


PREVALENCE, ANTIMICROBIAL RESISTANCE, AND VIRULENCE OF Listeria monocytogenes IN MILK FROM RURAL AND URBAN SOURCES IN KAMRUP, ASSAM

 

ABSTRACT
Aim: The study assessed the prevalence, antimicrobial resistance patterns, and virulence factors of Listeria monocytogenes in milk.   
Place and Duration: The study was carried out in the College of Veterinary Science, Assam Agricultural University, Khanapara, Guwahati, Assam and between March, 2023 and March, 2024.
Methodology: A total of 450 milk samples were collected from District Kamrup, Assam (India), comprising 225 samples each from rural dairy farms and urban milk selling points. From 75 rural farms, milk was collected from 3 randomly selected cows per farm. Similarly, pooled milk samples were obtained from 75 urban selling points. A standard reference strain (ATCC®13932™) of Listeria monocytogenes was used as a positive control in the study. 
Results: The overall prevalence of Listeria spp. was 12.44%, with urban milk selling points showing a higher prevalence (15.55%) compared to rural farms (9.33%). Morphological, biochemical, and staining tests confirmed the isolates as Listeria spp., which demonstrated the ability to ferment rhamnose and mannose but not xylose and mannitol. The isolates exhibited high sensitivity to ciprofloxacin (100%), gentamicin (97.14%), and vancomycin (94.28%) but were resistant to penicillin (77.14%) and tetracycline (74.28%). Virulence factors, including hemolysin production and CAMP test positivity, were detected in 62.5% of the isolates. Pathogenicity testing revealed a higher prevalence of virulent strains in urban milk selling points (62.86%) compared to rural farms (37.14%). 
Conclusion: Therefore, these findings underline the potential public health risks posed by Listeria monocytogenes in milk and milk products. The study emphasizes the importance of regular surveillance, stringent hygienic practices in milk handling, and judicious use of antimicrobials to mitigate risks associated with Listeria contamination.

