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Pig farming is a prospective source of meat production as pigs are 

proficient converters of feed after the broiler chicken. Pork production might 

contribute to food security and cheaper source of protein. Each body part of pig 

may use for special preparations such as pork meat sausage. For pork scratching 

preparation bacon, gammon, ham and skin can be use; feet can be use to make 

into trotters, hog head smooth muscle for meat jelly preparation 

called headcheese (brawn). However; the pig liver, chitterlings, blood pudding 

or black pudding are consumed widely. Apart from providing meat, it is also a 

source of bristle and manure. Pigs in such low-input systems provide value-

added products for farmers by consuming feed that would otherwise be lost.  

India has 5.31% of the total world pig population (FAO, 2011). 

According to 18th Livestock Census of India, 2007, the total swine population 

was 11.13 million heads, the population has declined to 11.13 million head from 

a high of 14 million in 2003; the major reason for this decline may be due to 

animal disease outbreaks (Suri, 2012). Diseases are major hurdles in 

productivity and profitability of livestock industry. Over the past 30 years, pig 

producers were suffered in several sectors from the overwhelming effects of a 

series of infectious disease outbreaks (Pritchard et al., 2005). Many bacterial as 

well as viral infections may link to develop disease in herd animals.  

Erysipelas is commonest in pig. It is caused by Erysipelothrix 

rhusiopathiae that occurred in most of the pig herds. Up to 50% of domestic 

animals may harbor bacterium in their tonsils. It may cause septicemia causing 

sudden death or with pyrexia, lethargy and skin discoloration or classic diamond 

http://en.wikipedia.org/wiki/Sausage
http://en.wikipedia.org/wiki/Pork_scratchings
http://en.wikipedia.org/wiki/Bacon
http://en.wikipedia.org/wiki/Ham
http://en.wikipedia.org/wiki/Head_cheese
http://en.wikipedia.org/wiki/Liver
http://en.wikipedia.org/wiki/Chitterlings
http://en.wikipedia.org/wiki/Black_pudding
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skin lesions. Abortion may occur in sow if disease is more chronic, it may also 

cause endocarditis and heart failure or arthritis (Imada et al., 2004). 

Streptococci are common in all animals. They are broadly but not 

entirely species specific.  Streptococcus suis is a main species which is observed 

most commonly in pigs also widely spreaded in pig populations. It is common in 

growing pigs. It is associated with a variety of clinical complications including 

meningitis, polyarthritis, septicemia, arthritis, endocarditis, pneumonia and also 

causes sudden death. It has also observed in cases of rhinitis and abortions (King 

et al., 2001). 

           Porcine infertility, abortion and stillbirth are commonly due to climatic, 

environmental, management factors and infectious causes. In pigs, infectious 

reproductive diseases are usually due to infection by opportunistic bacteria, 

viruses and sometimes fungi and protozoa that are often endemic in herds. 

Porcine parvo virus infection is the major cause of stillbirth, mummification, 

embryonic death and infertility (Streck et al., 2011). Besides this, other 

important pathogens include porcine reproductive and respiratory syndrome 

virus and leptospirosis (Almeida et al., 2013; Fan et al., 2014; Hartleben et al., 

2013).  

In pigs, enteric diseases vary with age and predisposing factors include 

transport and mixing with other species, feed change, weaning and antimicrobial 

treatment. General signs include sudden death, dehydration, diarrhea and 

sometimes anaemia. Causative agents includes, Clostridium perfringens type C, 
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Cryptosporidium spp., Strongyloides ransomi,  enterotoxigenic Escherichia coli 

(ETEC), Salmonella, L. monocytogenes, Porcine circovirus-2, roatvirus A and 

coronavirus (Jonach et al., 2014; Yokoyama et al., 2005). In addition to this, 

spirochaetes  such as Lawsonia intracellularis and Brachyspira hyodysenteriae 

can cause gastric ulceration and intestinal torsion (Suh and Song, 2005; Zmudzki 

et al., 2012).    

Respiratory diseases are often multifactorial in domestic pigs, with a 

range of viral, bacterial, mycoplasmal and parasitic aetiologies, primary viral or 

Mycoplasma-associated diseases may be followed by secondary bacterial 

infection. Swine influenza virus, PRRS, PCVD, Haemophilus parasuis, 

Actinobacillus pleuropneumoniae, Pasteurella multocida and lungworm are 

responsible pathogens commonly observed in respiratory infections (Nosal et al., 

2009; Hricinova et al., 2010; Nidom et al., 2010; Dotti et al., 2011).  

Most of the disease causing pathogens in animal herds could be zoonotic 

pathogens. Direct contact with infected animals or indirectly with manure, soil 

and water bodies can cause infection in humans. In addition to this, zoonotic 

infections carried by food animals like pigs, cattle, sheep and goats can 

contaminate meat and meat products. Presence of zoonotic pathogens in food 

animals is of great concern for public health. Bacterial pathogens may enter in 

food chain via different sources. Many studies have been pointed out that while 

slaughtering carcasses may get contaminated and pathogens can persist in the 

environment for a long time, which causes contamination of subsequent batches 

(Joshi et al., 2003; Varela et al., 2007). In pork, Salmonella, Campylobacter, 

http://en.wikipedia.org/wiki/Spirochaete
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Yersinia enterocolitica, Escherichia coli O:157, and Listeria monocytogenes are 

the most commonly found bacterial foodborne pathogens (Farzan et al., 2010).  

Salmonella is predominantly peritrichous enterobacterium (Hendriksen et 

al., 2009) and is of zoonotic importance. The route of infection from animals to 

humans is usually through contaminated food. It has been reported as the leading 

cause of food borne infection, causing diarrheal diseases and enteric fever that 

may be complicated by extra intestinal infections, such as bacteremia, 

meningitis, and osteomyelitis, leading to millions of cases of hospitalizations 

and deaths worldwide each year (Hohmann, 2001). The organism  has been 

detected from various species of  animals of which pigs are the most commonly 

recognized carriers; many studies reported the occurrence of Salmonella in pork 

and pork products have been reported in many countries (Almeida et al., 2013; 

Bonardi et al., 2013; Hernandez et al., 2013; Ikwap et al., 2014). 

Campylobacter species have been reported as the leading causes of 

foodborne infections worldwide (Silva et al., 2011). The major symptoms of 

Campylobacter infection include gastrointestinal ailments characterized by 

bloody diarrhea, abdominal cramps, pyrexia, and vomiting (Altekruse et al., 

1999; Allos, 2001). Campylobacteriosis is generally self-limiting, however, in 

unusual cases it may lead to an autoimmune disease, Guillain-Barré syndrome, 

which affects peripheral nervous system leading to paralysis (Allos, 2001; 

Sivadon-Tardy et al., 2010). Usually, infection occurs due to inappropriate 

handling or consumption of raw or partially cooked meat (Noormohamed and 

Fakhr, 2013). Pork is considered as possible source of Campylobacter infection 
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to human because of carcasses contamination at slaughterhouse (Varela et al., 

2007).  

Yersinia enterocolitica, an enteric pathogen, is a cause of a variety of 

gastrointestinal and systemic syndromes, including enterocolitis, terminal ileitis, 

mesenteric lymphadenitis, and septicemia (Cover et al., 1989). Other species of 

genus include Y. pestis, which causes plague and Y. pseudotuberculosis, which 

showes illness similar to Y. enterocolitica infections (Perry et al., 1997). Only a 

few strains of Y. enterocolitica cause illness in humans. Y. 

enterocolitica infections are attributed mainly to the eating of contaminated 

food, in particular contaminated pork (EFSA, 2011). Pig is known as a major 

animal reservoir for Y. enterocolitica strains that cause infection in human, but 

rodents, sheep, rabbits, cattle, horses, dogs, and cats also carry pathogenic Y. 

enterocolitica strains (Bhaduri et al., 2005).  

Escherichia coli is commensal flora of  animal as well as human 

intestinal tracts, as a result it may observed as most probable contaminant of 

soil, water, and ultimately may be of raw and processed food. During food 

animal slaughter, evisceration processes stands as a major causes for cross 

contamination of pathogenic bacteria in raw meat. After its first occurrence from 

outbreak in 1982, significance of E. coli O157:H7 as a public health problem has 

been recognized. The outbreak was linked to consumption of uncooked beef 

(Riley et al., 1983). In humans, hemolytic-uremic syndrome (HUS) and 

hemorrhagic colitis (HC) cases were associated mainly with E. coli O157:H7 

and O157:NM (Thielman andGuerrant, 1999). As estimated by Centers for 
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Disease Control and Prevention (Mead et al., 1999), E. coli O157:H7 had been 

implicated in around 73,400 illnesses in a year with 60 deaths in the United 

States. Escherichia coli O157:H7 is rare in healthy swine, but infected pigs will 

shed the organism in their feces for at least 2 months. In herd pigs, general mode 

of transmission of E. coli O157:H7 is nose-to-nose contact. Infected donor pigs 

spread infection to naive pigs suggesting that this organism has the potential to 

be sustained in a population of swine once introduced (Cornick and Helgerson, 

2004).     

L. monocytogenes, a Gram-positive, non-sporulating was first illustrated 

in 1926 in Cambridge, United Kingdom. The bacterium was linked to infections 

and monocytosis in laboratory rodents (Murray et al., 1926). Later, in South 

Africa, a similar bacterium was isolated from infected gerbils (Pirie, 1927), and 

the genus name Listerella was proposed to honor the surgeon Lord Lister.  Both 

the workers appreciated that they were working with the same species and thus 

they combined the name as Listerella monocytogenes. This was further changed 

as per thetaxonomic classification as Listeria monocytogenes (Pirie, 1940). The 

genus Listeria comprised of fifteen species, six species were reported previously 

as L. monocytogenes, L. ivanovii, L. innocua, L. welshimeri, L. grayi and L. 

seeligeri (McLauchlin and Jones, 1998). Recently, nine species were included in 

the genus Listeria. These included L. marthii (Graves et al., 2010), L. rocourtiae 

(Leclercq et al., 2010), L. weihenstephanensis (Lang Halter et al., 2013), L. 

fleischmanii (Bertsch et al., 2013), L. floridensis, L. aquatica, L. cornellensis, L. 

riparia, and L. grandensi (Den-Bakker et al., 2014).  Listeria species are regular, 
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short rods, and typically occur as single or as short chains. Listeria are motile 

when cultured between 20 to 25
0
C but non-motile at 37

0
C. Listeria are aerobic 

or facultatively anaerobic and can tolerate wide pH range (5.2- 9) and grows at -

0.3 to 45
0
C) with optimal growth at 30 to 37

0
C. Only acids and no gases are 

produced from the utilization of complex sugars. 

Listeriosis occurs in wide range of animals and humans and most often 

observed at pregnancy which affects the uterus, infection observed in blood 

stream in septicemia cases and also in the central nervous system. Serious and life 

threatening infections are diagnosable; however, subclinical infections do occur 

but rarely identified. Almost in all human listeriosis cases L. monocytogenes is 

main causative agent (McLauchlin, 1997).  L. ivanovii and L. seeligeri have been 

recovered from human infections rarely (Rocourt et al., 1986; Cummins et al., 

1994). Infection is mostly recognized in the immuno-compromised individuals, 

the elderly, pregnant women, unborn or newborn babies, patients on therapy with 

immunosuppressive drugs, diabetic patients, joint replacement patients, cirrhotic 

patients and HIV patients (McLauchlin et al., 2004). In adults, the infection may 

result in encephalitis or septicemia. In pregnant women, mild, flu-like symptoms 

are common. In few cases, it may be asymptomatic. The infected foetus may be 

stillborn and born with neonatal listeriosis with premature births (Zhou and Jiao, 

2004). In case of children’s older than one month the incidence rate of listeriosis 

is very low except in those with underlying disease. L. monocytogenes infections 

have high hospitalization rates (91%), a high case fatality rate (20-30%) and 50% 

of neonatal death rate (FDA, 2012). L. monocytogenes has the potential to cause 
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serious and life-threatening disease and the majority of cases are linked to 

contaminated foods (Andritsos et al., 2013). Infection can although rare, 

transmitted by direct contact with the diseased animals or environment or by 

illness during the neonatal periods (McLauchlin and Low, 1994; McLauchlin, 

1997). Cutaneous or ocular listeriosis cases can occur, especially after direct 

contact with infected animals or animal originated material probably can cause a 

serious systemic infection in human (McLauchlin and Low, 1994). L. 

monocytogenes can survive acidic pH in human stomach with the help of 

glutamate decarboxylases (GAD) system and antiporter proteins that alleviate it to 

survive in acidic conditions. This GAD system utilizes the cytoplasmic turgor 

pressure help in to rise in bacterial cytoplasmic pH and thus enhancing its chances 

of survival in acidic environment (Sleator et al., 2005). After surviving this stage, 

the organism travels to the small intestine along with ingesta. It colonises in the 

wall of intestine by attaching two surface proteins, InlA and InlB. InlA attaches 

specifically to host receptor protein, E-cadherin of enterocytes of intestine and 

InlB attaches to hepatocyte growth factor receptor (Met) and C1q receptor of 

complement protein (Bonazzi et al., 2009). Once internalized into the phagocytic 

vacuoles, listeriolysin O (LLO) and phosphatidylinositol-specific phospholipase C 

(PI-PLC) mediate the escape of the L. monocytogenes. LLO is cholesterol- 

dependent, thiol-activated and pore-forming toxin with optimum activity at pH 

5.5.  The PI-PLC is active at optimum pH of pH 4.5 to 6.5 and helps in the 

disruption of acidified phagocytic vacuoles (Geoffroy et al., 1987). After escape 

from the acidified phagosome, the bacterium initiates the onset of intracellular 
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multiplication and generates actin filaments and actin binding proteins forming a 

comet-like tail at one pole. This generates a motive force for cell-to-cell 

movement of bacterium (Marchand et al., 1995; Theriot et al., 1994). The 

virulence genes necessary to invade mammalian system are organized into the 9.6 

kb fragment, Listeria pathogenicity island-1 (LIPI-1), and are regulated by the 

prfA gene, the master regulator. In addition to LIPI-1, other genes are also 

responsible for virulence of L. monocytogenes (Vazquez-Boland et al., 2001). 

 Being widespread in the environment, animals often get infected with 

Listeria through contaminated feed. Foodborne listeriosis cases have been 

reported after consumption of contaminated food products: raw vegetable and 

undercooked meat, dairy products, and seafood products, which give an idea 

about the range of interaction of L. monocytogenes with different food materials.  

L. monocytogenes and L. ivanovii have been identified as causes of Listeria-

related illness in wild and farm animals (Low and Donachie, 1997). In wild 

animals infection may be developed due to ingestion of contaminated water and 

vegetation (Kimpe et al., 2004). In case of cattle, oral exposure from 

contaminated feed can cause localized infections (Jensen et al., 1998; Fedio et 

al., 1990). In cattle and sheep, L. monocytogenes has been reported with 

subclinical mastitis cases with no clinical symptoms but with persistent shedding 

of L. monocytogenes (Borucki et al., 2005; Rawool et al., 2007; Winter et al., 

2004). Raw milk contamination is due to feeding of poor-quality silage, 

unhygenic farm environment and less cleanliness of cow and the use of 

unhygenic towels for cleaning (Sanaa et al., 1993). In sheep, listeriosis outbreaks 
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with complication such as abortion in ewes, encephalitis and septicemia are 

common (Wagner et al., 2005). L. monocytogenes has been detected from feces 

of suspected horses with severe illness (Gudmundsdottir et al., 2004). In 

chickens, listeriosis present with neural signs (drowsiness and torticollis) and 

mortality (Kurazono et al., 2003). While, in sheep and cattle, L. ivanovii causes 

abortion septicemia, and enteritis (Sergeant et al., 1991; Alexander et al., 1992; 

Chand et al., 1999). Roughly 10% of septicemic cases in sheep have been 

attributed to L. ivanovii infections (Low and Donachie, 1997). In L. ivanovii, 

Listeria pathogenecity island 2 (LIPI-2) encoding phosphocholinesterases has 

been identified which helps in utilization of phospholipids in ruminants 

(Gonzalez-Zorn et al., 1999). In case of mono-gastric animals such as pig, 

listeriosis is uncommon. L. monocytogenes has been detected from fecal samples 

and skin of apparently healthy pigs (Skovgaard and Norrung, 1989). In newborn 

piglets septicemia is commonly observed, with death in 3 to 4 days. Encephalitis 

and abortions are also observed sporadically (Meyer et al., 1970; Rahman et al., 

1985). Limited listeriosis outbreaks have been reported in pigs. In India, two 

major outbreaks of listeriosis were reported. In the first outbreak, 75 indigenous 

pigs were observed in a pig herd in Assam. Clinically, all the affected animals 

showed signs of nervous disorder, characterized by shaking, trembling, in-

coordination, circling movements and partial paralysis of the limbs. L. 

monocytogenes was recovered from the brains of 27 pigs (Rahman et al., 1985). 

In another incident, 27 affected pigs showed peculiar circling movements 

associated with other signs, pregnant sows aborted macerated fetuses (Dash et 
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al., 1998). Apart from this, various studies highlighted prevalence of this 

pathogen in pigs (Boscher et al., 2012; Hayashidani et al., 2002; Hellstrom et   

al., 2010; Beloeil et al., 2003).  

Specific farm management issues such as crowded flock, contact with 

pet animals, and use of coarse feed, access to outdoor area, manure treatment, 

hygiene practices, and drinking water influenced the occurrence of L. 

monocytogenes in herds. L. monocytogenes has been detected from soils animals 

rearing environment (Nightingale et al., 2004), and on farm environmental 

samples (Fenlon et al., 1996).  Selection of feed is crucial factor in pig rearing. 

Along with feed, quality drinking water is necessary to avoid disease in herd 

animals. Beloeil et al. (2003b) compared the feeding systems (dry feed vs. wet 

feed) to investigate the prevalence of L. monocytogenes. The study concluded 

that moist or wet feeding is more prone for L. monocytogenes contamination. 

Studies further concluded that liquid feeding system impose a serious 

microbiological influence on wet feed. Studies have confirmed that liquid 

feeding systems are biologically active by means of bacterial or fungal biofilms 

formed on the internal surface of the valves and pipelines (Hansen and 

Mortensen, 1989). Along with feeding, general hygiene of pig farm workers is 

mandatory factor, as farm worker may be the source of cross contamination 

(Beloeil et al., 2003a). Residual faecal contamination of fattening pens after 

cleaning and disinfection could accelerate L. monocytogenes transmission from 

one batch to another (Beloeil et al., 2003a). All these factors as part of general 
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farm hygiene emphasize a possible contamination cycle between successive 

batches.  

In the last three decades, L. monocytogenes has been recognized as an 

emerging foodborne pathogen.  Consumption of contaminated food has been a 

major route of infection and is accountable for 99% listeriosis cases in the 

United States (Mead et al., 1999). Listeriosis was rated as the third foodborne 

infection after Campylobacter and Salmonella infections and fourth most 

common cause of deaths (Adak et al., 2002). Listeria strains have been isolated 

from a wide geographical area; howerver, many studies higligted the role of 

environment as the natural pool for Listeria (Rocourt and seeliger, 1985). Since 

long time there is known relationship between contaminated silage feeding to 

animals and listeriosis (Gray and Killinger, 1966). Feeding of poor-quality silage 

to animals such as sheep, goat and pig was an important threat for infection and 

for infectivity of raw milk, generally in winter (Fenlon, 1986). In case of mastitis 

caused by listeriae, a very high number of organisms continuously shed in milk, 

and which cause minimal organoleptic changes in milk even after high 

contamination (Schoder et al., 2003). Except in mastitis, food animals with 

systemic infection are not likely to enter in food production chain as diseased or 

sick animals are supposed to be avoided after detection.  However, widespread 

cross-contamination from the farm-associated surroundings may take place after 

cases of listeric abortions on the farm (Winter et al., 2004). 

Raw foods may get contaminated after harvesting at any stage of 

processing, during retailing in the markets, and also in kitchens. However, 
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investigation of listeriosis outbreaks illustrated the importance of diffrent stages 

in food processing environments (Thimothe et al., 2004; Lin et al., 2006). 

Because of insufficient and inadequate hygiene, Listeria can enter into a food 

processing plant from the environmental sources. Once entered, it can get 

established in specific areas for long periods of time. If we consider the rate of 

contamination of meat and meat products with dairy products, it can be similar 

or in some cases, it is higher (Wagner et al., 2007). Different studies have 

reported the occurrence of L. monocytogenes in chicken, beef, and lamb (Capita 

et al., 2001; Inoue et al., 2000; MacGowan et al., 1994; Osaili et al., 2014). Pig 

tonsils and tongue have been reported to be frequently responsible for pork 

contamination than pig feces (Buncic et al., 1991; Fenlon et al., 1996; Kanuganti 

et al., 2002). Autio et al. (2000) found 64% L. monocytogenes contamination of 

pig viscera might result due to cross-contamination after distruption of 

tonsils/tongues and other visceral organs during the evisceration process. In 

another study, Kanuganti et al. (2002) observed high incidence of L. 

monocytogenes in ground pork samples (45-50%) than small intestines (8-9%). 

Fresh pork meat is generally free of contamination. Contaminations occur 

mainly in slaughterhouse either by cross contamination of abattoir environment 

or evisceration process (Skovgaard and Norrung, 1989). Once entered in the raw 

pork, it persists in the food chain and ultimately in final pork products 

(Giovannacci et al., 1999). Major outbreaks have been reported in France after 

consumption of food products (Goulet et al., 1998). Besides this, multiple 

studies have reported pathogenic strains of L. monocytogenes from pork and 
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pork products (Chasseignaux et al., 2001; Cordano and Rocourt, 2001; Hof and 

Rocourt, 1992; Inoue et al., 2000; Jay, 1996; Thevenot et al., 2005).  

