for sepsis, it is therefore considered as opportunistic enteric human pathogen (Guillet et 

al., 2010).   

Table 13. Identification of Listeria strains by Api Listeria from samples 

Origin Strains Samples 

Animal 
L. ivanovii 01/43 (2.32 %) 

L. grayi 01/43 (2.32 %) 

Vegetable 
L. grayi 03/30 (10 %) 

L. ivanovii 01/30 (3.33 %) 

4.2. Analysis of samples by molecular method, for the detection of Escherichia coli, 

Salmonella spp., Staphylococcus aureus and Listeria monocytogenes 

4.2.1. Selection of primers 

The primers mentioned in Table 5 (part 3.2.3), were chosen because they have all 

the characteristics required for multiplexing such as an adequate sequence length, within 

the preferable limits of 16-28 nucleotides, a GC percentage between 40-60 %, a melting 

temperature (Tm) approximately around 50-62 °C and no common "GC" nucleotide 

termini (Chuang et al., 2013). Moreover, the amplicon sizes resulting from the 

amplification for E. coli (670 bp), S. aureus (484 bp), L. monocytogenes (404 bp) and S. 

enterica (284 bp) are quite distinct from each other, to be clearly identified on the 

electrophoresis gel. But also, because their effectiveness has been proven in numerous 

studies, especially in multiplex PCR (Duplex and Triplex) Kim et al. (2006), Germini et 

al. (2009), Yuan et al. (2009), Zhang et al. (2012), Rajabzadeh et al. (2018) and Wei et 

al. (2018). 

4.2.2. Primers validation by simplex PCR and temperature gradient 

Correct running of each primers pair was confirmed separately by simplex PCR. 

When the amplification of E. coli, S. aureus, L. monocytogenes and S. enterica specific 

genes, produced amplicons of different sizes corresponding to 670 bp, 484 bp, 404 bp, 

284 bp, respectively, appearing as distinct and bright bands on electrophoresis gel, 

without any non-specific product. This means that each pair of primers tested was 

sufficiently sensitive and specific, to detect its target strain. 

To prepare each simplex PCR, the reaction mixtures were composed of 2.9 µL 

Reaction Buffer 10×NH4, 3 mM MgCl2 Solution, 2.5 Units Taq DNA polymerase 

(BIOTAQ™ DNA Polymerase-BIOLINE), 0.20 mM dNTPs (dNTP Mix-BIOLINE) and 
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the respective pair of primers, for 4 µL of target DNA in a total volume of 29 µL. The 

primers concentrations were 0.40 µM GADA670, 0.40 µM Nuc484, 0.40 µM LM404 and 

0.20 µM SalinvA284. In order to find an optimal common temperature between the four 

primers, temperature gradients were carried out under the same conditions (simplex 

PCR), with the annealing temperature as a single variable. The results are shown in 

Figure 1. 

 

Figure 1. Annealing temperature gradient, for simplex PCR: 

A: Temperature gradient of E. coli primers: L: 100 bp DNA ladder. Lane 1 to 5 shows the amplicon 

results of E. coli, with annealing temperature changes 55, 56, 57, 58, 60 °C. B: Negative control; B: 

Temperature gradient of S. aureus primers: L: 100 bp DNA ladder. Lane 1 to 5 shows the amplicon 

results of S. aureus, with annealing temperature changes 55, 56, 57, 58, 60 °C. B: Negative control; C: 

Temperature gradient of L. monocytogenes primers: L: 100 bp DNA ladder. Lane 1 to 5 shows the 

amplicon results of L. monocytogenes, with annealing temperature changes 55, 56, 57, 58, 60 °C. B: 

Negative control; D: Temperature gradient of S. enterica primers: L: 100 bp DNA ladder. Lane 1 to 5 

shows the amplicon results of S. enterica, with annealing temperature changes 55, 56, 57, 58, 60 °C. B: 

Negative control. 

 

For E. coli and S. aureus, the intensity was high and almost constant, even with the 

increase of annealing temperature; however, a slight increase in band intensity was 

recorded at 58 °C and 60 °C. For L. monocytogenes, the intensity was strong and constant 

from 55 °C to 58 °C, with a slight decrease at 60 °C. Unlike S. enterica, where the lowest 

intensity was observed at 55 °C, the highest and stable from 56 °C to 60 °C. Therefore, 

L    1    2     3     4    5    B   L L    1     2     3     4    5    B    L 

670 bp 484 bp 

L    1    2      3    4    5    B   L 

404 bp 

L     1     2    3    4    5    B   L 

284 bp 

A) B) 

C) D) 
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58 °C was the selected annealing temperature and the resulting conditions, which will be 

used for next steps, are shown in Table 14. 

Table 14. Simplex PCRs conditions 

 

 

 

 

 

4.2.3. Evaluation of primers sensitivity in simplex PCR 

To determine the sensitivity of each pair of primers, under the same conditions, at 

an annealing temperature of 58 °C, several simplex PCRs were carried out according to 

a decreasing cell concentration, determined by viable counting on the respective selective 

media and expressed in CFU/mL.  

According to the results presented in Figure 2, the detection limits for S. aureus 

were 101 CFU/mL and 102 CFU/mL for E. coli, L. monocytogenes and S. enterica. This 

means that, although this temperature is more favorable for the detection of S. aureus, it 

remeans correct for the detection of the other three bacteria studied. Consequently, these 

conditions and this annealing temperature (58 °C) will be used for the preliminary 

multiplexing tests. 

PCR conditions 

Initial Denaturation 2 min 94 °C 

Cycles 35 

Denaturation 30 s 94 °C 

Annealing 30 s 58 °C 

Extension 60 s 72 °C 

Final Extension 7 min 72 °C 

L         1        2        3       4        5      6        7        8       9      B     L 

670 bp 

A) 

L         1        2        3       4        5      6        7        8       9      B     L 

B) 

484 bp 
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Figure 2. Detection sensitivity of primers, in Simplex PCR: 

A: Sensitivity of E. coli primers GADA 670 bp: L: 100 bp DNA ladder. Lane 1 to 9 shows the amplicon 

results of E. coli, with change of cell concentration used 108–100 CFU/mL. B: Negative control; B: 

Sensitivity of S. aureus primers Nuc 484 bp: L: 100 bp DNA ladder. Lane 1 to 9 shows the amplicon 
results of S. aureus, with change of cell concentration used 108–100 CFU/mL. B: Negative control; C: 

Sensitivity of L. monocytogenes primers LM 404 bp: L: 100 bp DNA ladder. Lane 1 to 9 shows the 

amplicon results of L. monocytogenes, with change of cell concentration used 108–100 CFU/mL. B: 

Negative control; D: Sensitivity of S. enterica primers SalinA 284 bp: L: 100 bp DNA ladder. Lane 1 to 

9 shows the amplicon results of S. enterica, with change of cell concentration used 108–100 CFU/mL. B: 

Negative control. 

