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ABSTRACT 

Listeria monocytogenes is one of the emerging pathogens worldwide. The aim of this study was 

to evaluate and Assess different techniques; Conventional cultural methods; Biochemical 

identification; Automated Biochemical identification (Vitek 2 compact); Proteomic identification 

MALDI-TOF MS and Molecular identification (RT- PCR) in Isolation and Identification of 

Listeria monocytogenes in minced meat retailed in local markets in Alexandria City, Egypt. 

Prevalence of suspected listeria spp. isolated from examined samples of minced meat by 

conventional culture method were 65% (65/100), while prevalence of L. monocytogenes isolated 
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from examined samples of minced meat 30.8% (20/65), 23.07% (15/65) and 53.8% (35/65) by 

ViTeK2 compact; MALDI-TOF MS and RT-PCR, respectively, with overall prevalence 53.8 % 

(35/65)  considering molecular detection results which depends on gene detection which offer 

the highest Sensitivity in identification of L. monocytogenes . Identification of L. monocytogenes  

within (Vitek 2 Compact) were as followed,  L. monocytogenes  30.8% (20/65), while L. innoca 

23,07%(15/65).,while within MALDI -TOF MS were as followed L. monocytogenes  23,08% 

(15/65), while L. innoca 20%(13/65).The prevalence of L. innoca lower than L. monocytogenes , 

L. monocytogenes  was most commonly detected in minced meat. The high isolation rate of L. 

monocytogenes among the examined minced meat highlight the risk of transmission of infection 

to human consumer and enforcing quality assurance programs as Hazard Analysis Critical 

Control Points (HACCP) program during processing, handling and storage of minced meat.  
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1. INTRODUCTION 

Foodborne listeriosis is one of the most serious and severe foodborne diseases (WHO, 2015). 

Listeria monocytogenes possesses a significant public health significance due to frequent 

contamination of food products (Ahmed et al., 2017). In Egypt, L. monocytogenes enters into 

human food chain primarily through contaminated meat and chicken products (Abd El-Malek et 

al., 2010). In particular, the ability of L. monocytogenes  to grow in the refrigerator or cooled 

condition in varieties of food products makes the pathogen difficult to control (Vinothkumar et al., 

2013). Listeria is psychrophilic, gram positive, non- spore forming bacteria. it includes many 

species as L.grayi, L. innocua, L. welshimeri, L. ivanovii, L. seeligeri, L. fleischmannii and L. 

weihenstephanensis. L. monocytogenes  and L. ivanovii. They are well known to be pathogenic to 

humans and animals causing clinical manifestations such as gastroenteritis, encephalitis, 



meningitis and abortion (Lakićević et al., 2014; Al-Nabulsi et al., 2015; Ruppitsch et al., 2015). In 

addition to, listeria can produce a biofilm at low temperatures to facilitate persistent dissemination 

of this pathogen during food production (Allerberger et al., 2015). In contrast to other enteric 

pathogenic bacteria, Listeria can multiply at refrigeration temperature zones, which indicates that 

refrigeration of meat to 4oC could not hinder the growth of listeria (Pal et al., 2008). Also Listeria 

can grow in broad zones of temperature ranging from 1.5oC to 45oC, pH started from 4.3 till 9.40 

and a salt level till 10%. The ubiquitous feature of listeria led to contamination of various 

processed meat and fermented meat products at the different stage of processing and storage 

(Guillier et al., 2005; Zanette et al., 2015). 

Various studies have reported the prevalence of Listeria spp. in a broad range of meat and 

its products (Abd El-Malek et al., 2010; Ismaiel et al., 2014; Al-Nabulsi et al., 2015; Mazza et al., 

2015; Hesham et al., 2017). The bacteria is also considered as a potential contaminant source for 

chilled and marine food products (Vinothkumar et al., 2013) and unpasteurized dairy products and 

has been detected in recent outbreaks and sporadic cases of listeriosis (Kim et al., 2018). 

Determination of listeria monocytogenes in minced meat has become remarkably important as a 

food-borne pathogen.  

L.monocytogenes causes listeriosis in humans and animals and it is associated with high 

hospitalization and outbreaks of food-borne illness worldwide (Osman et al., 2019), as 

L.monocytogenes is ranked as one of the major causative agents for high mortality rates among all 

foodborne bacterial infections. The instance of listeriosis has been sporadic in African countries. 

