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Summary: In this study the occurrence of Listeria monocytogenes and other Listeria species were investigated from a total of 

120 retail raw lamb meat samples and L. monocytogenes isolates were verified by using PCR based on hylA gene which is responsible 

for virulence. All L. monocytogenes isolates were analyzed by antimicrobial susceptibility tests. L. monocytogenes was isolated from 

19 (15.8%) of the samples examined. The other species isolated were L. innocua, L. weshimeri and L. grayi 26 (21.6%), nine (7.5%) 2 

(1.6%) strains respectively. According to the PCR analysis, hlyA gene was detected from the 58 of the isolates which were isolated 

from L. monocytogenes positive 19 lamb meat samples. The antibiotic resistance profiles of the 58 isolates to nine antibiotics were 

detected by disc diffusion method. Five (8.6%) isolates were found to be resistant to antibiotics. Among the five isolates, four (6.9%) 

displayed multiple resistance, only one isolate was resistant to tetracycline. 

Keywords: Antimicrobial resistance, food safety, lamb meat, Listeria, PCR. 

Kuzu etlerinden Listeria monocytogenes izolasyonu ve antibiyotik dirençliliklerinin belirlenmesi  

Özet: Bu çalışmada, satışa sunulan toplam 120 çiğ kuzu eti örneklerinde Listeria monocytogenes ve diğer Listeria türlerinin 

varlığı araştırılmış ve bulunan L. monocytogenes izolatları virülensten sorumlu hylA geni esas alınarak PZR ile doğrulanmıştır. Bütün 

L. monocytogenes izolatları antibiyotik duyarlılık testi ile analiz edilmiştir. Test edilen örneklerin 19’undan (15.8%) L. monocytogenes 

izole edilmiştir. İzole edilen diğer türler sırasıyla 26 adet (21.6%) L. innocua, dokuz adet (7.5%) L. weshimeri ve iki adet (1.6%) L. 

grayi’dir. PZR analizine göre 19 kuzu eti örneğinden izole edilen L. monocytogenes pozitif izolatların 58’inde hlyA geni belirlenmiştir. 

58 izolatın dokuz antibiyotiğe karşı antibiyotik direnç profili disk difüzyon metodu kullanılarak belirlenmiştir. Beş izolatın (8.6%) 

antibiyotiklere karşı dirençli olduğu bulunmuştur. Bu beş izolat arasında dördü (6.9%) çoklu direnç gösterirken, bir izolat sadece 

tetrasikline karşı dirençli bulunmuştur.  

Anahtar sözcükler: Antimikrobiyal direnç, gıda güvenliği, kuzu eti, Listeria, PZR. 

 
 

 

Introduction 

Listeria monocytogenes (L. monocytogenes) a Gram-

positive bacteria, is ubiquitous in nature and primarily 

causes listeriosis in humans through contaminated foods. 

Foodborne listeriosis may cause serious illness in 

newborns, abortions in pregnant women, and septicemia, 

meningitis, and encephalitis in immunocompromised 

individuals (22). Because of its high mortality, listeriosis 

ranks among the most frequent causes of death due to 

foodborne illnesses (10). 

 A variety of foods including red meat, poultry 

meat, dairy products, ready-to-eat foods and vegetables 

have been implicated as vehicles for L. monocytogenes 

transmission (4, 25, 31, 39). Although occurrence of 

Listeria species in lamb meat and lamb meat products has 

been investigated in several countries (16, 37, 47). 

However, little has been reported about the incidence of 

                                                           
*  This study was reviewed from the doctorate thesis. 

the organism in lamb meat in Turkey that total lamb meat 

production was 98 977 tons in 2014 (1). 

Currently, the treatment for listeriosis is a β-lactam 

antibiotic (e.g. penicillin or ampicillin), alone or in 

combination with an aminoglycoside (e.g. gentamicin) in 

immunocompromised patients. The second choice for 

treatment is the association of trimethoprim and a 

sulfonamide (e.g. sulfamethoxazole), especially for 

patients allergic to β-lactams (11). Vancomycin and 

erythromycin are also used to treat bacteraemia and 

pregnant women diagnosed with listeriosis respectively 

(17). 