 

4.2.4. Analysis of samples by simplex PCR 

For the detection of E. coli, 39 samples were tested by simplex PCR, at annealing 

temperature of 58 °C, using DNA extracted from selective enrichment aliquots. After 

comparing these results (shown in Table 15), we found that the detection of E. coli by 

cultural method (Api 20E) and by PCR coincides with 74.36 % (29/39) of the samples 

tested, including 53.85 % (21/39) of positive detections and 20.51 % (8/39) of negative 

detections. Above all, the use of PCR allowed additional detection of E. coli from 25.64 

% (10/39) of the samples tested compared to the cultural method.  

 

L      1        2        3        4        5       6        7        8       9      B      L 

D) 

284 bp 

C) 

404 bp 

L         1       2       3       4         5      6       7        8       9      B       L 
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Table 15. Comparison of detection results by cultural method and by simplex PCR 

Strains 
Samples tested by 

PCR 

Cultural and PCR 

(same results) 

Cultural and PCR 

(different results) 

E. coli 39 

21/39 (Both positive) 
10/39 (PCR-positive) 

08/39 (Both negative) 

74.36 % 25.64 % 

S. enterica 23 
10/23 (Both negative) 13/23 (PCR-positive) 

43.48 % 56.52 % 

S. aureus 26 
14/26 (Both positive) 12/26 (PCR-positive) 

53.85 % 46.15 % 

L. monocytogenes 31 
12/31 (Both negative) 19/31 (PCR-positive) 

38.71 % 61.29 % 

Regarding the detection of S. enterica 23 samples were tested by simplex PCR, 

using DNA extracted from selective enrichment aliquots. The results obtained after 

comparison with the detection by cultural method (Api 20E), which did not lead to any 

positive results, showed similarities of negative results of 43.48 % (10/23) of the tested 

samples, but above all the PCR allowed the detection of S. enterica from 56.52 % (13/23) 

of the tested samples.  

For the detection of S. aureus, 26 samples were tested by simplex PCR, using DNA 

extracted from selective enrichment aliquots. After a comparison with the detection 

results obtained by cultural method (Api Staph), we noticed that 53.85 % (14/26) of the 

tested samples were positive with both detection methods, and additional detections of S. 

aureus were confirmed in 46.15 % (12/26) of the tested samples by PCR, compared to 

the cultural method.  

In order to detect L. monocytogenes, 31 samples were tested by simplex PCR, using 

DNA extracted from aliquots of selective pre-enrichment and enrichment, then the results 

obtained were compared with the cultural detection method (Api Listeria), which gave no 

positive results. 38.71 % (12/31) of the tested samples were negative with both detection 

methods. However L. monocytogenes has been detected in 61.29 % (19/31) of the samples 

tested by PCR.  

This difference between the two detection methods does not necessarily mean that 

the detection by PCR is more efficient. Since the PCR is based on the amplification of 

the present DNA, it will give a positive detection even if the cell is dead or if there is only 

DNA in the sample. Other possibilities; the quantity of cells present in the samples was 

not important enough to be detected, which would mean that the standards were correctly 

applied, or that the cells were not in good physiological state, they could be too stressed 
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or damaged by storage temperature, by the pH, or the preservatives products, to grow on 

culture medium. However, this method is faster, easier and above all more specific.  

Therefore, its use in addition to detection by conventional cultural method, would 

increase the efficiency of food analyzes, especially for fastidious pathogens, or in poor 

physiological condition, which are difficult to develop on culture media, or even in case 

of dangerous strains such as Salmonella spp. and L. monocytogenes, the presence of 

which is not tolerated.  

4.3. Simultaneous co-culture and detection of Escherichia coli, Salmonella spp., 

Staphylococcus aureus and Listeria monocytogenes by multiplex PCR 

4.3.1. Selection of a co-culture medium 

4.3.1.1. Effect of various culture broths on individual growth  

Based on the evaluation of individual cultures performed in several media, the 

selective co-enrichment medium SSSLE was included in the comparison due to its 

promising results, to enrich specifically S. aureus, S. enterica, S. flexneri, L. 

monocytogenes and E. coli, showed the lowest performance. Although formulated on the 

basis of BPW composition, with inhibitors for the selectivity against food background 

microbiota and growth promoters, such as esculin for L. monocytogenes and mannitol for 

S. aureus, this broth was the least effective, with the lowest growth rate for E. coli and no 

growth for S. enterica, S. aureus or L. monocytogenes. 

Concerning the growth rate resulting after 24 h incubation in non-selective media, 

it varied between 108 and 1010 CFU/mL for S. aureus, exceeded 108 CFU/mL for E. coli 

and for S. enterica and L. monocytogenes growth was ranging between 107 and 108 

CFU/mL. However, growth rates obtained from individual cultures produced in selective 

broths, usually used in the selective enrichment step of ISO standards, were much lower 

for S. aureus in GC, for E. coli in BGBLB and for S. enterica in RV, compared to the 

rates obtained from individual cultures in non-selective broths. All these results are shown 

in Table 16.  

Table 16. Individual culture growth in CFU/mL 

Bacteria 
Selective enrichment broths 

(BGBLB, RV, GC, FB) 
NB BPW LB SSSLE 

E. coli 9.30×107  1.48×109  1,19×109  2.73×108  5.20×105 

S. enterica 6.83×107 3.29×108 4,10×108 4,26×107 0 

S. aureus 1.74×108 7.70×1010 1.07×109  7,88×108  0 

L. monocytogenes 8.65×109 8.15×108 9,97 ×107 3.49×108 0 
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Similar results were mentioned for the growth of S. enterica serotype Enteritidis, in 

RV broth by Yu et al. (2010). Unlike FB broth, which obtained the highest growth rate 

for L. monocytogenes. According to Yu et al. (2010) and Chen et al. (2015), who obtained 

similar results, the growth of L. monocytogenes is promoted by the esculetin resulting 

from the hydrolysis of esculin, which reacts with ferric ions of the medium. 