Recently, there has been an expansion in the prevalence of human listeriosis, comprising food 

contamination in Egypt which iteratively detected in several dairy products, ready-to-eat foods, 

fish and fish products, meat and meat products (Ismaiel et al., 2014; Kamar et al., 2016; Mohamed 



et al., 2016). Traditionally, Listeria diagnosis is primarily based on isolation and biochemical 

characterization, which is time consuming. Molecular approaches such as PCR provide rapid and 

specific techniques for the diagnosis of L. monocytogenes  (Abd El-Malek et al., 2010). 

Therefore, this study was conducted to evaluate and Assess different techniques: Conventional 

cultural methods; Biochemical identification; Automated Biochemical identification (Vitek 2 compact); 

Proteomic identification MALDI-TOF MS and Molecular identification (RT- PCR) in isolation and 

identification of Listeria monocytogenes in examined retailed minced meat.  

2. MATERIAL AND METHODS 

2.1. Samples collection 

A total of 100 minced meat samples size of each sample: 250 g. were collected randomly 

from supermarkets, groceries, and street-vendors at Alexandria City, Egypt. The samples were 

obtained as sold to the public and transferred as soon as possible in an insulated icebox at 4 ± 1oC 

to the laboratory. The samples were collected from October 2018 to October 2019. 

  



2.2. Isolation and identification of Listeria monocytogenes (ISO, 2017) 

Twenty–five grams of each examined sample were transferred into 225 ml of the primary 

enrichment medium (half-Fraser broth) pre-warmed to room temperature before use, to obtain tenth fold 

dilution, and homogenized. The incubation carried out at 30 °C for 25 ± 1 h Aseptically, 0.1 ml of 

incubated half-Fraser broth added to 10 ml Fraser broth followed by incubation at 37 °C for 24 ± 2 h. 

Loopful of Fraser broth (after incubation 37 °C for 24 ± 2 h) was streaked onto the first selective medium, 

Agar Listeria according to Ottaviani and Agosti (ALOA), and the second selective medium (Oxford 

agar). All the plates were incubated at 37 °C for 48 h. Suspected colonies (Blue-green colonies 

surrounded by an opaque halo zone )were transferred to tryptone soya yeast extract agar (TSYEA), for 

further biochemical identification  (Beta-haemolysis , L-Rhamnose and D-Xylose). 

2.3. Automatic biochemical identification by VITEK 2 Compact (BioMérieux, USA) 

The VITEK2 compact is an automated microbiology system utilizing growth-based technology. 

The system accommodates colorimetric reagent cards that are incubated and interpreted 

automatically. This format focuses on the industrial microbiology-testing environment while also 

having application for low to middle volume clinical laboratories. Features specifically developed 

for industrial microbiology include 21 CFR Part 11compliance (for electronic records and 

signatures) and colorimetric reagent cards used to identify GP (L. monocytogenes ).  

2.4. MALDI-TOF MS (BioMérieux, France) 

MALDI-TOF MS was performed at time-points 3, 6, 8, 10 and 12 h until a pathogen was 

successfully identified. The spectra were acquired using the MALDI-TOF Vitek 

MS (bioMérieux) and analysed on Vitek MS IVD system (bioMérieux; Marcy l’Etoile, 

France). Samples were performed in duplicate, with tests performed simultaneously on the same 



target slide. Part of single colony was transferred to an individual spot on the 48-well Vitek MS-

DS disposable target slide. Each spot was covered with 1 μl ready-to-use Vitek MS alpha-cyano-

4-hydroxycinnamic acid (HCCA) matrix (bioMérieux, France). The target plate was then read and 

analyzed by the Vitek MS IVD system. 

The protein profile of each specimen with an m/z of 3,000 to 15,000 was produced and 

profiles were further matched with the Vitek MS reference CE-IVD certified database (>20,000 

spectra). Matching results with confidence percentages 90 to 98% confidence were considered for 

genus level, while results of>98% confidence, were considered for the species level, while <90% 

confidence were unacceptable identification. For specimens that showed different identification 

under the same genus, we identified to the genus level only, with more than one genus or family 

identifications, they were considered unacceptable.  