L. monocytogenes rarely develops acquired 

resistance to antibiotics. However, some recent studies 

have reported an increased rate of resistance to one or 

several clinically relevant antibiotics in environmental 

isolates and less frequently in clinical strains (36). 
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Emergence and dissemination of antibiotic resistance in L. 

monocytogenes may have significant for the future clinical 

implications of the treatment of listeriosis. 

The aims of the present study were to investigate the 

prevalence of L. monocytogenes in lamb meat collected 

from different butcher-shops and markets in Ankara, to 

detect hlyA gene by PCR for the confirmation of the 

isolates, and to determine the resistance profiles of 

isolated strains to 9 antibiotics currently used in veterinary 

and human therapy. 

 

Materials and Methods 

Samples: A total of 120 lamb meat samples were 

purchased from different markets [77] and butcher-shops 

[43] in Ankara, Turkey. All samples were collected 

aseptically and transferred to the laboratory under cold 

conditions and processed immediately within 2 h were 

analysed for Listeria on the same day. 

Isolation and identification of Listeria 

monocytogenes: Isolation and identification of Listeria 

spp. and L. monocytogenes was performed as described by 

ISO 11290-1 (The International Organization of 

Standardizations) (29), ISO 11290-1/A1 (30) respectively. 

Under aseptic conditions, an amount of 25 g from each 

sample was incubated in 225 mL Half Fraser Broth (Oxoid 

CM 895, SR 166G, Hampshire, UK) at 30ºC for 24±2 h 

then 0.1 mL pre-enrichment broth was added to 10 mL of 

Fraser Broth (Oxoid CM 895, SR 156E) as a second 

enrichment culture for 48±2 h at 37ºC. Finally, the culture 

was streaked onto both Oxford agar (Oxoid CM 856, SR 

140) and ALOA media (Oxoid CM 1084, SR 226, SR 

244), and incubated for 24-48 h at 37ºC. Up to five typical 

Listeria colonies were selected from each of the selective 

agars and were plated on a separate Tryptic Soy Agar, 

yeast extract added (Oxoid CM 129, LP 21, LP11) and 

incubated at 37ºC for 24-48 h. These isolates were used 

for biochemical tests (Gram staining, catalase test and 

oxidase test) [Merck 1.11885, Merck 1.08597, Bactident 

oxidase Merck 1.13300] and motility test by Sulphate 

Indole Motility medium (Oxoid CM 435). For the 

identification of the isolates β-hemolysis, carbohydrate 

utilization (L-rhamnose, D-xylose and D-mannitol), 

nitrate reduction and CAMP tests were carried out. L. 

monocytogenes isolates were maintained at -80ºC in 

cryovials until use for PCR analysis. Cryovials contained 

1 mL of 24 h incubated Brain-Heart Infusion broth (Oxoid 

CM 225), L. monocytogenes cultures and 0.5 mL of sterile 

glycerine.  

Detection of presence of virulence-related gene: 

Extraction of DNA from all of the isolates was performed 

using chelex-100 (Sigma C7901) resin-based technique 

(19). Special virulence gene (hlyA), which was encoding 

L. monocytogenes listeriolysin, were used for verification 

of the L. monocytogenes isolates by PCR assay. The 

primer pairs PCRGO: 5’- GAATGTAAACTTCGGCG 

CAATCAG - 3’ and PCRDO: 5’- GCCGTCGATGATT 

TGAACTTCATC - 3’(IDT Integrated DNA Technologies) 

were used to amplify a 388 bp DNA fragment of hlyA (5, 8).  

Antimicrobial susceptibility testing: The resistance 

profiles of the isolates verified by PCR were examined to 

9 antibiotics (ampicillin-Oxoid CT0002B, penicillinG-

Oxoid CT0152B, gentamicin-Oxoid CT0024B, 

erythromycin-Oxoid CT0020B, streptomycin-Oxoid 

CT0047B, tetracycline- Oxoid CT0054B, meropenem-

Oxoid CT0774B, trimethoprim-sulfamethoxazole-Oxoid 

CT0052B, rifampicin-Oxoid CT0207B). Antibiotic 

susceptibility of all isolates was determined by the disc 

diffusion method as recommended by the European 

Committee on Antimicrobial Susceptibility Testing (20) 