Insufficient hygienic measures at the farm are unable to get rid of the 

pathogen from the farm environment and in food plant environment. L. 

monocytogenes establishes in niches within food processing plants where 

cleaning is insufficient and ineffective and due to this L. monocytogenes can 

survive and persist for several years (Wagner et al., 1996).   Preventive measures 

like, avoiding high-risk food and strictly obeying provided information for 

prevention of disease through cooking of food, avoiding a possible cross 

contamination in refrigerated  food, and reducing the length of refrigeration 

storage of perishable foods are necessary to avoid infection (Goulet, 2007). 

Until the early 1980s no any medical complications reported, as the 

infection were effectively treated with available multiple types and families of 

antimicrobial agents. However, due to the selective pressure of antimicrobials, 

evolution of bacteria towards resistance has been accelerated. Behind this, 

indiscriminate use of drugs in hospitals and their unnecessary use as growth 

enhancers in animal feeding could be the major factors for drug resistance in 

society. Till date Listeria is considered as the natural antibiotic susceptible 

genus, though Gram positive bacterial genera for example, Enterococci and 

Streptococcus have shown remarkable ability to develop antimicrobial 

resistance. Despite availability of effective antibiotics, listeriosis represents as 

one of the public health problem owing to its high case fatality rate (McLauchlin 

et al., 2004; Jones and MacGowan, 1995).  Ampicillin or penicillin G in 
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combination with an aminoglycoside is drugs of choice for listeriosis (Nes et al., 

2010). L. monocytogenes has been reported as susceptible to the broad range of 

antibiotics however, some strains have shown to possess resistance towards 

certain antibiotics (Hof et al., 1997). Developed resistance could be due to over 

exploitation of antibiotics in animals. Use of antibiotics in food animals provides 

substantial benefits, but also contributes potential public health risks (Rajic et 

al., 2006). For preventive care of pigs, antibiotics such as, tetracycline, 

penicillin, oxytetracycline, trimethoprim/sulfadoxine, lincomycin have been 

practiced as additives in feed and water (Rajic et al., 2006). Besides this for 

treatment of shelter animals amoxicillin, ampicillin, amikacin, gentamicin, 

chloramphenicol, ciprofloxacin, enrofloxacin, tetracycline, doxycycline, 

clindamycin, erythromycin, rifampicin are practiced.  

Recently, clinical isolates of L. monocytogenes have been reported as 

resistant to more than one antibiotics including ampicillin, penicillin and 

gentamicin (Tsakaris et al., 1997; Conter et al., 2009; Soni et al., 2013). 

Resistance to Listeria was also reported against many antibiotics including 

ciprofloxacin, streptomycin, sulfamethoxazole, rifampin, erythromycin and 

clindamycin (Conter et al., 2009; Chen et al., 2010; Morvan et al., 2010). These 

studies clearly demonstrate that though L. monocytogenes is naturally liable to 

wider range of antibiotics, it is capable of acquiring antibiotic resistance traits.  

Gaining mobile genetic elements namely, self-transferable and 

mobilizable plasmids, and conjugative transposons have been incriminated in the 

emergence of Listeria spp. resistant to antibiotics (Poyart-Salmeron et al., 1992; 
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Charpentier et al., 1995). Tetracyclines used in disease prophylaxis as well as in 

animal feed probably provide an ideal condition for dissemination of tetracycline 

resistance determinants among Listeria species (Charpentier et al., 1995). 

Tetracycline resistance results due to the acquisition of plasmid encoding genes 

including int-Tn associated tet M and other genes like, tet S, tet K, and tet L. All 

these genes are harbored by self-transferable plasmids or by conjugative 

transposons, which originate in Enterococcus-Streptococcus (Poyart-Salmeron 

et al., 1992; Facinelli et al., 1993; Charpentier et al., 1994; Granier et al., 2011).  

Along with tetracycline, Trimethoprim resistance has been detected in France, 

the gene dfrD encoded by plasmid pIP823 was found to be responsible for the 

production of high-level dihydrofolate reductase enzyme, which ensured the 

trimethoprim resistance (Charpentier et al., 1997; Morvan et al., 2010). 

Resistance to streptomycin has been reported in several L. monocytogenes 

isolates recovered from clinical cases (Slade et al., 1990; Facinelli et al., 1991; 

Morvan et al., 2010). Enzyme 6-N-streptomycin adenylyltransferase encoded by 

the aad6 has been found in L. innocua but absent in L. monocytogenes, besides 

this less level of resistance could be possible due to ribosomal mutation 

(Charpentier et al., 1995). Mostly, erythromycin resistance is due to the enzyme 

methyltransferase encoded by the gene erm (erythromycin ribosome methylase) 

that modify 23sRNA. In Listeria species, two genes (ermB, ermC) have been 

found responsible for resistance to macrolids-licosamide-streptomycin B 

(Charpentier et al., 1999; Granier et al., 2011). In addition to this, macrolides 

and lincosamides resistance can also be mediated by drug efflux pump 
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belonging to the ATP-binding cassette transporter family mrsA or to the major 

facilitator super family mefA (Leclercq, 2002).  

In recent years, resistance to fluroquinolones has been reported 

frequently (Hansen et  al., 2005; Conter et  al., 2009; Morven et  al., 2010; 

Granier et  al., 2011; Moreno et  al., 2014). Fluroquinolones binds to DNA 

gyrase, topoisomerase II and topoisomerase IV, and inhibits the DNA 

replication. Mutation in the genes (gyrA and parC) encoding for these enzymes 

could ensure the resistant phenotypes (Lampidis et al., 2002). Moreno et al. 

(2014) reported the mutation in gyrA sequences but not significantly explained 

the fluroquinolones resistance. Over expression of proton motive force driven 

efflux pump could be the possible mechanisms. Over expression of the lde gene, 

which encodes an efflux pump associated with fluoroquinolone resistance has 

been frequently highlighted (Godreuil et al., 2003; Morvan et al., 2010; Moreno 

et al., 2014).  

Thus, emergence and spread of antibiotic resistance attribute in L. 

monocytogenes isolated from clinical cases have consequences in therapeutic 

management in contemporary medicine. 

In India, the prevalence of L. monocytogenes has been reported from 

meats, milk and seafood (Kalorey et al., 2008; Barbuddhe et al., 2000; Parihar et 

al., 2007). However, no reports are available which illustrate the risk factors for 

Listeria contamination on pig farm, abattoir, raw pork and pork products. 

Besides this, area specific antibiogram helps in selection of prudent treatment for 
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listeriosis. The objective of the investigation was to study the occurrence of 

listerial contamination in the chain of farm pigs up to the food products and 

characterization of antibiotic resistance phenotypes, if any. Considering these 

facts, the study was proposed with the following objectives.  

 

Objectives: 

1. To isolate and characterize Listeria monocytogenes from pork and piggery 

environment. 

2. To determine virulence and serotype of the isolates by in-vitro methods. 

3. To investigate antibiotic resistance of isolates among first, second and third 

generation antibiotics. 

4. To determine the molecular determinants responsible for resistance. 
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Several human listeriosis cases have been attributed to broad range of 

contaminated foods, comprising meat, milk and seafood products and other 

processed foods. In 1981, a large outbreak of human listeriosis occurred in the 

Maritime Provinces of Canada, which provided the first evidence for foodborne 

transmission of listeriosis (Schlech et al., 1983). Later, many outbreaks of 

human listeriosis have been reported worldwide. In the US, six outbreaks 

including two in Massachusetts in 1983 and 2007 (CDC, 2009; Fleming et al., 

1985), one in California in 1985 (Linnan et al., 1988), one in Illinois in 1994 

(Dalton et al., 1997), a multi-state outbreak in 2002 (Gottlieb et al., 2006) were 

reported. Recently, one outbreak in 2011 in US (CDC, 2011) and one in Canada 

in 2008 (Gilmour et al., 2010) were reported. Besides this, major outbreaks have 

been reported in France linked to pork and processed pork products (Goulet et 

al., 1998; Jacquet et al., 1995) and in other European countries (Jay, 1996; 

Loncarevic et al., 1997).  

The occurrence L. monocytogenes in raw pork have been reported (Inoue 

et al., 2000; Chen et al., 2005; Mengesha et al., 2009). While, there is no clear 

evidence which explains the exact reservoir of L. monocytogenes into pork and 

pork products. Few studies considered live pigs as possible suspect of carcass 

contamination and ultimately final products (Hellstrom et al., 2010). While, few 

studies pointed out that slaughterhouse environment was mainly linked to the 

L.monocytogenes transmission to the pork carcasses and not the live pigs (Borch 

et al., 1996; Bonardi et al., 2002; Kanuganti et al., 2002). Several other factors 

like pig rearing, pork processing, storage and unhygienic surfaces and people 
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could add L. monocytogenes in final products (Thevenot et al., 2006). To 

investigate the incriminated factors, extensive analysis of samples by isolation, 

identification and characterization of Listeria may help to design appropriate 

control measures in pig rearing and pork processing which ultimately helps to 

manage contamination and its consequences. 

2.1 Isolation methods 

Ever since L. monocytogenes has been documented as a significant 

foodborne pathogen, a number of appropriate protocols for isolation and 

identification have been devloped (Sutherland and Porritt, 1997). Initially, the 

detection of Listeria from food samples was attempted using clinical protocols 

like direct streaking on blood agar but achieved a limited success. Thereafter, 

selective enrichment protocols and quick detection methods based on antibody 

detection and molecular tools from different sources have been developed.  

Initial workers observed that this bacterium can able grow and multiply at low 

temperature range i.e. up to 4
0
C and this unique character was utilized in 

enrichment protocols to recover these pathogen from different types of samples 

by enrichment  for long periods at 4
0
C on agar plates till the visible growth 

appears on plates (Doyle and Schoeni, 1986). This particular method was time 

consuming and takes up to several weeks for isolation. Cold enrichment method 

is not much selective method, as several other psychotropic contaminants may 

grow and make it difficult to identify listerial cell. In these methods, two key 

issues need to be addressed, i.e. time for enrichment followed by isolation and 
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the recovery of stressed Listeria cells in order to make isolation method 

effective. 

2.1.1 Selective enrichment methods 

Cold enrichment method was time consuming and unable to isolate injured 

Listeria. However, for approval by regulatory bodies, specific enrichment 

method must be able to detect at least single Listeria per 25gms of food samples. 

Usually, this efficacy may be accomplished with the use of selective enrichment 

protocols for the isolation of the organism by allowing it to grow to a certain 

measurable level of 10
4
-10

5
 CFUml

-1
. Listeria organisms are generally sluggish 

growing and can be quickly over-growned by other contender organisms present 

in samples. Bacteriostatic agents such as acriflavin which restrain the growth of 

fungus and few Gram positive bacteria, and  nalidixic acid inhibiting Gram 

negative bacteria have been described for effective inhibitors in enrichment 

medium (Welshimer, 1981). These two selective inhibitors are normally present 

in all currently available regular methods, which are employed in almost all the 

isolation protocols of Listeria from food, clinical and environmental sources. 

The Darwinian concept is followed in all the selective enrichment 

methods; the growth environment favors the organism of interest and is 

inhibitory for other organisms present in the same environment (Gorski et al., 

2014). Some dyes and antibiotics are frequently used to inhibit other contending 

microbes (Gorski et al., 2014). Generally, for isolation of L. monocytogenes, the 

primary enrichment is necessary in one of the selective enrichment media prior 
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to streaking onto selective or differential media. Several enrichment methods  

uses more than one enrichment medium for selective incubation of Listeria, with 

the higher quantity of selective inhibitors in secondary enrichment medium  

which is later streaked on  selective and differential media which favor  more 

robust selection of Listeria (Liu, 2008). Sometimes the medium which gives best 

rate of isolation of L. monocytogenes from samples from environment may not 

suit for samples from dairy or ground meat, seafood, and vegetables (Hao et al., 

1987; Loessner et al., 1988). The first compound that was used for Listeria 

enrichment media as a selective agent was potassium tellurite (Gray et al., 

1950); however, further experiments in the same laboratory confirmed that it is 

also inhibitory to few strains of Listeria (Gray and Killinger, 1966). Nalidixic 

acid is the most common inhibitor present in all the common enrichment broths 

as nalidixic acid mostly inhibits several species of Gram-negative bacteria and 

allows the selection of the Gram-positive bacteria. Several studies showed that 

nalidixic acid can be used in enrichment media as it has no effect on L. 

monocytogenes multiplication in liquid medium (Beumer et al., 1996; Jacobsen, 

1999; Kramer and Jones, 1969), making it an effective inhibitors for Listeria 

enrichment. Then after it was generally using as an inhibitor in enrichments for 

Listeria and streptococci (Beerens and Tahon-Castel, 1966; Mavrothalassitis, 

1977). Beside nalidixic acid, acriflavine is used frequently in enrichment media. 

It is a toxic dye that inhibits fecal streptococcal growth and favors the growth of 

Listeria. Acriflavine inhibits several Gram-positive cocci present generally in 

fecal matter. Besides this, it also inhibits strains of lactic acid bacteria and 
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Staphylococcus aureus (Liu, 2008). Along with antibiotics, lithium chloride and 

sodium chloride have been recommended in several L. monocytogenes selective 

and differential plating media. As L. monocytogenes withstand with the high salt 

tolerance, both the agent negatively inhibits several other contaminates in the 

plating media. Apart from this, both the agents are well known to lower down 

the fungal growth in enrichment media, cycloheximide and pimaricin have been 

used in some enrichment protocols (Asperger et al., 1999; Hitchins, 2003).  

For selective enrichment and isolation of Listeria, three of the most 

commonly used culture reference methods have been designed. The FDA 

bacteriological and analytical (BAM) (Hitchins, 2001) and ISO methods were 

designed for use with any food product. Other reference method is USDA 

method, designed for enrichment and isolations from poultry, meat, egg products 

and environmental samples (van Netten et al., 1988).  

For the FDA-BAM protocol, a primary enrichment step is in BLEB. In 

BLEB medium inhibitors such as nalidixic acid cycloheximide and acriflavine 

are recommended into the enrichment protocol. Particularly in case of BLEB 

medium inhibitors are supposed to be added after  4 h incubation   at 30°C, once  

injured cells have resuscitated, healthy cells can  survive in antibiotic pressure 

(FDA-BAM, 2013).  For the selective plating, readily available plating media 

such as PALCAM, MOX, Oxford or LPM can be used. The ISO11290 method 

uses two enrichment steps. In the first stage of incubation, the sample are  

incubated in half strength Fraser medium for 4h to overnight, then enriched 

inoculam are inoculated in to the full strength Fraser medium at 37
0
C for 48h. 
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With selective agents such as acriflavin and naladixic acid allows selection of 

Listeria. Both the half and full strength enriched broths can be streaked on 

PALCAM, ALOA or Oxford agars.  USDA-FSIS is  a two-stage selective 

enrichment method, which uses University of Vermont modified Medium 

(UVM) base  comprising  selective inhibitors (acriflavin, naladixic acid) for 

initial  selective incubation at 30
0
C at 22h, followed by secondary enrichment in 

supplemented full strength Fraser medium  at 35
0
C at 22h and  streaking onto 

Modified Oxford (MOX) plates. 

2.1.2 Selective plating 

In 1960, McBride and Girar intrdoduced a McBride Listeria agar for the 

selective isolation of L. monocytogenes. For better results further modification 

such as the use of glycine anhydride instead of glycine, use of cycloheximide as 

inhibitor, absence or presence of blood, variation in lithium chloride 

concentration are carried out and led to the final formulation of McBride Listeria 

agar (Lovett et al., 1987; Lee and McClain 1986; McBride and Girard, 1960; 

Veraand Dumoff, 1970). However, for the isolation of L. monocytogenes 

McBride Listeria agar is not recommended in currently standardized protocols. 

In 1986, Lee and McClain (1986) did certain modified in McBride Listeria agar 

and formulated new preparation as LPM agar (lithium chloride–phenylethanol–

moxalactam). As per the available standard methods, (FDA, ISO-11290 and 

USDA) selective agars such as OXA: Oxford agar (Curtis et al., 1989), 

PALCAM: Polymyxin-acriflavine-LiCL-ceftazidime-aesculin-mannitol agar 

designed by van Netten et al. (1989), MOX: Modified Oxford agar was a 
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modification in oxford agar with addition of moxalactam instead of acriflavine, 

and other inhibitors are commercially available. All these media are being 

frequently used for isolation of Listeria. To differentiate Listeria from other 

bacteria almost every media rely on the esculine hydrolysis based on β -D-

glucosidase present in Listeria. Esculine hydrolysis can be differentiate as 

greenish gray or black colonies with a blackening in the surrounding medium 

after incubation of typical listerial colonies after 24 h of incubation. All these 

differential media contain selective agents which inhibit other contaminants, for 

example, OXA agar have acriflavine, cycloheximide, cefotetan, fosfomycin, 

colistin, LiCl and Fe
3+

, PALCAM agar contains inhibitors such as acriflavine, 

Ceftazidime, polymyxin B, NaCl, LiCL and Fe
3+

and MOX agar have colistin, 

moxalactam, LiCL and Fe
3+

. However, few bacterial contaminants like 

Enterococcus species and Bacillus species can assimilate esculin and appears as 

listerial colonies (Gasanov et al., 2005). To avoid confusions, further 

identification on chromogenic agar helps to identify Listeria.   

2.1.3 Chromogenic media  

 Commercially available chromogenic media has been a recent 

development. Chromogenic substrates help for quick discrimination of L. 

monocytogenes and other Listeria species.  Phosphatidyl-inositol specific 

phospholipase C is produce only by L. monocytogenes and L. ivanovii (Coffey et 

al., 1996; Notermans et al., 1991) and it can be demonstrate by employing 

chromogenic substrates in the medium. However, few substrates may not able to 

distinguish between these species (Bauwens et al., 2003; Restaino et al., 1999). 
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These media can easily discriminate between L. monocytogenes and L. innocua. 

Agar Listeria according to Ottaviani and Agosti (ALOA), which based on the 

PI-PLC activity, this agar can differentiate pathogenic Listeria from non-

pathogens. Becker et al. (2006) noticed that ALOA is more promising in 

comparison with PALCAM and OXA agar. The ISO 11290 method uses ALOA 

for isolation and discrimination of L. monocytogenes and other non-pathogenic 

Listeria species (Gorski et al., 2006). Besides ALOA, an Oxoid chromogenic 

Listeria agar (OCLA) and CHROMagar™ Listeria, are also available for 

discrimination of L. monocytogenes and L. ivanovii from other Listeria species. 

CHROM agar Listeria is another medium but inappropriate for growth of L. 

seeligeri. CHROM agar Identification medium can distinguish L. 

monocytogenes and other species and from L. ivanovii also. Validation of these 

chromogenic media have been performed by the Association Francaise de 

Normalisation for use in the ISO method (Gasanov et al., 2005).   
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Fig 2.1 Methodological system for identification of Listeria (Gasanov et al., 

2005) 

             2.2 Characterization  

 The characteristic attributes of Listeria species can be study with several 

biochemical and pathogenicity tests. For the primary delineation from closely 

related bacteria, as well as differentiation among the species can be possible, 

despite remarkable morphological similarities between species. 

2.2.1 Biochemical characterization 

 Initial identification methods mainly based on biochemical and phenotypic 

characteristics, and these identifications schemes are still widely used in the 

current identification methods (Gasanov et al., 2005). Traditionally, suspected 
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colonies were identified by oblique lighting method in which distinct blue-green 

cast appers for Listeria colonies after 24 h on tryptose soy agar (Welshimer, 

1981). Currently, suspected colonies usually classified as per the scheme given 

in Fig. 2.1 and Table 2.1. In general, Listeria are Gram-positive short rods, 

aerobic in natures and sometimes facultative, non-spore forming and mostly 

non-capsulated bacterium, it has catalase enzyme to overcome reactive O2 

radicals (on occasions Listeria  may be  catalase negative), and shows oxidase 

test negative (Gasanov et al., 2005). Almost all species of genus are motile at 20 

to 25
0
C and non-motile at 37

0
C. Listeria species utilize  sugars with acid but no 

gas production, species identification generally performed by sugar fermentation 

test (L-rhamnose, D-mannitol, D-xylose and α-D-methyl- mannoside) combined 

with biochemical and hemolytic ability of Listeria (Barbuddhe et al., 2008; 

Gorski, 2008; Huang et al., 2007). Identification kits for identification and 

characterization of Listeria are available commercially and are extensively used 

as alternatives to conventional time consuming biochemical methods. Test kits 

like API Listeria (bio-Merieux) kit validated by USDA method and Micro-ID 

(Organon Teknika) are commercially available kits that could provide accurate 

differentiation of Listeria species (Jahan et al., 2013; Munoz, 2012; Nyenje et 

al., 2012; Zhang et al., 2012). 
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Table: 2.1 Biochemical characterizations of Listeria species (Liu, 2008; 

Barbuddhe et al., 2008; Graves et al., 2010; Bertsch et al., 2013; Den Bakker et 

al., 2014; Halter et al., 2013; Leclercq et al., 2010) . 
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Hemolysin + - + + - - - - - - - - - - - 

Catalase + + + + + + + + + + + + + + + 

Oxidase  - - - - - - - - - - - - - - - 
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 L-Rhamnose + +/- - - +/- +/- + - + + + + - - + 

D-Mannitol - - - - - + + - + + - - + - +/- 

D-Xylose - - + + + - + - - + + + + + + 

α-Methyl-

Mannoside  

+ + - - + + + + - - + + + + + 

 

Key: (+) test positive, (-) test negative, (+/-) varied with different studies, might be 

attributed to differences in incubation periods and temperatures. 