[bookmark: _GoBack]Keywords: antimicrobial resistance patterns, milk, Pathogenicity testing, vancomycin
1. INTRODUCTION 
Listeria monocytogenesis an emerging food-borne pathogen which is ubiquitous in nature leading to one of the most important bacterial zoonotic infections [1]. It is widely distributed in water, soil and also in various food products of animal origin [2]. The organism is relatively resistant to drying and capable of surviving even under refrigerated condition and can grow in a wide range of temperature between 0°C - 45°C [3]; at a pH from 4.6 to 9.5; in environment with low water activity [20] and high salt conditions [4; 5], for which they are abundant in a variety of environments including soil, sewage, silage, water, effluents and foods [6]. It is an opportunistic pathogen for humans and animals where mortality rate can significantly reach 20-40% with very high incidence of critical sicknesses [7]. Listeria was first isolated in 1926 from laboratory rabbits and guinea pigs which was initially named as “Bacterium monocytogenes” since the infection was characterized by monocytosis [8]. L. monocytogenes is rod shaped, non-spore forming, facultative anaerobic, Gram positive, Catalase positive, Oxidase negative organism with tumbling motility. It is listed as the third leading cause of death due to food poisoning [9]. In mammals, L. monocytogenes can cause spontaneous abortions and is the cause of circling disease which is a manifestation of basilar meningitis [4]. The contamination of food and dairy products with L. monocytogenes is the major cause of food borne disease in humans [10] with symptoms ranging from flu-like illness, fever, muscle aches, headache, stiff neck, gastrointestinal infection, nausea or diarrhea to severe complications including involvement of nervous system, confusion, imbalance, convulsion, meningitis, septicemia, spontaneous abortion or listeriosis of the newborn [11]. There has been a has been a continuous challenge for isolation of L. monocytogenes from food samples as the rate of growth of the organism in enrichment media depends on the type of food from which the organism is isolated, the production of bacteriophage, and monocins as an inhibitor of growth and existence of competing flora [21]. Antibiotics have been widely used in both human and veterinary medicine to treat and prevent bacterial infections, contributing significantly to public health and livestock productivity. In the dairy sector, antimicrobials are often administered for therapeutic purposes as well as prophylactic and growth-promoting reasons [34]. However, the excessive and indiscriminate use of antibiotics has led to the emergence of antimicrobial-resistant (AMR) pathogens, including Listeria monocytogenes, a foodborne bacterium of serious concern [35]. The presence of AMR L. monocytogenes in milk poses a direct threat to public health, especially when consumed raw or inadequately pasteurized, thus necessitating region-specific surveillance and monitoring programs [36]. Antimicrobial resistance is an important public health issue and one of the highest priorities of the World Health Organization (WHO) [12] as the growing level of antimicrobial resistance has led to higher patient morbidity and mortality rates and increased healthcare expenditure over the last decades [22]. Development of antibiotic resistance in L. monocytogenes against some commonly used antibiotics in human viz. Penicillin, Ampicillin, Tetracycline and Gentamicin have become a growing public health concern [13; 14] presenting a risk of human infection. Determining the prevalence and contamination level of L. monocytogenes in retail foods of animal origin and the growing antimicrobial resistance among milk-borne L. monocytogenes are of utmost importance. The present study was undertaken to investigate the prevalence, antimicrobial resistance, and virulence factors of Listeria monocytogenes in milk samples collected from rural farms and urban selling points in Kamrup, Assam to highlight the public health risks associated with Listeria contamination in milk.
2. MATERIALS AND METHODS
In the present study, standard reference strain (ATCC®13932™) of Listeria monocytogenes was used as positive control. A total of 450 milk samples from dairy farms (225) and urban milk selling points (225) were collected. From each of the 75 rural cattle farms, 3 cows were selected randomly to collect 225 milk samples in District Kamrup, Assam (India). Similarly, from each of the 75 urban milk selling points, 3 pooled milk samples were collected using standard procedure. A total of 450 milk samples were collected from dairy farms and urban milk selling points, with 225 samples coming from each source. From each of the 75 rural cattle farms, 3 cows were randomly selected to obtain 225 milk samples. Similarly, from each of the 75 urban milk selling points, 3 pooled milk samples were collected following standard procedures, also resulting in 225 samples, encompassing 225 milk samples. 
2.1 Isolation of Listeria monocytogenes
Isolation of L. monocytogenes was done from different sources of milk samples by using selective enrichment method (Al-Zoreky and Sandine, 1990). Milk samples (25ml) were added to 45 ml of Polymixin Acriflavin Lithium Chloride Ceftazidime Asculin Mannitol (PALCAM, HiMEDIA) broth containing Listeria Supplement, mixed well and incubated at 30°C for 24hr. Tubes showing development of black colour were suspected for Listeria spp. and further plating was done in selective media for L. monocytogenes. A loopful of inoculated enrichment broth showing black colour development was streaked on to PALCAM agar plate added with PALCAM Selective Supplement (Hi-Media Laboratories Pvt. Ltd., India) and incubated at 30°C for 24-48 h [15]. The grey greenish colonies with sunken centres surrounded by black diffused zone of aesculin hydrolysis were suspected to be Listeria spp. The typical colonies were further characterized and subjected for biochemical confirmation. Characterization and preliminary identification of the suspected isolates of Listeria spp. were done on the basis of morphology and biochemical tests. 
