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Abstract 
The aims of this work were isolation, elucidation the antimicrobial susceptibility and molecular 

characterization of Listeria spp from meat products distributed in Qena Governorate, Egypt 

during years 2017 -2018.  A total of 120 samples of raw meat products were collected from 

different retail outlets in Qena Governorate, Egypt and examined for the contamination with 

Listeria spp. The examined meat products were minced meat, kofta, sausage, burger, luncheon 

and pasterma and the prevalence of listeria monocytogenes was 15%, 20%, 10%, 15%, 10%, 5%, 

respectively. Moreover, other Listeria species were isolated and identified in a total percentage 

from the above mentioned meat products; Listeria ivanovii (10.8%), L. welshimeri (6.6%), L. 

innocua (10.8%), L. seeligeri (4.1%) and L. grayi (1.6%). Antibiogram assay detected multi-dug 

resistances among L. monocytogenes. All the isolates were resistant to neomycin and 

streptomycin, meanwhile, most of the isolates showed sensitivity against ampicillin. 

Furthermore, L. monocytogenes was molecularly characterized by multiplex PCR for detection 

of iap, hylA and actA virulence genes. The iap gene was detected in all L. monocytogenes. It 

could be concluded that processed meat products purchased in Qena Governorate harbored L. 

monocytogenes and other Listeria species. This in turn constitute a risk of transmission of 

infection to human consumer with the antibiotic resistant listeria spp. That gives rise to failure of 

treatment programs. High contamination level of meat substantiates enforcing Hazard Analysis 

Critical Control Points (HACCP) program during processing, handling and storage of meat 

products. 
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Introduction  

Processed meat products are meat subjected to 
comminution, mincing or slicing with the 

addition of various amounts of fat. Salt and 

spices are added as flavoring agents, and other 

non-meat ingredients are supplemented to 

extend the volume and reduce the cost of the 

products [1]. Listeria is a Gram-positive 

bacterium, 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 are well known to be pathogenic to 

humans and animals causing a food borne 

illness in human beings [2]. 

Listeria is a widely disseminated in the 

nature and has been found in various foods of 

animal origin. Listeria can grow in broad 

zones of temperature ranging from 1.5
o
C to 

45
o
C, 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 

[3, 4]. In contrast to other enteric pathogenic 

bacteria, Listeria can multiply at refrigeration 

temperature zones, which indicates that 
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refrigeration of meat to 4
o
C could not hinder 

the growth of listeria [5]. 

Food-borne listeriosis is a serious disease 

with high fatality rates (20-30%) compared 

with other foodborne illness [6]. Listeria 

monocytogenes is a serious food microbial 

hazards that can lead to typical febrile 

gastroenteritis, abortion, stillbirth 

meningoencephalitis, and septicemia 

[7].Various studies have reported the 

prevalence of Listeria spp. in a broad range of 

meat and its products [2, 8, 9, 10-11]. 

Listeria species are generally sensitive to 

numerous antibiotics; however, drug-resistant 

strains have been emerged in food [12]. 

Resistance in Listeria strains is caused by the 

horizontal transfer of antimicrobial resistance 

genes and genetic interchanges between 

different Listeria species [13, 14]. The 

existence of any species of listeria in meat and 

its products is an index for unsatisfied 

hygienic measures in a food plant. The 

contamination of processed meat with Listeria 

spp. is still trouble in many countries. Based 

on the best of our knowledge, there are no 

enough data about the prevalence and 

characteristics of Listeria spp in processed 

meat. Therefore, the goal of this research was 

to trace the degree of contamination with 

Listeria spp in meat products in Qena 

Governorate. Furthermore, the antibiotic 

susceptibility profiles and virulence genes 

were investigated. 

Materials and methods 

Samples’ collection and preparation 

One hundred and twenty random samples 

of meat products, (n=20) per each of minced 

meat, kofta, sausage, burger, luncheon, and 

pasterma. They were purchased from various 

retail groceries and supermarkets in Qena 

Governorate during 2017-2018 and were 

collected in an icebox and directly transferred 

to the laboratory.  

The samples were prepared by thawing of 

frozen samples through overnight keeping  in 

refrigerator. Aseptically, the casing of each 

sample was removed and the content was 

blended thoroughly in sterile blender 

separately with sterilization after each use. 