and Clinical and Laboratory Standards Institute (14) in 

Mueller-Hinton agar supplemented with 5% mechanically 

defibrinated horse blood and 20 mg/L β-NAD 

(nicotinamide adenine dinucleotide) (MH-F) and in 

Mueller-Hinton agar (Oxoid CM337), respectively. The 

inhibition zone diameters were measured and interpreted 

in accordance with the breakpoints recommended by 

EUCAST for L. monocytogenes on ampicillin, penicilin 

G, erythromycin, meropenem, trimethoprim-

sulfamethoxazole and interpreted in accordance with the 

breakpoints recommended by CLSI for other Gram-

positive bacteria (15, 21). Because a specific breakpoints 

of Listeria for gentamicin, streptomycin, tetracycline and 

rifampicin did not exist.  

 

Results 

In the current study, a total of 120 lamb meat samples 

were analyzed during 4 months period. 30 samples were 

collected each month. 44 (36.6 %) of the 120 samples were 

contaminated with Listeria spp. Nineteen (15.8 %) of the 

samples were contaminated with L. monocytogenes, 26 

(21.6%) with L. innocua, 9 (7.5%) with L. welshimeri, 2 

(1.6%) with L. grayi. Eleven of the 44 samples were found 

to be mixed contaminated with more than one Listeria 

species (Table 2). 

In our study, ALOA and Oxford mediums were used 

as selective agar for the isolation of Listeria spp. and L. 

monocytogenes. From the 19 L. monocytogenes, 18 (15%) 

was found positive in ALOA medium while only 8 (6.7%) 

in Oxford medium (Table 3). 

In order to confirm the isolates, PCR assay was 

performed. One of the major virulence factors of L. 

monocytogenes, hlyA (LLO-listeriolysin O) gene specific 

primers were used. According to the PCR analysis, hlyA 

gene was detected in 58 L. monocytogenes isolates which 

were isolated from L. monocytogenes positive 19 lamb 

meat samples. The hlyA gene was found in all 58 (100%) 

isolates. As a result, all the isolates were verified by PCR 

(Figure 1). 
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Table 1. Breakpoint table for interpretation of zone diameters (15, 21) 

Tablo 1. Zon çaplarının yorumlanmasında kullanılan limit değerler tablosu. 

Antibiotics Disk content 

(µg) 

Zone diameter breakpoint (mm)  

S ≥ I R < 

Benzylpenicillin 1 unit 13 - 13 EUCAST L. monocytogenes 

Ampicillin 2 16 - 16 EUCAST L. monocytogenes 

Meropenem 10 26 - 26 EUCAST L. monocytogenes 

Erythromycin 15 25 - 25 EUCAST L. monocytogenes 

Trimethoprim-sulfamethoxazole 1.25-23.75 29 - 29 EUCAST L. monocytogenes 

Rifampicin 5 20 17-19 ≤ 16 CLSI Staphylococcus spp. 

Gentamicin 10 15 13-14 ≤ 12 CLSI Enterococcus spp. 

Streptomycin 10 15 12-14 ≤ 11 CLSI Enterobacteriaceae 

Tetracycline 30 19 15-18 ≤ 14 CLSI Staphylococcus spp. 

S: Susceptible, I: intermediate, R: Resistant. 

 

 

Table 2. The occurrence and the numerical distribution of Listeria species, in Listeria spp. positive samples.  

Tablo 2. Listeria spp. pozitif örneklerde Listeria türlerinin varlığı ve sayısal dağılımı. 

Sample Listeria 

positive 

samples 

L.monocyto

genes 

L. innocua L. welshimeri L.grayi *L.monocytogenes 

L. innocua 

*L. innocua 

L.welshimeri 

*L.monocytogenes 

L. innocua 

L.welshimeri 

 n n % n % n % n % n % n % n % 

Market 35 10 28.6 12 34.2 4 11.4 2 5.7 6 17.1 1 2.9 - - 

Butcher - 

shop 

9 - - 3 33.3 2 22.2 - - 2 22.2 1 11.1 1 11.1 

Total 44 10 22.7 15 34.1 6 13.6 2 4.5 8 18.2 2 4.5 1 2.3 

*Isolated species from the same sample 

 

 

Table 3. Comparison of ALOA and Oxford Agar for the isolation of Listeria monocytogenes. 

Tablo 3. Listeria monocytogenes izolasyonunda ALOA ve Oxford Agar’ın karşılaştırılması. 