2.2.2 Pathogenicity testing 

 In the identification of Listeria species along with biochemical tests, some 

pathogenic markers are also essential. Pathogenicity testing of the isolates 

allows differentiation between L. monocytogenes and other Listeria species 

(Allerberger, 2003).    
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2.2.2.1 Hemolysis 

 The hemolysis shown by L. monocytogenes is mediate by listeriolysin O; a 

main virulence factor is a 58 kDa secreted protein comparised of thiol-activated, 

cholesterol-dependent pore-forming toxin (Vazquez-boland et al 2006). Only 

three species, L. monocytogenes, L. seeligeri, and L. ivanovii show hemolysis 

and are able to lyse red blood cells from most mammalian animals. The 

hemolysin activity is most regularly demonstrated using horse or sheep blood-

containing containing agar plates. L. ivanovii exhibits a wide zone of hemolysis, 

sometimes even multiple zones. Hemolysis of L. monocytogenes resembles that 

of Streptococcus agalactiae (group B streptococci): the zone of hemolysis is 

narrow. L. seeligeri produces even narrower zones of hemolysis (Allerberger, 

2003). 

2.2.2.2 Phosphatidylinositol phospholipase C  

 The PI-PLC is one of the main virulence factors that mediate the escape of 

L. monocytogenes and L. ivanovii from the phagosome (Coffey et al., 1996; 

Notermans et al., 1991). Two genes, the plcA and plcB code for phospholipase C 

(PLC) activity. These genes are located in LIPI 1 and are regulates by the prfA 

gene (Smith et al., 1995).  

 ALOA is chromogenic medium, which can use to determine the presence 

of PI-PLC activity of pathogenic Listeria (Ottaviani et al., 1997). L. 

monocytogenes or L. ivanovii produce a clear halo surrounding with the 

turquoise color colony (Reissbrodt, 2004). Colonies of L. ivanovii and L. 
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monocytogenes are not differentiable on ALOA medium, further biochemical 

analysis of suspected colonies is mandatory to distinguish between these species 

(Bauwens et al., 2003; Restaino et al., 1999).  

2.2.2.3 CAMP 

 L. monocytogenes produce a hemolysis on blood agar; however, 

evaluation of β-hemolysis can be problematic, as some strains could not able to 

give differentiable zone of clearance, it could be too small, and difficult to judge. 

Christie–Atkins–Munch–Peterson (CAMP) helps to clear revelation of 

hemolysis in hemolytic Listeria (Groves and Welshimer, 1977). The method is 

widely used for identification of S. agalactiae (Watts and Owens, 1988). For 

differentiation between pathogenic Listeria species, L-hemolysin-producing 

Staphylococcus aureus and Rhodococcus equi are streaks paralely in one 

direction on sheep blood agar.  Hemolysis will be enhanced near the S. aureus 

streak in case of L. monocytogenes and zone of hemolysis will be enhanced 

towards R. equi if tested strain is L. ivanovii.  However, the CAMP test was 

sometimes unable to differentiate between L. monocytogenes and L. ivanovii 

(Vazquez-Boland et al., 1990). In the USDA method, β-lysin discs available 

commercially and recommended for CAMP test (Hitchins, 2001; USDA, 2002).  

2.2.2.4 Cell culture 

 For testing pathogenicity of L. monocytogenes, in vitro assays are cheaper 

and easy alternatives to the in vivo assays as L. monocytogenes can invade, 

survive, and multiply in almost all types of cells (Cossart and Lecuit, 1998). 
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Wide cell lines are available to study different phenomenon. The L2 cell line is 

of mouse fibroblast linage and generally used in intracellular growth studies of 

L. monocytogenes. Apart from this, other cell lines such as HeLa, Caco-2, 

L2071, Henle 407, TIB 73, RPMI-4788, HT-29, Hep-G2, 3T3, MDCK, Vero, 

HBMEC, J774.A1 and L929 are used to study virulence and other aspects of L. 

monocytogenes. For in vitro cell assay, known amounts of L. monocytogenes can 

be incubated on confluent mammalian cell monolayers. Washing or gentamicin 

treatment to cell line will ensure elimination of unattached or extracellular 

bacteria (Devenish and Schiemann, 1981; Drevets et al., 1994; Jaradat et al., 

2003; Velge et al., 1994).  Viable L. monocytogenes cells can be count by 

plating on agar. Based on the purpose of  testing, different in vitro cell assays 

such as invasion assay, adhesion assay, intracellular growth, and intercellular 

spread assays, can be carried out with change in period of incubation time and 

gentamicin  concentrations  (Roche et al., 2005). It is possible to estimate L. 

monocytogenes adherence or invasion of mammalian cells, its intracellular 

replication and movement to nearby cells, cytopathogenic effects, and plaque 

formation (Liu, 2008).  

2.2.2.5 Mice inoculation 

 For assessment of virulence and invasive mechanisms of L. 

monocytogenes, the mouse bioassay can be extremely valuable. Assay is 

generally done by injecting a group of mice with appropriately defined doses, 

via different routes including, intravenous (Brosch et al., 1993), intraperitoneal 

(Pine et al., 1990), intranasal, intragastric (Munder et al., 2002), subcutaneous 
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(Audurier et al., 1980), conjunctival (Stams, 1967), intracerebral (Schluter et al., 

1996) or intrarectal (Nishikawa et al., 1998). The corresponding dosages, which 

were injected, are then estimated by enumeration of colony forming units on the 

agar medium. The virulence nature of the test culture of  L. monocytogenes 

isolate  can be confirmed by counting the mortality rate in the inoculated mouse 

which can again correlate with the colony forming units and mostly known as 

medium lethal dose (LD50) (Czuprynski et al., 2003; Reed and Muench, 1938; 

Smith et al., 2008; Welkos and O’Brien, 1994). A probit dose-response model is 

use to find out the LD50 where a logarithmic change in dose rates as well as the 

total mortality count of mice is used (Roche et al., 2003).  

2.2.2.6 Chick embryo inoculation 

 Virulence determination in Listeria can be performed by chick embryo 

inoculation.  The inoculated embryos show 100% mortality in 60 to 72 h of 

systemic infection of pathogenic strain of L. monocytogenes, (Paterson, 1940). 

Later, the inoculation of fertile hens’ eggs via the allantoic sac was described 

(Basher et al., 1984). The chick embryo model allows assessment of L. 

monocytogenes virulence by calculating 50% lethal dose or percent of mortality 

in infected embryos (Notermans et al., 1991; Norrung and Andersen, 2000; 

Norton et al., 2001). Strains incriminated in human listeriosis were differentiated 

by inoculating chick embryos (Avery and Buncic, 1997). Likewise, Olier et al. 

(2002) examined differences between actual virulent strains and human fecal 

carriage strains. The embryonated eggs were utilized to recuperate viable but not 
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culturable (VBNC) L. monocytogenes and were shown to exhibit virulence 

potential similar to their entry in VBNC state (Cappelier et al., 2007). 

2.3 Genotypic characterization 

 In earlier days, laboratory based diagnosis of the L. monocytogenes 

infection cases were mainly dependent on conventional phenotype or biological, 

biochemical, and serological means (Liu, 2008). However, due to changing 

external conditions, phenotypic characteristics of Listeria may get change in 

growth phase. To avoid the lacunae in the phenotypic methods, genotypic 

methods targeting the core genetic elements of bacteria have been developed. 

Because of several benefits to these methods and due to the reproducibility of 

results these tests are being increasingly popular (Holland and Kiechle, 2005; 

Liu, 2008). Using these techniques, identification, characterization and 

discrimination of L. monocytogenes from remaining pathogenic as well as 

nonpathogenic Listeria species can be carried out (Hellberg et al., 2013; 

Dalmasso et al., 2010).  

2.3.1 DNA based methods  

 Nucleic acids, predominantly DNA are inherently less unstable than 

proteins and have very low chances to get changes because of extrinsic factors. 

The DNA based diagnostic methods are promising (Liu, 2008). Furthermore, as 

many of the genotypic techniques, DNA based techniques are recognized as 

simplest, much faster and more sensitive.  
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2.3.1.1 DNA hybridization 

 In this method, the labeled target DNA sequence for identification can be 

detected by using a complementary oligonucleotide probe. Use of PCR in 

combination with DNA hybridization is a highly accurate and suitable method 

for diagnosis of L. monocytogenes in a 96-well format (Churchill et al., 2006; 

Cocolin et al., 2002). For the discrimination of L. monocytogenes and  other 

Listeria species, DNA hybridization can be used by targeting probes to virulence 

genes like hly, iap, prfA, inlA, inlB, irpA, plcA, plcB  (Gasanov et al., 2005; 

Kerdahi et al., 2000; Rudi et al., 2003; Volokhov et al., 2002). DNA 

hybridization kits are commercially available and are routinely use for the 

testing of food samples (Feng, 2001). A number of DNA hybridization assays 

were available for the accurate identification and detection of L. monocytogenes. 

Accuprobe, a commercially available test which is  based on the hybridization of 

virulence factor mRNA and previously labeled DNA probes the test ensures 

counts of only viable cells  in given samples (Hitchins et al., 1997; Ninet et al 

1992). Beside this, other commercial tests are available for the identification of 

L. monocytogenes based on in situ hybridization of intracellular target RNA and 

fluorescently labeled primer probes for sewage and sludge samples (Stephan et 

al., 2003). 

2.3.1.2 Polymerase Chain Reaction 

 Among the recent innovations in biological science, nucleic acid 

amplification in vitro is a very useful genetic detection procedure, which has 
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become a most popular among the researchers and turned as workhorse for 

microbial diseases diagnostics and genetic mutations. PCR has been widely used 

in both clinical diagnostic and research laboratories (Horváth et al., 2013). PCR 

protocols have been established for identification and differentiation of Listeria 

species by using oligonucleotides that targts genes encoding virulence factors or 

RNA sub-unit genes such as, 16s RNA, hly, iap, prfA, inlA, inlB, irpA, plcA, plcB 

dth, mpl, and sigB (Greer et al., 2004; Ha et al., 2002; Jaradat et al., 2002; 

Rawool et al., 2007; Somer and Kashi, 2003; Wang et al., 2004; Wernars et al., 

1991). In multiplex PCR  more than one primer sets are used and it allows the 

concurrent amplification of genes of two or more pathogens in the single sample 

like Listeria and Salmonella (Hsih and Tsen, 2001; Li et al., 2000) or L. 

monocytogenes and other Listeria species (Doumith et al., 2004a; Hudson et al., 

2001; Wesley et al., 2002).  In nested PCR, an adaptation of PCR, sets of primer 

are used; these oligonucleotides sets can be take part in the consecutive 

polymerization reactions and are destined against the dissimilar targets. Nested 

PCR can increase sensitivity and specificity of the specific identification 

protocols of L. monocytogenes in clinical samples (Chen et al., 2000; Cocolin et 

al., 1997), environmental samples (Bsat and Batt, 1993) and milk samples (Ha et 

al., 2002). 

2.3.2 RNA based methods 

 Viable organisms need to be targeted while detecting the contamination of 

pathogenic Listeria from food or environmental samples. The DNA based 

detection methods detect DNA from live as well as dead organisms, which can 
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gives false positive reactions (Gasanov et al., 2005). Presence of mRNA in the 

samples is an indication of the living cell therefore, the option of RNA as a goal 

for food pathogen detection is significant and most accurate criteria (Keer and 

Birch, 2003; Novak and Juneja, 2001). The mRNA is a labile molecule for food 

testing as it does not remain in the environment for long time. RNases and 

environmental factors such as heat can readily degrade mRNA after cell death.  

Detection of mRNA is advantageous as it can enhance the test sensitivity as 

more number of copies of the target genes are present (Gasanov et al., 2005). 

Though instability of mRNA molecules offers an advantage, it may be 

disadvantageous as mRNA based tests need appropriate optimum conditions. 

Apart from this, RNA-based tests methods are not cost effective, and personnel 

must be extremely skilled to carry out and assess the tests. Specificity and 

sensitivity of mRNA based tests have been known as accurate and are same or 

more sensitive than the PCR based identification procedures (Birch et al., 2001). 

In food manufacturing and processing units these mRNA based methods could 

be the more attractive choice for food evaluation and epidemiological 

investigation of foodborne outbreaks (Gasanov et al., 2005). 

2.3.2.1 RT-PCR 

 Reverse transcription polymerase chain reaction is one of the RNA 

dependent methods which can be used in identification of Listeria (Churchill et 

al., 2006). Reverse transcriptase is the enzyme, which create cDNA from mRNA 

template in the presence of complementary oligonucleotides. After that another 

reaction ensures the amplification of cDNA using primers and DNA polymerase 
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under normal PCR conditions. RT-PCR is highly sensitive as it detects even a 

very less amount of target molecules. While testing Listeria species, RT-PCR 

has been performed for the specific genes such as iap, hlyA and prfA (Klein and 

Juneja, 1997). Navas et al. (2005) performed RT PCR for revealing L. 

monocytogenes from chicken meat samples. RT-PCR is not a commonly used 

method for identification of Listeria (Gasanov et al., 2005). 

2.3.2.2 Real-Time PCR 

 Real time PCR has slight alteration than RT-PCR assay. In this method a 

fluorescent dye for example, SYBR green: double-stranded DNA intercalating 

dye is employed to observe the gene amplification in real time (Shipley, 2006). 

During PCR, synthesis of the double-stranded DNA gives increased 

fluorescence in the reaction mixture in real time which allows to directly 

correlating it with increasing concentration of PCR products (Shipley, 2006; 

Gasanov et al., 2005). During investigation of foodborne outbreaks, real time 

methods give an actual number of contaminating L. monocytogenes cells 

(Gasanov et al., 2005). Real-time PCR is quantitative method and is very useful  

in analysis  of food  and epidemiological examinations (Gasanov et al., 2005). 

Recent studies used this method to recognize and enumerate L. monocytogenes 

in contaminated food samples and clinical settings (Bhagwat, 2003; Hein et al., 

2001; Hough et al., 2002; Huijsdens et al., 2003; Rodriguez-Lazaro et al., 2003; 

Rudi et al., 2003; Wang et al., 2011), and for the concurrent recognition of 

Listeria and Salmonella (Jothikumar et al., 2003; Wang et al., 2004). 
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2.3.2.3 NASBA (Nucleic acid sequence based amplification) 

  For RNA based analysis NASBA is an alternative method to RT-PCR 

method. Nucleic acid sequence based amplification comparise a total of three 

enzymes such as, T7 RNA polymerase, reverse transcriptase and RNaseH in a 

single tube having both the d NTPs as well as NTPs for single-stranded RNA 

polymerization. The product of an NASBA can be analyzed by simple agarose 

gel electrophoresis or by hybridization method (Cook, 2003; Kievits et al., 

1991).  The NASBA method is used for recognition of L. monocytogenes 16S 

rRNA (Cook, 2003). NASBA method was found to be very useful and sensitive 

while using 16S rRNA gene as well as virulent genes such as hly mRNA method 

in the investigation of different food types such as meat or seafood to detect live 

L. monocytogenes (Blais et al., 1997; Hough et al., 2002; Uyttendaele et al., 

1995).  

2.4 Typing Methods 

 Listeria monocytogenes has been considered as an important foodborne 

organism that causes listeriosis. However, of the 12 serotypes, three serotypes 

are incriminated in foodborne outbreaks. Therefore, subtyping methods capable 

of discriminating closely related strains are warranted for epidemiological 

analysis use for source tracking, establish mode of transmission, and resolve the 

reservoirs of strains in the environment involved in outbreaks (Liu, 2006).  
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2.4.1 Phenotypic typing 

 Phenotypic typing of L. monocytogenes strains can be performed by 

considering serological typing markers present on the L. monocytogenes, like 

somatic and flagellar factors or by phage receptors, particularly useful in 

screening of food contaminates or enzymes based method such as MEE 

(multilocus enzyme electrophoresis). These techniques are not routine in many 

laboratories for Listeria typing (Gasanov et al., 2005)  

2.4.1.1 Serotyping 

 Among the various phenotypic differentiation techniques, serotyping is 

widely used method employed for typing of foodborne pathogens like 

Salmonella and E. coli (Aslam et al., 2014; Pulido-Landínez et al., 2014). 

According to agglutination patterns of somatic O or H antigens of flagella, genus 

Listeria is grouped into 13 different serotypes. Polyclonal and monoclonal 

antibodies from blood serum can react with tertiary structures of these antigens 

to gives agglutination. L. monocytogenes serotyping was started in 1969 

(Seeliger et al., 1969). In 1996, for L. monocytogenes, a multicenter subtyping 

study was carried out by WHO using serotyping (Schonberg et al., 1996). 

Grouping of somatic  and  flagellar antigens on basis of agglutination patterns 

helped to describe a standard serotyping protocol for L. monocytogenes  

(McLauchlin and Jones, 1998) which include  13 serotypes (1/2a, 1/2b, 1/2c, 3a, 

3b, 3c, 4a, 4b, 4ab, 4c, 4d, 4e, 7). Serotyping does not allow differentiation 

among Listeria species; however, it can allow identification of different species 
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in the genus.  For the confirmation of the species the serological detection is not 

mandatory in the identification procedure of L. monocytogenes. Serological 

confirmation is often requirement in the investigation of incidence or occurrence 

of exact serotypes for tracking environmental contamination or in 

epidemiological studies particularly for regulatory matters (Bennett et al., 2001; 

Schonberg et al., 1996). Cross-reactions of the antigens from different strains 

may produce false positive reactions (Riley et al., 2004). Denka Seiken (Tokyo, 

Japan) has produced a commercial kit for serotyping of Listeria and antisera 

against Listeria can be procured from Difco (Difco Laboratories) (Gasanov et 

al., 2005). However, the serotyping kits are costly and tedious to perform. 

 Apart from the traditional serotyping methods, which is based on antigen 

and antibody interaction, other PCR based typing methods have been developed 

in last decade. From known 13 serotypes of L. monocytogenes, majority (>95%) 

of the investigated cases of foodborne listeriosis and isolated strains from human 

clinical cases were belonging to serotypes 4b, 1/2a, 1/2b and 1/2c (Doumith et 

al., 2004a).  A PCR-based serotyping method was developed to investigate four 

gene targets in L. monocytogenes. The serotypes 1/2a, 1/2b, 1/2c and 4b can 

produce four distinct PCR profiles with properly designed primer pairs 

(Vasconcelos et al., 2008). This technique can be easily adapted to different 

laboratories as it is quick and reproducible (Doumith et al. 2005b). Multiplex 

PCR based serotyping method has been most widely used subtyping method to 

type Listeria isolates from food, animals and human (Doumith et al., 2004b; 
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Kalekar et al., 2011; Madajczak and Majczyna, 2009; Meloni et al., 2014; 

Hellstrom et  al., 2010; Hmaïed et  al., 2014; Vasconcelos et  al., 2008) 

2.4.1.2 Phage typing 

 Phage typing is a key typing tool in studying the epidemiology of L. 

monocytogenes. Ralovich et al. (1986) highlighted the importance of the phage 

typing method for the epidemiological investigation of L. monocytogenes. First 

food borne listeriosis outbreaks were confirmed by phage typing (Audurier et 

al., 1984). On the basis of lysis patterns by a set of bacteriophages, the typing 

method is able to separate bacterial pathogens into subspecies (Loessner et al., 

1990). A protocol has been developed by International Listeria Phage Typing 

Center for studying the outbreaks of listeriosis (Rocourt and Catimel, 1989). In 

1996, an international, multicenter subtyping study completed by WHO by using 

an international phage set revealed disadvantages of phage typing method. Study 

reported that, phage typing is labor intensive, time consuming typing method 

which required specialized skills (van-Belkum et al., 2007). Study further 

cleared that, it was not easy to compare results of phage-typing given by 

different centers and hence, further studies were suggested (Bille et al., 1996).   

2.4.2 MEE (multilocus enzyme electrophoresis) 

 Multilocus enzyme electrophoresis (MEE) typing method is major 

breakthrough in the phenotypic typing methods of bacteria. Bibb et al. (1990) 

used multilocus enzyme electrophoresis for the differentiation on the basis of the 

main metabolic extracellular enzymes of the studied isolates. The electrostatic 
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charges present on the proteins are because of the difference in the alignment of 

the amino acids in the peptides and can be revealed by different rates of 

electrophoretic mobility for different enzymes. Forty five subtypes of L. 

monocytogenes among 175 isolates were identified by MEE method (Piffaretti et 

al., 1989). To analyze the modes of transmission during the foodborne listeriosis 

outbreaks as well as for the sporadic listeriosis cases, MEE can be used as a tool 

of investigation (Boerlin et al., 1991). As compared to other phenotypic typing 

methods, MEE method is more reproducible, high efficacy in strain typing and 

has high discriminatory index.  L. monocytogenes  was grouped into two genetic 

divisions based on MEE, with serotype 1/2a in division I and serotypes 1/2b, 3b, 

and 4b in division II (Bibb et al., 1989) which was  later verified and spread out 

using other subtyping schemes (Chen et al., 2007; Ward et al., 2004).  

