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Prevalence, Virulence Attributes and Molecular Detection of Listeria spp. from Dairy and Animal Clinical Samples in Junagadh, Gujarat, India

Abstract

Aim: The present study aimed to determine the in vitro virulence profiling and prevalence of Listeria spp., particularly Listeria monocytogenes, isolated from milk, dairy products, and animal clinical samples.
Study Design: A total of 350 samples comprising raw milk, milk products, and animal clinical samples were collected and analyzed.
Place and Duration of Study: The study was conducted at the Department of Veterinary Public Health & Epidemiology, Junagadh, Gujarat, India, over a period of one year from May 2023 to May 2024.
Methodology: Samples were subjected to two step enrichment followed by selective plating on PALCAM agar. Presumptive Listeria isolates were identified using standard biochemical tests and sugar fermentation profiles. Pathogenicity and virulence characteristics were assessed using haemolysis on blood agar, the Christie–Atkins–Munch–Petersen (CAMP) test, and phosphatidylinositol-specific phospholipase C (PI-PLC) activity. Molecular characterization of all biochemically confirmed isolates was carried out by PCR.
Results: Among the total of 350 samples, 18 (5.14%) were found positive for Listeria spp. Isolates were proved to be L. monocytogenes (3.71%), L. innocua (0.57%), and L. seeligeri (0.85%). Prevalence was found more in raw milk (10%) in comparison with milk products (5%) and clinical samples of animals (2%). L. monocytogenes contamination was found more in cow milk (12%) in comparison with buffalo milk (8%). Among the virulence factors, haemolytic activity has been found in L. monocytogenes in 16 isolates, CAMP test in 13 isolates, while in PI-PLC activity, it was found positive in all L. monocytogenes isolates. By using PCR analysis, all 18 isolates were confirmed to be Listeria spp. by detecting the prs gene, and out of 18 isolates, 13 were amplified for hlyA genes that were confirmed as L. monocytogenes.
Conclusion: The predominance of L. monocytogenes in raw milk highlights its significant zoonotic potential and public health risk. The detection of other Listeria species indicates microbial diversity in the dairy ecosystem. These findings emphasize the need for continuous surveillance, strict hygienic practices, and effective food safety interventions to minimize listeriosis risk.
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1. INTRODUCTION
Access to safe and nutritious food is a basic human right, yet foodborne illnesses remain a major global public health challenge, affecting nearly 25% of the population and causing significant illness and death (Shamloo et al., 2019). Among these, Listeria monocytogenes is a highly virulent pathogen with a case fatality rate of 20–30% (Choi et al., 2018). The organism survives under extreme environmental conditions, including refrigeration, high salt, acidity, and desiccation, and possesses strong biofilm-forming capacity, complicating eradication efforts (Folsom & Frank, 2006).
Listeriosis is primarily foodborne, linked to contaminated meat, dairy products, vegetables, and ready-to-eat foods, and causes septicaemia, meningitis, abortion, and encephalitis in humans and animals (Dmowska & Osek, 2010). A very low infectious dose (10–100 CFU) makes the pathogen particularly dangerous to pregnant women, neonates, elderly individuals, and immunocompromised populations (Chen et al., 2017). In ruminants, contaminated silage is the prime source of infection, leading to neurological signs, abortions, and septicaemia (Walker, 1999).
The pathogenicity of L. monocytogenes depends on key virulence factors including prfA, hlyA, plcA, plcB, actA, inlA, inlB, and iap (Schmid et al., 2005). Molecular methods provide rapid detection of these virulence genes compared to conventional approaches, which are time-consuming and labor-intensive (Hitchins et al., 2017). Despite its significance, studies on Listeria in India are limited, particularly concerning animal-derived foods and clinical samples. The main purpose of this study was to assess prevalence and in vitro virulence profiling of Listeria spp. and to understand zoonotic risks, improve food safety, and safeguard public health in regions like Junagadh, Gujarat, India.