Selective Agar L. monocytogenes positive samples 

ALOA 11 

Oxford 1 

ALOA and Oxford 7 

Total 19 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. hlyA gene detected from L. monocytogenes isolates by PCR (a: 100-bp DNA marker; b: Positive control, L. monocytogenes 

ATCC 7644; c: Negative control; d-g: hlyA positive L. monocytogenes isolates). 

Şekil 1. PZR ile L. monocytogenes izolatlarından saptanan hlyA geni (a: 100-bp DNA marker; b: Pozitif kontrol, L. monocytogenes 

ATCC 7644; c: Negatif kontrol; d-g: hlyA pozitif L. monocytogenes izolatları). 
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Table 4. The antimicrobial susceptibility profiles of the isolated strains. 

Tablo 4. İzole edilen suşların antimikrobiyal duyarlılık profilleri. 

Antibiotics Concentration µg/ 

disc 

Number of isolates (%) 

Susceptible Intermediate Resistant 

Ampicillin 2  58  (100) - - 

Penicillin G 1 U 55  (94.8) - 3 (5.2) 

Gentamicin 10 54  (93.1) 1 (1.7) 3 (5.2) 

Erythromycin 15 56  (96.6) - 2 (3.4) 

Streptomycin 10 54  (93.1) - 4 (6.9) 

Tetracycline 30 56  (96.6) - 2 (3.4) 

Meropenem 10 54  (93.1) - 4 (6.9) 

Trimethoprim/Sulfamethoxazole 1,25 – 23,75 54  (93.1) - 4 (6.9) 

Rifampicin 5 55  (94.8) - 3 (5.2) 

 

 

According to the disc diffusion test, five (8.6%) of 

the 58 isolates displayed resistant to at least one antibiotic 

and among this isolates four were found multi-resistant. 

Other 53 isolates were sensitive to nine antibiotics. In 

particular, multiple resistance was more common than 

resistance to one antibiotic, i.e., one isolates were resistant 

to one antibiotic, one to six antibiotic, one to seven 

antibiotic, one to eight antibiotic. The last isolate was 

resistant to streptomycin, meropenem, trimethoprim/ 

sulfamethoxazole and was intermediate to gentamicin. 

Resistance to streptomycin, meropenem, trimethoprim/ 

sulfamethoxazole was most common with 4 isolates 

showing resistance, then gentamicin (3 resistant isolates 

and 1 intermediate), penicillin G and rifampicin [3], and 

finally, erythromycin and tetracycline [2]. All isolates 

were sensitive to ampicillin (Table 4). 

 

Discussion and Conclusion 

L. monocytogenes has been frequently isolated from 

various foods of animal origin throughout the globe (7, 13, 

34, 47). In the present study, 19 (15.8%) of a total of 120 

samples examined were positive for L. monocytogenes. 

Compatible results were reported by Gökmen and Alişarlı 

(24), they determined 11 L. monocytogenes from 100 lamb 

minced meat from supermarkets. Indrawattana et al. (28) 

collected 104 meat samples from open markets and 

reported 16 L. monocytogenes. In a study in China, Wang 

et al. (43) isolated L. monocytogenes from 4.8% of raw 

mutton samples. 

Zarei et al. (47) reported 4.3%, Bhat et al. (7) 5% L. 

monocytogenes from lamb meat. Philips et al. (37) 

detected microbiological quality of 613 lamb and sheep 

meat, and found only in one sample Listeria spp., also they 

didn’t report any Listeria spp. from the frozen boneless 

samples. On the other hand, Cohen et al. (16) not detected 

any L. monocytogenes from 52 lamb sample purchased 

from supermarkets, slaughterhouses and butchers in 

Morocco. Similarly, Gupta et al. (26) not found any L. 

monocytogenes from 50 lamb meat and edible offal. 

Likewise, Wang et al. (42) reported no L. monocytogenes 

in 14 lamb meat. The difference between the results may 

be due to the sources of meat, country, slaughtering 

conditions, isolation and identification methods, market 

hygiene, sample number and part of the animal.  