Isolation of Listeria spp. 

The techniques described by the FAO [15] 

and the International Organization for 

Standardization [16] were applied for isolation 

of Listeria from food.  

Primary Enrichment step  

The initial step of isolation of listeria 

includes the utilization of listeria selective 

enrichment broth (CM0862, Oxoid, England) 

to promote the population of Listeria. Ten 

grams of the prepared samples were mixed 

with 90 mL listeria selective enrichment broth 

and incubated at 30°C for 7 days [17]. 

 Secondary Enrichment  

Ten mL of Fraser broth (CM08015, Oxoid, 
England) was inoculated with 0.1 mL of 

primary enrichment broth and then incubated 

at 35°C for 24 h. 

Selective Plating 

From Fraser enrichment broth, 0.1 mL was 

streaked into Oxford Listeria selective agar 

base (M1145, Himeida) and incubated at 35°C 

for up to 48 h. The typical colony was 

characterized by brown color with black zones 

around them. Suspected colonies were picked 

up separately into tryptone soya agar (DM277, 

Micro master, India) supplemented with 0.6 % 

yeast extract and incubated at 35 °C for 24 h 

for further identification. The isolates were 

tested for Gram's stain. 

Determination of biochemical profile 

The following biochemical tests: catalase, 

oxidase, esculin hydrolysis, sugar 

fermentation tests (rhamnose, xylose, 

mannitol) and hemolysis tests were performed 

based on techniques described by ISO [18]. 

 Serological examination  

Suspected listeria isolates were tested by 

Oxoid Listeria Test Kit (Oxoid, Basingstoke, 

England) which is fast latex agglutination test 
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used for confirmation of Listeria according to 

the manufacturer instructions [19]. 

 Determination of antibiotics susceptibility of 

Listeria monocytogenes 

The Kirby-Bauer disc diffusion assay was 

used to characterize the antimicrobial 

resistance based on the methodology 

described by Clinical and Laboratory 

Standards Institute CLSI, [20]. The following 

antimicrobial discs and their concentrations 

were used; neomycin (30 μg), streptomycin 

(10 μg), kanamycin (30 μg), cephalothin (30 

μg), erythromycin (15 μg), sulphamethoxazole 

(25μg), nalidixic acid (30 μg), oxytetracycline 

(30 μg), chloramphenicol (30 μg), amikacin 

(30 μg), cefotaxime (30 μg), ciprofloxacin (5 

μg), gentamicin (10 μg) and ampicillin (10 

μg). According to CLSI [20], the results of 

antibiotics susceptibility test was expressed as 

resistant, intermediate and sensitive isolates. 

Multiple antibiotic resistances (MARs) 

index for each L. monocytogenes isolate was 

calculated using the following formula [21].  

MAR index = The number of antibiotics to 

which the isolate is resistant / the total number 

of antibiotics tested. MAR index higher than 

0.2 indicates wide use of this antibiotic in the 

originating environment of this isolate.  The 

intermediate resistant L. monocytogenes 

strains were regarded as sensitive for MAR 

index. 

 Molecular characterization of Listeria 

monocytogenes 

 It was performed by using multiplex PCR, 

the following steps were followed 

DNA extraction 

The methodology described by Liu [22] 

was followed with slight modification. The 

DNA was extracted from the identified 

Listeria monocytogenes by inoculation of the 

isolates into brain heart infusion broth 

(DM810, Micro master, India)  at 37
o
C and 

then was heated at 100
o
C for 20 min. The 

gained lysate was utilized as a DNA template. 

 

Multiplex polymerase chain reaction 

The obtained genomic DNA of Listeria 

monocytogenes has proceeded for multiplex 

PCR for detection of virulence genes that 

exemplified by invasion-associated protein 

(iap), listeriolysin O (hylA) and actin 

associated protein (actA). The utilized primers 

for detection of hylA are described by Paziak-

Domańska et al.  [23], hlyAF 5’GCA GTT 

GCA AGC GCT TGG AGT GAA 3’ hlyAR 

5’GCA ACG TAT CCT CCA GAG TGA 

TCG 3’with expected product size 456bp. 