2. MATERIALS AND METHODS
A total of 350 samples were collected, including 100 raw milk (50 cow, 50 buffalo), 100 dairy products (cheese, ice cream, curd, and fruit salad; 25 each), and 150 clinical samples (mastitic milk, faeces, and vaginal swabs; 50 each) from retail stores, vendors, dairy farms, and the Veterinary Clinical Complex in Junagadh, Gujarat, India. Samples were collected in sterile vials (HiMedia Pvt. Ltd., Mumbai), labelled with relevant details, kept in ice-filled thermo flasks, and transported to the laboratory for microbiological analysis. Listeria isolation was performed using the Barbuddhe et al. (2014) protocol, based on the USDA-FSIS method.

2.1 Biochemical Characterization of the Isolates 
Potential Listeria colonies were screened by catalase, oxidase, and Gram staining. Colonies with characteristic features and tumbling motility at 25 °C were considered presumptive isolates and further confirmed by sugar fermentation and pathogenicity tests (Seeliger & Jones, 1986).

2.2 In Vitro Virulence Characterization of Listeria Isolates 
The in vitro virulence characterization of Listeria isolates was carried out to differentiate pathogenic and non-pathogenic strains of the Listeria by different pathogenicity tests like, haemolysis on sheep blood agar, the CAMP test, and PI-PLC, as described by Hitchins et al. (2017) and Weller et al. (2015).

2.3 Molecular Characterization of Listeria Isolates
The simplex PCR protocols were separately standardized for the detection of various genes. All the Listeria isolates were screened for the presence or absence of group-specific and species-specific genes, using the methodology of Doumith et al. (2004) and Malakar (2019), respectively.

2.3.1 DNA extraction
The isolated strains and reference culture were cultivated in Brain Heart Infusion (BHI) broth at 37°C for 24 hours. Subsequently, genomic DNA extraction was performed using the standardized protocol described by Desai et al. (2020).

2.3.2 Amplification of group specific and species specific gene 
The simplex-PCR technique was utilized to test each isolate for the presence of group-specific (prs) and species-specific (hlyA) genes, based on the protocols described by Doumith et al. (2004) and Malakar (2019). The technique was standardized in thin-walled PCR tubes with a 25 µL reaction volume and different concentrations of reactants (see below in Table 1). The final reaction mixture was optimized with 10.5 µL of nuclease-free distilled water, 1 µL of DNA template, 10 pmol of each forward and reverse primer, and 12.5 µL of 2X PCR master mixes. The lid of the thermal cycler was preheated to 105°C before the start of each reaction. The reaction started with denaturation at 95°C for 5 minutes, with further denaturing at 95°C for 30 seconds, annealing at 53°C for 30 seconds, and extension at 72°C for 30 seconds. The final extension took place at 72°C for 5 minutes.
Table 1: Primer sequences for group specific and species specific gene
	Sr. No.
	Target Genes
	Primer sequence (5’-3’)
	Amplicon size (bp)

	1.
	prs
	F:GCTGAAGAGATTGCGAAAGAAG
	370

	
	
	R:CAAAGAAACCTTGGATTTGCGG
	

	2.
	hlyA
	F:GCTTTTGACGCTGCCGTAAG
	335


	
	
	R:GCAACGTATCCTCCAGAGTGATCG
	

	
	
	R:GGTGCTGCGAACTTAACTCA
	


     Note: (F) = Forward primer; (R) = Reverse primer

2.3.3 PCR product visualization 
Electrophoresis was done using a 1.5% agarose gel stained with ethidium bromide @ 0.5 µg/mL at 80 V for 50 minutes with 1.0 X TBE buffer for 4µL of the PCR-amplified product taken from each tube mixed with 2µL of 6X gel loading buffer and 2µL of the DNA molecular weight marker (Gene RulerTM, 100bp DNA Ladder and O GeneRuler 100bp Plus DNA Ladder, Thermo Scientific). Under UV light by the lab image computer software, the amplified product gave a single compact band for the corresponding primer of the anticipated size. This was captured by the documentation system for gels (Bio-Rad Gel Doc TM XR+ Gel Documentation System, Sweden).