 In our study we found that beside the 19 (15.8%) 

lamb meat sample containing L. monocytogenes, 25 

samples (30%) were contaminated with different Listeria 

species. In total, 44 (36.6%) of the 120 tested samples 

were contaminated with Listeria spp. Although the 

presence of other Listeria spp. in food are not of direct 

pathogenic significance, these organisms can be 

considered as useful indicators of a deterioration in 

hygiene or process conditions, leading to an increased risk 

of contamination with pathogenic Listeria species. Chen 

et al. (13) reported the prevalence in China as 14.7% in 

lamb meat, Gökmen and Alişarlı (24) as 63% in minced 

lamb meat, Gupta et al. (26) as 2% in lamb meat. 

In this study, within the Listeria positive samples, 11 

(9.1%) was found to be contaminated with more than one 

Listeria species. From these, in 1 sample three different 

Listeria species was detected as a mix. Also in many 

another studies, authors reported that some non-pathogen 

Listeria species can be with the pathogenic ones (38). It is 

interesting to note that L. innocua was isolated 

predominantly among Listeria species in our study. Other 

studies also indicated that L. innocua is the most prevalent 

Listeria species found in food products (27, 35, 46). This 

may be related to differential selection during enrichment 

and recovery procedures, or because L. innocua is simply 

more common in the environment than L. monocytogenes 

(12, 41). According to the studies L. innocua grows faster 

than the pathogenic species in enrichment broths therefore 

with the L. monocytogenes both species are present almost 

the same levels (35). Also, differences in resistance among 

Listeria spp. were displayed and L. innocua was found 

more resistant than other Listeria species (32). 
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In Oxford medium, Listeria species are not 

differentiate from each other (33, 44). So, it’s not possible 

for every time to detect L. monocytogenes with Oxford 

medium by taking 5 different colonies, through the 

samples are contaminated with the pathogen. Also, 

because it chromogenic property and by the production of 

zones, colonies formed more distinctively in ALOA 

medium. In compliance with our results, in the study of 

Vlaemyek et al. (40), 36 L. monocytogenes detected from 

the 208 samples, and from these 31 (86.1%) was found 

positive by ALOA medium and only 22 (61.1%) with 

Oxford and PALCAM mediums. In this study 1 sample 

was identified as L. monocytogenes by Oxford medium, 

but not confirmed in ALOA medium by the color change 

and zone production. This can be the result of the change 

of phospholipase C activity. It was reported that because 

of the mutation in the gene that coded PI-PLC, caused the 

deactivation of phospholipase C (18). Also, according to 

Camillia et al. (9) there can be some non-virulent L. 

monocytogenes species that have not PI-PLC production 

property. According to our findings, it will be suitable to 

use two or more different mediums for the isolation. 

Similarly to our results, Awaishch (3) reported that 

all the L. monocytogenes strains identified by ISO method, 

can be confirmed 100% by PCR. In contrast with this, 

Aurora et al. (2) was found 93%, Gouws and Liedemann 

(23) 84% correlation between chromogenic agar and the 

PCR results.  

   The majority of the strains isolated in this study 

are susceptible to the antibiotics commonly used. 

However, the results of the present study provide further 

evidence of the emergence of multi-resistant strains in 

nature, representing a potential threat to human health. 

Evidence of the emergence of multiresistant L. 

monocytogenes strains from various sources has also been 

reported. Wang et al. (43) in China and Wong et al. (45) 

in Malaysia have been reported high multiple resistances 

72.3% and 46%, respectively. 

Similar to the present study Barbosa et al. (6), 

reported that all the L. monocytogenes isolates recovered 

from foods (n=353) and from clinical cases of human 

listeriosis (n=95) in Portugal were sensitive to ampicillin. 

Walch et al. (41) investigated the resistance of L. 

monocytogenes isolated from 351 different food like 

sliced meat, frozen burgers, fish products and minced 

meat, to 8 antibiotics and reported that 2 (0.2%) of them 

were resistant and none had multi-resistance. Zhang et al. 

(48), 27 (3%) L. monocytogenes detected from the 902 

ready to eat food obtained from China and 39 L. 

monocytogenes isolates were recovered from positive 

samples and in this isolates, 21 of them showed resistance 

at least one antibiotic. The isolates displayed resistance 

most frequently to oxacillin (18 isolates, 46.2%), followed 

by tetracycline. All the isolates showed susceptibility or 

intermediate resistance to the gentamicin, ampicillin, 

ciprofloxacin and amikacin. Variation in antibiotic 

susceptibility pattern of L. monocytogenes to different 

antibiotics could be due to strain variation and/or as a 

result of drug resistance due to indiscriminate use of 

antibiotics in veterinary and human practise in different 

geographical areas. 