Mureddu et al. [24] described the sequences 

for iap with expected product size 131 bp iap-

F 5’ ACA AGC TGC ACC TGT TGC AG 3’ 

iap R5’ TGA CAG CGT GTG TAG TAG CA 

3’. Rawool  et al.[25] described the primers 

for actA, actA (F) 5’CGC CGC GGA AAT 

TAA AAA AAG A 3’, actAR 5’ACG AAG 

GAA CCG GGC TGC TAG 3’ with expected 

product size 839 bp. The amplification was 

carried out using a thermal cycler (Hamburg, 

Germany). The PCR condition was an initial 

denaturation at 95
o
C for 2 min then proceed 

into 35 cycles each one was 15 s, denaturation 

at 95
o
C, 30 s, annealing at 60

o
C and one-

minute extension at 72
o
C and then a final 

extension was for 10 min at 72 
o
C. The PCR 

product was subjected to electrophoresis by 

using 1.5% agarose gel. DNA marker (100 bp) 

was utilized to estimate the size of the PCR 

product. 

Results and Discussion 

 Isolation and identification of Listeria spp.  

from meat products 

Meat products are popular food items in 

Egypt; however, these products may be 

contaminated during their processing and 

storage by microbial agents. Listeria is one of 

the major foodborne pathogens and most cases 

of human listeriosis are caused by Listeria 

monocytogenes. There is no sufficient 

information about the presence of Listeria spp. 

in meat product distributed in Qena 

Governorate, Egypt. In the current work, a 

total of 120 meat products samples were 

collected from various markets located in 

Qena Governorate and examined for the 
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presence of Listeria spp. Out of 120 samples, 

56 (46.7%) were positive for Listeria spp. The 

Kofta was highly contaminated with Listeria 

spp. (70%), followed by burger (60%), minced 

meat (50%), luncheon (40%), sausage (35%) 

and pasterma (25%)  (Table 1). 

 

 

Table 1: Prevalence of listeria spp in examined meat products samples collected from Qena Governorate 

markets  

 

Sample Number Listeria spp. 

Number % 

Minced meat 20 10 50 

Kofta 20 14 70 

Sausage 20 7 35 

Burger 20 12 60 

Luncheon 20 8 40 

Pasterma 20 5 25 

Total 120 56 46.7 

 

Table 2: Prevalence of various species of Listeria in examined meat products samples collected from Qena 

Governorate markets  

 

The species of isolated Listeria were 

identified using the biochemical reactions; L. 

monocytogenes was the most common species 

among the isolates (13.3%) followed by L. 

innocua (10.8%) (Table 2). The prevalence of 

Listeria spp. was higher in the burger, minced 

meat and kofta than other processed meat 

products. That might attributed to exposure of 

these meat products to various processing 

steps and manipulation throughout their 

processing [26, 27]. However, a lower 

occurrence of Listeria spp was recorded in 

pasterma that may be attributed to the 

inhibitory effect of salt added to pasterma 

[28]. 

The level of contamination by L. 

monocytogenes in minced meat within the 

current study was 15%. A higher incidence 

was documented by Abd El-Malek et al. [8]. 

Akpolat et al. [29] obtained a lower incidence 

(5%). Listeria monocytogenes was isolated 

from 6.81% of minced meat samples collected 

from Slovenia as reported by Marinsek and 

Grebenc [30]. Isolation and characterization of 

Listeria spp. from 300 raw meat and meat 

products samples collected from Nigeria were 

carried by Ndahi et al. [31], 85 Listeria 

isolates were obtained and 12 of them were 

identified as L. monocytogenes. 

Concerning luncheon meat samples 

listeria spp. were isolated from eight out of 20 

examined samples with a percentage of 40%. 