3. RESULTS AND DISCUSSION

3.1 Evaluation of Virulence-Associated Traits in Listeria Isolates under In vitro Conditions 
All the biochemically confirmed 18 Listeria isolates out of 350 samples were subjected to haemolysis, CAMP, and PI-PLC assays to assess their virulence potential. On 5% sheep blood agar, 16 isolates exhibited β-haemolysis with a distinct clear zone (Table 2, Fig.1), while two were non-haemolytic. In the CAMP assay using S. aureus (MTCC 1144) and R. equi (MTCC 1145), 13 isolates showed enhanced haemolysis with S. aureus, whereas five showed no reaction (Table 2, Fig.2). PI-PLC activity on ALOA agar was observed in 13 isolates identified as L. monocytogenes, which produced characteristic blue-green colonies with opaque halos, while non-pathogenic species lacked this reaction (Table 2, Fig.3).
The present study demonstrated considerable variability in haemolytic activity among Listeria isolates. While most L. monocytogenes strains exhibited strong β-haemolysis on sheep blood agar, a few were non-haemolytic, consistent with reports of variable haemolysis by Biswas et al. (2018), but contrasting with Kalorey et al. (2008), who observed uniform haemolysis. Strong haemolytic activity observed here aligns with findings of Suryawanshi et al. (2023) and, suggesting higher virulence potential linked to Listeriolysin O (LLO).
CAMP test results further supported this variability, with 13 of 18 isolates showing synergistic haemolysis with S. aureus, while five were negative. Similar variability has been reported by Laximan et al. (2016), whereas other studies consistently found CAMP positivity in all isolates (Warke et al., 2019). These differences likely reflect strain-dependent haemolysin expression, reinforcing the CAMP assay as a useful marker of virulence diversity.
In contrast, PI-PLC activity was uniformly observed in all L. monocytogenes isolates, corroborating findings of Warke et al. (2019). Halo formation on ALOA medium confirmed the enzyme’s role in pathogenesis, consistent with reports by Karthikeyan et al. (2015). Although some variability has been reported (Deka et al., 2022), the consistent detection in this study highlights PI-PLC as a reliable virulence marker distinguishing pathogenic from non-pathogenic Listeria species.
Overall, the combined results of haemolysis, CAMP, and PI-PLC assays indicate high virulence potential in the majority of isolates, while variability in haemolysin expression underscores genetic and phenotypic diversity among Listeria strains.
Table 2: Pathogenicity profile of Listeria spp. in vitro
	Sr.
No.
	Type of sample
	In-Vitro Virulence Associated
Characterization
	Listeria spp.

	
	
	Haemolysis
on SBA
	CAMP
test
	PI –PLC
assay
	

	1.
	Faecalsample
	+
	+
	+
	L. monocytogenes

	2.
	Faecalsample
	+
	+
	+
	L. monocytogenes

	3.
	Cow milk
	+
	+
	+
	L. monocytogenes

	4.
	Cow milk
	+
	+
	+
	L. monocytogenes

	5.
	Cow milk
	+
	+
	+
	L. monocytogenes

	6.
	Cow milk
	+
	+
	+
	L. monocytogenes

	7.
	Buffalo milk
	+
	+
	+
	L. monocytogenes

	8.
	Buffalo milk
	+
	+
	+
	L. monocytogenes

	9.
	Cow milk
	+
	-
	-
	L. seeligeri

	10.
	Buffalo milk
	-
	-
	-
	L. innocua

	11.
	Cheese
	+
	+
	+
	L. monocytogenes

	12.
	Cheese
	+
	+
	+
	L. monocytogenes

	13.
	Ice cream
	+
	+
	+
	L. monocytogenes

	14.
	Curd
	+
	+
	+
	L. monocytogenes

	15.
	Buffalo milk
	-
	-
	-
	L. innocua

	16.
	Cow milk
	+
	-
	-
	L. seeligeri

	17.
	Mastiticmilk
	+
	+
	+
	L. monocytogenes

	18.
	Curd
	+
	-
	-
	L. seeligeri


               Note: + = Positive, - = Negative
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	Fig. 1. Listeria isolates showing haemolysis on 5% sheep blood agar (SBA) plates
	Fig. 2. CAMP reaction by Listeria isolates 
	Fig. 3. PI-PLC assay of pathogenic L. monocytogenes