In summary, lamb meats may serve as potential 

vehicles for transmission of virulent L. monocytogenes. 

The present study showed the prevalence of antimicrobial 

resistance in L. monocytogenes isolates from lamb meat. 

These data can be helpful in improving background data 

on antibiotic resistance of strains isolated from food, food 

environment and for epidemiological and public health 

studies of L. monocytogenes. A continued surveillance of 

emerging antimicrobial resistance of this pathogen is 

important to ensure effective treatment of human 

listeriosis. There is great need for a surveillance programs 

in Turkey to monitor epidemiological information on L. 

monocytogenes in different sources. 

 

Acknowledgements 

This research was supported by a grant from the 

Ankara University Scientific Research Projects ( BAP- 

12L3338003). 

 

References 
1. Anon (2014): Turkish Statistical Institute (TUIK). Statistics 

of meat production. 

http://www.tuik.gov.tr/PreTabloArama.do?metod=search. 

2. Aurora R, Prakash A, Prakash S, et al. (2008): 

Comparison of PI-PLC based assay and PCR along with in 

vitro pathogenicity test for rapid detection of a pathogenic 

Listeria monocytogenes. Food Control, 19, 641-647. 

3. Awaisheh SS (2010): Incidence and contamination level of 

Listeria monocytogenes and other Listeria spp. in ready-to-

eat meat products in Jordan. J Food Protect, 73, 535-540. 

4. Ayaz ND, Erol I (2010): Relation between serotype 

distribution and antibiotic resistance profiles of Listeria 

monocytogenes isolated from ground turkey. J Food Protect, 

73, 967-972. 

5. Aznar R, Alarcon B (2003): PCR detection of Listeria 

monocytogenes: A study of multiple factors affecting 

sensitivity. J Appl Microbiol, 95, 958-66. 

6. Barbosa J, Magalhães R, Santos I, et al. (2013): 

Evaluation of antibiotic resistance patterns of food and 

clinical Listeria monocytogenes isolates in Portugal. 

Foodborne Pathog Dis, 10, 861-866. 

7. Bhat SA, Willayat MM, Roy SS, et al. (2011): Isolation 

and molecular characterization of Listeria monocytogenes 

from mutton and paneer. J Vet Public Health, 9, 19-24. 

8. Bohnert M, Dilasser F, Dalet C, et al. (1992): Use of 

specific oligonucleotides for direct enumeration of Listeria 

monocytogenes in food samples by colony hybridization and 

rapid detection by PCR. Res Microbiol, 143, 271-280. 

9. Camilli A, Goldfine H, Portnoy DA (1991): Listeria 

monocytogenes mutants lacking phosphatidylinositol-

http://www.tuik.gov.tr/PreTabloArama.do?metod=search
http://www.ncbi.nlm.nih.gov/pubmed?term=Barbosa%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23909772
http://www.ncbi.nlm.nih.gov/pubmed?term=Magalh%C3%A3es%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23909772
http://www.ncbi.nlm.nih.gov/pubmed?term=Santos%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23909772


Nurcay Kocaman - Belgin Sarımehmetoğlu 278 

specific phospholipase C are avirulent. J Exp Med, 173, 

751-754. 

10. CDC (2012): Foodborne Diseases Active Surveillance 

Network Food Net 2012 Surveillance Report. Page: 25. 

11. Charpentier E, Gerbaud G, Jacquet C, et al. (1995): 

Incidence of antibiotic resistance in Listeria species. J 

Infect Dis. 172, 277-281. 

12. Chen BY, Pyla R, Kim TJ, et al. (2010): Antibiotic 

resistance in Listeria species isolated from catfish fillets and 

processing environment. Lett Appl Microbiol, 50, 626-632. 

13. Chen J, Zhang X, Mei L, et al. (2009): Prevalence of 

Listeria in Chinese food products from 13 provinces 

between 2000 and 2007 and virulence characterization of 

Listeria monocytogenes isolates. Foodborne Pathog Dis, 6, 

7-14. 