Among the several culture broth evaluated in individual culture, the two media 

showing the best recovery performance, for the four target bacteria were NB and BPW, 

with a slightly higher rate for S. aureus and L. monocytogenes in NB, which may be due 

to the presence of beef extract in its composition. Abd El-Salam et al. (2010) obtained 

similar results for L. monocytogenes growth in NB. 

Although NB broth had better performance during individual growth, BPW seems 

to be a better choice as a co-culture broth, because the growth rates between the 4 bacteria 

were relatively close and the difference between them was less important than that 

obtained from NB, especially between S. aureus (7.70×1010 CFU/mL) and S. enterica 

(3.29×108 CFU/mL), which may be important during a simultaneous culture, to guarantee 

a balanced growth and to avoid accentuating the potential effect of competition, that could 

favor the growth of one bacteria at the expense of the others and thus affecting the 

detection. Moreover, to identify a possible inhibitory effect on the PCR during meat 

samples analysis, the chosen co-culture broth should not contain any kind, thereby NB 

medium which is composed of beef extract was not selected. 

Alarcon et al. (2004) obtained very good results with BPW, for the simultaneous 

detection of Salmonella spp., S. aureus and L. monocytogenes from artificially inoculated 

meat sample in BPW. Same thing in the work of Wang and Suo (2011), who obtained 

good detection after 16 h of growth in BPW, using meat artificially contaminated by 

Escherichia coli O157 and Salmonella Enteritidis, without any growth inhibitor effect of 

the background microbiota. In addition to its growth performance and its high ability to 

elute the bacteria from leafy vegetables such as lettuce, mentioned in the work of 

Rajabzadeh et al. (2018), BPW was chosen as a co-culture broth because it does not 

contain any kind of meat extract in its composition, it can ensure a relatively balanced 

growth between the 4 target bacteria and it is generally used in the pre-enrichment step 

during food analysis of ISO protocols. 
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4.3.1.2. Buffered Peptone Water as co-culture broth 

4.3.1.2.1. Effect of BPW on individual and co-culture growth  

To evaluation the recovery ability of BPW, individual pure cultures and co-cultures 

were carried out from low initial inoculum concentrations (103, 102, 101 CFU/mL). All 

the results are presented in Table 17. 

Table 17. Recovery rates values in CFU/mL of individual and co-culture growths in BPW 

 

After incubation, the results of the individual cultures showed relatively stable and 

close rates, over 108 CFU/mL for E. coli, S. aureus and S. enterica, and over 107 CFU/mL 

for L. monocytogenes. The variation in the initial inoculum concentrations induced a 

slight decrease in the recovery rates, E. coli obtained the highest and most stable recovery 

rates (8.93-8.71 log10 CFU/mL), closely followed by S. aureus (8.51-8.12 log10 CFU/mL) 

and S. enterica (8.34-8.03 log10 CFU/mL). L. monocytogenes obtained the lowest 

recovery rates (7.32-7.18 log10 CFU/mL), which nevertheless remains widely detectable 

by most biomolecular tools. Consequently, the initial inoculum concentration, even very 

low, did not affect the recovery rate obtained in individual culture. 

Regarding the co-cultures, the recorded recovery rates were more affected by the 

competition effect of the simultaneous growth, than decrease in the inoculum 

concentration. This competitive effect was demonstrated by the comparison between the 

growth rates obtained from individual cultures and from co-cultures, for each target 

bacteria. From the same initial inoculation concentration, the maximum density of all 

target microorganisms in co-cultures decreased, compared to individual cultures. Gram-

negatives seem to be the least affected, with an average decrease between 0.09-1.10 log10 

Strains Initial inoculum  Individual culture Co-culture 

E. coli  

103 CFU/mL 

8.55×108  7.70×108  

S. aureus  3.27×108  1.70×106  

L. monocytogenes  2.10×107  4.60×105  

S. enterica  2.20×108  1.60×107  

E. coli  

102 CFU/mL 

7.50×108  5.65×108  

S. aureus  4.60×108  2.70×105  

L. monocytogenes 1.75×107  1.38×105  

S. enterica  1.28×108  9.95×106  

E. coli  

101 CFU/mL 

5.15×108  4.20×108  

S. aureus  1.32×108  4.20×105  

L. monocytogenes  1.50×107  6.85×104  

S. enterica  1.08×108  9.75×106  
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CFU/mL, unlike Gram-positives, which showed a more significant decrease in co-culture, 

with an average decrease of 2.03-2.39 log10 CFU/mL. This competitive effect during 

simultaneous growth has been mentioned in co-enrichment media works, such as Gehring 

et al. (2012) or Chen et al. (2015). 

The growth rates of E. coli remained stable, meaning it was not affected by the 

presence of other bacteria, while S. enterica showed a slight decrease. Regarding L. 

monocytogenes the growth rates recorded during co-culture were lower than in individual 

culture, which is in accordance with Daley et al. (2014), who showed that the competitive 

effect exerted by Enterobacteriaceae could lead to a decrease ranging from 1 to 4 logs, 

in L. monocytogenes population during 48 h of co-enrichment. Kim and Bhunia (2008) 

explains that the lower growth rate for L. monocytogenes, known to be a slow-growing 

bacteria and a poor competitor, was likely due to the rapid growth of E. coli and 

Salmonellae, which used up most of the nutrients and depleted the culture medium. 

Although the maximum population rate of S. aureus in co-culture was not the lowest 

(6.23-5.62 log10 CFU/mL), it was nevertheless the most affected by the presence of other 

bacteria, showing the greatest decrease in growth rate during co-culture, compared to the 

individual culture. Some studies have reported the antagonistic effect of E. coli on the 

growth of S. aureus in nutrient broth at 37 °C, this inhibition decreased with the reduction 

of E. coli inoculum, although E. coli does not cause any obvious inhibition of S. aureus 

on spot plates, it could nevertheless strongly suppress the growth of S. aureus in liquid 

medium (Quinto et al., 2020).  

Although the recovery of the four studied microorganisms was lower in co-culture, 

compared to the recovery from individual cultures, the rates remain more than enough for 

detection by multiplex PCR. 

4.3.1.2.2. Effect of BPW on co-culture growth, from artificially 

inoculated food matrix 

To evaluate the BPW recovery capacity, from co-culture in the presence of food 

matrices, two types of food were artificially inoculated at 103 CFU/mL of each target 

bacteria.  