2.5. Molecular identification Quantative Polymerase Chain Reaction (qPCR) (Real time PCR) 

 2.5.1. DNA extraction: DNA were extracted by using G-spin TM Total DNA Extraction kit 

The extraction procedures were carried out according to producer instruction from Cultivated 

animal cells, tissues, Gram negative bacteria and Blood using silica membrane 

2.5.2.  Real time PCR 

Real time DNA amplification was done according to the manufacturer’s protocol of  mericon® 

Pathogen Detection Handbook instructions manual 

The reaction was conducted in 20 μl total volume as shown in table (1). A positive and negative 

control must be analyzed for every run.  



         1- Keep all samples and reaction tubes on ice during setup. 

2. Close the PCR tubes or strips and place them in the reaction chamber of the thermal cycler, 

securing them according to the instrument manual. 

3. Program the thermal cycler. Table(2).  

4. Start the PCR run. 

3. RESULTS AND DISCUSSION  

Detection of the bacteria in food products at retail outlets indicates a major defect in the 

quality control measures (El-Demerdash & Raslan, 2019). Contamination of the meat with L. 

monocytogenes  generally occur after the slaughter and may come from the skin of the animals, 

the hands of the workers, the equipment and the tools used (Marinsek & Grebenc, 2002). It is also 

important to comment that the presence of any Listeria spp. may be indicative of poor hygiene and 

cross-contamination scenarios which cold favor the persistence of L. monocytogenes  (Azevedo et 

al., 2005). 

The current study revealed that table (3) prevalence of suspected listeria spp. isolated from 

examined samples of minced meat by conventional culture method were 65% (65/100).  

The results obtained from table (4) showed that prevalence of   L. monocytogenes isolated 

from examined samples of minced meat 30.8% (20/65), 23.07% (15/65) and 53.8% (35/65) by 

ViTeK2 compact; MALDI-TOF MS and RT-PCR, respectively with overall prevalence 53.8 % 

(35/65) considering molecular detection results which depends on gene detection which offer most 

sensitive and specific technique, that agree with Somer and Kashi (2003) , Jantzen et al. (2006), 

Abd El-Malek et al. (2010), Chen et al. (2010), El-Demerdash and Raslan (2019), and Abdeen et 



al. (2021) who demonstrated the accuracy and sensitivity of PCR techniques in isolation of  L. 

monocytogenes from  various food products.  

Figure (1) show the amplification plot of L. monocytogenes through RT- PCR . 

The high prevalence of L. monocytogenes  in examined minced meat may attribute to 

exposure of  minced meat  to various processing steps and manipulation throughout its processing 

(Tompkin et al., 1992; Uyttendaele et al., 1997).  

The presence of L. monocytogenes  in minced meat may occur due to contamination of meat 

through insignificant hygienic conditions, throughout slaughtering, evisceration, processing, and 

vending (Mahmoud et al., 2019).  Also, it may come from the skin of the animals, the hands of the 

workers, the equipment and the tools used (Marinsek & Grebenc, 2002 and Mahmoud et al., 2019). 

It is also important to comment that the presence of any Listeria spp. may be indicative of poor 

hygiene and cross-contamination scenarios which cold favor the persistence of L. monocytogenes  

(Azevedo et al., 2005; Yücel et al., 2005).  

The results of our study higher than studies reported by Marinsek and Grebenc (2002) who 

isolated L. monocytogenes from 6.81% of minced meat samples collected from Slovenia.  Akpolat 

et al. (2004),Yücel et al. (2005)  who obtained lower incidence of L. monocytogenes 5% and 4.7% 

,respectively, from minced meat in turkey . Molla et al. (2004) who isolated L. monocytogenes 

from 1.6% minced meat in In addis Ababa, Ethiopia. Abd El-Malek et al. (2010) who studied 4% 

L. monocytogenes  from minced meat that collected from retail supermarkets in Assiut (Egypt). 

Mohamed et al. (2016) , Reda et al. (2016)  who found that L. monocytogenes  in minced meat 

(4%) that collected from Giza Governorate, Egypt . and Hassan et al. (2019) who reported that the 

minced meat samples that collected from three different Egyptian companies collected from local 

supermarkets at Alexandria Governorate were negative for L. monocytogenes. 



the results in our study in concurrence with El-Demerdash and Raslan (2019) who reported 

high prevalence of L. monocytogenes in minced meat (56%) in urban and rural areas of Egypt.  , 

Mahmoud et al. (2019)  who isolated L.monocytogenes (15%) from minced meat that collected 

from Qena Governorate, Egypt  and Abdeen et al. (2021) who reported that L. monocytogenes was 

most commonly detected in minced meat (14%) in Menoufiya governorate in Egypt. The variation 

in the detection rate of L. monocytogenes  among different studies could be explained by  food 

sample size, geographic area and the degree of sanitary measures applied during food processing 

and manufacture.  