2.4.3 Molecular typing 

 Molecular typing methods are widely used as typing methods for Listeria 

(Gasanov et al., 2005). These methods are mainly based on the DNA 

amplification, hybridization of DNA, sequencing of the interested gene or 

restriction digestion of nucleic acids. Among these, sequencing of target gene is 

precise way of for analyzing similarities or variations. Allelic gene variations 

analyze the variation in length of fragments of DNA generated after restriction 

digestion or by PCR, or conformational change due to sequence differences 

(conformational polymorphism). PFGE is gold standard subtyping method for L. 

monocytogenes, other methods such as PCR-RFLP or RAPD, ribotyping, 

macrorestriction digests are some generally used methods in the laboratory. 
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Currently, methods like Single Strand Conformational Polymorphism (SSCP) or 

multilocus sequence typing (MLST) are promising typing techniques for L. 

monocytogenes. However, these methods are not used generally as they need 

skilled personnel methods are cost intensive and tedious (Gasanov et al., 2005). 

2.4.3.1 Ribotyping 

 Ribotyping method determines the variations in ribosomal genes or 

proteins. Ribotyping methods can be helpful in modern systematics of 

prokaryotes and to generate phylogenetic relationships, this method was 

originally used to study the closeness of DNA sequences for a given gene can 

help to evaluate the relationships of organism (Liu, 2006). Ribotyping study of 

Listeria can be carried out by digesting the nucleic acid with restriction 

endonucleases and later the fragments are allow to hybridize with rRNA gene 

probes. The resultant banding pattern are then used to analyze the different 

ribotypes clusters of the Listeria and ultimately gives the genetic relatedness 

among the isolates (Nocera et al., 1993; Klaeboe et al., 2006). Ribotyping has 

been previously used in epidemiological study of listeriosis outbreaks linked to 

consumption of pork products in France (Jacquet et al., 1995). Beside this, in 

subsequent years, this tool has been extensively used for Listeria typing (Dalton 

et al., 1997; Destro et al., 1996; De Cesare et al., 2001; Klaeboe et al., 2006). 

Ribotyping method is robust, convenient, and gives excellent reproducibility but 

has less discriminatory power than other molecular typing techniques of L. 

monocytogenes (Graves et al., 1994; Louie et al., 1996). 
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2.4.3.2 RAPD, PCR-RFLP, SSCP, AFLP 

 In the RAPD technique, characterization of the genomic DNA is 

performed on the basis of number of amplified DNA as well as size of 

amplicons generated by using a universal or single randomly amplifying primer 

in a PCR. The RAPD method has been applied for subtyping of Listeria species 

those were previously isolated form foodborne listeriosis (Boerlin et al., 1996; 

Czaijka and Batt, 1994; Yoshida et al., 1999; Inoue et al., 2000; Malak et al., 

2001; Martinez et al., 2003; Dhanashree et al., 2003; Fonnesbech et al., 2004; 

Tamburro et al., 2010). 

 Unlike RAPD, in PCR-RFLP the amplification of a target DNA sequence 

such as housekeeping genes or virulence associated genes in PCR is done, the 

amplified PCR products are then digested with selective restriction 

endonucleases followed by gel electrophoresis, PCR-RFLP methods can use to 

study genetic similarities or variations in L. monocytogenes and by assessment 

of the fragments number and band size one can established its subtypes 

(Wiedmann et al., 1997). On the basis of restriction fragment length 

polymorphism analysis of PCR-amplified products of the 23S rRNA, the genus 

Listeria was differentiated up to the species level (Pailard et al., 2003). While, 

this approach is more popular as it permits a large number of samples can be 

processed in short time and it is comparatively easy for result interpretation. 

However, as such PCR-RFLP has limited discriminatory power and its value in 

epidemiology is also limited (Struelens et al., 1998). 
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 “Single strand conformational polymorphism (SSCP) method enable us to 

detect the alteration in the  single nucleotide sequence of the target genes which 

can amplified with PCR and which can ultimately result in the alteration in the 

entire single strand conformation of that particular product (Takahashi et al., 

2007). Initially for analysis of SSCP, non-denaturing polyacrylamide gels were 

used (Widjojoatmodjo et al., 1994) but recent technique such as temperature 

gradient gel electrophoresis (TGGE) and denaturing gradient gel electrophoresis 

(DGGE) have been used more effectively to study SSCP in DNA (Muyzer, 

1999). Melting temperature of DNA depends on the certain nucleotide sequence, 

DNA with different nucliotides has a different melting behavior and hence, 

DNA bands will travel at a different rate in the gel. Korthals et al. (2008) used 

this technique for epidemiological studies on the exposure of farm children to 

bacteria such as E. coli, L. monocytogenes, Corynebacterium 

tuberculostearicum, Staphylococcus epidermidis in environmental dust. L. 

monocytogenes isolated from diffrent food types have been typed using SSCP 

(Cocolin et al., 2002; Oh et al., 2009; Takahashi et al., 2007; Wagner et al., 

2000). However, the most commonly type which is used in investigations is 

capillary-SSCP gel electrophoresis (SSCP-CE).SSCP-CE has a sensitivity it can 

differentiate DNA fragments, which differ by only one nucleotide (Oh et al., 

2009; Gasanov et al., 2005). 

 Amplified fragment length polymorphism (AFLP) has very high 

discriminatory index which can be used for bacterial subtyping. This method 

was firstly defined by Zabeau and Vos (1993). “In this method the purified DNA 



47 | 
 

is allow to digest with two restriction endonucleases followed by ligation of two 

dissimilar restriction site specific adaptors at the ends of the fragments (Liu, 

2006). The amplified PCR products are then examined by agarose gel 

electrophoresis for polymorphisms in restriction sites can be used to allocate 

subtypes. For subtyping L. monocytogenes, researchers established AFLP 

outlines and their studies further reported the similarities in between AFLP test 

result and and L. monocytogenes serotyping test results, phage typing as well as 

other available typing methods; further, their AFLP studies developed three 

different groups or lineages which can categorized the L. monocytogenes strains 

in three different genetic lineages (Ripabelli et al., 2000; Guerra et al., 2002). 

With careful selection of restriction enzymes, Kito-Timonen et al. (2003) 

afterward improved AFLP with discriminatory power comparable to PFGE. 

AFLP was quick and not less labor intensive method than PFGE (Fonnesbech et 

al., 2004). However, it needs extensive DNA purification followed by restriction 

of purified DNA and ligation of adaptors. Internal variations due to partial 

digestion and its ligation can also affect the final DNA binding pattern (Riley et 

al., 2004). fAFLP: Fluorescent amplified fragment length polymorphism is the 

modification of AFLP method; method differs in only use of fluorescently 

labelled primers for PCR amplification. Fluorescent amplified fragments can 

then separate on size by automated sequencer with a size standard. fAFLP is a 

rapid, highly reproducible and recently used technique to discriminate and 

subtype L. monocytogenes strains (Amar, 2014; Roussel et al., 2013). 

AFLP method was successfully in the subtyping of L. monocytogenes strains 



48 | 
 

recovered from raw and cooked foods and food processing facilities (Lomonaco 

et al., 2011). 

2.4.3.3 DNA sequencing 

 In the last two decades, DNA sequencing and its use in typing the bacterial 

strains have been gained very much popularity towing to advent of NGS 

technology, easy access to WSG (Whole Genome Sequences) of any organism, 

large and precise avalaibility of sequenceing data, cost efficacy, rapidity of 

sequencing, and the capability to examine and exchange sequence information 

through web interfaces (Liu, 2008). The capabilities to detect minute amounts of 

targeted genes, PCR based sequencing has become a more applicable tool in 

biological sciences. In case of L. monocytogenes, the 16S RNA gene segment is 

the most widely sequenced and studied gens (Aznar and Alarcon, et al., 2002; 

Sallen et al., 1996; Vaneechoutte et al., 1998; Wiedmann et al., 1997). The 16S 

RNA gene contains highly conserved regions but also have stretches of variable 

regions. Conserved DNA sequences can be analyzed by designing of gene 

specific for primers followed by sequencing of amplified products. A wide range 

of PCR based amplified genes from different organisms have been sequenced 

(Tiveljung et al., 1999), whilst highly variable portions can be utilize for 

subtyping of the isolates. Sequencing of the various genes present on the locus 

other than the 16s rRNA gene has been also helpful for the characterization and 

which has created the platform for the MLST. Unlike MEE, MLST directly 

targets genes responsible for cell survival and reproduction also known as 

housekeeping genes. In brief, for MLST we can choose set of 6–14 genes from 
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whole genome of the target organism, interior fragments of length 400–600 bp 

of each gene can be analyzed by sequencing, also for the differentiation between 

the isolates the concatenated sequences can be used. Fragment-based data are 

less transportable and clear-cut than sequence data and thus are easier to relate 

and understand. Subsequently, on the basis of the virulence genes the MLST 

patterns called MVLST (multi virulence-locus sequence typing) were 

established Zhang et al. (2004), which was grounded exclusively on virulence 

genes of the starins to be tested. Virulence genes were presumed to be more 

prone for recombination than housekeeping genes and owing to this, earlier 

studies did not include the virulence genes for designing the MLST patterns for 

analysis of the epidemiology of L. monocytogenes (Chen et al., 2007; Cooper et 

al., 2004).  

2.4.3.4 PFGE 

 The application of PFGE is to to segregate the long DNA segments those 

are probably not able to separate by simple agarose gel electrophoresis. This 

method was firstly described by Schwartz and Cantor (1984). Accurate 

separation of DNA bands above 30–50 kb which travel with similar mobility 

under conventional gel electrophoresis is not possible.  In PFGE, for effective 

separation, DNA molecules are force to change their direction by changing the 

pulses of the electric field intermittently, which enables large fragments to get 

separated according to their molecular weight. Special procedure is required to 

prevent mechanical shearing of chromosomal DNA during PFGE. To 

accomplish this, a bacterial suspension should mix with melted extra pure 
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agarose and allow to trapped inside it, once the agarose solidifies it form an 

agarose plugs containing bacteria. Further lysis and restriction of bacterial 

genome is carried out within the agarose plug (Yde and Genicot, 2004). The 

embedded and digested DNA is later kept into agarose gel and segregated by 

PFGE. PFGE is often time consuming and labor intensive compared to other 

subtyping methods. In the investigation studied of foodborne listeriosis 

outbreaks PFGE has established to be very convenient and accurate method than 

other typing methods in available in listeriology. For typing L. monocytogenes, 

in 1991, Brosch et al. (1991) defined for the first time the use of PFGE for L. 

monocytogenes serotype 4b using ApaI, SmaI, and NotI.  Afterward Buchrieser 

et al. (1991) used PFGE to type L. monocytogenes serotypes 1/2 and 3 strains 

and attained acceptable differentiation index. Later PFGE was used subtype 

epidemiologically associated strains and its usefulness was ascertained 

(Buchrieser et al., 1993). In the United States, investigation of listeriosis 

outbreaks which were linked food, CDC developed PulseNet, a multicenter 

surveillance system in 1996. In this program, contributing laboratories follow 

standardized protocols to subtype foodborne pathogens including Listeria. For L. 

monocytogenes, Graves and Swaminathan, (2001) defined CDC’s approved 

PFGE procedure in order to subtype the listeriosis outbreaks related strains with 

help of using two different restriction enzymes. Among the two enzymes AscI is 

generally used to analyze the relatedness among the different tested strains 

which produce  very less number of bands and can provide ease us to analyze  

than the banding patterns produced by secondary enzymes. For further 
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discrimination ApaI can be used (Yde and Genicot, 2004). Currently, PFGE is 

known as the “gold standard” of molecular subtyping approaches due to its high 

differentiation index  and epidemiological significance for bacterial foodborne 

pathogens such as Listeria, E.coli, Salmonella, Yersinia, Campylobacter, and 

Vibrio (Felix et al., 2012; Graves & Swaminathan, 2001). Among the molecular 

assays applied for typing and subtyping of L. monocytogenes, PFGE has been 

extensively useful to describe food, animal, and human isolates and to track the 

sources of contamination by pulsotypes comparison study (Brosch et al., 1996; 

Esteban et al., 2009; Fugett et al., 2007; Olsen et al., 2005;Okwumabua et  al., 

2005). 

2.4.3.5 Micro array 

 DNA microarray is based on DNA or RNA hybridization.  It is one of the 

best tools for molecular subtyping of microorganisms. In this technique, on the 

basis of whole genome sequences several oligonucleotide probes can be 

produced, and placed onto minor solid surfaces, such as soft plastic, silicon 

chips or glass. The fixed oligonucleotide array can be hybridizing with genomic 

DNA of test isolates. DNA microarrays can detect complementary regions on to 

the oligonucleotide probes, which permit unique sequences identification for 

each strain. To investigate microbial evolution and epidemiology for clinical, 

environmental or food outbreaks, DNA microarrays can be a useful diagnostic 

tool. Micro arrays can be reverse dot-blots and are produced by spotting DNA 

onto a solid support matrix instead probes (Call et al., 2003). Applied 

Biosystems, Affymetrix, Qiagen and many others are some commercial 



52 | 
 

microarrays suppliers, which provide wide types of microarrays for typing of 

different microorganism. Microarrays can also be designed for specific 

laboratory purposes. The main microarray formats include the sequences 

oriented specified primers based and and the other employs exact amplification 

products (Gasanov et al., 2005). 

2.4.3.5.1 PCR-based microarrays 

 In PCR-based microarrays, target genes are amplified with specified 

oligonucleotides which are generally target specific. These types of microarrays 

are generally made to represent the whole genome of the target organism and the 

oligonucleotides designed against the open reading frame and intergenic 

segments (Volokhov et al., 2002; Gasanov et al., 2005). In this assay, purified 

PCR products are placed on the solid nascent platform like fine membrane or 

glass slide, which are then, allow for hybridized with target DNA of the study 

organism. In RT-PCR methods, with the help of random or specific targeted 

primers are supposed to put in single tube with the targeted genes from the total 

bacterial RNA. For detection, these amplicons are consequently attached with 

different types of fluorochromes. In case of genetic analysis, bacterial genomic 

nuclic acid particularly DNA is labeled with flurochrome before the 

hybridization prosess. DNA fragments with identical sequences bind to 

immobilized amplified products and can be detected by the label, which were 

attached before hybridization. These PCR microarrays are labor intensive, 

costly, and more sensitive for minor impurities in the PCR products (Ye et al., 

2001). 
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2.4.3.5.2 Oligonucleotide-based microarrays 

 Oligonucleotides based arrays have significant advantages over PCR 

based microarrays. In this method the steps of RT-PCR amplification and 

product purification are avoided by using the synthetic primers. Direct 

hybridization can be carried out by using pre labeled total bacteria RNA. Beside 

this theses arrays also reduced cross hybridization and false positive results (Ye 

et al., 2001). Simultaneous discrimination between Listeria species can be 

possible with use of oligonucleotide microarrays (Volokhov et al., 2002). In 

order to sub-type L. monocytogenes strains PCR-based genomic microarrays 

were constructed (Borucki, et al., 2003; Call et al., 2003). Phylogenetic 

relatedness of various L. monocytogenes serotypes have been analyzed using 

these methods (Call et al., 2003; Doumith et al., 2004c; Zhang et al., 2003).  

 Simultaneous identification and typing of Listeria strains can be achieved 

employing this method. However, the method needs high amounts of target 

DNA or RNA, high cost (Gasanov et al., 2005)”. 

2.5 Prevalence in foods 

L. monocytogenes is a ubiquitous bacterium and has been isolated from 

varied sources. It is believed that the main route of bacterial transmission occurs 

through the consumption of contaminated food such as meat (sausages, pate, 

ham, salami, and chicken), vegetables, ready-to-eat seafood (such as smoked 

fish or mussels), raw seafood, unpasteurized milk, soft-serve ice creams, and 

soft cheeses. In addition, due to the ability to survive and grow in harsh 
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conditions such as wide pH range, high salt concentration, and temperatures 

between 0.3 and 42
 0

C, it makes this pathogen a high concern to the food 

industries (Bajard et al., 1996; Cossart et al., 2001; Swaminathan and Gerner-

Smidt, 2007). 

2.5.1 Vegetables and fruits 

 L. monocytogenes is distributed widely in the plant vegetation, and raw 

vegetables. Presence of L. monocytogenes in plant surroundings is particularly 

due to pollution with animal faces as manure, dead and decaying vegetation, and 

soil, water from river or canal or from sewage treatment effluents. L. 

monocytogenes is found to survive in vegetation’s for 10–12 years. The 

incidence of L. monocytogenes on wide range of raw and minimally processed 

vegetables in different countries, however, the role of vegetables as vehicles of 

L. monocytogenes for humans  is unknown (Beuchat and Brackett, 1991). The 

first documented outbreak occurred in 1979 in Boston hospital, in that, 23 

patients were hospitalized for food-borne listeriosis investigation reports 

confirmed L. monocytogenes 4b strain-was responsible for the infection (Ho et 

al., 1986). An outbreak of food-borne listeriosis was reported in the Canada of 

incriminating contaminated coleslaw (Schlech et al., 1983). In Italy, 1997, L. 

monocytogenes related outbreak of gastroenteritis was observed. Outbreak 

Investigation study confirmed that consumption of L. monocytogenes 4b strain 

contaminated maize and tuna salad was responsible for the infection (Aureli et 

al., 2000). Recently in United States, sprouts and salad were found to be 

incriminated in listeriosis outbreaks (Cartwright et al., 2013). Prevalence of 
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Listeria is often found in RTE vegetables, salad, sprouts and green leafy green 

vegetables (Awaisheh et al., 2009; Gillespie et al., 2010; Little et al., 2010; 

Mercanoglu Taban et al., 2011; Sant'Ana et al., 2012; Tian et al., 2009; Yang et 

al., 2010). Besides this, Ramírez Mérida et al. (2009) observed prevalence of L. 

monocytogenes in unusual sources such as fresh tomatoes and coriander in 

Venezuela. In 2011, multistate listerial outbreak attributed to cantaloupes 

contaminated with Listeria was reported. The outbreak involved 147 cases in 28 

states with 33 deaths. This was the deadliest in a decade (CDC, 2011). 

In India, Shrinithivihahshini et al. (2011) observed 12.5 % of vegetable 

samples harbouring L. monocytogenes. Dhanashree et al. (2003) reported 

Listeria species in vegetables. Since, very few studies noticed Listeria species in 

vegetables; there is certain need of surveillance on this particular aspect as more 

numbers from vulnerable groups often eat unheated vegetables and salad 

(Barbuddhe et al., 2012). 

2.5.2 Milk and milk products 

Recently, three major multistate listeriosis outbreaks attributed to 

consumption of contaminated milk products were reported (CDC, 2012). The 

first outbreak was involved 22 persons from 13 states and was linked with 

cheese. In second outbreak in 2013, Carve Brothers Farmstead cheese was 

responsible for six hospitalizations and one death (CDC, 2013). In 2014, 

California (1) and Maryland (7), persons infected with the outbreak strain 

of L. monocytogenes have been reported in California, out of eight cases one 
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death five pregnancy related compilations and 7 hospitalization cases were 

reported (CDC, 2014). 

L. monocytogenes have been frequently isolated from milk samples of 

cows, buffaloes, sheep and goats (Hunt et al., 2012; Low and Donachie, 1997; 

Wagner et al., 2005; Sanna et al., 1993). Diseased animals shed Listeria 

continuously in feces, milk and other droppings (Bhilegaonkar et al., 1997; 

Mohammed et al., 2009; Rawool et al., 2007). Besides this, pasteurized milk has 

been reported as mode of transmission of listeriosis outbreak (Fleming et al., 

1985). 

India is one of the largest producers of milk and also has a largest count of 

bovines in the world.  L. monocytogenes was detected from raw milk samples 

(8.1%) while, pasteurized milk was found uncontaminated (Bhilegaonkar et al., 

1997). Other studies reported L. monocytogenes from different animals; 

Barbuddhe et al. (2000) reported 1.56% goats and 6.25% buffalo milk samples 

contaminated with L. monocytogenes. Kalorey et al. (2008) isolated L. 

monocytogenes from 5.1% of 2060 dairy cows examined. Recently, Soni et al. 

(2013) isolated 5.8% L. monocytogenes from cow milk from Varanasi. Another 

studies noticed L. monocytogenes from cow milk (Aurora et al., 2006; 

Dhanashree et al., 2003; Mary and Shrinithivihahshini, 2013). D’Costa et al. 

(2012) studied the milk chain i.e. from udder to milk collection units in Goa, 

India. While, Doijad et al. (2011) observed the occurrence of L. monocytogenes 

(7.62%) in three milk processing plants. Occurrence L. monocytogenes in milk 

product such as ice creams, curd and cheese (Biswas and Chandra, 2012; 
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Pednekar et al., 1997; Singh and Prakash, 2008; Warke et al., 2000) signify the 

need of systematic prevalence study of L. monocytogenes in India.  

 2.5.3 Meats and meat products 

Poultry: L. monocytogenes infections in chickens occur in encephalitic or 

septicemia forms. Neurologic signs illustrate the encephalitic form, whereas 

diarrhea and emaciation are common in the septicemic form. Listeriosis 

outbreaks are uncommon in poultry birds (Crespo et al., 2013; Dhama et al., 

2013), but prevalence has been observed in poultry and poultry environment 

(Hosseinzadeh et al., 2012; Milillo et al., 2012). Listeriosis in humans after 

consumption of chicken salad, chicken sandwich and other chicken products has 

been described (Dhama et al., 2013; Marcus et al., 2009). In Italy, a 

bacteriological survey was conducted by Luppi et al. (1988), and observed 13 

Listeria strains from 113 raw chicken samples (11.5%) and 4 Listeria strains  in  

frozen-food samples (5.3%) from retail markets. MacGowan et al. (1994) 

isolated L. monocytogenes (65.6%) from poultry products in the United 

Kingdom. Goh et al. (2012) detected L. monocytogenes from 20% of samples in 

Malaysia. Examination of 216 chicken offals revealed 26.39% of samples to be 

positive (Kuan et al., 2013) with maximum isolation from chicken gizzard 

(33.33%) followed by chicken liver and chicken heart. In addition, studies also 

observed L. monocytogenes in chicken processing units (Berrang et al., 2010; 

Dhama et al., 2013; Milillo et al., 2012).  



