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Abstract

Listeria monocytogenes, a gram-positive, facultative intracellular pathogen was isolated from buffaloes with a history of reproductive disorders and polymerase chain reaction (PCR) analyses for the presence of virulence-associated genes were conducted. A total of 248 samples of vaginal swabs, urine, fecal and blood samples from 62 buffaloes were analyzed. The prevalence of L. monocytogenes and other Listeria spp. was found to be 12.90 and 20.96%, respectively. All the isolates were subjected to in-vitro pathogenicity tests like haemolysis on sheep blood agar, CAMP test and phosphatidylinositol phospholipase C (PI-PLC) activity and PCR for virulence-associated genes (plcA, actA and hlyA).  All the L.monocytogenes isolates (14) were hemolytic on 5% sheep blood agar plate, positive for CAMP and PI-PLC activity. Seven isolates were showed the presence of all the three virulence-associated (plcA, actA and hlyA) genes, whereas, one isolate possessed only two virulence-associated (plcA and hlyA) genes. The remaining six hemolytic L. monocytogenes isolates were lacking all three virulence-associated genes.  
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Introduction

Listeriosis is an important emerging bacterial zoonotic disease caused by pathogenic species of the genus Listeria (Ralovich, 1984). Listeriosis is a serious invasive disease and Listeria monocytogenes is an opportunistic pathogen in human beings as well as animals causing approximately 98% of human and 85% of animal cases of listeriosis (McLauchlin, 1987). Listeria monocytogenes is a Gram positive rod measuring 0.5–2 µm in length, non spore forming, non capsulated, intracellular, microaerophilic and facultative anaerobic organism  and exquisitely adaptable environmental bacterium capable of existing as an animal, human pathogen and plant saprophyte with a powerful array of regulated virulence factors. The disease in animals arises mainly from the ingestion of contaminated food and water, and particularly common in ruminants feed on silage (Low and Donachie, 1997). Animals may be diseased or asymptomatic carriers of L. monocytogenes shedding the organism in their faeces, urine etc. Listeriosis is a well-recognized cause of abortion, endometritis, repeat breeding, encephalitis, septicaemia and mastitis (Radostits et al., 2000). Pregnancy increases the risk of listeriosis, as the placenta provides a protective niche for the growth of Listeria monocytogenes (Bakardjiev et al., 2005). L.monocytogenes is intracellular pathogen that has a predilection for the maternal-fetal unit and may induce serious disease in mother and/or fetus and pregnancy resulting in spontaneous abortions (Smith, 1999). 
Ability of L.monocytogenes to cause disease depends upon the expression of virulence factors and immune status of individual. Various strains of the pathogen suggest differences in their DNA sequences and possibly in the expression of different virulence factors (Franciosa et al., 2001) thus, diagnosis of pathogenic Listeria spp. and Listeric infection should ideally based on Virulence markers (Noterman et al. 1991). An array of virulence-associated genes associated with the pathogenicity of Listeria spp., include plcA encoding phosphatidyl inositol phospholipase-C (PI-PLC), plcB encoding phosphatidycho- line phospholipase-C, hlyA encoding a haemolysin, mpl encoding a metalloprotease and actA encoding the surface actin polymerisation protein actA. All of these genes are physically linked in a 9 kb chromosomal island referred to as Listeria Pathogenicity Island (LIPI-1) (Vazquez-Boland et al., 2001). Recently, the assessment of the virulence of L. monocytogenes and L. ivanovii has been assisted by the development of a multiplex PCR assay targeting the virulence genes of these organisms and a PI-PLC activity assay (Rawool et al., 2004 and Kaur et al., 2007). 

L.monocytogenes was first isolated from genital tracts of buffaloes in India in 1978 (Namboothiripad et al., 1978) and subsequently isolated from endometritis cases (Nigam et al., 1999), cervico-vaginal mucus samples (Sharda et al., 1991), and meat and milk samples (Barbuddhe et al., 2002). However, the data available on the occurrence of pathogenic Listeria spp. in buffaloes with reproductive disorders is very little. Therefore, the present study was being proposed to know the status of Listeria infection in clinical samples of buffaloes with reproductive disorders by isolation and molecular characterization of Listeria spp.
Materials and methods
A total of 248 samples, comprising 62 samples, each of vaginal swab, faecal samples, urine and blood samples were collected from 62 buffaloes with reproductive disorders. Samples were collected from different buffalo farms situated in and around Mumbai city. 