The results obtained from table (5) showed that identification of L. monocytogenes   (n =65), 

within biochemical identification (Vitek 2 Compact) were as followed,  L. monocytogenes  30,8% 

(20/65), while L. innoca 23,07%(15/65). 

On the other hand, the results obtained from table (6) showed that identification of L. 

monocytogenes   (n =65), within MALDI -TOF MS were as followed L. monocytogenes  23,08% 

(15/65), while L. innoca 20%(13/65).  

The overall prevalence of   L. innoca  23,07 %(15/65) considering (Vitek 2 Compact) results 

which offer more sensitivity than MALDI -TOF MS as it showed in table (7). The prevalence of  

L. innoca  lower than L. monocytogenes , L. monocytogenes  was most commonly detected in 

minced meat. The results of our study are agree with Garedew et al. (2015) who isolated 12% L. 

monocytogenes and 8% of  L. innoca from minced meat & Abdeen et al. (2021) who isolated 6.8% 

L. monocytogenes and 3.2% of  L. innoca from minced meat. while the results are not agree with 

Molla et al., (2004)  who  isolated 1.6% L. monocytogenes and 34.4% of  L. innoca from minced 

meat, Abd El-Malek et al. (2010) who  isolated 4% L. monocytogenes and 28% of  L. innoca from 



minced meat &Mahmoud et al. (2019) who  isolated 15% L. monocytogenes and 20% of  L. innoca 

from minced meat.  

 L. innoca  is well known to be non pathogenic to human and animals but its presence indicate 

to poor hygiene ( Abd El-Malek et al. 2010,  Ismaiel et al. 2014; Mazza et al. 2015 and Hesham et 

al. 2017)  

The results of our study obtained from table (7) demonstrated the assessment of the different 

technique used in isolation of  L. monocytogenes  from examined minced meat. Molecular 

identification through Real-time PCR was the highest specificity, Sensitivity and agreement in 

identification of L. monocytogenes while the conventional cultural methods and biochemical 

identification were the lowest specificity, Sensitivity and agreement.  

MALDI TOF-MS have the same specificity as Real-time PCR in isolation of L. 

monocytogenes but lower in sensitivity than RT-PCR and this may attribute to MALDI TOF-MS 

enables the identification of isolated microorganisms based on their protein profile. However, the 

method has the following limitations: difficulty in identifying microorganisms having high 

phylogenetic relatedness, lack of protein profile of some species in the database, and the possibility 

of technical errors, for example when the sample is applied to the plate for analysis (Cieślik & 

Wróblewska 2018). In addition to,  MALDI TOF-MS is affected by type of bacteria if the Gram-

positive strains or the  Gram-negative strains  and  the type of food in identification of micro-

organisms which may  cause changes in the intensity and  area of the peaks in the mass spectrum 

and even led to the disappearance of certain peaks (Nicolaou et al., 2012).  

This result agree with Nucera et al. (2006), Bagge et al. (2010), Wieser et al. (2012), Body 

et al. (2018), Rychert (2019),Abd El-Aziz et al. (2021), Ramatla et al. (2021).  



while, our results were not agree with Angelakis et al. (2011), Böhme et al. (2011), 

Nicolaou et al. (2012), Quintela-Baluja et al. (2013), Król et al. (2018), Pomastowski et al. 

(2019), Bucka-Kolendo et al. (2020), Khater et al. (2021) who detected  foodborne pathogens in 

food samples by MALDI-TOF MS  and reported that MALDI-TOF in comparison with other 

isolation techniques is the most efficient tool for identifying foodborne pathogens. 

Vitek 2 compact system have the same specificity as Real-time PCR in isolation of L. 

monocytogenes  but lower in sensitivity than RT-PCR, as the PCR technique is very convenient to  

target specific genes and take the nucleic-acid templates whether   directly from the tissue samples 

after nucleic-acid Extraction or from the culture. lower sensitivity of vitek2 compact system may 

due to the low number of bacterial load which can’t be detected by microbiological assay, high 

population of competitive bacteria, and the inhibitory effect of some food additives. 