58 | 
 

In India, Negi and Varma (1967) observed listeriosis in flock of 150 birds 

with 90 deaths within period of 10 days. L. monocytogenes has been detected 

from heart blood and liver of 4 chickens. In an another outbreak in a flock of 

700 broiler chickens, neurological signs and twisted neck condition were 

reported with a mortality rate of 40% (Vijayakrishna et al., 2000). Barbuddhe et 

al. (2003) noticed 8.1% poultry meat samples contaminated with Listeria. Apart 

from this, Khan et al. (2013) isolated L. monocytogenes (6%) from raw chicken 

from Bareilly, India. Prevalence has been reported in local chicken markets of 

India (Shrinithivihahshini et al., 2011; Gunjal et al., 2007). 

Buffalo, sheep, and goat meat: Incidence of L. monocytogenes in foods 

of animal origin has been confirmed by many workers (Derra et al., 2013; Ndahi 

et al., 2014; Osaili et al., 2014). Consumption of contaminated deli meats caused 

several outbreaks in humans (Birk-Urovitz, 2011; Mead et al., 2006; Olsen et al., 

2005; Salvat et al., 1995; Sim et al., 2002; Winter et al., 2009). Magnitude of 

risk for contamination is more while slaughtering and processing of meat 

(Bonardi et al., 2002; Fredriksson-Ahomaa et al., 2009). L. monocytogenes was 

isolated from 18 (3.5%) of 1750 ground beef samples collected from retail 

markets in US (Samadpour et al., 2006). Of 1186 beef samples collected from 

four countries (US, Australia, New Zealand, and Uruguay), L. monocytogenes 

was isolated from 79 samples (Bosilevac et al., 2007). Kuan et al. (2013) 

observed the prevalence of 22.73%, 37.50% and 41.18% from three beef 

markets A, B and C, respectively. Osaili et al. (2014) analyzed 478 RTE beef 

products and found 1.5% of RTE beef products contaminated with L. 
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monocytogenes. Assessment of lamb carcasses (n = 69) at a packing plant in 

Brazil revealed L. innocua in 23 samples, and 3 (4.3%) had L. monocytogenes 

(Antoniollo et al., 2003). Besides this, various studies have highlighted the 

prevalence of Listeria in the beef, sheep and goat meat (Rahimi et al., 2012; 

Rhoades et al., 2009; Sumner et al., 2005).  

In India, L. monocytogenes have been isolated from 6.66% to 7.08% of 

goat meat (Barbuddhe et al., 2000), and 3.07% to 6% of buffalo meat samples 

(Barbuddhe et al., 2002; Bramhabhatt and Anjaria, 1993).  

  2.6 Prevalence in piggeries 

 In India, two major outbreaks were reported among pigs. In an outbreak 

among 75 indigenous pigs, listerial meningioencephalitis was reported in Assam 

(Rahman et al., 1985).  Another outbreak was reported in Uttar Pradesh, and 27 

affected pigs showed peculiar symptoms of listeriosis (Dash et al., 1998). 

Besides this, studies reported the prevalence of L. monocytogenes in pigs and 

pork (Dhanshree et al., 2003; Katre et al., 2009; Shrinithivihahshini et al., 2011); 

however, the source of contamination of L. monocytogenes was unclear in each 

case reported. It is essential to know the major risk factors, which facilitate entry 

of L. monocytogenes in the pork production chain. There is need to screen 

individual components of food chain like, environmental factors, sick as well as 

healthy pigs, abattoir- pork cutting and processing, raw pork and final food 

products. 

2.6.1 Pig associated environmental factors  
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Most of the times farm environmental conditions play an important role in 

animal health. There is very broad range of pig herd associated factors effects on 

pig health. The factors include the handling of animals (newborn), farm workers, 

water and feed, use of feed additives (antibiotics, and/or other growth 

promoters), management of newly imported pigs, shelter floor and wall, animal 

size, soil/manure treatment and most importantly the sanitation in pig shelter.  

Pig farms have been considered as primary sources of Listeria 

contamination in slaughterhouses (Van Renterghem et al., 1991; Nesbakken et 

al., 1994; Salvat et al., 1995; Skovgarrd and Norung, 1989). L. monocytogenes is 

ubiquitous; it has been detected from soil and water from animal farms (Fox et 

al., 2009; Stahl et al., 1996; Nightingaleet al., 2004). Several reports have 

mentioned pigs as intestinal carrier of L. monocytogenes (Adesiyun and 

Krishnan, 1995; Fenlon et al., 1996; Iida et al., 1998). Therefore, the occurrence 

in fecal shedding can contaminate farm environment such as water bodies and 

soil; however, several researchers reported L. monocytogenes as a soil or 

waterborne contaminant in food production plants (Gelbíčová and Karpíšková, 

2012; Ivanek et al., 2006). Animal droppings play a key role in spreading 

listeriosis in herd animals. In livestock and poultry, fecal carriage rates of L. 

monocytogenes upto 50% without clinical symptoms of listeriosis have been 

reported (Boscher et al., 2012; Meng et al., 1997; Wesley et al., 1999). Analysis 

of fecal contamination of pen floors and walls, contact with skin, swabbing of 

skin and nasal cavity has been considered as one of the effective method of 

analysis of contamination in pig by L. monocytogenes (Beloeil et al., 2003b; 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3842520/#B27
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Correge, 1997). Ikeh et al. (2010) observed the high incidence of L. 

monocytogenes in soil samples from fields where cows and pigs were kept prior 

to slaughter. This was suggestive of possible fecal carriage of Listeria species by 

these animals. Furthermore, use of animal manure or contaminated soil as 

fertilizer to plant and vegetables could be the possible source of L. 

monocytogenes contamination (Ikeh et al., 2010). Animal droppings on farm 

flooring, pen walls is obvious way of cross contamination to other healthy 

animals. Beloeil et al. (2003b) observed prevalence of L. monocytogenes in 

perianal regions of the pigs, pen wall and trough/feeder. Study further suggested 

that fecal originated L. monocytogenes on pen wall, floor and feed can act as 

cross-contaminant to other pigs in herd.  

In large-scale pig farming, liquid feeding through pipeline is most 

convenient and economic method, which avoids loss of concentrate feed; 

however, liquid feeding was found to be more prone to contamination than dry 

feeding (Beloeil et al., 2003a).  Furthermore, in liquid feeding residual biofilm in 

pipeline and valves contributes in spreading contamination in subsequent 

batches (Beloeil et al., 2003a). Perished food and contaminated poultry birds 

have been considered as major source of contamination in piggery (Dhama et al., 

2013). Pig-feeding strategies such as use of coarse feed have crucial role in 

adding L. monocytogenes in piggeries (Hellstrom et al., 2010). In pigs, the 

diminution of the L. monocytogenes intestinal carriage rate at farm level may 

decrease the rate of contamination at the slaughterhouse (Beloeil et al., 2003a).  

Most importantly, maintenance of general hygiene is one of the essential 
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parameter, which controls the spread of L. monocytogenes contamination in 

herd. Adequate flock number provides ease to maintain optimum hygiene 

(Siekkinen et al., 2006). L. monocytogenes contamination may occur in the 

fattening pigs during the “empty and clean” period before hoarding the fattening 

rooms (Beloeil et al. 2003a). Besides this, hygiene of farm workers and 

interference in premises has been found to be one of the risk factors. Beloeil et 

al. (2003a) noticed that pig farm with lack of changing room at entrance and 

footwear disinfection facility has been found to be responsible for incidence of 

L. monocytogenes.  

2.6.2 Prevalence in pigs 

Primary clinical manifestations in porcine listeriosis include septicemia, 

however, encephalitis and abortions are less common (OIE, 2008; Blenden, 

1986). Most of the time, it was observed that, pigs act as carrier host for L. 

monocytogenes without showing any symptoms of listeriosis (Adesiyun et al., 

1995; Belalcazar et al., 2005; Beloeil et al., 2003a; Gamboa-Marín et al., 2011; 

Hellstrom et al., 2010; Iida et al., 1998; Kanuganti et al., 2002; Skovgaard and 

Norrung 1989; Thévenot et al., 2006). Clinical septicemia has typically been 

observed in piglets with characteristic hepatic necrosis (Harcourt, 1996; Meyer, 

1970). Listeriosis is severe in young animals under natural as well as 

experimental infections (Bush et al., 1971; Bocklish et al., 1991; Kemenes et al., 

1971) with higher mortality rates in piglets than adults. In the young piglets, L. 

monocytogenes may infect from the tonsils of the sow, enter the gut of piglet, 

and become systemic (Timoney et al., 1988).  Cases of neonatal listeriosis are 
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common in early winter and spring indicating seasonality (Lopez and Bildfell, 

1989). Listeric encephalitis rarely reported in pigs. Though rare, outbreaks of 

listerial meningoencephalitis in swine have reported (Malik et al., 2002; Rahman 

et al., 1985; Dash et al., 1998). Listeria infection in young swine was reported 

for the first time by Slabospits’kii et al. (1938) in a Russian farm and named the 

organism as L. suis (Blenden, 1986). Porcine listeriosis was reported for the first 

time in the United States as encephalitis (Biester and Schwarte, 1940). Later, 

Listeria was isolated from the liver of a pig without signs of encephalitis (Kerlin 

and Graham, 1945). Listeric septicemia was reported in piglets in Norway in a 

farm with mortality in sheep (Hessen, 1957). L. monocytogenes may get 

transmitted from the sheep to the pig or may be through common exposure.   As 

multiple studies noted that L. monocytogenes in sick as well as healthy animals 

could be one of the major sources of origin of L. monocytogenes in food 

products ( Bockserman, 2000; Ramaswamy et al., 2007; Sleator et al., 2009); 

this creates microbiological hazard in final meat products, which require 

implementation  of specific control measures. Control strategies could be 

developed if information on prevalence and source of entry of L. monocytogenes 

in herd animal facilities is analyzed. Sampling from animals and their associated 

environment could provide actual hot spots of L. monocytogenes entry in herd 

animals.  

2.6.3 Prevalence in slaughterhouses   

The hazards of pork contamination by zoonotic bacteria during swine 

slaughtering process cannot be wholly eliminated. Sources of contamination 
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during slaughter of pigs are pig- related, such as fecal and pharyngeal, and 

environmental (Arguello et al., 2013; Duggan et al., 2010: Okraszewska-Lasica 

et al., 2014). Occurrence of L. monocytogenes within slaughterhouse and meat 

processing premises has been linked with environmental colonization, as it can 

adapt and survive even on clean equipment’s and rooms (Luden et al., 2000). 

Healthy carrier slaughtered pigs might introduce L. monocytogenes into the 

processing plants, as revealed by fingerprinting methods (Giovannacci et al., 

1999). In a study reported by Skovgaard and Norrung (1989), it was indicated 

that in slaughterhouse, during evisceration process large intestine may get 

ruptured and could contaminate the whole carcass with L. monocytogenes. 

Similar findings were further reported by various authors recently (Beloeil et al., 

2003a; Belalcazar et al., 2005; Fredriksson-Ahomaa et al., 2009). In addition to 

this, ruptured palatine tonsils have been found to be more likely to harbor L. 

monocytogenes (Buncic et al., 1991; Thevenot et al., 2006). Also, while 

slaughtering, ruptured intestine, tonsil and tongue may cross-contaminate the 

slaughtering equipment’s that may in turn spread the pathogen in to carcasses 

(Autio et al., 2000; Skovgaard and Norrung, 1989). Once entered in 

slaughterhouse, the bacteria can persist in the environment for long periods and 

considered as one of the most difficult bacteria to eliminate from food 

processing plants (Bruce et al., 2010). Peccio et al. (2003) noticed L. 

monocytogenes in pig meat processing facilities and on cutting knives even after 

cleaning procedures, suggested the persistence of L. monocytogenes in pig 

processing facilities. During slaughtering and processing L. monocytogenes 
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contamination has been highlighted frequently (Bonardi et al., 2002; Gamboa-

Marín et al., 2011; Giovannacci et al., 1999; Hellstrom et al., 2010; Inoue et al., 

2000; Meloni et al., 2013; Thevenot et al., 2005). Apart from this, post slaughter 

processes (cutting, mincing, kneadering and chilling) and environment of 

slaughtering unit (floors and hand wash basins, chill rooms, etc.) are found to be 

responsible factors for transmission of L. monocytogenes (Sammarco et al., 

1997; Gahan and Collins, 1991; Bonardi et al., 2002; Giovannacci et al., 1999; 

Peccio et al., 2003).Van der Elzen and Snijders (1993) observed high percentage 

(71-100%) of prevalence of pathogens in chilling and cutting area, suggesting 

that post-slaughtering processes are significant cause of meat contamination. 

Nesbakken et al. (1996) observed that, L. monocytogenes had been detected at 

every stage of the fresh pork-processing unit, however, the prevalence increased 

from the slaughterhouse to the cutting rooms. In subsequent years, many studies 

have been reported similar observations in pig processing facilities (Borch et al., 

1996; Thevenot et al., 2006). As L. monocytogenes can persist in 

slaughterhouses, identification and control at the critical operations at 

slaughtering are essential to reduce the hazard of pork carcasses contamination. 

2.6.4 Prevalence in raw pork and pork products  

Three major pork-related listeriosis outbreaks were reported in France, and 

at least two others were directly linked to the consumption of pork products 

(rillettes, pate´) contaminated with L. monocytogenes serovar 4b (Goulet et al., 

1998). The first outbreak, in 1992, involved 279 cases, resulting in 22 

spontaneous abortions and 63 deaths; whereas, 39 cases were associated with 
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the second outbreak, in 1993 (Goulet et al., 1998; Jacquet et al., 1995). The 

pickled pork tongue was considered as a major medium of transmission in the 

third outbreak, besides, other processed ready-to-eat delicatessen (Jacquet et al., 

1995). L. monocytogenes generally found more frequently in processed pork 

than in freshly slaughtered pigs or live animals (Kanuganti et al., 2002). 

Multinational microbial baseline survey of hog’s carcasses was carried out by 

the U.S.D.A. USDA-Food Safety and Inspection Service, reported prevalence of 

L. monocytogenes to be 7.4% (USDA-FSIS, 1996). Few studies noticed that L. 

monocytogenes occurred more frequently from ground pork (69%) than from 

deep muscle (0%) suggesting that contamination occurred during processing 

(Buncic, 1991; Uyttendaele et al., 1999). Iida et al. (1998) reported that the L. 

monocytogenes contamination rates for retail sliced pork (36.4%) exceeded 

those for swine large intestine (0.8%) and carcass samples (7.4%). Even when 

L. monocytogenes is initially present at low levels in contaminated foods or in 

the processing plant, the organism can multiply during refrigeration (Sergelidis 

et al., 1997). In the United States from 1990 to 1997, 10 of 12 class I 

(voluntary) recalls were due to L. monocytogenes contamination of ready-to-eat 

products that involved pork (Farber and Peterkin, 1991). Kanuganti et al. (2002) 

recovered 21 to 80% of ground pork samples collected directly from packing 

plants. The study further explained that the percentile variation in incidence of 

L. monocytogenes was due to the difference in the fat composition of ground 

pork as well as sanitation procedure, geographical distribution, and the number 

of hogs processed daily.  
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Processed meat products may get contaminated with L. monocytogenes 

through various sources such as the raw material used for preparation of the 

product or contaminated raw meat. Along with this unhygienic surface, unclean 

equipment and persons could be responsible factors, which could add 

contamination in final products (Chasseignaux et al., 2001). Final pork products 

such as pork sausages, pork tongue aspic, pork tongue jelly, pork rillettes, and 

ground pork meat products were found to be contaminated with L. 

monocytogenes (Cordano and Rocourt, 2001; Duffy et al., 2001; Goulet et al., 

1998; Thevenot et al., 2005). Therefore, the identification and reduction of 

Listeria in pork and pork products may aid in the overall reduction of human 

listeriosis. 

2.7 Antibiotic resistance in Listeria 

Over the years, antimicrobials have advanced from the solution for 

bacterial infections to a cause of concern owing to emergence of resistance. It 

has been presumed that the amount of antibacterial used in food animal 

production surpasses than the amount of its in humans consumption worldwide. 

The new class of antibiotics which was developed for human consumptions are 

also used unwisely in animal disease prophylaxis, the newer class of antibiotics 

includes recent fourth generation cephalosporins, fluoroquinolones such as 

ciprofloxacin and enrofloxacin, modified glycopeptides and streptogramins 

(Aarestrup et al., 2008). Antimicrobial resistance for humans is contributed by 

the presence of resistant bacteria in animals and it is indisputable that animals 

can transmit antimicrobial resistant bacteria to humans through food (Rosengren 

http://www.ncbi.nlm.nih.gov/books/NBK114485/#appa.r723
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et al., 2009). Aaerstrup and Wegener, (1999) indicated that development of 

antimicrobial resistance in zoonotic bacteria appeared to be associated primarily 

with exploitation of antimicrobials in animals. In food animals, antimicrobials 

are used for disease therapy and prophylaxis and to increase animal growth and 

feed efficiency. Many foodborne pathogens and opportunistic bacteria have 

habitats in food animals and these may gain entry in meat and milk products 

during slaughtering, milking, or contaminated animal excreta (McEwen and 

Fedorka-Cray, 2002).  

The concern for L. monocytogenes has increased owing to frequent 

isolation of antimicrobial resistant strains in humans and animals. First L. 

monocytogenes resistant strains to antibiotics, as well as first multi-resistant 

strains have been reported in 1988 (Poyart-Salmeron, 1990). In subsequent 

years, several studies reported listerial strains isolated from foods, environment 

and in sporadic cases in humans that showed resistant to single or multiple  

antibiotics (Arpin et al., 1992;  Facinelli et al., 1991; 1993; Franco Abuín et al., 

1994; Hadorn et al., 1993; MacGowan et al., 1994; Poyart-Salmeron et al., 

1992). Recently, L. monocytogenes has been reported to be resistant against the 

antibiotics such as ampicillin and penicillin (Nwachukwu et al., 2010; Jamali et 

al., 2013; Soni et al., 2013), tetracycline, minocyclin, erythromycin, 

streptomycin, chloramphenicol, and clindamycin (Arslan et al., 2008; Morvan et 

al., 2010; Nwachukwu et al., 2010; Granier et al., 2011; Srinivasan et al., 2005; 

Jamali et al., 2013). Besides this, resistance phenotypes towards DNA 

replication inhibitors such as ciprofloxacin, rifampicin and trimethoprim have 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC89430/#B2
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also been reported frequently (Hansen et al., 2005; Morvan et al., 2010).  

 Tetracycline resistance: It is commonly observed resistance trait in 

human clinical isolates of L. monocytogenes (Charprntier et al., 1999). Several 

researchers have tried to explore the mechanisms lying behind the resistance. 

Presence of conjugative transposons (Biavasco et al., 1996; Poyart Salmeron et 

al., 1989), plasmid (Flamm et al., 1984; Poyart Salmeron et al., 1990; Roberts et 

al., 1996; Vicente et al., 1988) and genes encoded resistance mechanisms have 

been reported in L. monocytogenes (Charpentier et al., 1999; Morvan et al., 2010). 

The first antibiotic resistant L. monocytogenes strain (BM4210) was isolated from 

a patient with meningoencephalitis. The strain was resistant to tetracyclines, 

chloramphenicol, erythromycin, and streptomycin. The resistance genes to these 

antibiotics were carried by a 37-kb plasmid, pIP811 (highly structural similarity 

with pAMβ1) which was self-transferable to other L. monocytogenes cells, and to 

enterococci-streptococci, and to Staphylococcus aureus (Poyart Salmeron et al., 

1990). In vitro transfer of antibiotic resistance plasmid pAMβ1 (prototype 

plasmid) from Streptococcus faecalis to L. monocytogenes has been demonstrated 

previously in 1984 (Robert et al., 1984). In contrast to BM4210, the  L. 

monocytogenes strains detected afterward in Bordeaux (France) (Arpin et al., 

1992) and Zurich (Switzerland) (Hadorn et al., 1993) were found to be resistant to 

tetracycline-minocycline, chloramphenicol, and erythromycin but not to 

streptomycin. The resistance was mediated by the plasmid pUBX1 harbored by 

the strain from Bordeaux and plasmid pWDB100 in the Zurich strain. The 

plasmids had the resistance genes which were self-transferable by conjugation to 
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various bacteria including L. monocytogenes (Arpin et al., 1992). The plasmids 

were found to be indistinguishable when compared by the restriction 

endonuclease analysis (Arpin et al., 1992; Hadorn et al., 1993). Another study 

with 1,288 clinical strains in the United Kingdom revealed 33 isolates to be 

resistant to tetracycline and minocycline (Poyart Salmeron et al., 1992). These 

strains were found to harbor tet (M) associated with the gene encoding the 

integrase (int-Tn). The gene is responsible for the mobility of the Tn1545-

Tn916 family of conjugative transposons from Enterococcus-

Streptococcus (Poyart Salmeron et al., 1992; Poyart Salmeron et al., 1989). The 

proteins which promote active efflux of tetracycline from the bacteria are encoded 

by the tet (L) and tet (K) genes whereas, the synthesis of cytoplasmic proteins 

protecting the ribosome from inhibition by the antibiotic has been directed by tet 

(M) and tet (S) (Speer et al., 1992; Connell et al., 2003; Guillaume et al., 2004). 