The two samples (lettuce and minced meat) were chosen as RTE food models, 

because they are usually consumed with little or without any prior heat treatment. Lettuce 

mainly contaminated by soil or irrigation water and minced meat mainly by handling, 
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could be vectors of Shiga toxin-producing E. coli (STEC), Salmonella spp., L. 

monocytogenes and S. aureus (Herman et al., 2015; Zilelidou et al., 2016; Latha et al., 

2017; Rajabzadeh et al., 2018). 

Regarding the co-culture in the presence of lettuce, the recovery rates were around 

108 CFU/mL for the Gram-negatives, thus dominating the Gram-positives, which showed 

a recovery of about 106 CFU/mL. For the artificially inoculated minced meat sample, the 

recorded recovery rates were lower than those resulting from the lettuce sample, ranging 

107 CFU/mL for the Gram-negatives and up to 105 CFU/mL for L. monocytogenes, unlike 

S. aureus which had a higher recovery rate. These results are shown in Table 18. 

Table 18. Recovery rates values of co-culture growth in CFU/mL, in BPW with and 

without food matrices initially inoculated at 103 CFU/mL 

 

However, compared to the BPW co-culture without food matrix, a slight increase 

of cell density was recorded in the presence of lettuce, around 0.92 Log10 CFU/mL for S. 

enterica, 0.71 Log10 CFU/mL for S. aureus, as well as 0.45 Log10 CFU/mL for L. 

monocytogenes, inducing a decrease of 0.59 Log10 CFU/mL for E. coli. 

The same observation was made, for the co-culture in the presence of minced meat, 

compared to the BPW co-culture without food matrix, where the cell concentrations 

recovered were higher for S. aureus of 1.42 Log10 CFU/mL. For S. enterica and for L. 

monocytogenes, the difference was not as significant. Regarding E. coli, a decrease of 

1.17 Log10 CFU/mL was recorded, compared to the co-culture without matrix.  

These results attest that, there was no significant inhibitory effect of the food matrix, 

nor its background microbiota during the co-culture in BPW, so it is not necessary to use 

selective agents. Moreover, the presence of food matrices seems to have enriched the co-

culture, thus boosting the growth of less favored and dominated bacteria, during a co-

culture. 

 

 

Strains 
Co-culture  

Without matrix 

Co-culture with  

Lettuce matrix 

Co-culture with  

Minced meat matrix   

E. coli  7.70×108  2.00×108  5.20×107  

S. aureus  1.70×106  8.75× 106  4.45× 107  

L. monocytogenes  4.60×105  1.30× 106  4.85× 105  

S. enterica  1.60×107  1.32×108  5.50×107  
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4.3.2. Development and Optimization of multiplex PCR  

4.3.2.1. In silico validation of primers  

In silico evaluation of pairs of primers, selected from the literature, using the 

Primer-Blast program, showed 100 % homology between each sequence and its target 

gene, on the first hundred alignment results, which means that each pair of primers detects 

only its own target microorganism and there is no risk of interference with other bacteria, 

during multiplexing.  

Each pair of primers submitted to the Multiple Primer Analyzer program, first 

analyzed individually, showed no possibility of secondary structures production, which 

might be due to intramolecular interactions (Hairpins) and intermolecular interactions 

(Self Dimer or Cross Dimer). These structures affect the annealing with template in the 

wrong way, by significantly reducing the availability of primers in the reaction, resulting 

in unnecessary amplifications and poor yield (Oscorbin et al., 2021). Then, from the 

comparison of the four pairs of primers with each other, no complementarity was 

detected, which might lead to hybridization between primers, leading to non-specific 

amplifications. 

Therefore, the in silico analysis confirms, on the one hand, the specificity of each 

pair of primers for its target DNA and on the other hand, the compatibility of their 

simultaneous use during multiplexing, due to the lack of complementarity (data not 

displayed by its extension). 

4.3.2.2. Development of multiplex PCR 

The development of multiplex PCR, capable of simultaneously detecting four 

microorganisms in a single reaction (quadruplex PCR), was carried out gradually, 

initially, progressively, first, by the combination of primers-template in duplex and triplex 

PCR. These results are shown in Figure 3. 

Among the combinations carried out, all the duplex PCRs were able to clearly and 

correctly detect the two microorganisms, without any non-specific product. Bands 

intensity of E. coli, S. aureus and L. monocytogenes on electrophoresis gel was strong, 

but for S. enterica, the intensity was the weakest in each duplex combination. Regarding 

the combinations in triplex PCR (shown in Figure 3), the presence of artifacts between 

1200 and 1300 bp, at high intensity was recorded for two combinations and a significant 

decrease in S. aureus and S. enterica bands intensity, for the other triplex combinations. 
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Then, the mix of all primers pairs and their target DNAs, in a single reaction, 

resulted in the amplification of all targets, whose bands were all clear and distinct (result 

shown in Figure 4; Lane M). Unfortunately, an artifact production was recorded, one 

high intensity band and a second less intense, between 1200-1300 bp. These non-specific 

products cannot be linked to the specificity of the primers, which has been proven in silico 

and in vitro, nor to contamination because the negative control (B) was negative. 

Although this experiment was performed in triplicate, the presence of these non-specific 

bands during the multiplex PCR could not be clearly explained. 

Regarding the individual introduction of each target DNA in a PCR reaction 

containing the four pairs of primers, under the same conditions (results are shown in 

Figure 4), the amplicons resulting from the amplification of each target gene were very 

clear and distinct, without any nonspecific product. Thus the absence of cross-

hybridization, which might lead to poor priming, confirms the specificity of the primers 

towards their target genes.  

Although the amplification of the target genes was clear, the band intensities were 

not homogeneous. From the reaction mixture composed of all the primers and their target 

DNAs, the signal intensity emitted by E. coli and L. monocytogenes amplicons was much 

higher. Compared to the amplification results, from the reaction mixture composed of all 

Figure 3. Combination of primers in duplex and Triplex PCRs: 

L: 100 bp DNA ladder. Lane 1 to 6 shows amplicon results of duplex PCRs combinations (Mix PCR 

+ 2 primers pairs + 2 targets DNA). Lane 7 to 10 shows amplicon results of triplex PCRs combinations 

(Mix PCR + 3 primers pairs + 3 targets DNA). The primers GADA 670 bp, Nuc 484 bp, LM 404 bp 

and SalinA 284 bp for the detection of E. coli, S. aureus, L. monocytogenes and S. enterica respectively. 