The suspected Listeria isolates were subjected to catalase test, oxidase test, methyl red-Voges-Proskauer (MR-VP) tests, motility test at 25°C and 37°C and acid production from rhamnose, xylose, glucose, lactose, sucrose and mannitol as per standard methods. All the L. monocytogenesisolates were subjected to in vitro antibiotic sensitivity test by disc diffusion method [19] as per Clinical and Laboratory Standard Institute (CLSI) guidelines [16]. All the isolates were inoculated in BHI broth and incubated at 37°C for 8-12 h. The culture broth of each isolate was layered on Mueller-Hinton (MH) agar plate by a sterile cotton swab and allowed to dry. Antimicrobial discs were placed onto MH plate at a distance of approximately 2.5 cm and incubated overnight at 37°C.
The sensitivity or the resistance of L. monocytogenes isolates to the antimicrobial agents was determined by observing the absence or presence of growth around the disc.
2.2 In-vitro detection of virulence factors of L. monocytogenes
All the confirmed L. monocytogenes isolates were tested for the type of haemolysis on sheep blood agar (SBA) plate [17] and for the for the Christie-Atkins-Munch-Peterson (CAMP) test [18]. The typical isolates were streaked on the SBA plate and incubated at 37°C for 24 h. The plates were examined for haemolytic zones around the colonies. A wider zone of β-haemolysis is characteristic of L. monocytogenes. For CAMP test, all the L. monocytogenes isolates were examined. 
The standard isolate of Staphylococcus aureus was cultured in BHI broth and incubated at 37°C for 18 hours. The cultured broth was streaked in a straight line onto a 5% sheep blood agar plate. Similarly, the test isolates of Listeria monocytogenes were inoculated in BHI broth, and the cultured broth was streaked onto the same plate at a 90° angle to the S. aureus streak, maintaining a 3 mm distance. The plates were incubated at 37°C for 24 hours and examined for enhanced haemolytic activity at the intersection of the L. monocytogenes and S. aureus streaks. Test isolates displaying an arrow-shaped zone of weakly enhanced haemolysis towards the S. aureus streak were identified as L. monocytogenes.
3. RESULTS AND DISCUSSIONS
In the present study, based on availability of rural cattle farms and urban milk selling points, a total of 450 milk samples were collected aseptically from 25 locations of rural cattle farms and urban milk selling points in Kamrup district using standard procedure were subjected to bacteriological examination. Altogether 56 (12.44%) samples were found positive for Listeria spp. The highest rate of isolation of Listeria spp. was found from urban milk selling points (15.55%) followed by rural farms (9.33%) (Fig.1). All the 56 isolates showed morphological, staining and biochemical characteristics typical for Listeria spp. Biochemically, the organisms fermented rhamnose and mannose but did not ferment xylose and mannitol. All the strains were motile and positive for catalase, CAMP test and haemolysin production, and they were found negative for oxidase test.
16.6% prevalence of L. monocytogenes in raw milk [23] and higher incidence of Listeria spp. i.e. 25 and 50% prevalence in raw and pasteurized milk samples, respectively along with five strains of L. monocytogenes isolated from Namakkal, Tamil Nadu. The highest prevalence of Listeria spp. in bulk tank milk and the lowest in curdled milk with the prevalence of L. monocytogenes (2.28%), L. ivanovii (1.24%) and L. seeligeri (1.04%) [25]. The higher prevalence of L. monocytogenes in raw milk (12.44%) in the present study might be due to the udder infection or contaminated feed and faeces [24] which was higher than the findings of [25] who reported 7.68% overall prevalence of Listeria spp.
Details on the frequency of isolation of Listeria spp. from milk samples of rural cattle farms and urban milk selling points in Kamrup district have been presented in Table 1.
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Fig.1 Typical colonies of L. monocytogenes on PALCAM agar showing grey greenish colonies with black diffused zone of aesculin hydrolysis
3.1 Antimicrobial susceptibility of the organism
In the present study, 35 isolates of L. monocytogenes were subjected to in-vitro antimicrobial susceptibility test. The antimicrobials used were Amoxycillin, Ampicillin, Chloramphenicol, Ciprofloxacin, Cloxacillin, Co-trimoxazole, Doxycycline, Erythromycin, Gentamicin, Nalidixic acid, Neomycin, Penicillin, Tetracycline and Vancomycin. During the study, L. monocytogenes isolates were found to be highly sensitive to Ciprofloxacin (100%) followed by Gentamicin (97.14%), Vancomycin (94.28%), Doxycycline (94.28%) and Chloramphenicol (91.42%) and highly resistant to penicillin (77.14%) and Tetracycline (74.28%).
 Variation in antibiotic sensitivity results among the L. monocytogenes isolates and all the strains showed sensitivity to Chloramphenicol, Ciprofloxacin and Penicillin-G which was also similar with the present study [23]. L. monocytogenes isolates showed 100% resistance to penicillin and rifampicin, and none of the isolates was resistant to vancomycin [26]. 80-90% resistance of L. monocytogenes strains from raw milk to Nalidixic acid, Amoxycillin + Sulbactum, Vancomycin, Kanamycin, Cloxacillin, and Erythromicin, whereas, many were susceptible to the Ampicillin, Ofloxacin, Tetracycline, Streptomycin, Sulphafurazole, Oxacilin and Ciprofloxacin [27]. L. monocytogenes isolates were highly susceptible to Ciprofloxacin (100%) and Erythromycin (100%) followed by Gentamicin (97.3%) and Ampicillin (87.2%) and resistant to Penicillin which also corroborated with the present findings [28].
High sensitivity to Ciprofloxacin might be due to its limited use in livestock farms. The fluroquinolone group of antibiotics viz. Ciprofloxacin which is comparatively a newer drug, is less commonly used in the prophylaxis as well as treatment of animals [29]. The low level of sensitivity of the isolates towards the antimicrobials used in the present study might be attributed to frequent and indiscriminate use of these antimicrobials in animal feed supplements [30].
Table 1. Frequency of isolation of listeria species from milk samples of rural cattle farms and urban milk selling points in Kamrup district
	Source
	Number of sample (s)
	Number of samples positive for Listeria spp.
	% Prevalence