Isolation of Listeria was by using the method method described by McClain and Lee (1988), with slight modifications. Briefly, each of the urine, faecal and blood samples (approximately 5ml/ 5g) was aseptically transferred into 50 ml of UVM 1 and each of the collected vaginal swab transferred into 10 ml of UVM 1 separately. Incubated overnight at 30°C. 0.1 ml of the enriched inoculum from UVM 1 was transferred to UVM 2 and incubated overnight at 30°C. The inoculum from all the clinical samples of buffaloes enriched in UVM 2 was streaked directly on pre-prepared sterile Polymyxin-Acriflavine-LiCl- Ceftazidime Aesculin-Mannitol (PALCAM) media and the inoculated petri dishes were incubated at 37°C for 48 h. The plates with typical greenish-yellow, glistening, iridescent and pointed colonies of about 0.5 mm diameter surrounded by a diffuse black zone of aesculin hydrolysis were considered of Listeria spp. Morphologically typical colonies were verified by Gram’s staining, catalase reaction, tumbling motility at 20–25 8C, methyl red-Voges Proskauer (MR-VP) reactions, nitrate reduction, fermentation of sugars (rhamnose, xylose, mannitol and α-methyl D-mannopyranoside). All biochemically characterized Listeria isolates were further subjected to haemolysis on sheep blood agar (SBA), Christie, Atkins, Munch Petersen test, phosphatidylinositol phospholipase C (PI-PLC) activity (Notermans et al., 1991) and further subjected to PCR for detection of virulence-associated (plcA, actA and hlyA) genes.   
The primers for detection of Phosphatidylinositol Phospholipase C gene (plcA), Actin gene (actA) and Haemolysin gene (hlyA) of Listeria monocytogenes used in this study were synthesized from Sigma Aldrich, USA. The details of the primer sequence are shown in Table 1. 

Table 1 Primer sequence of the virulence-associated genes of Listeria  monocytogenes.
	Primer names
	Primer Sequence
	Product

size
	Reference

	plc A
	Forward
	5'- CTG CTT GAG CGT TCA TGT CTC ATC CCC C - 3'
	1484 bp
	Notermans et al. (1991)

	
	Reverse
	5'- CAT GGG TTT CAC TCT CCT TCT AC – 3'
	
	

	act A
	Forward
	5'- CGC CGC GGA AAT TAA AAA AAG A - 3'
	839 bp
	Suarezand Vazquez-Boland (2001)

	
	Reverse
	5'- ACG AAG GAA CCG GGC TGC TAG - 3'
	
	

	hly A
	Forward
	5'- GCA GTT GCA AGC GCT TGG AGT GAA - 3'
	456 bp
	Paziak-Domanska et al. (1999)

	
	Reverse
	5'- GCA ACG TAT CCT CCA GAG TGA TCG - 3'
	
	


The multiplex PCR was standardized for all the three primer sets namely plcA, hlyA and actA as per the method described by Rawool (2004). Listeria monocytogenes 4b (MTCC 1143) was used as the standard test strain. The isolation of DNA from the cells was done using the DNA Isolation Kit for Bacterial Genomic DNA Spin-50 (Chromous Biotech PVT. Ltd.), Bangalore. The obtained lysate (5μl) was used as a DNA template in PCR reaction mixture.

The multiplex PCR was set up in 50 µl reaction volume. Based on the results of the various trials, the reaction mixture was optimized as 5.0 µl of 10X PCR buffer (consisting of 100 mM  Tris-HCl, pH 8.3; 500 mM KCl; 15 mM MgCl2 and 0.01% gelatin), 5 µl dNTP mix (10 mM, with a final concentration of 1 mM), 15 µl of 25 mM MgCl2 (final concentration 7.5 mM) and 10 µM of forward and reverse primer of each set (final concentration 0.1 µM each), 5 unit of Taq DNA polymerase and 5 µl of cell lysate and sterilized milliQ water to make up the reaction volume. The reaction mixture was performed in a P×2 Thermal cycler (Thermo Electronic Corporation, USA) with a preheated lid. The PCR condition was initially optimized by varying concentration of molecular biologicals by employing gradient annealing temperatures and cycling conditions. The reaction was performed in Px2 Thermocycler (Thermo Electronic Corporation, USA) with a pre-heated lid. The cycling conditions included as an initial denaturation at 940 C for 5 min. followed by 35 cycles each of 30 seconds denaturation at 940 C, 1 min, 15 seconds annealing at 540C and 1 min. 15 seconds extension at 720C, followed by final extension of 10 min. at 720C and 30 min. hold at 40C. After the reaction, PCR products were kept at –200C until further analysis by agarose gel electrophoresis (1.5%; low-melting temperature agarose L), stained with ethidium bromide (0.5Mg ml-1) and visualized by a UV transilluminator.
Specificity of multiplex PCR

The specificity of standardized PCR was tested by screening the standard strain of L.monocytogenes 4b (MTCC 1143), Listeria spp. as well as some other commonly prevalent and cross-reacting bacterial species with the primers used in this study. All the three primer sets employed in the multiplex PCR targeting the three virulence-associated genes of L.monocytogenes collectively revealed the amplification of PCR products of the expected size corresponding to plcA, actA and hlyA genes.