B: Negative control. 

670 bp 

484 bp 
404 bp 

284 bp 

 L      1       2      3      4       5     6     7      8      9    10     B 
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the primes with a single DNA target, the order of intensity was the same. However, a 

significant decrease of S. aureus and S. enterica band intensity was recorded.  

This means that during multiplexing, there was a competition effect between the 

different amplification ways, where the reactions of S. aureus and S. enterica were the 

least favored, compared to E. coli and L. monocytogenes. Consequently, although 

multiplex PCR was able to clearly detect the four microorganisms in a single reaction, 

optimization tests are needed to improve detection efficiency. 

4.3.2.3. Optimization of multiplex PCR 

Multiplex PCR optimization tests aimed to eliminate artifacts and non-specific 

products, by reducing the number of cycles during amplification from the initial number 

of 35 cycles to 30, 25, 23 and 20 cycles, as well as increasing the annealing temperature 

from the initial temperature chosen 58 °C to 59, 60 and 62 °C. The results summarizing 

some steps of this long and very complex process are shown in Figure 5. 

  

Figure 4. Development of multiplex PCR: 

L: 100 bp DNA ladder. M: Multiplex PCR (Mix PCR + DNA E. coli 101 CECT, S. aureus 435 CECT, 
L. monocytogenes 936 CECT and S. enterica 4266 CECT + Their primer pairs GADA 670 bp, Nuc 484 

bp, LM 404 bp and SalinA 284 bp, respectively). EC: Mix PCR + DNA E. coli 101 CECT + The 4 

primer pairs. SA: Mix PCR + DNA S. aureus 435 CECT+ The 4 primer pairs. LM: Mix PCR + DNA 

L. monocytogenes 936 CECT + The 4 primer pairs. SE: Mix PCR + DNA S. enterica 4266 CECT+ The 

4 primer pairs. B: Negative control. 

670 bp 

484 bp 
404 bp 

284 bp 

L          M       EC      SA      LM      SE       B        L 
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The changes in the annealing temperature and the number of cycles, which were 

first applied separately did not lead to significant results regarding the presence of the 

non-specific products, hence the annealing temperature and the number of cycles 

variations were combined. From this combination we noticed that the increase in 

annealing temperature and the decrease in the number of cycles resulted in the 

disappearance of the non-specific bands, in addition to the improvement of the 

homogeneity between the of the four target amplicons intensity. 

670 bp 

484 bp 
404 bp 

284 bp 

A) 

L            1         B 

670 bp 

484 bp 
404 bp 

284 bp 

B) 

L      2       3      4     B 

C) 

670 bp 

484 bp 
404 bp 

284 bp 

L         5         6       B 

D) 

284 bp 
404 bp 
484 bp 

670 bp 

L      7       8      9     B 

Figure 5. Optimization of multiplex PCR: 

A-D: Multiplex PCR reactions (Mix PCR + DNA E. coli 101 CECT, S. aureus 435 CECT, L. 
monocytogenes 936 CECT and S. enterica 4266 CECT + Their primer pairs GADA 670 bp, Nuc 484 bp, 

LM 404 bp and SalinA 284 bp, respectively). L: 100 bp DNA ladder. B: Negative control. A: Optimization 

by reducing the number of cycles to 30. 1: Multiplex PCR 30 cycles/58 °C; B: Optimization by reducing 

the number of cycles to 25, annealing temperature variable. 2: 58 °C. 3: 59 °C. 4: 60 °C; C: Optimization 

by reducing the number of cycles to 23, annealing temperature variable. 5: 58 °C. 6: 59 °C; D: Optimization 

by reducing the number of cycles to 20, increasing annealing temperature. 7: 59 °C. 8: 60 °C. 9: 62 °C.  
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According to the amplification results the best detection from the point of view of 

non-production of artifacts and the homogeneity of intensity between the 4 target 

amplicons were obtained with the conditions of annealing temperatures between 59 °C 

and 60 °C and a number of cycles of 20. However, with these conditions the multiplex 

PCR detection limits were seriously affected, which could be due to the low number of 

amplification cycles. Concequentely, the selected annealing temperature was 59 °C and 

the number of cycles was maintained at 35. 

Although the variations in the annealing temperature improved the homogeneity of 

intensity between the four amplicons, variations in the quantities of primers had to be 

made, in order to find the right balance. To do this, the amounts of E. coli (0.4 µM) and 

L. monocytogenes (0.4 µM) primers, which present the most intense and invariable bands, 

were reduced compared to those of S. aureus (0.4 µM) and S. enterica (0.2 µM), whose 

primers quantities have been increased. From these variations, the most homogeneous 

detection of the 4 target amplicons was obtained with the primers quantities of: 0.2 µM 

GADA670, 0.16 µM LM404, 0.46 µM SalinvA284 and 1 µM Nuc484. 

In addition to equilibrating the primers, the amounts of MgCl2 (3 mM) and dNTPs 

(0.20 mM) were slightly increased to 3.4 mM and 0.22 mM respectively, because of the 

large number of amplification pathways, in a single reaction.  

One of the main factors affecting the PCR sensitivity is the establishment of a 

reliable DNA extraction procedure (Omiccioli et al., 2009; Ma et al., 2014). On this basis, 

the impact of the DNA extraction method on the PCR multiplex detection was evaluated. 

After amplification, the detection from DNA matrix extracted by purification method, 

using GenElute ™ Bacterial Genomic DNA Kit (Sigma-Aldrich) with Lysozyme was 

correct and very clear, for each DNA amplified individually or simultaneously, from pure 

cultures and co-cultures of reference strains (results shown in Figure 6A). On the other 

hand, amplifications performed from DNA extracted by thermal lysis method (results 

shown in Figure 6B), although individually correct, which confirms its effectiveness on 

Gram-positive and Gram-negative, even without lysozyme, the multiplex PCR could only 

detect three of the four targets. From the comparison of the two methods, it seems that 

with the thermal lysis method, the amount and the quality of the DNA recovered are much 

lower than those resulting from the extraction by kit. This affects the multiplex PCR 

detection, thus inducing false negative results. 
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Which means that, although the boiling method is economical, saves time and 

labor-less (Zhang et al., 2014; Wei et al., 2018), DNA extraction by kit is much more 

efficient in terms of the quantity and quality of recovered DNA, which is important during 

the detection from small amounts of matrix or from co-cultures. 