14. CLSI (2009): Performance standards for antimicrobial disk 

susceptibility tests. Approved standard Tenth edition M2-

A10. Wayne, PA, USA. 

15. CLSI (2011): Performance standards for antimicrobial 

susceptibility testing. Twenty-First Informational 

Supplement. CLSI document M100-S21. Wayne, PA, USA. 

16. Cohen N, Ennaji H, Hassa M, et al. (2006): The bacterial 

quality of red meat and offal in Casablanca (Morocco). Mol 

Nutr Food Res, 50, 557-562. 

17. Conter M, Paludi D, Zanardi E, et al. (2009): 

Characterization of antimicrobial resistance of foodborne 

Listeria monocytogenes. Int J Food Microbiol, 128, 497-

500. 

18. Çıbık R, Çetinkaya F (2011): Gıda patojeni Listeria 

monocytogenes`in identifikasyonunda standart 

biyokimyasal test.  

http://www.dunyagida.com.tr/haber.php?nid=816. 

19. Erol I, Ayaz ND (2011): Serotype distribution of Listeria 

monocytogenes isolated from turkey meat by multiplex PCR 

in Turkey. J Food Safety, 31, 149-153. 

20. EUCAST (2013): Antimicrobial Susceptibility Testing 

EUCAST Disk Diffusion Method.  

http://www.eucast.org/fileadmin/src/media/PDFs/EUCAS

T_files/Disk_test_documents/Manual_v_3.0_EUCAST_Di

sk_Test.pdf 

21. EUCAST (2014): Breakpoint tables for interpretation of 

MICs and zone diameters.  

[http://www.eucast.org/fileadmin/src/media/PDFs/EUCAS

T_files/Breakpoint_tables/Breakpoint_table_v_4.0.pdf]. 

20.02.2014. 

22. Farber JM, Peterkin PI (1991): Listeria monocytogenes, 

a food-borne pathogen. Microbiol Rev, 55, 476-511. 

23. Gouws PA, Liedemann I (2005): Evaluation of diagnostic 

PCR for the detection of Listeria monocytogenes in food 

products. Food Technol Biotech, 43, 201-205. 

24. Gökmen M, Alişarlı M (2003): Van ilinde tüketime 

sunulan kıymaların bazı patojen bakteriler yönünden 

incelenmesi. YYÜ Vet Fak Derg, 14, 27-34. 

25. Gudbjornsdóttır B, Suıhko ML, Gustavsson P, et al. 

(2004): The incidence of Listeria monocytogenes in meat, 

poultry and seafood plants in the Nordic countries. Food 

Microbiol, 21, 217-225. 

26. Gupta S, Sharma V, Sharma RK (2012): Isolation and 

identification of Listeria spp from mutton samples. J Anim 

Res, 2, 169-172.  

27. Hodzic S, Hukic M (2012): Presence and serological 

characteristics of Listeria monocytogenes in meat and meat 

products. Health MED, 6, 2593-2599.  

28. Indrawattana N, Nibaddhasobon T, Sookrung N, et al. 

(2011): Prevalence of Listeria monocytogenes in raw meats 

marketed in Bangkok and characterization of the isolates by 

phenotypic and molecular methods. J Health Popul Nutr, 29, 

26-38. 

29. ISO (1996): Microbiology of food and animal feeding 

stuffs: Horizontal method for the detection and enumeration 

of Listeria monocytogenes. ISO 11290-1. 

30. ISO (2004): Microbiology of food and animal feeding 

stuffs: Horizontal method for the detection and enumeration 

of Listeria monocytogenes. ISO 11290-1/A1. 

31. Jamali H, Chai LC, Thong KL (2013): Detection and 

isolation of Listeria spp. and Listeria monocytogenes in 

ready-to-eat foods with various selective culture media. 

Food Control, 32, 19-24.  

32. Li Q, Sherwood JS, Louge CM (2006): Antimicrobial 

resistance of Listeria spp. recovered from processed bison. 

Lett Appl Microbiol, 44, 86-91. 

33. Mclaughlin J, Rees CED (2009): Genus I. Listeria. In 

Bergey’s manual of systematic bacteriology. P. De Vos, 

G.M. Garrity, D.Jones, N.R. Krieg, W. Ludwig, F.A. Rainey 

et al. (eds). 2nd edn. New York, USA, Springer, pp. 244-

257. 