L. monocytogenes, L. ivanovii and L. 

welshimeri were isolated with a percentage of 

10, each, followed by L. innocua and L. 

seeligeri (5 %, each), whereas L. grayi 

couldn't be identified. The low contamination 

level demonstrated in luncheon samples may 

Samples No. L. 

ivanovii 

L. welshimeri L. monocytogenes L. innocua L. seeligeri L. grayi 

No. % No. % No. % No. % No. % No. % 

Minced 

meat 

20 2 10 1 5 3 15 4 20 0 0 0 0 

Kofta 20 1 5 2 10 5 20 3 14 2 10 1 5 

Sausage 20 2 10 1 5 2 10 2 10 0 0 0 0 

Burger 20 3 15 2 10 3 15 2 10 1 5 1 5 

Luncheon 20 2 10 2 10 2 10 1 5 1 5 0 0 

Pasterma 20 2 10 0 0 1 5 1 5 1 5 0 0 

Total 120 12 10 8 6.6 16 13.3 13 10.8 5 4.1 2 1.6 



Zag Vet J, Volume 47, Number 3, p. 267-276, September 2019                       Mahmoud et al.  (2019)   

271 
 

be explained by exposure of luncheon to a 

high temperature during the manufacture, 

which in turn led to thermal inactivation effect 

on Listeria [32].  

The capability of L. monocytogenes to 

reproduce at the refrigeration zone of 

temperature is an additional risk of processed 

meat that consumed without additional heat 

treatment like pasterma and luncheon [33]. 

L. monocytogenes was isolated with a low 

percentage of 0.89 from ready to eat food as 

recorded by Gombas et al. [34] (0.89%), 

whereas Saad et al. [35] could not isolate 

Listeria monocytogenes from the examined 

luncheon samples. Machines and tools used in 

the processing of meat products are often 

contaminated with listeria resulting in 

contamination of meat products. The current 

study showed that L. monocytogenes and  

innocua were the predominant isolates among 

Listeria spp. Several researchers have 

indicated that the isolation rate of L. innocua 

from food is common [36].  

There was a difference between the 

isolation rate of L. monocytogenes by 

comparing the obtained data and others from 

other localities. This diversity may be 

attributed to the difference in geographic 

distribution, processing of meat products and 

the methods used in isolation [29].  

Susceptibility of Listeria monocytogenes to 

antibiotics 

Fourteen antibiotics were used to examine 

the sensitivity of the isolated L. 

monocytogenes (n=16) to antibiotics (Table 3).  

All Listeria monocytogenes were resistance to 

neomycin and streptomycin, whereas 87.5% 

and 81.3% of the isolates were sensitive to 

ampicillin and gentamycin. Moreover, 87.5%, 

68.8%, 62.5%, 43.8% of the isolated Listeria 

monocytogenes were resistant to kanamycin, 

cephalothin, erythromycin, and oxytetracylcin, 

respectively. Resistance to sulfamethoxazole 

and nalidixic acid were 56.3%, each. 

 

Table 3: The antibiotic sensitivity of the isolated Listeria monocytogenes ( n=16) from meat products of Qena 

Governorate markets  

Antibiotic Susceptible Intermediate Resistant 

NO. % NO. % NO. % 

Neomycin (N) - - - - 16 100 

Streptomycin (S)  - - - - 16 100 

Kanamycin (K) 1 6.3 1 6.3 14 87.5 

Cephalothin (CN)  2 12.5 3 18.8 11 68.8 

Erythromycin (E) 4 25.0 2 12.5 10 62.5 

Sulfamethoxazole (SXT)   5 31.3 2 12.5 9 56.3 

Nalidixic acid (NA) 7 43.8 - - 9 56.3 

Oxytetracycline (T) 8 50 1 6.3 7 43.8 

Chloramphenicol (C) 8 50 2 12.5 6 37.5 

Amikacin (AK) 10 62.5 - - 6 37.5 

Cefotaxime (CF) 9 56.3 3 18.8 4 25.0 

Ciprofloxacin (CP) 11 68.8 2 12.5 3 18.8 

Gentamicin (G) 13 81.3 1 6.3 2 12.5 

Ampicillin (AM) 14 87.5 1 6.3 1 6.3 

 

Principally, the majority of L. 

monocytogenes is sensitive to antimicrobial 

agents acting on Gram-positive bacteria. 

However, within the last decades the drug 

resistance of L. monocytogenes has emerged 

[13]. In general, penicillin, gentamicin, and 

ampicillin are used for control of listeriosis. 