From the optimization results of the four simplex PCRs and all the optimization 

tests of the multiplex PCR, which were focused on the annealing temperature, the number 

of cycles, the balance of primers quantities and the adjustment of MgCl2 and dNTPs 

quantities, the best detection results were obtained with the following conditions 

(presented in Figure 6A): 2.9 µL Reaction Buffer 10×NH4, 3.4 mM MgCl2 Solution, 2.5 

Units Taq DNA polymerase (BIOTAQ ™ DNA Polymerase-BIOLINE), 0.22 mM dNTPs 

(dNTP Mix-BIOLINE), primers concentrations 0.2 µM GADA670, 1 µM Nuc484, 0.16 

µM LM404 and 0.46 µM SalinvA284, in a total volume of 29 µL. The amplification was 

carried out according to a program with an initial denaturation at 94 °C for 2 min, 35 

cycles of denaturation at 94 °C for 30 s, annealing at 59 °C for 30 s, extension at 72 °C 

for 60 s and a final extension step at 72 °C for 7 min. 

4.3.2.4. Evaluation of multiplex PCR specificity 

The specificity of the multiplex PCR was assessed by PCR reactions containing the 

pairs of primers, separately mixed with various DNAs, extracted from multiple reference 

strains and laboratory isolates. 

Figure 6. Multiplex PCR after optimization and impact of DNA extraction methods:  

A: DNA extracted per kit; B: DNA extracted thermal lysis method. L: 100 bp DNA ladder. M: Multiplex 

PCR (Mix PCR + DNA E. coli 101 CECT, S. aureus 435 CECT, L. monocytogenes 936 CECT and S. 

enterica 4266 CECT + Their primer pairs GADA 670 bp, Nuc 484 bp, LM 404 bp and SalinA 284 bp, 

respectively). EC: Mix PCR + DNA E. coli 101 CECT + The 4 primer pairs. SA: Mix PCR + DNA S. 

aureus 435 CECT+ The 4 primer pairs. LM: Mix PCR + DNA L. monocytogenes 936 CECT + The 4 

primer pairs. SE: Mix PCR + DNA S. enterica 4266 CET+ The 4 primer pairs. B: Negative control. 

(A) (B) 

L       M     EC   SA    LM    SE     B M     EC   SA    LM    SE     B      L 

670 bp 
484 bp 
404 bp 
284 bp 
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After amplification, under optimized conditions, the only positive detection was 

recorded for the strains E. coli 425 CECT, E. coli 418 CECT and E. coli 4558 CECT, 

with 670 bp amplicons. On the other hand, for the reference strains Citrobacter freundii 

401 CECT, Micrococcus luteus 245 CECT and Staphylococcus epidermidis 231 CECT 

or the three laboratory isolates, Bacillus cereus, Listeria innocua and Listeria grayi, no 

detection was recorded. This confirms that the multiplex PCR is sufficiently selective, to 

differentiate between target and non-target bacteria. 

4.3.2.5. Evaluation of multiplex PCR sensitivity 

The multiplex PCR sensitivity was evaluated, when the four pairs of primers and 

their target DNAs were mixed in a single reaction. The results presented in Figure 7 show 

a very clear detection of the four microorganisms, with intense bands at 108 CFU/mL, of 

each target bacteria. Unfortunately, by reducing the cell concentration to 107 CFU/mL, 

all the bands remain present, but they lose a lot of their intensity, especially S. aureus and 

S. enterica. According to Yuan et al. (2009), this difference in intensity occurs in a 

traditional multiplex PCR because of the disproportionate amplification between different 

primers, which cannot be avoided during the whole reaction, because each primers pair 

has different amplifying efficiency. At 106 CFU/mL cell concentration for each 

microorganism, the system could only detect three microorganisms E. coli, L. 

monocytogenes and S. enterica. According to estimates carried out using the Qubit 4 

fluorometer (Thermo Fisher Scientific), the detection limits of the quadruplex PCR is 

approximately equivalent to 10 pg/µL of each DNA template, in the same reaction. 

 

 

 

 

 

 

 

 

 

Figure 7. Multiplex PCR sensitivity: 

L: 100 pb DNA ladder. 1: Multiplex PCR 108 CFU/mL, 2: Multiplex PCR 107 CFU/mL, 3: 

Multiplex PCR 106 CFU/mL (Mix PCR + DNA E. coli 101 CECT, S. aureus 435 CECT, L. 

monocytogenes 936 CECT and S. enterica 4266 CECT + Their primer pairs GADA 670 pb, Nuc 

484 pb, LM 404 pb and SalinA 284 pb, respectively. B: Negative control. 

670 bp 

484 bp 
404 bp 

284 bp 

L             1             2          3           B 



 
Results and discussion 

74 
 

This means that even after optimization, the efficiency of the multiplex remains 

low, especially for the detection of bacteria such as L. monocytogenes or Salmonella spp., 

whose detection of 1 CFU in 25 g of food is not tolerated. We assume that the low 

sensitivity is due to the primers, which were designed for a simplex system. On this point, 

Zhang et al. (2012) and Wei et al. (2018) who used the same primers, for the simultaneous 

detection of S. aureus and Salmonella spp. in a triplex system, mentioned that there was 

fierce competition between the different amplification pathways. To improve the 

detection sensitivity of the multiplex system, the initial concentration of microorganisms 

must be amplified, by a preculture in a single medium.  

4.3.3. Detection limits by multiplex PCR from the co-culture 

4.3.3.1. Detection limits from BPW co-culture recovery 

The aliquots collected from each co-culture without food matrix, were tested by 

multiplex PCR, to evaluate the effect of BPW as a co-culture medium, on the detection 

limits. The multiplex PCR detection was able to successfully amplify DNA fragments of 

E. coli, S. aureus, L. monocytogenes and S. enterica, up to 100 CFU/mL of initial 

inoculum, confirming the capabilities of BPW as a co-culture medium for multiplex 

detection based on PCR. The detection results are presented in Figure 8. 