3.2 Overall Prevalence of Listeria spp. 

Of 350 samples, 18 (5.14%) were positive for Listeria spp. Out of a total of 18 Listeria spp., 13 (3.71%) L. monocytogenes, 2 (0.57%) L. innocua, and 3 (0.85%) L. seeligeri were found positive (Table 3).
The overall prevalence of Listeria spp. in this study (5.14%) aligns with Sarangi & Panda (2009) and Nayak et al. (2015) (6% and 6.75%, respectively). Higher prevalence rates (10.96%, 32.5%, 6.34% and 23.33%) were reported by Akrami-Mohajeri et al. (2018), Mohamed et al. (2022) Pirzada et al. (2025) and Sharma et al., (2024), while lower rates of 0.76% and 2.7% were observed by Pudale & Deshmukh (2018) and Suryawanshi et al. (2023), respectively. The prevalence of L. monocytogenes in this study (3.71%) aligns with Lotfollahi et al. (2017) (3.1%), and Deka et al. (2022) (4%). Higher rates were reported by Biswas et al. (2018) (4.88%), and Warke et al. (2019) (41.6%), while lower rates 2.91% were observed by Ramanjeneya et al. (2019).
The overall prevalence of L. innocua in this study (0.57%) is similar to Akca & Şahin (2011) (0.8%), but lower than rates reported by El-Naenaeey et al. (2019) and Terentjeva et al. (2021). The prevalence of L. seeligeri in this study (0.85%) is slightly higher than Waghamare et al. (2012) (0.1%), but lower than Borena et al. (2022) and Terentjeva et al. (2021), who reported 1.04% and 15.3%, respectively.
The predominance of L. monocytogenes in this study underscores its public health significance and the need for strict monitoring in dairy and clinical settings. The detection of L. innocua and L. seeligeri highlights the diversity of Listeria species, though they are less virulent. These findings reinforce the importance of routine surveillance to prevent contamination and ensure consumer safety.