The result of antimicrobial assay of this study 

showed that 87.5% and 81.3% of isolated L. 

monocytogenes were sensitive to ampicillin 

and gentamycin, respectively. Al-Nabulsi et 

al. [2] reported that the isolated L. 

monocytogenes from examined raw and meat 

products collected from Jordan were 

susceptible to vancomycin, ampicillin, and 

gentamycin and around of 56% of the isolates 
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were resistant to neomycin. All the isolated L. 

monocytogenes by Ndahi et al. [31] were 

resistant to penicillin, trimethoprim, 

sulphamethoxazole, and ampicillin. 

The obtained data indicated the possibility 

for transfer of drug-resistant L. monocytogenes 

to human through consumption of processed 

meat products through the transfer of mobile 

genetic elements as conjugative transposon 

and plasmids of L. monocytogenes.  

MAR Value below 0.20 referred to that the 

organism came from a lower hazard source in 

which the antibiotics are rarely or never 

utilized. MAR index value greater than 0.20 

referred to that they are originated from a 

higher risk source, which is extremely 

subjected to antibiotics [32]. 

Concerning the data of MAR, all the 

examined samples were risky as their MRA 

value greater than 0.20 (Table 4). Strains of L. 

monocytogenes isolated from meat collected 

from Nigeria were sensitive to 

chloramphenicol, gentamycin, and 

erythromycin, however, they were unaffected 

by tetracycline and amoxicillin [37]. The 

isolated Listeria spp. from beef and sausage 

sample collected from Korea were sensitive to 

ampicillin, cephalothin, kanamycin, and 

streptomycin, however, resistance to nalidixic 

acid were detected [38]. The attention of drug-

resistant pathogens should be increased 

notably in developing country, as there is an 

intensive and uncontrolled utilization of 

antimicrobial agents. 

  
Table 4: Antibiotic resistance profile and multiple antibiotic resistance index for L. monocytogenes isolate 

(n=16) ) from meat products of Qena Governorate markes during ( year) 

 

Isolate 

 

Antimicrobial resistance profile 

MAR 

index 

1 N, S, K, CN, E, SXT, NA, T, C, AK, CF, CP, G, AM 1 

2 N, S, K, CN, E, SXT, NA, T, C, AK, CF, CP, G 0.928 

3 N, S, K, CN, E, SXT, NA, T, C, AK, CF, CP 0.857 

4 N, S, K, CN, E, SXT, NA, T, C, AK, CF 0.786 

5 N, S, K, CN, E, SXT, NA, T, C, AK 0.714 

6 N, S, K, CN, E, SXT, NA, T, C, AK 0.714 

7 N, S, K, CN, E, SXT, NA, T 0.571 

8 N, S, K, CN, E, SXT, NA 0.500 

9 N, S, K, CN, E, SXT, NA 0.500 

10 N, S, K, CN, E 0.357 

11 N, S, K, CN 0.286 

12 N, S, K 0.214 

13 N, S, K 0.214 

14 N, S, K 0.214 

15 N, S 0.143 

16 N, S 

 

Average                                                                                                        

0.143 

 

0.509 

MAR Value below 0.20 referred to that the organism came from a lower hazard source. MAR index value greater 

than 0.20 referred to that they are originated from a higher risk source. 

 

Prevalence of virulence genes in isolated 

Listeria monocytogenes 

Three virulence genes were screened in the 

isolated L. monocytogenes by using multiplex 

PCR. The occurrence of iap gene was 

demonstrated in all isolates. The actin-

associated protein and listeriolysin O were 

detected in 13 /16 (81.3%) and 12 /16 (75%), 

respectively. 

The examined virulence genes in the 

current study were the most remarkable in 

determining the virulence of L. 

monocytogenes [39]. The hlyA gene is the 

characteristic gene in L. monocytogenes, in 
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this study hlyA was detected in 75% of the 

isolated L. monocytogenes, which is in 

agreement with the data achieved by Jallewor 

et al. [40]. Al-Nabulsi et al. [2] screened some 

virulence genes (actA, hlyA, iap, inlB, inlA, 

inlC and inlJ ) in L. monocytogenes isolated 

from processed meat and reported that the 

internal gene and inlA were the uppermost 

while invasion-associated protein, iap had a 

low incidence.  The occurrence of hlyA gene 

in drug-resistant L. monocytogenes can 

increase the difficulty in treating the patients 

suffering from L. monocytogenes infection. 