Subsequently various workers reported the tetracycline resistance traits in L. 

monocytogenes and Listeria species (Bertrand et al., 2005, Slade and Collins-

Thompson, 1990; Facinelli et al., 1993; Facinelli et al., 1991; Franco Abuin et al., 

1994; Morven et al., 2010; Granier et al., 2011; Shrinivasan et al., 2005).  

Trimethoprim resistance: Along with tetracycline resistance, 

trimethoprim resistance was reported in France. A total of 1,040 strains of 

Listeria species and a single L. monocytogenes (BM4293) strain was detected 

(Charpentier et al., 1995) showing higher trimethoprim resistance. The gene 

mediating resistance was found to be identical to the dfrD from Staphylococcus 

haemolyticus, encodings S2-DHFR (Charpentier and Courvalin, 1997). The 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC89430/#B2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC89430/#B2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC89430/#B45


71 | 
 

plasmid pIP823 possessing all the characters of the pUB110/pC194 plasmid 

family carried the gene (Charpentier et al., 1999). A plasmid encoding 

trimethoprim resistance (dfrD) cassette was reported in L. monocytogene 

(Morven et al., 2010; Granier et al., 2011). 

Macrolide-Lincosamide-Streptogramin resistance (MLS): Roberts et 

al. (1996) noticed L. monocytogenes and L. innocua strains with two small 

plasmids (roughly 3 and 7 kb), which were resistant to erythromycin (MIC> 256 

μg/ml).  Hybridization studies explained ErmC determinant to be responsible for 

resistance to erythromycin. Further study stated that the resistance was not 

plasmid borne but linked with chromosome. Apart from this, Charpentier et al. 

(1999) observed two genes, erm (B) and erm (C), for resistance to macrolide-

lincosamide-streptogramin. Recently, Granier et al. (2011) and Morven et al. 

(2010) reported only erm (B) responsible genes present among the isolated 

strains. Another study reported the add6 gene responsible for streptomycin 

nucleotidyl tranferase carried by L. innocua strain (Charpentier et al., 1995), and 

study also observed low level of streptomycin modifying activity in three L. 

monocytogenes strains.  

Chloramphenicol resistance: Resistance to chloramphenicol has been 

observed with the presence of a cat gene encoding an acetyltransferase which 

catalyzes acety-s-coenzyme A (CO-A)-dependent acetylation of 

chloramphenicol at the 3-hydroxyl group (Poyart-Salmeron et al., 1990). 

Quinolones resistance: Resistance phenotypes against fluroquinolones 
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(FQ) (ciprofloxacin) has been commonly reported in Listeria (Poyart-Salmeron 

et al., 1990; Charpentier and Courvalin, 1999; Bertrand et  al., 2005; Antunes et 

al., 2002; Morven et  al., 2010, Conter et  al., 2009; Moreno et  al., 2014). FQ 

generally attaches to type II topoisomerase and DNA gyrase, both the enzymes 

have major role in DNA synthesis by ensuring DNA topology, these two 

enzymes are encoded by the genes gryA and gryB respectively.  Another target 

enzyme is topoisomerases IV which is the product of parC and parE genes 

enzymes that organize DNA topology. Types of mutation can ensure a resistance 

particularly point mutation at the N terminal of the peptide of DNA gyrase 

subunit A or subunit C of the topoisomerases IV enzyme was highlighted as one 

of the factor for induction of resistance to FQ in E. coil and other different types 

of pathogenic bacteria (Yoshida et al., 1990; Vila et al., 1996). Lampidis et al. 

(2002) cloned and sequenced all four genes encoding subunits A and B of DNA 

gyrase (gryA and gryB) and subunits C and E of topoisomerases IV. The study 

found alteration only in the gryA region; the revealed alterations are not 

exclusively responsible for the quinolone resistance. In another study, significant 

alterations have been noticed in the gryA gene sequence when compared to 

sequences from isolates with resistant, intermediate, and sensitive FQ profiles 

and to previously published Listeria spp., E. coli, S. aureus, and S. pneumoniae 

QRDR sequence accessions from GenBank. The study also observed alterations 

in both sensitive as well as resistance phenotypes of Listeria (Moreno et al., 

2014). Mutation in QRDR sequence therefore did not significantly explain the 

developed resistance against FQ. 



73 | 
 

It is hypothesized that  multidrug resistance efflux pumps in bacteria 

might be responsible for  avoiding the effects of toxic substances including 

antibiotics present in their  environment (Alonso et al., 2001; Lismond et al., 

2008; Romanova et al., 2006). Gram-positive bacteria have been found to 

possess four multidrug efflux transporters. These transporters have been known 

to utilize the proton motive force or sodium ions harbored in the cytoplasmic 

membrane to get rid of a number of noxious compounds including FQ and dyes. 

Efflux pumps such as Bmr from Bacillus subtilis (Neyfakh et al., 1991), NorA 

from Staphylococcus aureus (Yoshida et al., 1990), PmrA from Streptococcus 

pneumoniae (Gill et al., 1999), and EmeA from Enterococcus faecalis (Hof et 

al., 1997) have been reported. Secondary multidrug transporters bare the part of 

the Major Facilitator Superfamily (MFS) have a common structure with 12 trans 

membrane segments (TMS), and are closely related phylogenetically (Paulsen et 

al., 1996; Putman et al., 2000). In L. monocytogens EGDe, ten genes have been 

known to code for multidrug exporter proteins, which include five each of 14-

TMS and 12-TMS putative exporters (Godreuil et al., 2003). Using blast 

comparison of 12-TMS putative efflux pump, the lde gene encoding 402 amino 

acids was identified.  Sequence alignment of Bmr, NorA, EmeA, PmrA and Lde 

proved the Lde to be the member of MFS family 2 and it has also been 

confirmed that the lde encoded multidrug EP associated with resistance to 

hydrophilic FQ in L. monocytogenes (Godreuil et al., 2003). Lde exporter has 

been linked to FQ resistance in Listeria spp. (Godreuil et al., 2003; Moreno et 

al., 2014; Mata et al., 2000; Romanova et al., 2006). Other efflux pump, 
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designated as multi-drug- resistance (MdrL), is membrane protein belonging to 

12-TMS transporter of MFS super family, which can extrude antibiotics 

(macrolides and cefotaxime) and heavy metals (Mata et al., 2000). The disrupted 

mdrL gene was linked with small but constantly reproducible 2-fold decrease in 

MIC to erythromycin, josamycin and clindamycin.    

Most people come in contact with livestock through handling and eating 

of foods of animal origin. Bacterial pathogens from foods of animal origin get 

transmitted mainly through these routes. With the increase in antimicrobial 

resistance in food animals and bacterial contamination of their associated foods, 

the possibility for human contact also enhances. Indiscriminate and excess use of 

antimicrobials in farm animals may lead to emergence of bacteria like E. coli, 

Salmonella and L. monocytogenes that are resistant to antibiotics this in turn 

may be the cause for rapid dissemination of antibiotic resistance traits to the 

general population. In order to design control measures for disease such as 

listeriosis, analysis of prevalence of particular bacteria in food animals and 

bacterial antibiotic resistance traits are crucial. 
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Isolation and characterization of L. monocytogenes and 
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3.1 Introduction 

   With increase in population density there is an increasing demand of food. 

To address this, there is certain need of an integrated approach for livestock 

farming to secure the food and nutritional security to rapidly growing 

population. With change in the life style of general population, ready-to-eat 

foods are in demand. Contamination of ready to eat food products by pathogenic 

bacteria have been reported frequently (Di Pinto et al., 2010; Lee et al., 2014; 

Kouassi et al., 2014). Infection in food producing animals may contaminate final 

food products such as meat milk and their products (Dhama et al., 2013). 

However, food-processing units are also responsible in microbial food spoilage 

(Brashears et al., 2012).   

Isolation and identification of bacteria are required for the primary 

confirmation of their presence in specific niche. In food industries, to design 

control measures on the spread of bacteria, monitoring bodies needs prevalence 

data of specific bacteria. On the available sources, FDA formulated rules and 

regulations in order to control spread of pathogenic contaminants in food 

industries (FDA-BAM, 2013). L. monocytogenes is the obligatory food borne 

pathogen, which causes food-borne disease in humans (CDC, 2014). The 

Listeria species are ubiquitous in nature. The listeriae have been commonly 

detected from soil, vegetation, animal feed and fodder, sewage, meat and meat 

products, slaughterhouse and farm wastes including faecal samples of healthy 

animals. Consequently, farm animals and their surrounding environment may act 

as significant source of food contamination (Atil et al.,  2011; Moreno et al.,  
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2014; Nightingale et al.,  2004; Choi et al.,  2013; Nemser et al.,  2014). Of the 

known 15 species of genus Listeria, L. monocytogenes is known human as well 

as animal pathogen. Since it has been reported as culprit for several food borne 

outbreaks (CDC, 2014), regulatory bodies made it mandatory to screen random 

food samples for the detection of L. monocytogenes (FDA, 2012; USDA, 2000). 

In India, Government regulations as per Food Safety and Standard Regulations 

2011 specify absence of L. monocytogenes from 25 g of frozen mutton, chavon, 

beef  and buffalo meat  and cheese other than hard cheese. In addition, it should 

be absent in 1 g of all types of milks, ready to eat milk products, edible caesin 

products, khoya/channa, paneer and chakka/shrikhand (Barbuddhe et al., 2012; 

FSSAI, 2011). 

Protocols used for isolation of L. monocytogenes are unable to 

discriminate from other Listeria species. Several virulence characteristics based 

differentiation tests are routinely used in laboratories worldwide. The 

observation of hemolytic activity of L. monocytogeneson 5% sheep blood agar 

(SBA) is used for primary identification followed by fermentation of sugars. 

While, previously mouse pathogenicity test (Kaufmann, 1994) and chick embryo 

test were mandatory tests for confirmation of L. monocytogenes (Nortermans et 

al., 1991). Now a day’s in-vitro pathogenicity tested such as CAMP test and PI-

PLC assay are often used in L. monocytogenes identification. Expression of PI-

PLC enzyme in virulent L. monocytogenes can be used to distinguish L. 

monocytogenes from other non- pathogenic speices. CAMP test is crucial and 



77 | 
 

preferred method used for differentiation between hemolytic L. seeligeri and L. 

monocytogenes from L. ivanovii (McKeller, 1994). 

Development of PCR assays based genotypic identification has made it 

easier to distinguish between L. monocytogenes and other species using 

virulence markers specific to L. monocytogenes. Multiplex PCR based 

serotyping is well known typing method in Listeria (Doumith et al., 2004b). 

From the known 12 serotypes of the Listeria, about  95% of strains that were 

isolated from contaminated foods and patients belonged to either serotypes 1/2a, 

1/2b, 1/2c or 4b (Doumith et al., 2004a).  

PFGE is regarded as the “gold standard” method for typing due to its 

high discriminating power for bacterial food-borne pathogens including Listeria 

(Felix et al., 2012; Graves and Swaminathan, 2001). PFGE pulsotype analysis 

makes easier to relate the L. monocytogenes isolates and also helpful in 

epidemiological study. 

In order to study the prevalence of L. monocytogenes from piggery 

environment and pork products, sample collection, isolation followed by 

characterization of suspected listerial isolates was performed by biochemical and 

genotypic analysis. 
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3.2 Materials and methods 

3.2.1 Reference strains 

Listeria monocytogenes MTCC 1143, S. aureus MTCC1144, and 

Rhodococcus equi MTCC1135 obtained from Microbial Type Culture 

Collection, Institute of Microbial Technology (IMTECH), Chandigarh, India 

were used as standard strains. L. monocytogenes serotypes from India Listeria 

Culture Collection (ILCC) were used for standardization of all protocols. All 

cultures were streaked on the respective agar plates after specific enrichment, if 

necessary and single colonies were enriched at 37
o
C for 18 to 24 h and then 

stored in to the BHI broth (Annexure) at 4
o
C to use for further study.    

3.2.2 Samples 

Samples were collected from the piggery and its associated environment, 

slaughter houses, raw pork and final pork products. A total of 501 samples from 

different locations (Table 3.1) were collected comprising of clinical samples 

from pig farm (n=199) including deep vaginal swabs (n=66), nasal swabs 

(n=21), oral swabs (n=11), skin swabs (n=27), faeces (n=45), pig milk (n=05), 

blood (n=08), pus (n=05), autopsied tissues (n=11). For isolation of L. 

monocytogenes, “one animal one sample” strategy was used while collection of 

clinical samples from pig farm. Beside this, environmental samples (n=146) 

including floor swabs (n=62), water (n=50), pig feed (n=24), soil (n=10) were 

also collected. Furthermore, samples from slaughterhouse (n=62) as palatine 

tonsils (n=22), intestines (16), tongue tissues (n=12), drain water (n=4), floor 
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swabs (n=4), hands swabs of worker (n=2), and carcass swabs (n=2) were 

collected. Raw pork (n=37) sold in local markets and pork products (n=57) like 

local sausage (cooked and uncooked) were collected from different pork shops. 

All samples were collected aseptically in the containers (Himedia, Mumbai); 

swabs with tube (Himedia, Mumbai) were brought to laboratory and processed 

for isolation of Listeria.  

     Table 3.1 Details for samples collection sites. 

Sample source Locations 

Pig farm (Goa) Old Goa, Siridao, South Goa (Sulcorna) 

Pig farm 

(Maharashtra) 

 

Kankavli (Varvade), Sawantwadi (Malgaon) 

Panvel (Chikhli) 

Slaughterhouse Deonar abattoir (Mumbai) 

Raw pork Panji market, Mapusa market, Margao market 

 

Pork products Old Goa, Mapusa, Margao 

 

 

3.2.3 Isolation of Listeria species 

Listeria species were isolated from the collected samples as described 

(Donnelly and Baigent, 1986) following the USDA method with suitable 

modifications. Briefly, the tonsil tissues, intestinal contents, faeces and 

autopsied tissue samples (5g) were triturated under aseptic conditions and 

inoculated into 45 ml of University of Vermont medium (UVM-1)  (Annexure). 

The inoculated samples were  incubated at 30
o
C for 18- 24 h. Water (25 ml), 
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feed (5g), soil, raw pork and sausages were enriched in UVM I. After 

enrichment in UVM-I inoculum (0.1ml) was then inoculated  to  UVM II (10 

ml) (Annexure) and incubated again for 24 -36 h at 30
o
C. Enriched broths were 

plated on PALCAM agar (Himedia) (Annexure). Greenish gray color colonies 

with black sunken centers surrounded with black halo on PALCAM were 

suspected as Listeria (Fig 3.5a). A well isolated single colony of presumptive 

isolates was grown in 2 ml of BHI broth (Annexure) for 18 h at 37
o
C and stored 

at 4
o
C for further study.  

 

3.2.4 Identification and phenotypic characterization 

Suspected Listeria isolates were processed for standard biochemical tests 

described to identify the species (Barbuddhe et al., 2008). Bacterial colonies 

exhibiting typical morphology were verified by primary biochemical tests as 

described (Chesbrough, 1984;   Gorski et al., 2008). The isolates were tested for 

morphological and biochemical characteristics such staining by Grams method, 

catalase and oxidase tests, motility at 20–25
o
C, Methyl Red-Voges Proskauer 

reactions, nitrate reduction, and fermentation of sugars (rhamnose, xylose, 

mannitol and α-methyl D-mannopyranoside). All biochemically differentiated 

Listeria isolates were additionally tested by haemolysis on SBA (Annexure), 

CAMP test and PI-PLC assay on ALOA agar (Gorski, 2008).  

 

3.2.4.1 Hemolysis on Sheep Blood Agar 
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 Presumptive isolates from PALCAM plates were tested for their 

hemolytic ability on 5% SBA as per the method described previously (Seeliger 

and Jones, 1986). After spot inoculation on 5% SBA plates and incubation at 

37
0
C for 24 h, cultures were examined for zone of clearance in the region of 

colonies. The colonies surrounded with narrow zone of β hemolysis were 

suspected as L. monocytogenes. 

 

3.2.4.2 Christie-Atkins-Munch-Peterson (CAMP) test 

  The CAMP test was used for confirmation of the presumptive isolates 

(Gorski, 2008). Briefly, S. aureus and R. equi strains were streaked parallel to 

each other at the two sides of the SBA plates. To test CAMP factor, isolates 

were then streaked in between and perpendicular with the two parallel streaks of 

S. aureus and R.equi without touching to the streaks followed by incubation at 

37
0
C for 24 to 48 h. The incubated plates were analyzed for presence of CAMP 

factor. In case of L. monocytogenes, there is in synergistic increase in zone of 

hemolysis towards S. aureus and towards R. equi with L. ivanovii. 

  

3.2.4.3 Phosphatidylinositol specific phospholipase C (PI-PLC) assay 

The PI-PLC is a L. monocytogenes species-specific enzyme produced 

only by pathogenic strains. It can be used to distinguish pathogenic species from 

non-pathogenic ones. Agar Listeria to Ottaviani and Agosti (ALOA), a 

chromogenic media, allows differentiation of pathogenic Listeria species from 

non-pathogenic species (Ottaviani et al., 1997). Briefly, all the biochemically 
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confirmed isolates of Listeria were spot inoculated on ALOA plates and plates 

were further incubated for 37
0
C for 24 to 48 h. On this chromogenic medium, β- 

gluosidase of Listeria species react with X-gal present in medium and form 

bluish green color while, L. monocytogenes can digest lipid with the help of PI-

PLC enzyme and form opaque halo around the blue green colonies.  

 

 3.2.5 Genotypic characterization 

3.2.5.1 Multiplex PCR for virulence gene determination 

Extraction of the genomic DNA was accomplished using bacterial DNA 

extraction kit (Himedia, Mumbai). The extracted genomic DNA was stored at -

20
0
C for further analysis. Multiplex PCR was used for the detection of virulence 

associated genes (actA, hlyA and plcA) of L. monocytogenes, (Rawool et al., 

2007). In detail, for amplification of the genomic DNA, 20 pmol of each pair of 

the primers (actA, hlyA and plcA) (Table 3.2) and 50 ng of genomic DNA was 

mixed in the PCR master mix (Sigma, cat. No. P4600). The PCR reaction was 

placed for 25μl and was performed using thermalcycler (Eppendorf, Germany) 

with a preheated lid. The cycling conditions were set as: initial denaturation at 

94
0
C for 2 min followed by 30 cycles of denaturation at 94

0
C for 30 s, primer 

annealing at 58
0
C for 45 s, and extension at 72

0
C for 45 s followed by final 

extension at 72
0
C for 2 min. The PCR products were separated by 

electrophoresis. The amplicons of size 956 bp, 456 bp and 803 bp were obtained 

for the actA, hlyA and plcA genes, respectively. L. monocytogenes MTCC1143 
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and S. aureus MTCC1144 were used as positive and negative controls, 

respectively. 

3.2.5.2 Multiplex PCR based serotyping  

The L. monocytogenes isolates were serotyped using multiplex PCR 

based assay (Doumith et al., 2004b). For multiplex PCR based serotyping, the 25 

μl PCR mixture contained 2.5μl of 10x PCR buffer, 2 mM dNTP mix, 3 mM 

MgCl2 and 0.3 μM each of primers (lmo0737, lmo2819, lmo2110 and prs gene) 

(Table 3.2), 2 units Taq DNA polymerase and 50 ng of DNA template. The final 

volume was adjusted by sterilized deionized water. PCR was performed in 

Thermalcycler (Eppendorf, Germany) with a pre-heated lid. The cycling 

conditions comprised of an initial denaturation at 94°C for 5 min followed by 35 

cycles of 94°C for 30 s, 54°C for 75 s, and 72°C for 75 s; and final extension at 

72°C for 10 min. The PCR amplicons were analyzed as described earlier. 

Positive and negative controls were included as given in section 3.2.5.1. 

 

Table 3.2 Oligonucleotide primers used for determination of serotyping and 

virulence genes.  