3.3 Sample-wise Prevalence of Listeria spp. 

The prevalence of Listeria spp. was 10% in raw milk (10/100), 5% in milk products (5/100), and 2% in clinical samples (3/150). Among raw milk isolates, 6 were L. monocytogenes, 2 L. innocua, and 2 L. seeligeri (Table 3).
Of 100 raw milk samples (50 cow, 50 buffalo), Listeria spp. were detected in 6 cow samples (12%: 4 L. monocytogenes, 2 L. seeligeri) and 4 buffalo samples (8%: 2 L. monocytogenes, 2 L. innocua). Among 100 milk products, 5 (5%) were positive: L. monocytogenes in cheese (8%), ice cream (4%), and curd (4%), and L. seeligeri in curd (4%); fruit salad samples were negative. From 150 clinical samples, L. monocytogenes was detected in 1 mastitic milk sample (2%) and 2 faecal samples (4%), while all vaginal swabs were negative (Table 3).
In the present study, the overall prevalence of Listeria spp. in raw milk was 10%, comprising L. monocytogenes (6%), L. innocua (2%), and L. seeligeri (2%). Higher prevalence rates (12.7% and 36.7%) have been reported by Tahoun et al. (2017) and Mohamed et al. (2022), whereas lower rates (8% and 5%) were documented by Pudale & Deshmukh (2018) and Pirzada et al. (2025). The 6% prevalence of L. monocytogenes in raw milk observed in this study is comparable to reports by Biswas et al. (2018) (6%). Higher rates were reported by Zafar et al. (2020) and Kayode & Okoh (2022) (9.52% and 41.6%), while lower rates 5.8% were documented by Suryawanshi et al. (2023), reflecting variability in contamination across studies. The 2% prevalence of L. innocua in raw milk in this study is comparable to Waghamare et al. (2012) (2.18%). Higher rates were reported by Tahoun et al. (2017) (17.8%), while a lower prevalence (0.9%) was documented by Kalorey et al. (2008). The prevalence of L. seeligeri in this study was lower than that reported by Aksoy et al. (2018) (15.38%), but higher than the rates documented by Borena et al. (2022) (0.1%).
In this study, Listeria spp. prevalence was higher in cow milk (12%) than buffalo milk (8%), with L. monocytogenes (8%) and L. seeligeri (2%) predominating. Similar prevalence (12%) was reported by Nayak et al. (2015), while lower rates were noted by Kalorey et al. (2008) (6.75%).
In this study, Listeria spp. prevalence was higher in cow milk (12%) than buffalo milk (8%), with L. monocytogenes (8%) and L. seeligeri (2%) predominating in cow samples. These findings align with Nayak et al. (2015), who also reported 12% prevalence in cow milk, and with Chandio et al. (2007) for buffalo milk (8%). However, lower rates in cow milk were noted by Kalorey et al. (2008) (6.75%), while Nayak et al. (2015) documented a higher prevalence in buffalo milk (20%), reflecting possible regional or management differences.
In this study, Listeria spp. were detected in 5% of milk products, with L. monocytogenes (4%) found in cheese, ice cream, and curd, and L. seeligeri (1%) in curd (Table 3). The prevalence of L. monocytogenes was higher than reported by Aurora et al. (2006) and Singh & Prakash (2008) (1.59% and 1.72%), likely reflecting differences in contamination sources, processing, or hygiene practices. In the present study, Listeria spp. were found in 4% of curd samples, slightly higher than Akrami-Mohajeri et al. (2018) (2%), but lower than Elavarasi et al. (2023) (30%), likely reflecting differences in production, storage, and regional contamination risks.
In this study, L. monocytogenes was not detected in fruit salad samples, consistent with Soni et al. (2013), Nayak et al. (2015) and Sharma et al., (2024), suggesting a comparatively lower risk of contamination due to ingredient type, handling, or storage. The L. innocua was not detected in milk products of current study, consistent with Suryawanshi et al. (2023), whereas Erol et al. (2024) reported higher rates of 1% and 48.6%, respectively, reflecting regional variability.
In this study, Listeria spp. were detected in 5% of milk products, with L. monocytogenes (4%) isolated from cheese, ice cream, and curd, and L. seeligeri (1%) from curd. In curd specifically, Listeria spp. were found in 4%, with L. seeligeri at 4% and L. innocua absent. The prevalence of L. monocytogenes was higher than reported by Singh & Prakash (2008) (1.72%), while curd contamination rates were lower than those of Elavarasi et al. (2023) (30%). L. innocua absence aligns with Suryawanshi et al. (2023), but contrasts with higher rates by Erol et al. (2024) (1%) and Diriba et al. (2021) (48.6%). For L. seeligeri, the 4% prevalence was higher than Aksoy et al. (2018) and Suryawanshi et al. (2023), but lower than Suriyapriya et al. (2016) (12%).
In this study, Listeria spp. was detected in both dairy and animal clinical samples. In raw milk, overall prevalence was 10%, with L. monocytogenes (6%) predominating, followed by L. innocua (2%) and L. seeligeri (2%), higher in cow milk (12%) than buffalo milk (8%). In milk products, L. monocytogenes was found in 4% of curd and ice cream and 8% of cheese, and L. seeligeri in 4% of curd, while L. innocua was absent. These findings align with several previous studies (Akrami-Mohajeri et al., 2018; Suryawanshi et al., 2023), though prevalence varied widely across regions and sample types. In animal clinical samples, Listeria spp. prevalence was 2%, with L. monocytogenes detected in mastitic milk and faeces, and no L. innocua or L. seeligeri, consistent with Deka et al. (2022) but lower than reports ranging from 5.6%, 9.2%, 25.2% and 91%  (Terentjeva et al., 2021; Sotohy et al., 2024; Loveonnya et al., 2025 and Varsaki et al., 2022). These results highlight the variability in Listeria contamination across dairy products, raw milk, and animal clinical samples, reflecting differences in regional practices, production, and hygiene conditions.
	In this study, L. monocytogenes was detected in 1% of mastitic milk samples, similar to Rawool et al. (2007). Higher prevalence (2%) was reported by El-Naenaeey et al. (2019), while Tiwari et al. (2018) detected none. All vaginal swab samples in this study were negative for Listeria spp., whereas previous studies reported higher prevalence rates of 0.95% and 20% (Warke et al., 2019; Ramanjeneya et al., 2019).
Table 3: Prevalence of Listeria spp. from Dairy and Animal Clinical Samples
	Source / Sample Type
	Sub-category
	Samples Analyzed (n)
	L. monocytogenes n (%)
	L. innocua n (%)
	L. seeligeri n (%)
	Total Positive n (%)