	Rural farms
	225
	21
	9.33

	Urban selling 
Points
	225
	35
	15.55

	Total
	450
	56
	12.44



Details on the antibiogram of L. monocytogenes from milk samples of rural cattle farms and urban milk selling points in Kamrup district have been presented in Table 2.
Table 2. Antibiogram of L. monocytogenes from milk samples of rural cattle farms and urban milk selling points in Kamrup district
	Sl. No.
	Name of antibiotic
	Amount
	No. of isolates
	Total No. of isolates (n=35)

	
	
	
	
	Sensitive
	Intermediate
	Resistant

	1.
	Amoxycillin
	10 mcg
	35
	29
(82.85)
	6
(17.14)
	0


	2.
	Ampicillin
	10 mcg
	35
	26
(74.28)
	7
(20.00)
	2
(5.71)

	3.
	Chloramphenicol
	30 mcg
	35
	32
(91.42)
	3
(8.57)
	0

	4.
	Ciprofloxacin
	5 mcg
	35
	35
(100.00)
	0

	0


	5.
	Cloxacillin
	10 mcg
	35
	13
(37.14)
	16
(45.71)
	6
(17.14)

	6.
	Co-trimoxazole
	25 mcg
	35
	28
(80.00)
	7
(20.00)
	0

	7.
	Doxycycline
	30 mcg
	35
	33
(94.28)
	2
(5.71)
	0

	8.
	Erythromycin
	15 mcg
	35
	9
(25.71)
	23
(65.71)
	3
(8.57)

	9.
	Gentamicin
	10 mcg
	35
	34
(97.14)
	1
(2.85)
	0

	10.
	Nalidixic acid
	30 mcg
	35
	0
	25
(71.42)
	10
(28.57)

	11.
	Neomycin
	30 mcg
	35
	29
(82.85)
	6
(17.14)
	0

	12.
	Penicillin
	10 IU
	35
	0
	8
(22.85)
	27
(77.14)

	13.
	Tetracycline
	10 mcg
	35
	0
	9
(25.71)
	26
(74.28)

	14.
	Vancomycin
	30 mcg
	35
	33
(94.28)
	2
(5.71)
	0



Of the 56 Listeria isolates, 62.5% (13 from rural farms and 22 from urban milk selling points) demonstrated haemolysin production and CAMP test positivity, confirming their pathogenic potential. These results align with the findings of [18], who identified weak haemolysis and a positive CAMP test as characteristic markers of L. monocytogenes. However, the observed haemolytic activity variation, as noted by [31], suggests that other species such as L. ivanovii and L. seeligeri also exhibit haemolysis, although with differing intensities. Factors such as media type, culture conditions, and strain virulence likely contribute to these variations [32; 33].
The higher prevalence of virulent isolates in urban milk selling points compared to rural farms could reflect inadequate handling or higher environmental contamination levels in urban settings. This highlights the critical need for enhanced surveillance and adherence to strict hygienic practices during milk production and distribution. The findings emphasize the potential risks posed by L. monocytogenes contamination and the importance of addressing these challenges to protect public health.
Table 3. In-vitro detection of virulence factors in Listeria species isolated from milk in rural cattle farms and urban milk selling points of Kamrup district
	Locations
	Total number of isolates tested
	Number of isolates showing positive result to
(n= 35)

	
	
	CAMP test
	Test for haemolysin production

	Rural farms
	21
	13
	13

	Urban Selling points
	35
	22
	22

	Total
	56
	35 (62.50%)
	35 (62.50%)
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Fig. 2 L. monocytogenes isolate showing positive camp test
CONCLUSION
Based on the findings in the present study the following conclusions have been drawn. The highest rate of isolation of Listeria spp. was found positive from urban milk selling points (15.55%) followed by rural farms (9.33%) with overall prevalence being 12.44%. The prevalence of L. monocytogenes in milk samples was found to be most predominant in Rupnagar of urban milk-selling points (8.57%). L. monocytogenes isolates were 100.00% sensitive to Ciprofloxacin and resistant to Penicillin (77.14%) and Tetracycline (74.28%). The findings highlighted the need for improved milk handling, regular antimicrobial resistance monitoring, and stringent hygienic practices to mitigate L. monocytogenes contamination and ensure public health safety.
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