Target Dir
n
 Sequence (5’-3’) Amplicon 

size (bp) 

Reference 

lmo0737 F AGGGCTTCAAGGACTTACCC 691 Doumiht et al., 

2004 
R ACGATTTCTGCTTGCCATTC 

lmo1118 F AGGGGTCTTAAATCCTGGAA 906 Doumiht et al., 

2004 
R CGGCTTGTTCGGCATACTTA 

ORF2819 F AGCAAAATGCCAAAACTCGT 471 Doumiht et al., 

2004 
R CATCACTAAAGCCTCCCATTG 

ORF2110 F AGTGGACAATTGATTGGTGAA 597 Doumiht et al., 
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R CATCCATCCCTTACTTTGGAC 2004 

Prs F GCTGAAGAGATTGCGAAAGAAG 370 Doumiht et al., 

2004 
R CAAAGAAACCTTGGATTTGCGG 

actA F CAGCGACAGATAGCGAAGATT 965 Unpublished 

R TGTTTCCCGGATGATTTCTAGTT 

plcA F GGAAGTCCATGATTAGTATGCCT 803 Unpublished 

R CTGGAATAAGCCAATAAAGAACTC

TG 

hlyA F GCAGTTGCAAGCGCTTGGAGTGAA 456 Rawool et al., 

2007 
R GCAACGTATCCTCCAGAGTGATCG 

 

 

3.2.5.3 Pulsed field gel electrophoresis (PFGE) 

PulseNet standardized protocol was used for performing the PFGE 

(Graves and Swaminathan, 2001). For PFGE single typical colony from agar 

plate was grown at 37
0
C. The grown bacterial culture in BHI broth was then 

centrifuged to form bacterial pellet. The absorbance of bacterial cell suspension 

was adjusted to 1.3 (range of 1.25 to 1.35) in TE buffer (Annexure) used as a 

diluent. 240µl of bacterial suspension was then mixed with 60 µl of lysozyme 

solution (Sigma Cat. No. L3790). Bacterial cultures were embedded in PFGE 

grade agarose (Bio-Rad Cat. No.162-0138) along with 1% SDS (Annexure) and 

0.2 mg/ml proteinase K (Thermo Scientific, Cat. No. EO-0492). After setting, 

the plugs prepared were kept in lysis buffer in shaker water bath maintained at 

54
0
C for 2 h. Later the plugs were thoroughly rinsed with pre-heated (50-54

0
C) 

water twice and four times with TE buffer, pH 8.  After washing, 25 U of AscI 

(New England Biolabs, USA) or  160 of ApaI (New England Biolabs) enzymes 

were used to digest the sample plugs at 37°C for 3 h and at 30°C for 5 h, 
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respectively. Digested plugs were stacked on gel in the 1.2% PFGE grade 

agarose (Bio-Rad, Cat.No. 162-0138) gel prepared in 0.5x TBE buffer 

(Annexure). DNA fragments were separated at 14
0
C using 6 V/cm with time 

ramped for 4-40 s over 22 h using a CHEF-DR II module (BioRad). Gels were 

visualized by a UV transilluminator after staining with ethidium bromide. Gels 

were analysed with Phoretix 1D-pro software. The obtained pulsotypes were 

compared with PFGE profile database of L. monocytogenes strains recovered 

from food and clinical samples in India.  

 

3.3 Results 

3.3.1 Isolation of Listeria species 

 In the present study, a total of 501 samples from pig farm environment 

(Fig 3.1), clinical cases and healthy pigs (Fig 3.2), slaughterhouse (Fig.3.3), pork 

and pork products (Fig. 3.4) were subjected for isolation of Listeria species. 

Overall, a total of 31(6.18%) strains of Listeria were isolated. Of these, 

11(2.19%) isolates were confirmed as L. monocytogenes, 8 (1.59%) as L. 

innocua, 6 (1.19%) as L. seeligeri, 3 (0.59%) as L. ivanovii and 3 (0.59%) as L. 

welshimeri. Eight strains of L. monocytogenes were isolated from samples from 

clinical cases and environment, while, two isolates were recovered from abattoir 

and one from sausage. L. ivanovii was isolated from vaginal swabs (2) and nasal 

secretions (1) of pigs (Table 3.3 and 3.6).  
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Table 3.3 Sample source and respective Listeria isolates  

 

 

Sample 

source  

Sample 

size  

Lm (%)

  

Liv (%)

  

Lse (%)

  

Lin (%)

  

Lwe (%)  

       
Clinical  199  4 (2.01)  3 (1.5)  2 (1)  5 (2.5)  1 (0.5)  

Environmental  146  4 (2.7)  -  4 (2.7)  2 (1.4)  2 (1.4)  

Abattoir  62  2(3.3)  -  -   -  

Raw pork  37  -  -  -   -  

Pork products  57  1 (1.7)  -  -  1 (1.7)  -  

Total  501  11 (2.2)  3 (0.6)  6 (1.2)  8 (1.6)  3 (0.6) 

 

Key: Lm: L. monocytogenes, Liv: L. ivanovii, Lse: L. seeligeri, Lin: L. innocua and 

Lwe: L. welshimeri 
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Fig. 3.1 Sample collection: piggery associated environments 

    

                      Drinking water                                         Pig feed (Hotel waste) 

    

                              Farm floor                                   Ground water (drainage water) 
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Fig. 3.2 Sample collection: Clinical cases and healthy pigs 

    

                                           Autopsy of dead pigs  

    

Collection of clinical samples from live pigs 
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        Fig. 3.3 Sample collection: Slaughterhouse environment  

   

Evisceration processes                                       Slaughtered pig head 

    

     Pig intestine                                               Slaughtered carcasses  
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Fig. 3.4 Sample collection: Raw pork and pork products 

    

               Raw pork                                        Pork products (sausages) 

 

Local pork market (fresh raw pork) 
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3.3.2 Identification and phenotypic characterization 

 All presumptive isolates were Gram positive, short rods and showed 

typical tumbling motility when checked at 20-25
0
C but not at 37

0
C. Isolates 

showed catalase positivity. Isolates produced acid by using glucose to give 

methyl red test positive and further production of acetyl methyl carbinol 

confirmed the positivity of Voges-Proskauer test. Isolates were negative for 

oxidase test, and nitrate reduction test. Sugar utilization test showed variable test 

results (Table 3.4 and Fig 3.5c). 

3.3.2.1 Hemolysis on SBA 

Isolates were verified for their hemolytic ability on 5% defibrinated 

Sheep Blood Agar medium. Of 31 isolates, 20 isolates showed hemolytic 

activity. The size of zone of hemolysis was found to be variable. Remaining 11 

isolates showed growth on SBA but no zone of hemolysis (Table 3.5 and 

Fig.3.5b).  

3.3.2.2 Christie-Atkins-Munch-Peterson (CAMP) test 

Isolates with β- hemolysis on 5% SBA were further verified for CAMP 

test. Of 20 isolates streaked, 11 isolates showed synergistic association with 

Staphylococcus aureus (MTCC 1144) and showed arrow shape enhanced  

hemolysis at the junction of perpendicular streaks of isolates and S. aureus, 

while other three isolates showed increased zone in association with 

Rhodococcus equi (MTCC 1135). Remaining isolates did not show any increase 

in zone size. Data is given in Table 3.5 and Fig 3.5d.   
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3.3.2.3 PI-PLC assay 

All spotted isolates on the ALOA medium formed pigmented colonies 

after incubation. β- Glucosidase enzyme reacts with X-gal: chromogen present 

in the medium and formed bluish green color pigmented colonies of all isolates. 

Of the 31 isolates, 14 isolates degraded the phosphatidylinositol present in the 

medium and formed opaque haloes around the bluish green-pigmented colonies 

(Fig 3.5e), the chromogen was non-diffusible. ALOA assay confirmed that 14 

isolates could be the pathogenic (Table 3.5).  
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Fig. 3.5 Biochemical characterization and in-vitro pathogenecity testing of the isolates   

 

        

        a. Typical Listeria colonies PALCAM                b. β-Hemolysis on 5% SBA 

                           

                 

                       c. Sugar utilization 

       
 

     d. CAMP test                                          e. ALOA assay 
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Table 3.4 Biochemical characterization of presumptive listerial isolates 

 

Key: (+) Positive reaction, (-) Negative reaction, (+*) Weak positive reaction. 

Isolates 
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D
-X

y
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Cfeeed1 + + + - + + - + + - - 

X-In13 + + + - + + - + + - - 

Tounge3 + + + - + + - + + - - 

PSnasal1 + + + - + + - - - - + 

Kidney + + + - + + - - - - + 

CDW2 + + + - + + - + + - + 

CDW1 + + + - + + - + + - + 

CVS6 + + + - + + - + + - + 

Tonsil7 + + + - + + - + + - - 

PSfecal + + + - + + - + + - + 

Psw1 + + + - + + - + + - + 

Water6 + + + - + + - + + - + 

Water5A + + + - + + - + + - + 

OS1 + + + - + + - + + - + 

PVS9 + + + - + + - + + - - 

PTS1 + + + - + + - + + - - 

Pgb10 + + + - + + - + + - - 

Skin20 + + + - + + - + + - - 

Pls2 + + + - + + - - - - + 

37 + + + - + + - + + - - 

PF2 + + + - + + - + + - - 

PES2 + + + - + + - + + - - 

PM + + + - + + - + + - - 

PSS6 + + + - + + - + + - - 

PF5 + + + - + + - + + - - 

HS3 + + + - + + - + + - - 

Pls3 + + + - + + - - - - + 

PVS8 + + + - + + - + + - - 

Skin4 + + + - + + - + + - - 

PM teat + + + - + + - + + - - 

PIfe2 + + + - + + - + + - - 



95 | 
 

Table 3.5: In-vitro pathogenicity testing of the isolates  

Isolates Hemolysis       PI-PLC       CAMP 

Pigment Halo  SA RE 

      

Cfeeed1 +* + + + - 

X-In13 +* + + + - 

Tounge3 +* + + + - 

PSnasal1 + + - +
w
 - 

Kidney + + - - - 

CDW2 + + - - - 

CDW1 + + - - - 

CVS6 - + - - - 

Tonsil7 - + - - - 

PSfecal + + - - - 

Psw1 + + - - - 

Water6 + + - - - 

Water5A - + - - - 

OS1 + + + +
w
 - 

PVS9 +* + + +
w
 - 

PTS1 + + + +
w
 - 

Pgb10 +* + + +
w
 - 

Skin20 + + + +
w
 - 

Pls2 + + + - + 

37 + + + - - 

PF2 + + + +
w
 - 

PES2 + + + +
w
 - 

PM - + - - - 

PSS6 - + - - - 

PF5 - + - - - 

HS3 - + - - - 

Pls3 + + + - + 

PVS8 + + + +
w
 - 

Skin4 - + - - - 

PM teat swab - + - - - 

PIfe2 - + - - - 

 

Key: (+): haemolysis, (-): No haemolysis, (+*): Weak haemolysis. (+
w
): Weak 

zone of enhancement, SA: Staphylococcus aureus, RE: Rhodococcus equi 
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3.3.3 Genotypic characterization 

3.3.3.1PCR based virulence determination 

 The presence of virulence genes was tested by multiplex PCR assay.  Of 

the 31 isolates, 11 isolates amplified the amplicons of size 456 bp, 803 bp, and 

956 bp, respectively on agarose gel, which confirmed the presence of the hlyA, 

plcA and actA genes. Hence, 11 isolates were confirmed as pathogenic L. 

monocytogenes (Fig 3.6).    

Fig. 3.6 Multiplex PCR for detection of virulence genes of selective isolates. 

 

Key: Lane1: Pgb10 (LM), Lane2: Skin20 (LM), Lane3: PTS1 (LM), Lane4: 

PVS8, Lane5: PVS9 (LM), Lane NC: Negative control (Staphylococcus aureus 

MTCC1144), Lane PC: Positive control: (L. monocytogenes MTCC1143), Lane 

M: 100bp DNA ladder.  

3.3.3.2 Multiplex PCR based serotyping 

All the isolates were serotyped using multiplex PCR based serotyping. 

Out of 31 isolates, 10 isolates amplified three genes as, prs (putative 

phosphoribosyl pyrophosphate synthase), ORF2819 (putative transcriptional 

regulator) and ORF2110 (putative secreted protein) and belonged to serogroup 
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as 4b, 4d, 4c. While one isolate amplified only two genes, prs and a ORF2819 

and belonged to 1/2b, 3b, 7 serogroup. All the other isolates amplified the prs 

gene only. Detailed data is given in Table 3.6 and Fig. 3.7.  

Fig. 3.7 Multiplex PCR based serotyping of the L. monocytogenes isolates.   

 

Key: Lane1: Pgb10 (L. monocytogenes), Lane2: PF2  (L. monocytogenes), 

Lane3: PTS1 (L. monocytogenes), Lane4: PVS8 (L. monocytogenes), Lane5: 

PVS9 (L. monocytogenes), Lane6:37(L. monocytogenes), Lane7: Skin20 (L. 

monocytogenes), Lane 8: Cfeed 1(L. monocytogenes), Lane9: X-In 13 (L. 

monocytogenes), Lane 10: Tongue 3 (L. monocytogenes), Lane 11: PES 2 (L. 

monocytogenes) Lanes 12,13 and 14: Positive control: ILCC  523 ( L. innocua), 

(L. monocytogenes MTCC1143) and ILCC 27 (L. monocytogenes serogroup 

1/2b,  3b and 7)  respectively, Negative control (Staphylococcus aureus 

MTCC1144), Lane M: 100bp DNA ladder.  
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Table 3.6: Multiplex PCR serotyping of the isolates   

Isolates  Source Species Serogroups 

 

Cfeeed1 

  

Feed  

 

L. monocytogenes  

 

4b, 4d, 4c 

X-In13  Intestine  L. monocytogenes  4b, 4d, 4c 

Tounge3  Tongue tissue L. monocytogenes  4b, 4d, 4c 

PSnasal1  Nasal secretions  L. ivanovii  Listeria spp. 

Kidney  Kidney tissue L. seeligeri  Listeria spp. 

CDW2  Drinking water L. seeligeri  Listeria spp. 

CDW1  Drinking water L. seeligeri  Listeria spp.  

CVS6  Vaginal swab L. welshimeri Listeria spp.  

Tonsil7  Tonsil tissue L. innocua  Listeria spp.  

PSfecal  faeces L. seeligeri  Listeria spp.  

Psw1  Drinking water L. seeligeri  Listeria spp.  

Water6  Drinking water L. seeligeri  Listeria spp.  

Water5A  Drinking water L. welshimeri Listeria spp.  

OS1  Soil  L. welshimeri Listeria spp.  

PVS9  Vaginal swab L. monocytogenes 4b, 4d, 4c 

PTS1  Tonsils swab L. monocytogenes 4b, 4d, 4c 

Pgb10  Feed  L. monocytogenes 4b, 4d, 4c 

Skin20  Sausages (food) L. monocytogenes 4b, 4d, 4c 

Pls2  Placental tissue  L. ivanovii Listeria spp. 

37  Ground water L. monocytogenes 4b, 4d, 4c 

PF2  Faeces  L. monocytogenes 4b, 4d, 4c 

PES2  Soil  L. monocytogenes 1/2b, 3b, 7 

PM  Pig milk  L. innocua  Listeria spp.  

PSS6  Skin swab L. innocua  Listeria spp.  

PF5  faeces L. innocua  Listeria spp.  

HS3  Hand swab: worker L. innocua  Listeria spp.  

Pls3  Placental tissue   L. ivanovii Listeria spp.  

PVS8  Vaginal swab L. monocytogenes 4b, 4d, 4c 

Skin4  Sausages (food) L. innocua  Listeria spp.  

PM teat swab  Teat swab L. innocua  Listeria spp.  

PIfe2  Feed  L. innocua  Listeria spp.  
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3.3.3.3 Genetic diversity and its comparison with food, animals and humans 

strains 

            Pulse field gel electrophoresis is the well-known subtyping method used 

to study the genetic relatedness among the L. monocytogenes strains. In present 

study, two restriction enzymes were used: ApaI and AscI. Restriction digestion 

of ApaI revealed several bands on agarose gel by ethidium bromide staining; 

however AscI digestion gave lesser bands than the ApaI. Restriction digestion 

patterns were recognized as pulsotypes (PTs). Three different pulsotypes were 

observed nine isolates clustered together, while other two isolates showed 

different PTs or banding patterns (Fig.3.8). Dendrogram analysis of L. 

monocytogenes serogroup 4b, 4b, 4d, 4c isolates showed clonality with the 

dominant pulsotypes observed from India (Fig.3.9). 

Fig. 3.8 Genotypic characterization of Listeria monocytogenes by PFGE 

 

          A. Restriction pattern of ApaI                                B. Restriction pattern of AscI 
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Key: Sequence of isolates is similar for fig. A and B; Lane1:PES2, 

Lane2:Pgb10, Lane3:PVS8, Lane4 OS1, Lane5: 37, Lane6: skin20, 

Lane7:Cfeed1, Lane8: Tounge3, Lane9: X-In13, Lane10 PVS9, Lane11: Pf2, 

Lane12: PTS1, Lane13: L. monocytogenes serovar 4b-MTCC1143, M: 50-1000 

kb marker.  

Fig. 3.9 Determination of genetic relatedness among the isolates and with other isolates 

from India, The PFGE images were analysed using Phoretics 1 software.    
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3.4 Discussion 

Isolation of Listeria species have been described from different sources 

such as soil,  sewage, vegetation, livestock farms and processing facilities for 

foods (O’Connor et al., 2010; Farber and Peterkin, 1991). At the farm level, pigs 

carrying Listeria may contaminate carcasses. The type of feed (wet/dry) and 

water could be major responsible factors associated with the occurrence of 

Listeria (Beloeil et al., 2003a). L. monocytogenes has been reported commonly 

in raw pork (Thevenot et al., 2006), although the sources of the contamination 

are uncertain. In present study, prevalence of L. monocytogenes in piggery, 

associated environment, slaughterhouse, raw pork and pork products has been 

studied. Listeria spp. were isolated from 31(6.18%) samples. Earlier studies 

reported occurrence of Listeria in piggeries and related environment as 0.8% 

(Iida et al., 1998), 1.7% (Skovgaard & Norrung, 1989), 2.4% (Kanuganti et al., 

2002), 3% (Buncic et al., 1991), 5.9% (Weber et al., 1995). Few studies reported 

high occurrence of Listeria in slaughterhouse and raw pork and pork products 

than farm animals (Meloni et al., 2013; Ortiz et al., 2010; Skovgaard & Norrung, 

1989). Studies also illustrated the contamination from farm to final products 

(Hellström et al., 2010; Thevenot et al., 2006).  

In India, the occurrence of Listeria from pork and port products has been 

reported (Doijad et al., 2010; Katre et al., 2009; Shrinithivihahshini et al., 2011). 

Also outbreaks of listerial meningoencephalitis (Rahman et al., 1985) and pigs 

exhibiting circling movements were reported (Dash et al., 1998). L. 

monocytogenes was isolated from pig blood and pig rearing environment, 
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besides this, occurrence of L. ivanovii was found in placental material of aborted 

sows (Raorane et al., 2014). In case of pork and pork products, limited data has 

been reported from India.  

In the present study, 31 isolates of Listeria were recovered from a total of 

501 samples. Of these, 11 isolates were confirmed to be of L. monocytogenes 

and three isolates were L. ivanovii.  L. monocytogenes could be isolated from 

various sources including deep vaginal swabs of two sows having a history of 

abortions. Spontaneous abortions as attributed to L. monocytogenes have been 

frequently reported in sheep, goats and cattle but rare in pig (Kaur et al., 2010; 

Kumar et al., 2007). One L. monocytogenes strain each was isolated from faeces 

and tongue swab of the sow. In herd animals, animal droppings generally spread 

L. monocytogenes among flocks. Prevalence of L. monocytogenes has been 

reported upto 50% in animal fecal samples without apparent clinical symptoms 

of listeriosis (Boscher et al., 2012; Meng et al., 1997; Wesley et al., 2008). Ikeh 

et al. (2010) observed the high incidence of L. monocytogenes in soil samples 

from fields where cows and pigs were kept prior to slaughter, suggestive of 

possible fecal carriage of Listeria species by these animals. Occurrence of L. 

monocytogenes in faeces, tongue, and tonsil scrapings from live hogs has been 

reported earlier (Felon et al., 1996; Kanuganti et al., 2002).  In present study, all 

four L. monocytogenes strains linked with clinical cases were isolated from the 

same farm. Animal dropping on farm flooring, pen walls may cross contaminate 

other healthy animals. Beloeil et al. (2003b) observed prevalence of L. 

monocytogenes in perianal regions of the pigs, pen wall and trough/feeder. This 
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finding further suggested that fecal originated L. monocytogenes on pen wall, 

floor and feed can act as cross-contaminant to other pigs in herd. 

Pig rearing environment has a significant role in spread and/or 

persistence of infection in herds. In the present study, L. monocytogenes strains 

were isolated from pig feed, drinking water and soil. Earlier workers (Beloeil et 

al., 2003a; Skovgaard and Norrung, 1989) illustrated that the wet feeding was 

responsible for   listeriosis. In this study, samples were collected form pig farms 

where feeding of hotel waste, poultry wastes like feathers and viscera were 

being practiced. This could provide ease of entry to L. monocytogenes in pig 

habitat. Perished food and contaminated poultry birds have been considered as 

major sources of contamination (Dhama et al., 2013). L. monocytogenes is 

foodborne pathogen and pig-feeding strategies such as use of coarse feed has 

crucial role in adding L. monocytogenes in piggery (Hellstrom et al., 2010). 

Besides this, prevalence of L. monocytogenes has been reported from soil of 

animal farms (Nightingale et al., 2004). 

Two L. monocytogenes strains were isolated from abattoir environment. 

Spread of L. monocytogenes may result through contact between various organs, 

viscera, and the carcass during the process of evisceration in slaughterhouses 

(Autio et al., 2000). Previous  study reported by Skovgaard and Norrung, (1989) 

indicated that in slaughterhouse, during evisceration process large intestine may 

get ruptured and could contaminate the whole carcass with L. monocytogenes. 

Similar findings were further reported by earlier authors (Beloeil et al., 2003; 

Belalcazar et al., 2005; Cornu et al., 2002). In addition to this, ruptured palatine 
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tonsils have been reported to harbor L.monocytogenes (Buncic et al., 1991; 

Thevenot et al., 2006). In addition, while slaughtering, ruptured intestine, tonsil 

and tongue may cross-contaminate the slaughtering equipment’s that may in turn 

spread the pathogen in to other carcasses (Autio et al., 2000; Kanuganti et al., 

2002). The prevalence of L. monocytogenes and associated risk factors in pig 

slaughterhouse have been reported earlier (Kanuganti et al., 2002; Okraszewska-

Lasica et al.,  2014; Sasaki et al.,  2013; Choi et al., 2013). 