Conclusion 

This research had elucidated the 

occurrence of Listeria spp. in various meat 

products in Qena Governorate. Processed meat 

products are a potential source for 

transmission of drug-resistant L. 

monocytogenes to human. Thus, with an 

expansion in the consumption of processed 

meat, the regular surveillance of drug-resistant 

pathogens in meat products is critical to 

ensure the safety of meat product. HACCP 

and ISO 22000:2005 programs should be 

implemented in Qena Governorate during 

manufacturing of meat products. The genetic 

characterization of the isolated L. 

monocytogenes plays an essential aspect in 

exploration the outbreaks caused by foodborne 

pathogens as well as the epidemiology studies. 
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 الملخص العربي

مصر -الليستيريا المعزولة من اللحوم المصنعة بمحافظة قنامدى تواجد وتوصيف   

هانه ػثذ انًحسٍ يحًىد
1

، محمد كزيً
2

محمد ػثذ انفراح يكً، 
3

 
1
، قُا، يصز23522طثية تيطزي، كهيح انطة انثيطزي، جايؼح جُىب انىادي،   
2
، أسىاٌ، يصز21522ثيطزي، جايؼح أسىاٌ،قسى انزقاتح انصحيح ػهً الأغذيح، كهيح انطة ان   
3
قُا، يصز 23522قسى انزقاتح انصحيح ػهً الأغذيح، كهيح انطة انثيطزي، جايؼح جُىب انىادي،   

حساسيح  تًحافظح قُا وكذنك ايضا دراسح انًرذاونحأجزيد هذج انذراسح نؼزل وذىصيف ييكزوب انهيسرزيا يٍ يخرهف يُرجاخ انهحىو 

 كاَد. 2112-2112خلال اػىاو  يٍ يحافظح قُا ػيُح يٍ يخرهف يُرجاخ انهحىو 121انهيسرزيا نهًضاداخ انحيىيح انًخرهفح. ذى ذجًيغ ػذد 

 21%، 15هً  ، تسطزيحنُشىٌ، تزجزانسجق،  ،انهحى انًفزوو، انكفره انؼيُاخ وانرً ذكىَد يٍ  فً  انهيسرزيا يىَىسيرىجيُسَسثح ذىاجذ 

%( انهيسرزيا إَىكيا 6.6%(، انهيسرزيا ونشًيزيا )2و11ذى ػزل انهيسرزيا إفاَىفً ) .% ػهً انرىان%5ً، %11، %15، %11، 

أظهزخ انُرائج أٌ جًيغ ػزلاخ ييكزوب انهيسرزيا %(. كًا 1.6%(، وانهيسرزيا جزايا )4.1جاري )ه%(، انهيسرزيا سي11.2)

، وهذا يًا قذ يرسثة فً إصاتح ىيايسيٍ، تيًُا يؼظى انؼزلاخ أظهزخ حساسيح نلأيثيسهيٍُيىيايسيٍ وانسرزترن يقاويح يىَىسيرىجيُس

كشف أخرثار كًا  .انًقاويح نهًضاداخ انحيىيح يًا يؤدي انً صؼىتح ػلاجها تانًضاداخ انحيىيح انهيسرزيا يىَىسيرىجيُسالإَساٌ تًيكزوب 

. وقذ خهصد هذج انهيسرزيا يىَىسيرىجيُسضًٍ ػزلاخ  ية، هيلا، أكرا()أ ذفاػم انثهًزج انًرسهسم ػٍ وجىد تؼض جيُاخ انضزاوج

يًا  وأَىاع اخزي يٍ انهيسرزيا فً تؼض يُرجاخ انهحىو انًرذاونح فً يحافظح قُا يىَىسيرىجيُسانهيسرزيا ذىاجذ  ييكزوب  انذراسح إنً

يذي ذىاجذ ذؼرثز هذج أول دراسح ػٍ ػهً حذ ػهًُا ظه قُا. ويُرجاخ انهحىو فً يحافذذاول أهًيح ذطثيق َظاو انهاسة أثُاء ذجهيز ويرطهة 

 .يصز -انهحىو انًصُؼح تًحافظح قُا فًانهيسريزيا ييكزوب 

 