Results

            Listeria species were isolated from 19 of 248 clinical samples from buffaloes having a history of reproductive disorders. 14 isolates were confirmed as L. monocytogenes based on cultural, biochemical and in-vitro pathogenicity tests. The remaining 5 listeriae were considered as other Listeria spp. (Table 2). The overall occurrence of L. monocytogenes and other Listeria spp. was found to be 12.90 and 20.96%, respectively.  
Table 2 Pathogenecity and PCR profiles of Listeria monocytogenes and Listeria spp.   

             from Buffaloes with reproductive disorders.
	Isolates
	Source
	In-vitro pathogenicity profile
	PCR profile of virulence-associated genes

	
	
	Haemolysis on SBA
	CAMP (+) with S/R
	PI-PLC
	plcA

(1484 bp)
	actA
(839 bp)
	hlyA

(456  bp)

	Isolate 1
	F
	++
	+S
	+
	+
	+
	+

	Isolate  2
	V
	++
	+S
	+
	+
	+
	+

	Isolate  3
	U
	++
	+S
	+
	+
	+
	+

	Isolate  4
	V
	++
	+S
	+
	+
	-
	+

	Isolate 5
	V
	++
	+S
	+
	+
	+
	+

	Isolate  6
	U
	++
	+S
	+
	+
	+
	+

	Isolates 7
	V
	++
	+S
	+
	-
	-
	-

	Isolates 8
	F
	++
	+S
	+
	+
	+
	+

	Isolates 9
	V
	++
	+S
	+
	+
	+
	+

	Isolates 10
	V
	++
	+S
	+
	-
	-
	-

	Isolates 11
	F
	++
	+S
	+
	-
	-
	-

	Isolates 12
	U
	++
	+S
	+
	-
	-
	-

	Isolates 13
	V
	++
	+S
	+
	-
	-
	-

	Isolates 14
	V
	++
	+S
	+
	-
	-
	-


PCR, polymerase chain reaction; PI-PLC, phosphotidylinositol-specific phospholipase C; CAMP, Christie, Atkins, Munch-Petersen test; S/R, Staphylococcus aureus /Rhodococcus equi; V = Vaginal swab, U = Urine and F = Fecal sample
On pathogenecity testing of Listeria isolates by In-vitro pathogenecity tests namely haemolysis on 5% sheep blood agar (SBA), CAMP test and PI-PLC activity. The inoculum of each positive Listerial isolates of buffaloes were streaked on 5% SBA plates, out of 19, isolates cultured on 5% SBA plates 16 shown hemolytic reactions. Similarly, all the 16 haemolytic isolates also subjected to CAMP test and observed that 14 isolates showed a characteristic enhancement of hemolytic zone with Staphylococcus aureus and remaining two with Rhodococcus equi., All the positive listeria isolates recovered were spot inoculated on Agar Listeria according to Ottaviani and Agosti (ALOA), for their confirmation as Listeria spp. Amongst  19 clinical samples analyzed except 4 isolates , all other isolates  showed a blue green characteristic colonies with clearly defined opaque halo. Thus, they were confirmed as L.monocytogenes, while 4 isolates showed a blue
 green characteristic colonies without clearly defined opaque halo. Thus, the isolation of L.monocytogenes from buffaloes with reproductive disorders revealed an overall prevalence of 12.90%.

The standardized PCR allowed amplification of virulence-associated genes of L.monocytogenes, namely plcA, actA and hlyA, to their respective base pairs, 1484, 839 and 456 bp PCR products, respectively, each represented by single band in the corresponding region of the DNA marker ladder. 

All the three virulence-associated genes of L. monocytogenes were detected in seven of the fourteen haemolytic L.monocytogenes isolate from buffaloes, whereas, isolate No.4 showed presence of two (plcA and hlyA) virulence-associated genes. However, PCR analysis of 6 isolates did not reveal any virulence-associated genes.
Discussion
L.monocytogenes was isolated from 12.96% of buffaloes with reproductive disorders. Earlier workers reported prevalence of L.monocytogenes as 4.4% in buffaloes with reproductive disorders (Shakuntala et al. 2007). Sharda et al. (1991) isolated L.monocytogenes from 6% of repeat breeding cows and buffaloes from India.
The PCR standardized for the detection of virulence-associated gene(s) of L.monocytogenes has been found to be capable of amplifying all the form of their DNA fragments under the same amplification and cycling conditions. Result of PCR analysis, in the present study has shown all the three virulence-associated genes in seven L.monocytogenes isolates, whereas the isolate isolate No.4 was found to lack virulence-associated actA gene (Table.2). However, PCR analysis of 6 isolates did not reveal any virulence-associated genes and hence confirmed isolates as an atypical isolate. The detection of only one virulence-associated gene by PCR is not always sufficient to identify L.monocytogenes (Nishibori et al. 1995). These findings commensurate with the published work for detection of hlyA gene (Paziak-Domanska et al. 1999), plcA (Notermans et al. 1991) and actA gene (Suarez and Vazquez-Boland, 2001) with respective sets of primers giving no cross-reaction with other bacteria.

A PCR assay has been used earlier for the detection of L. monocytogenes in animal abortion cases (Shakuntala et al. 2006). In conclusion, the PI-PLC assay and the virulence gene-targeted multiplex PCR holds a promise for rapid and reliable in vitro alternatives to in vivo pathogenicity tests. The result suggested that isolation of L.monocytogenes from genital tract infection in buffaloes is highly significance.  
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