670 bp 

484 bp 

404 bp 

284 bp 

 B           M         L          1           2           3           4          L 

Figure 8. Multiplex PCR detection, from co-cultures recovery made in BPW: 

B: Negative control. L: 100 bp DNA ladder. M: Multiplex PCR as a positive control (target bacteria 

E. coli 101 CECT, S. aureus 435 CECT, L. monocytogenes 936 CECT and S. enterica 4266 CECT 

were tested with their primer pairs GADA670, Nuc484, LM404 and SalinA 284 respectively). Lane 

1 shows multiplex PCR results from recovery co-culture, of BPW initially inoculated at 103 CFU/mL. 
Lane 2 shows multiplex PCR results from recovery co-culture, of BPW initially inoculated at 102 

CFU/mL. Lane 3 shows multiplex PCR results from recovery co-culture, of BPW initially inoculated 

at 101 CFU/mL. Lane 4 shows multiplex PCR results from recovery co-culture, of BPW initially 

inoculated at 100 CFU/mL. 
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Although the intensity of the E. coli and S. enterica bands was strong and invariable 

from 103 to 100 CFU/mL of initial inoculum, with a predominance of E. coli, the intensity 

of the bands clearly decreased for S. aureus and L. monocytogenes at 101 CFU/mL and 

100 CFU/mL of initial inoculum.  

This difference in band intensity in multiplex PCR detection may be linked to the 

difference in cell concentrations between the target bacteria, which could agree with 

Markoulatos et al. (2002), who attests that, the amount of bacterial DNA matrix is a 

critical factor, which deserves to be optimized. However, according to Yuan et al. (2009), 

the disproportionate amplification between the different primers cannot be avoided 

throughout the whole reaction, in a traditional multiplex PCR, because each pair of 

primers has different amplifying efficiencies. Furthermore, Zhang et al. (2012) and Wei 

et al. (2018) who used the same primers for the detection of S. aureus and Salmonella 

spp., mentioned that there was fierce competition between the different amplification 

pathways, in a simultaneous detection. 

4.3.3.2. Detection limits from BPW co-culture recovery, with artificially 

inoculated food matrix 

The multiplex PCR carried out using aliquots collected from the co-cultures, in the 

presence of an eco-organic lettuce sample, artificially inoculated with 103 CFU/mL of 

each target strain, made it possible to clearly detect the presence of the three 

microorganisms E. coli, S. enterica and L. monocytogenes, despite the background 

microbiota, without any non-specific products. Regarding the co-culture from the 

artificially inoculated ground meat sample, in the presence of background microbiota, a 

multiplex PCR carried out using the initial co-culture inoculum (before incubation), could 

only detect S. enterica (Line 2). On the other hand, by using the aliquote of co-culture 

recovery (after incubation), the multiplex PCR was able to detect the 3 microorganisms 

E. coli, S. enterica and L. monocytogenes (Line 3), which demonstrates the real impact of 

BPW on the co-culture and its effect on the detection limites. The detection results are 

shown in Figure 9. 
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The difference in band intensity on detection between the two food matrices, could 

be due to the difference in cell concentrations recovered, which were greater from lettuce, 

or to a possible inhibitory effect of the meat. According to Garrido et al. (2013) and 

Rajabzadeh et al. (2018), fats and glycogen are considered as inhibitors and could affect 

a PCR at multiple steps.  

S. aureus could not be detected by multiplex PCR from the aliquots tested (Line 1, 

2 and 3 of Figure 9). However, it was clearly detected by simplex PCR, from co-culture 

aliquots of the two artificially inoculated samples (results shown in Figure 10), with a 

slight increase of intensity after incubation, compared to the detection from the initial 

inoculum 

 

Figure 9. Multiplex PCR detection from co-cultures recovery made in BPW, with the presence of food 

matrices artificially inoculated, under background microbiota: 

B: Negative control. L: 100 bp DNA ladder. M: Multiplex PCR as a positive control (target bacteria E. coli 

101 CECT, S. aureus 435 CECT, L. monocytogenes 936 CECT and S. enterica 4266 CECT were tested 

with their primer pairs GADA670, Nuc484, LM404 and SalinA 284 respectively). Lane 1 shows multiplex 

PCR results from the co-culture recovery made in BPW, of lettuce artificially inoculated (103 CFU/mL), in 

the presence of background microbiota. Lane 2 shows multiplex PCR results from the co-culture made in 

BPW, of minced meat artificially inoculated (103 CFU/mL), in the presence of background microbiota 

(before incubation). Lane 3 shows multiplex PCR results from the co-culture recovery made in BPW, of 

minced meat artificially inoculated (103 CFU/mL), in the presence of background microbiota (after 

incubation). 

 B          M            L            1             2            3            L 
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We assume that the problem is related to the sensitivity of the primers used and that 

they should be replaced by more efficient ones, or completely design a new pair of 

specific primers, targeting the S. aureus thermonuclease gene, by taking account of the 

conditions such as annealing and melting temperatures, in addition to the compatibility 

of use in the presence of the three other target bacteria primers, without detection 

specificity or sensitivity issues upon simultaneous amplification, which could save a lot 

of time and effort spent in optimization assays. 

Wei et al. (2018) mentioned that the detection of S. aureus with the Nuc484 primers 

of Xu et al. (2006) was not characterized by a high sensitivity compared to Salmonella 

spp. primers invA284 of Rahn et al. (1992), in artificially contaminated food products. 

Moreover, Zhang et al. (2012) asserted that to use these primers pairs, the biomass of S. 

aureus had to be greater than that of other bacteria, for a perfect amplification during 

multiplex PCR, due to a possible competition, established by a preferential amplification. 

The preferential amplification of a target in multiplex PCR could be induced by the 

presence of a low template concentration according to Elizaquível and Aznar (2008). In 

our case, the template-primers combinations of E. coli, S. enterica and L. monocytogenes 

seem to be more favored, which means that most of the common resources of PCR mix 

Figure 10. Simplex PCR detection using the primers pair Nuc484 of S. aureus, from co-cultures recovery 

made in BPW, with the presence of food matrices artificially inoculated: 

L: 100 bp DNA ladder. Lane 1 shows S. aureus detection by simplex PCR, from the co-culture recovery 

made in BPW, of lettuce artificially inoculated (103 CFU/mL), in the presence of background microbiota. 
Lane 2 shows S. aureus detection by Simplex PCR, from the co-culture made in BPW, of minced meat 

artificially inoculated (103 CFU/mL), in the presence of background microbiota (before incubation). Lane 

3 shows S. aureus detection by Simplex PCR results from the co-culture recovery made in BPW, of 

minced meat artificially inoculated (103 CFU/mL), in the presence of background microbiota (after 

incubation). 