	Bovine Milk
	Cow milk
	50
	4 (8.0)
	0
	2 (4.0)
	6 (12.0)

	
	Buffalo milk
	50
	2 (4.0)
	2 (4.0)
	0
	4 (8.0)

	
	Raw bovine milk (Total)
	100
	6 (6.0)
	2 (2.0)
	2 (2.0)
	10 (10.0)

	Milk Products
	Cheese
	25
	2 (8.0)
	0
	0
	2 (8.0)

	
	Ice cream
	25
	1 (4.0)
	0
	0
	1 (4.0)

	
	Curd
	25
	1 (4.0)
	0
	1 (4.0)
	2 (8.0)

	
	Fruit salad
	25
	0
	0
	0
	0

	
	Total milk products
	100
	4 (4.0)
	0
	1 (1.0)
	5 (5.0)

	Animal Clinical Samples
	Mastitic milk
	50
	1 (2.0)
	0
	0
	1 (2.0)

	
	Faecal samples
	50
	2 (4.0)
	0
	0
	2 (4.0)

	
	Vaginal swabs
	50
	0
	0
	0
	0

	
	Total clinical samples
	150
	3 (2.0)
	0
	0
	3 (2.0)

	Overall Total
	Dairy + Clinical
	350
	13 (3.71)
	2 (0.57)
	3 (0.85)
	18 (5.14)




3.4 Confirmation of Listeria Isolates through Group Specific Gene Amplification
PCR analysis was carried out on all 18 Listeria spp. isolates for the prs group-specific gene, and the data showed successful generation of the 370 bp product (Table 4, Fig 4). The results obtained in the current study are in close agreement with the 7.83% detection rate reported by Deka et al. (2022). They utilized PCR targeting the prs gene in Listeria spp. isolation. The data obtained in the current study are in agreement with the results reported by Angelidis et al. (2023) and Karthikeyan et al. (2015). They reported the successful amplification of the prs gene in all samples using the same primer pair.
In the current study, the use of PCR to amplify the prs gene confirms the results rapidly and accurately to the genus Listeria to avoid possible misidentification inherent in the classical biochemical approaches. The successful detection of the prs gene in all 18 strains confirms that the strains belong to the genus Listeria. The detection of Listeria spp. in bovine milk products, dairy products, and animal clinical samples fits the known reservoirs of the Listeria genus because the sources mentioned can potentially harbor Listeria contamination. The successful detection of Listeria spp. from various sources confirms that the Listeria spp. can potentially be found in dairy sources since the sources belong to dairy-related environments that can potentially cause the transmission of the bacteria. The successful detection of the Listeria genus in the 18 strains shows the importance of continued surveillance to avoid potential contamination by the genus.