34. Meyer C, Fredriksson-Ahomaa M, Kleta S, et al. (2012): 

Occurrence of L. monocytogenes in ready-to-eat poultry 

products available on the German market. Food Res Int, 48, 

944-947.  

35. Molla B, Yilma R, Alemayehu D (2004): Listeria 

monocytogenes and other Listeria species in retail meat and 

milk products in Addis Ababa, Ethiopia. Ethiop J Health 

Dev, 18, 208- 212. 

36. Morvan A, Moubareck C, Leclercq A, et al. (2010): 

Antimicrobial resistance of Listeria monocytogenes strains 

isolated from humans in France. Antimicrob Agents Ch, 54, 

2728-2731. 

37. Phillips D, Tholath S, Jenson I, et al. (2013): 

Microbiological quality of Australian sheep meat in 2011. 

Food Control, 31, 291-294. 

38. Restaino L, Frampton EW, Irbe RM, et al. (1999): 

Isolation and detection of Listeria monocytogenes using 

fluorogenic and chromogenic substrates for 

phosphatidylinositol-specific phospholipase C. J Food 

Protect, 62, 244-251. 

39. Şireli UT, Erol I (1999): Hazır kıymalarda Listeria 

türlerinin araştırılması. Turk J Vet Anim Sci, 23, 373-380. 

40. Vlaemynck G, Lafarge V, Scotter S (2000): Improvement 

of the detection of Listeria monocytogenes by the 

application of ALOA, a diagnostic, chromogenic isolation 

medium. J Appl Microbiol, 88, 430-441. 

41. Walsh D, Duffy G, Sheridan JJ, et al. (2001): Antibiotic 

resistance among Listeria, including Listeria 

monocytogenes, in retail foods. J Appl Microbiol, 90, 517-

522. 

42. Wang G-H, Yan K-T, Feng X-M, et al. (1992): Isolation 

and identification of Listeria monocytogenes from retail 

meats in Beijing. J Food Protect, January, 56-58. 

http://www.dunyagida.com.tr/haber.php?nid=816
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/Breakpoint_table_v_4.0.pdf
http://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/Breakpoint_table_v_4.0.pdf


Ankara Üniv Vet Fak Derg, 64, 2017 279 

43. Wang X, Lu X, Yin L, et al. (2013): Occurrence and 

antimicrobial susceptibility of Listeria monocytogenes 

isolates from retail raw foods. Food Control, 32, 153-158. 

44. Warburton D, Boville A, Pagotto F, et al. (2003): The 

detection of Listeria spp. in foods and environmental 

samples using PALCAM Broth. Government of Canada 

health products and food branch Ottawa. HPB Method. 11s. 

http://www.hc-sc.dc.ca/food-aliment. 

45. Wong WC, Pui CF, Tunung R, et al. (2012): Antibiogram 

pattern among cultures of Listeria monocytogenes isolated 

from frozen burger patties in Malaysia. Pertanika J Trop 

Agr Sci, 35,793-804. 

46. Yucel N, Citak S, Onder M (2005): Prevalence and 

antibiotic resistance of Listeria species in meat products in 

Ankara, Turkey. Food Microbiol, 22, 241-245. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

47. Zarei M, Basiri N, Jamnejad A, et al. (2013): Prevalence 

of Escherichia coli O157:H7, Listeria monocytogenes and 

Salmonella spp. in beef, buffalo and lamb using Multiplex 

PCR. Jundishapur J Microb, 6, e7244. 

48. Zhang W, Wang X, Xia X, et al. (2013): Isolation and 

characterization of Listeria monocytogenes isolates from 

retail foods in Shaanxi Province, China. Foodborne Pathog 

Dis, 10, 867-872. 

Geliş tarihi: 09.06.2016 / Kabul tarihi:27.09.2016 

Address for correspondence: 

Prof. Dr. Belgin SARIMEHMETOĞLU 

Ankara University, Faculty of  

Veterinary Medicine, Department of  

Food Hygiene and Technology, Ankara/Turkey 

e-mail address: belginsarimehmetoglu@hotmail.com 

 

 

 

 

http://www.hc-sc.dc.ca/food-aliment