   L       1         2        3       L 

484 bp 
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go in the direction of their own amplifications (Mukhopadhyay and Mukhopadhyay, 

2007), thus affecting the detection of S. aureus. 

Although multiplex PCR could not detect the four microorganisms from artificially 

inoculated food, due to a lack of S. aureus primers sensitivity, the results showed that 

BPW broth can effectively support the simultaneous growth of E. coli, S. aureus, L. 

monocytogenes and S. enterica, in the presence of a ready-to-eat food matrix, with a 

background microbiota and that the use of a co-culture before detection by multiplex 

PCR, had a positive effect on improving detection sensitivity. 

4.4. Methodology proposed to analyze a food sample 

The analysis of a single sample by cultural method necessitates a period of at least 

7 days and involves the application of a protocol for each microorganism present in the 

sample until its identification. 

In order to reduce the needed time and culture media, we propose in our work a 

protocol for the simultaneous detection of the four bacteria E. coli, S. enterica, L. 

monocytogenes and S. aureus, which is the the principal objective of this work, after the 

pre-enrichment of the sample in BPW as a co-culture medium during 24 h at 37 °C, in 

order to increase the cell concentration of the bacteria initially present in the food matrix. 

However, the fact that PCR detects only DNA and not living cells makes it an 

incomplete analytical method, especially when it comes to apply standards based on 

bacterial counts. Therefore, combining the classical and molecular method based on the 

ISO standards, in the same protocol would allow an efficient and rapid analysis, according 

to the proposed protocol: 25 g of sample are subjected to a pre-enrichment step in BPW 

(previously mentioned), in addition, the research and detection of L. monocytogenes is 

applied by the pre-enrichment of 25 g of sample in the FBH medium, then incubate for 

24 h to 30 °C. 

After incubation, aliquots of 1 mL co-culture BPW are collected and subjected to 

DNA extraction by kit (GenElute™ Bacterial Genomic DNA Kit, Sigma-Aldrich), 

according to the Gram-positive protocol by using lysozyme (which takes approximately 

2 hours). At the same time, the enrichment step, is initiated for each bacteria, in the event 

of a positive detection by simplex and multiplex PCR. 

The DNA matrices obtained from the extraction are subjected to multiplex PCR 

following the conditions: 2.9 µL Reaction Buffer 10×NH4, 3.4 mM MgCl2 Solution, 2.5 



 
Results and discussion 

79 
 

Units Taq DNA polymerase (BIOTAQ ™ DNA Polymerase-BIOLINE), 0.22 mM dNTPs 

(dNTP Mix-BIOLINE), primers concentrations 0.2 µM GADA670, 1 µM Nuc484, 0.16 

µM LM404 and 0.46 µM SalinvA284, in a total volume of 29 µL, carried out according 

to a program with an initial denaturation at 94 °C for 2 min, 35 cycles of denaturation at 

94 °C for 30 s, annealing at 59 °C for 30 s, extension at 72 °C for 60 s and a final extension 

step at 72 °C for 7 min (total time about 3 hours). 

Since the current conditions of this multiplex system do not allow detection of S. 

aureus, a simplex PCR detection for this bacteria is carried out in parallel, using the same 

DNA extracted from BPW co-culture, pending the improvement of the multiplex PCR. 

After amplifications, the PCR product is mixed with Ready-to-Load and subjected 

to an electrophoresis for 60 min at 80 Volts on 1.5 % agarose gel, then, the amplification 

products is visualized under UV transilluminator. 

If the PCR results are positif the following steps will be applied for the bacteria that 

were detected by PCR, as the enrichment steps in selective broths for 24 h of incubation 

at 37 °C for FB, GC, and BGBLB media and at 42 °C for RV media. After an isolation 

step on selective solide media PAL, BP, TBX and XLD used respectively for the isolation 

of L. monocytogenes, S. aureus, E. coli and Salmonella sp., the suspect colonies are 

subjected to identification by biochemical test and Api strips confirmation. 

Therefore, resources such as culture media and reagents will be used only for 

present bacteria, also the selective media can be inoculated directly from BPW, thus 

saving time and money. Because this method can confirme the presence or the absence 

of the target bacteria in food in approximately 30 hours, compared to the cultural method. 

Moreover, it directs the research axis by focusing only on the bacteria potentially present 

in food, which makes it possible to reduce the number of media used in vain, for bacteria 

which are not initially present.   
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CONCLUSIONS 

1. For E. coli, among the 39 analyzed samples, 21 were positive by simplex PCR from 

which only 11 samples were obtained with isolates. For the 13 PCR positive samples 

of S. enterica and the 19 PCR positive samples of L. monocytogenes, none isolates 

were obtained. Regarding S. aureus, all the 14 PCR positive samples, got isolates. 

Therefore, combining the PCR detection and the cultural method, would increase the 

efficiency of food analysis. 

2. BPW was chosen as a co-culture medium because of its good capacities to support the 

growth of the four bacteria in individual culture with stable and close recovery rates 

(between 108-109 CFU/mL). After 24 hours, recovery rates obtained in co-cultures 

with artificially inoculated food matrices at 103 CFU/mL, were not affected by the 

background microbiota, ranging 107-108 CFU/mL for E. coli and S. enterica, 106-107 

CFU/mL for S. aureus and 105-106 CFU/mL for L. monocytogenes. 

3. The detection limits of the multiplex PCR after optimization are equivalent to 10 pg/μL 

of each individual DNA and up to 100 CFU/mL from the co-culture recovery of the 

four target bacteria. However it detects only E. coli, L. monocytogenes and S. enterica 

from the co-culture recovery of artificially inoculated matrices at 103 CFU/mL. Which 

means that for S. aureus, more sensitive primers must be designed. 

4. The protocol proposed for the simultaneous detection of several bacteria in food, 

which includes a BPW pre-enrichment step and a detection by multiplex PCR, can 

confirm the absence of bacteria in the sample in approximately 30 hours, to continue 

until the isolation step in case of positive PCR, while cultural methods requires at least 

7 days. Thereby, by focusing the detection steps only on the bacteria potentially 

present detected by PCR in the sample, avoids the unnecessary use of culture media 

reagents and the Api strips for the isolation and identification of bacteria that are 

absent, which represents a significant saving of time and money. 
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