3.5 Confirmation of L. monocytogens Isolates through Species Specific Gene Amplification
PCR characterization was done on all 18 isolates suspected to contain Listeria to identify the hlyA gene, which is unique to L. monocytogenes. This gene was successfully amplified from 13 isolates from bovine milk, milk products, and animal clinical isolates (Table 4), confirming that these isolates were L. monocytogenes (Fig. 5).
Kalorey et al. (2008) performed PCR analysis for 105 presumptive Listeria isolates using the species-specific hlyA gene as a target. Out of them, 90 isolates gave a positive result for hlyA and were thus confirmed to be L. monocytogenes with a prevalence rate of 85.71%. However, the prevalence rate was higher in that study when compared with the present one.
Similarly, species-specific primers were used by Karthikeyan et al. (2015) to amplify the hlyA gene from all suspected isolates of Listeria species, which produced a 370 bp PCR product specific for L. monocytogenes. Such works have also been carried out by Suriyapriya et al. (2016), Biswas et al. (2018), Zafar et al. (2020), Swetha et al. (2021) Pirzada et al. (2025) and Moabelo et al. (2025).
Table 4: Occurrence of group specific prs gene and species specific hlyAgene
	Sr.No.
	Type of sample
	prs
	hlyA

	1.
	Faecal sample
	+
	+

	2.
	Faecal sample
	+
	+

	3.
	Cow Milk
	+
	+

	4.
	Cow Milk
	+
	+

	5.
	Cow Milk
	+
	+

	6.
	Cow Milk
	+
	+

	7.
	Buffalo Milk
	+
	+

	8.
	Buffalo Milk
	+
	+

	9.
	Cow Milk
	+
	-

	10.
	Buffalo Milk
	+
	-

	11.
	Cheese
	+
	+

	12.
	Cheese
	+
	+

	13.
	Ice Cream
	+
	+

	14.
	Curd
	+
	+

	15.
	Buffalo Milk
	+
	-

	16.
	Cow Milk
	+
	-

	17.
	Mastiticmilk
	+
	+

	18.
	Curd
	+
	-


                                       Note: += Positive, - = Negative
The detection of L. monocytogenes in bovine milk, dairy products, and animal clinical samples corresponds to the source of the bacteria. L. monocytogenes can be mainly detected in dairy products contaminated with the bacteria. In addition, it can also be detected in animal clinical samples. This detection indicates that the bacteria have the potential to cause health problems in the general population as it has been associated with the cause of listeriosis. The detection of L. monocytogenes in the 13 isolates indicates that it has the potential to cause health problems as it can contaminate dairy products.
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Fig. 4. Agarose gel electrophoresis PCR amplified product of 370 bp for prs gene of
Listeria spp. isolates, MWM - molecular weight marker (100 bp plus DNA ladder), Lane 1 Negative control, Lane 2 Positive control, Lane 3-12 + different strains of Listeria spp.
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Fig. 5. Agarose gel electrophoresis PCR amplified product of 335 bp hlyA gene for L. monocytogens isolates, MWM - molecular weight marker (100 bp plus DNA ladder), Lane 1 Negative control, Lane 2 Positive control, Lane 3-12 + different strains of L. monocytogens

4. CONCLUSIONS
The present study demonstrates that in vitro virulence assays are effective, rapid, and cost-efficient tools for the early differentiation of pathogenic and non-pathogenic Listeria spp., particularly useful in resource-limited settings. Nevertheless, molecular techniques remain essential for the accurate confirmation and characterization of pathogenic strains through the detection of virulence-associated genes, thereby strengthening diagnostic reliability and epidemiological insights. The higher prevalence of Listeria spp. in bovine raw milk (10%) compared to milk products (5%) and animal clinical samples (2%) highlights raw milk as a major source of contamination, likely originating from infected animals, poor milking hygiene, or environmental exposure. Although dairy processing reduces contamination, it does not completely eliminate the pathogen. The low prevalence in clinical samples suggests limited zoonotic transmission; however, it poses a potential risk to vulnerable populations. Overall, the findings underscore the complementary use of in vitro virulence assays and molecular methods, emphasizing the need for routine surveillance, improved hygienic practices, and 
public health awareness to prevent listeriosis.
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