This result agree with Chen et al. (2012)  , Kim et al. (2014), Moustafa et al. (2016), 

Hernández-Durán et al. (2017) , Shaltout (2020),  , who detected a false negative results by Vitek2 

compact system and positive by PCR.  

 

4. CONCLUSIONS 

Finally, the current study allows concluding that the high prevalence of L. monocytogenes  

in examined minced meat that collected from Alexandria city and L. innoca indicate to poor 

hygiene and cross-contamination that may occur to minced meat during  various processing steps 

and manipulation throughout its processing. Molecular identification through Real-time PCR was 

the highest Sensitivity in identification of L. monocytogenes . Detection of L. monocytogenes  by 

MALDI_TOF MS could be retarded by the type of the food. Choosing the technique used in 



diagnosis of Foodborne-pathogen could be affected by type of examined food, type of pathogen, 

cost and time consuming.  

5. ABBREVIATIONS: MALDI_TOF MS : Matrix-assisted laser desorption ionization-time 

of flight mass spectrometry ; L: Listeria ; RT-PCR : Real Time Polymerase chain Reaction   
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Figure: 

 

Figure (1): Amplification plot of Listeria monocytogenes through RT-PCR 

  



Tables: 

Table (1): Setup of sample and control reactions 

Component Sample 

Positive PCR 

Control 

Negative PCR 

Control 

Reconstituted 

mericon Assay 

10 μl 10 μl l0 μl 

Sample DNA 10 μl - - 

Dissolved Positive 

Control DNA 

- 10 μl - 

QuantiTect 

Nucleic Acid 

Dilution Buffer or 

RNase-free Water 

- - 10 μl 

Total Volume 20 μl 20 μl 20 μl 

 

  



Table (2). Cycling protocol for real-time cyclers other than Rotor-Gene Q 

Step Time Temperature Comments 

Initial PCR 

activation Step 

5 min 95°C 

Activation of 

HotstarTaq plus DNA 

polymerase 

3-Step Cycling: 

Denaturation 15s 95°C 

Data Collection at 60°C Annealing 23s* 60°C 

Extension 10s 72°C 

Number of Cycles            40 

 

Detection Reporter 

Excitation /  

emission 

Channel 

Target FAM 495/520nm FAM 

Internal control MAX 524/ 557nm VIC 

 

  



Table (3): Prevalence of suspected Listeria spp. isolated from examined samples of minced 

meat by conventional culture method .(n=100)  

Isolate  Incidence by using conventional culture 

methods (ALOA) -Blue green colonies 

surrounded by an opaque halo zone . 

Biochemical 

identification  

Positive sample  Positive sample  

L. monocytogenes   NO. % NO. % 

65 65 65 65 

 

Table (4 ) Prevalence of Listeria monocytogenes isolated from examined samples of minced 

meat by different isolation techniques. (n=65)  

Isolate Techniques of Identification 

 Automated 

Biochemical 

identification 

(ViteK 2) compact  

Proteomic 

identification 

MALDI-TOF MS 

Bruker Daltonik 

MALDI Biotyper  

Molecular Identification  

RT-PCR 

Positive Sample Positive Sample Positive Sample 

L. 

monocytogenes   

NO. % NO. % NO. % 

20 30.8 15 23.07 35 53.8 



 

 

 

Table (5): Identification of suspected listeria spp. by Automated Biochemical identification 

(Vitek 2 compact) (n=65)  

Type No. of Sample % 

Listeria monocytogenes 20 30.8 

Listeria innocua 15 23.07 

 

  



Table (6): Identification of suspected listeria spp.by MALDI-TOF MS (n=65)  

Type No. of Sample % 

Listeria monocytogenes 15 23.08 

Listeria innocua 13 20 

 

  



Table (7): Sensitivity, specificity, and agreement of isolation and identification of Listeria 

monocytogenes with confirmatory RR-PCR technique in examined minced 

meat samples 

Identification techniques Methods 

Sensitivity 

% 

Specificity % 

Agreement 

% 

Conventional cultural 

methods 

ALOA agar 100 53.8 70 

Biochemical Identification 

Biochemical 

tests 

100 53.8 70 

Automated Biochemical 

identification 

Vitek 2 

compact 

57.1 100 85 

Proteomic identification 

MALDI-TOF 

MS 

42.9 100 80 

Molecular identification RT- PCR 100 100 100 

 

  



 