The prevalence of L. monocytogenes in the raw pork have been reported 

(Valero et al, 2014; Duffy et al., 2001 Cordano and Rocourt, 2001; Goulet et al., 

1998; Thevenot et al., 2005), however, in present study, we did not find raw 

pork samples (n=37) contaminated with L. monocytogenes. “Fresh cut and sale” 

practices are used in local markets of India. Valero et al. (2014) reported 

positivity for L. monocytogenes in 14.44% samples at the end of the shelf-life 

but not immediately after purchase indicating clearly that the storage for the long 

duration could be one of the risk factor. Freshly cut pork deep muscles have 

been found to be free of L. monocytogenes contamination while prolonged 

storage and chilling could add the contamination in raw pork (Thevenot et al., 

2006).  

 Contamination of processed pork products with L. monocytogenes may 

occur at several stages through the contaminated raw ingredients or raw 

unprocessed materials and unclean surfaces or workers (Chasseignaux et al., 

2001). In present study, we isolated L. monocytogenes from raw sausages from 

local markets. Occurrence of L. monocytogenes has been observed previously 
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from sausage samples. In Brazil, 19% of the pork sausage samples were found to 

contain Listeria spp., and L. monocytogenes was detected in 42% of the samples, 

with counts below 10
2
 CFU/g in all samples tested (Miyasaki et al., 2009). 

Thevenot et al. (2005) isolated L. monocytogenes from 10.6 % of raw sausages. 

Cabedo et al. (2008) reported Listeria in 11.1% of cured dried sausage samples 

in Spain.  

 In present study, we isolated L. ivanovii from placental tissues and nasal 

secretions of aborted sows. Outbreaks attributed to L. ivanovii have been 

reported in sheep (Sahin, & Beytut, 2006; Santagada et al., 2004). Reports of 

abortions due to L. ivanovii in sows are lacking. Besides other species, L. 

innocua was also isolated. Presence of L. innocua could be one of the 

indications of presence of L. monocytogenes in the samples.  

Along with genotypic study, phenotypic characterization of the Listeria 

is utmost important in identification up to species level. In present study, 

primary identification was done with Gram staining, catalase, and oxidase tests. 

All isolates were Gram positive, motile at 20- 25
0
C and showed catalase 

positivity and oxidase negativity. As all species from the genus Listeria are 

Gram positive in nature but catalase negative isolates have been noticed (Cepeda 

et al., 2006). Motility of Listeria at 25
0
C is peculiar characteristic uncommonly 

observed in other bacterial genus (Gründling et al., 2004). Sugar utilization 

patterns can help in identification of the species (Liu, 2008). In present study, on 

the basis of sugar utilization ability isolates were identified as different species 

of Listeria. Confirmation of pathogenic Listeria can be achieved by a 
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combination of virulence genes detection and in vitro pathogenicity testing. L. 

monocytogenes has ability to lyse animal or human erythrocytes. Complete lysis 

of RBCs formed β- hemolytic narrow zone of clearance on the medium 

containing blood. Other species in the genus such as L. ivanovii and L. seeligeri 

have the species-specific hemolysin, which can show the β- hemolyis on the 

blood agar (Leimeister-Wächter and Chakraborty, 1989). Use of in-vitro 

hemolytic test on agar medium containing blood has been illustrated for 

identification and characterization of Listeria (Liu, 2008). In present study, 20 

isolates showed hemolytic zone on 5% SBA (Table 3.5). Further confirmation 

revealed the isolates were L. monocytogenes (11), L. seeligeri (6) and L. ivanovii 

(3). L. monocytogenes and L. ivanovii are well known human and animal 

pathogens while, L. seeligeri also identified as rare but an infectious agent 

(Rocourt et al., 1986; Vázquez-Boland et al., 2001). CAMP test and hemolysis 

assay are crucial tests in the differentiation among L. monocytogenes, L. 

seeligeri   and L. ivanovii (Volokhov et al., 2006). CAMP test have been used in 

multiple studies for differentiation purpose (Mathakiya et al., 2011; Allerberger, 

2003; Vázquez-Boland et al., 1990). In present study, out of 20 hemolytic 

isolates were verified for CAMP test, 11 isolates showed enhancement in zone 

of clearance at the junction of the S. aureus streak and confirmed as L. 

monocytogenes, while 3 isolates showed synergy with R. equi and confirmed as 

L. ivanovii. ALOA is another chromogenic system used for the in-vitro 

pathogenicity testing of Listeria. All confirmed listerial isolates were verified for 

their virulence nature by ALOA chromogenic system. All isolates formed bluish 
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green pigmented colonies while, of that 14 isolates formed opaque halo around 

the colonies and confirmed as pathogenic in nature. ALOA chromogenic system 

has been included in FDA-BAM method for isolation and differentiation of L. 

monocytogenes (FDA, 2012).  

Considering the stability and reproducibility of the genomic DNA, DNA 

based methods are routinely exercised in the laboratories for the detection of 

Listeria.  In present study, all 11 L. monocytogenes isolates were tested for the 

virulence genes (hly, plcA and actA) employing multiplex PCR. All tested 

isolates showed the amplification of the hly, plcA and actA genes and considered 

as pathogenic strains of L. monocytogenes. Number of studies exploited species 

specific virulence genes as identification marker for L. monocytogenes (Reddy 

and Lawrence, 2014; Meloni et al., 2013). Detection of more than one virulence 

genes have been considered as more reliable in rapid specification and virulence 

determination of L. monocytogenes (Liu et al., 2007). In addition to this, many 

researchers highlighted the virulence genes such as hly, plcA and actA have 

utmost important in pathogenesis of L. monocytogenes (Lomonaco et al., 2012; 

Conter et al., 2010; Rawool et al., 2007).     

Multiplex PCR based serotyping method is one of the reliable typing 

methods available (Doumith et al., 2004b). PCR based serotyping of L. 

monocytogenes strains was performed. Of the 31 isolates, 10 isolates belongs to 

serogroup 4b, 4d, 4c and one isolates belongs to 1/2b, 3b, 7 serogroup. While, 

other isolates amplifies only genus specific prs gene and considered as species 

other than L. monocytogenes (Fig 3.7 & Table 3.6). Similarly, Boscher et al. 
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(2012) noticed serotypes 4b, 1/2a, 1/2b, and 1/2c from sows and fattening pigs in 

farrow-to-finish pig farms in France. In Spain, Lopez et al. (2007) reported the 

serotype 4b in four pork dewlap samples. Another study observed serotypes 

1/2a, 1/2b, 1/2c, 4b and 4e from the 13 French pork meat salting-curing plants 

and their products (Thevenot et al., 2006). However, serotypes other than 4b   

such as 1/2c and 1/2a have been isolated from pig slaughterhouses in Italy 

(Meloni et al., 2013). Other study in Tokyo, Japan, noticed 1/2c as the most 

prevalent serotype in pork (Ochiai et al., 2010). Since L. monocytogenes 

serotype 4b is recognized as one of the invasive listeriosis outbreak causing 

serotype (Datta, 2003; Norton et al., 2007), its presence in food animal is of 

public health concern. 

 Pulsed field gel electrophoresis (PFGE) is considered as the “gold 

standard” method among the various subtyping methods due to its high 

discriminating power. Epidemiologically, PFGE has been employed to track 

sources of L. monocytogenes and other pathogens that caused food-borne 

illnesses owing to its excellent resolving power (Thevenot et al., 2006; 

Nakamura et al., 2004; Wagner et al., 2003). Earlier studies analyzed the 

prevalence in pig farm, slaughterhouse and raw pork by using PFGE 

(Giovannacci et al., 1999; Hellstrom et al., 2010). In this study, we analyzed the 

PFGE profiles of L. monocytogenes strains and demonstrated the three different 

pulsotypes. The five clinical isolates, two isolates from pig feed, one from pig 

rearing environment and the one isolate from sausage were clustered together. 

Other two isolates clustered separately. Presence of single clone at pig rearing 
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environment and clinical cases suggest probable cross contamination. Such 

contamination may get carried forward in pork processing chain and final 

products may get contaminated. Various workers highlighted the occurrence of 

L. monocytogenes in herd animals, which could be responsible for final products 

contamination (Beloeil et al., 2003a; Hellstrom et al., 2010; Thevenot et al., 

2006).  

Further, the profiles of isolates were compared with database PFGE 

profiles of isolates from India (unpublished). The pulsotypes reported in this 

study found to be identical with the dominant pulsotype observed in India. This 

pulsotype has been reported across India from different regions and wide 

sources and has been identical with strains isolated from outbreaks.  

In conclusion, L. monocytogenes was isolated from piggery environment 

incriminating it as a primary source of contamination of carcasses. Besides this 

abattoir environment could add to contamination of final products. Pig feeding 

practices could be a major source of L. monocytogenes in herd animals. L. 

monocytogenes serotypes of public health importance have been detected. PFGE 

study demonstrated that the L. monocytogenes isolated from different 

components of food chain were clonal.  Pre-slaughter handling of the animals 

plays an important role in the minimizing the contamination. Also proper 

housing, feeding and health control have major role to play in the microbial 

quality of the final product. Designing of proper control measures at the pre-

harvest stage may help to minimize the load of the L. monocytogenes.   
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4.1 Introduction 

Over the past 6 decades, antibiotics have been used for the treatment of 

infectious diseases of bacterial origin as well as caused by other microbes.  In 

the twentieth century, rise of average life expectancy may be attributed to 

effective antimicrobial chemotherapy. However, it has led to emergence of 

resistance among the disease-causing microbes to the commonly used antibiotics 

and has become a public health problem. In the United States, each year about 2 

million people get infected with antibiotic resistant bacteria. Of which at least 

23,000 people succumb due to these infections. Complications due to an 

antibiotic-resistant infection from other conditions lead to death in many more 

people (CDC, 2013). A number of infections such as gonorrhea, tuberculosis, 

pneumonia and septicemia have turned to be tough to treat with antibiotics 

(Odonkor and Addo, 2011). Increasing use and misuse of antibiotics in treatment 

of ailments in humans and animals may lead to the problems (CDC, 2013). 

Bacteria in animals that are resistant to antibiotics can form source of 

antimicrobial resistance to humans and foods of animal origin may be the source 

of antimicrobial resistant bacteria (Rosengren et al., 2010). 

Due to the selective pressure of antibiotics, bacteria such as Listeria may 

develop antibiotic resistance though still deemed as liable to nearly all 

antibiotics, will evolve toward multi-resistance. The concern for L. 

monocytogenes has increased because of the common isolation of antimicrobial 

resistant strains from humans and food animals (Morven et al., 2010; Ndahi et 

al., 2014; Rodas-Suarez et al., 2013; Wieczorek et al., 2012). First L. 



111 | 
 

monocytogenes resistant strains to antibiotics, as well as first multi-resistant 

strain have been reported in 1988 (Poyart-Salmeron, 1990). Until, 

L.monocytogenes have shown to cause the resistance against several antibiotics 

such as ampicillin, tetracycline, ciprofloxacin, minocyclin, erythromycin, 

streptomycin, chloramphenicol, clindamycin and penicillin (Arslan et al.,  2008; 

Morvan et al.,  2010; Nwachukwu et al.,  2010; Soni et al.,  2013; Granier et al.,  

2011; Srinivasan et al.,  2005).  

Antibiotic sensitivity testing (AST) with disc diffusion assay is often used in 

determination of susceptibility in L. monocytogenes (Morvan et al., 2010; 

Nwachukwu et al., 2010; Soni et al., 2011; Yan et al., 2010). Beside this test, 

MIC determination is being considered as the gold standard method for 

susceptibility determination of L. monocytogenes (Conter et al., 2009; Hansen et 

al., 2005).  

  In Listeria, acquired molecular determinants such as plasmid DNA, 

conjugative transposons and gene encoding resistance have been studied 

(Biavasco et al., 1996; Morvan et al., 2010; Flamm et al., 1984; Poyart Salmeron 

et al., 1989; Poyart Salmeron et al., 1990; Roberts et al., 1996; Vicente et al., 

1988). In addition to this, over-expression of efflux pump meditated resistance 

against fluroquinolones (FQ) and macrolids antibiotics have been observed in L. 

monocytogenes (Godreuil et al., 2003; Mata et al., 2000). The over expression of 

efflux pump or the alteration/ mutation in the target site are the possible ways 

responsible for FQ resistance in L. monocytogenes (Moreno et al., 2014). Since 

the alteration at target site has no significant role to elicit resistance phenotypes 
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against FQ (Moreno et al., 2014), the over-expressed efflux pump is foremost 

important to enhance MIC break point limits (Godreuil et al., 2003). Over 

expression of efflux mechanism can confirm by blocking the efflux pump with 

specific inhibitors such as reserpine (Godreuil et al., 2003; Jiang et al., 2012).  

In L. monocytogens EGDe, ten genes have been known to code for 

multidrug exporter proteins comprising 14-TMS and 12-TMS putative exporters 

five each (Godreuil et al., 2003). Using blast comparison of 12-TMS putative 

efflux pump, the lde gene, encoding 402 amino acids was identified. Other 

efflux pump, designated multi-drug- resistance (MdrL), is membrane proteins 

belonging to 12-TMS transporter of MFS super family can extrude antibiotics 

(macrolides and cefotaxime) and heavy metals (Mata et al., 2000). PCR based 

amplification of these two genes (lde and mdrl) has been studied previously 

(Romanova et al., 2006; Mata et al., 2000; Mereghetti et al., 2000; Godreuil et 

al., 2003), however, the gene expression study of the lde and mdrl genes could 

be crucial to explain the exact mechanism for FQ resistance in L. 

monocytogenes.  

 

4.2 Materials and Methods 

4.2.1 Bacterial strains 

  Listeria monocytogenes MTCC 1143, Staphylococcus aureus MTCC1144 

obtained from IMTECH, Chandigarh, India were used a standard strains. A set 

of strains of L. monocytogenes serotypes from Indian Listeria Culture Collection 

(ILCC) were used for comparison study. Standard cultures were enriched at 



113 | 
 

37
0
C for 18 to 24 h and then stored in to the BHI broth at 4

o
C to use for further 

studies.    

              4.2.2 Inoculums preparation for AST and MIC 

McFarland Turbidity standards are the set of tubes with varying 

concentrations of barium sulfate suspension. The cloudiness or turbidity created 

by white precipitates of barium chloride with sulfuric acid can be used as a point 

of comparison of bacterial suspensions to known approximate turbidity of 

bacteria. 0.5 Mcfarland adjusted bacterial solution may contain 1.5x10
8
 bacteria 

/ml.  

Anhydrous barium chloride (0.05 ml of 1.175%) was added to 9.95 ml of 

1% sulfuric acid to prepare 0.5 McFarland standards. The optical density (OD) 

of precipitate was checked at 625 nm. The acceptable range for a McFarland 0.5 

standard is 0.08 to 0.10 OD. Precipitate was used to adjust the turbidity of 

bacteria in a liquid suspension (0.85% NaCl) (Annexure).  

4.2.3 Antibiotic Susceptibility Testing by disc diffusion assay (AST) 

All 31 isolates and four reference L. monocytogenes (4b,1/2b,1/2a and 

EGD-e) strains were studied for their susceptibility towards commonly used 

antibiotics for treatment of shelter animals namely, ampicillin, penicillin, 

oxytetracycline, amikacin, gentamicin, chloramphenicol, ciprofloxacin, 

enrofloxacin, doxycycline, clindamycin, erythromycin and rifampicin. In 

addition, other less-commonly used in treatment but used as feed additives like 

tetracycline were included. Beside this, antibiotics such as methicillin, 
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carbenicillin, vancomycin, meropenam, levofloxacin, gamifloxacin, gatifloxacin, 

claritromycin, azithromycin, minocyclin, tobramycin and co-trimoxazole were 

included in the study for academic purposes. Selected antibiotics were grouped 

based on their major modes of action like, cell wall protein synthesis and DNA 

replication inhibitors (Table 4.1). 

Table 4.1 Classification of selected antimicrobials based on generation, mode of 

action and their families   

Mode of action of antimicrobial Antibiotics 

Cell wall inhibitors  DNA replication inhibitors 
Protein synthesis inhibitors 
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1
st
 gen.  

P(10) 

 

 

VA(10)  1
st
 gen. 

NA*  

RIF(5) 1
st
 gen. 

E(10) 

1
st
 gen. 

TE(10) 

1
st
 gen. 

S(25) 

 

 

C(30) 

2
nd

 gen. 

AX(10) 

 

 

MRP(10)  2
nd

 gen. 

CIP(10), 

EX(10) 

TR(25) 2
nd

 gen. 

CLR(15) 

2
nd

 gen.  

DO(30) 

2
nd

 gen. 

GEN(30) 

 

 

CD(2) 

3
rd

 gen 

MET(30), 

CB(100) 

 

 

 

  3
rd

 gen 

LE(5) 
COT(125/23.75) 3

rd
 gen. 

AZM(15) 

3
rd

 gen. 

MI(30) 

3
rd

 gen. 

TOB(30) 

 

 

 

    4
th

 gen. 

GEM(5), 

GAT (5) 

   4
th

 gen. 

AK(30) 

 

 

 

 

Key: NA*- As L. monocytogenes naturally resistant to nalidixic acid, nalidixic 

acid has been omitted from study, LE5: Levofloxacin, CIP10: Ciprofloxacin, 

EX10: Enrofloxacin, P10: Penicillin, GEM5: Gemifloxacin, COT125/23.75: 

Co-trimoxazole, GAT5: Gatifloxacin, TR25: Trimethoprim, MRP10: 

Meropenam, AZM15: Azithromycin, CD2: Clindamycin,  MI30: 

Minocyclin,TOB30: Tobramycin, E10: Erythromycin, S25: Streptomycin, 

CLR15: Clarithromycin, AK30: Amikacin, GEN30: Gentamycin, TE10: 

Tetracycline, C30: Chloramphenicol, DO30: Doxycyclin, CB100: Carbanicillin, 

AX10: Ampicillin, VA10: Vancomycin, RIF5: Rifampicin, MET30: 

Methicillin, Con.: Concentration on the disc.   
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For tests, two to three typical colonies of each isolate from PALCAM agar 

were enriched in 5 ml of BHI broth at 37˚C for 24 h. After incubation the 

bacterial growth was pelleted by centrifugation at 5000g for 5 min and adjusted 

to 0.5 McFarland with 0.85 % NaCl.  Adjusted bacterial suspension was spread 

evenly over Muller-Hinton agar plates with sterile cotton swabs. Antimicrobial 

discs (Himedia, Mumbai) were placed by keeping appropriate distance between 

discs. The plats were immediately kept in the refrigerator at 4
0
C for 10-15 min 

in order to diffuse the antimicrobial concentration evenly before the initiation of 

bacterial growth phases. Later the plates were incubated for 18 to 24 h at 37˚C. 

The zone of inhibition was measured and compared with Clinical and 

Laboratory Standard Institute (CLSI) standards (Fig 4.1).  

    4.2.4 Determination of Minimum Inhibitory Concentration (MIC) by E-test 

    A quantitative estimate of the susceptibility of a bacterium to a certain 

antimicrobial agent can be obtained from the MIC assay.   MIC determination is 

considered as for the gold standard for susceptibility testing (Andrews et al., 

2001). For E-test, 14 antibiotics were selected on the basis of the resistance 

found in the disc diffusion test and also, those which are used on regular basis in 

the field (ampicillin, clindamycin, meropenam, methicillin, vancomycin, 

streptomycin, gentamicin, rifampicin, erythromycin, ciprofloxacin, enrofloxacin, 

chloramphenicol, co-trimaxzole, penicllin G). Concentration gradient range used 

is given in Table 4.2. All L. monocytogenes (n=11) isolates were selected along 

with the four reference strains. For the test, two to three well isolated colonies 

were inoculated in 5 ml of BHI broth and incubated at 37
o
C at 24 h. On the day 
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2, inoculum turbidity was adjusted to 0.5 McFerland standards and evenly 

spread by sterile cotton swabs on the surface of Mueller Hinton agar. Strips with 

gradient concentration of antibiotics (Himedia, Mumbai) were kept on the agar 

surface, plates were incubated at 4
0
C for 10-15 min for active diffusion of 

antimicrobials, and further incubation was carried out at 37
0
C for 18-24 h. On 

day 3, elliptical zone of inhibition was measured and compared with breakpoints 

provided by manufacturare (CLSI standards). 

 

   4.2.5 Determination of antibiotic resistance traits 

 4.2.5.1 Screening of efflux pump activity by ethidium bromide agar plate assay:  

 The efflux pump activity was initially determined by ethidium bromide 

(EtBr) agar plate assay (To et al., 2002). Isolates were spot inoculated on BHI 

agar plates containing 0.5 µg/ml of EtBr. The plates were incubated at 37
0
C for 

24 examined and examined under UV illumination. Colonies that showed pink 

fluorescence suspected with inactive efflux pump, however colonies which 

observed comparatively pale pink to white color were suspected to possess 

efflux pump activity.     

   

   4.2.5.2 Reserpine assay 

    To confirm the expression of efflux pump (EP) in L. monocytogenes, 

reserpine, an efflux pump inhibitor was used. Assay was performed with 11 L. 

monocytogenes and standard strain (EGD-e) of L. monocytogenes. Firstly, MIC 

determination of ciprofloxacin was performed then after the change in the MIC 
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was determined in the presence of reserpine and ciprofloxacin together. Briefly, 

for the assay, broth dilution method was used. Gradient of ciprofloxacin was 

prepared in the tubes in doubling concentrations of ciprofloxacin. For the 

preparation of stock solution, ciprofloxacin powder (Himedia, Cat.No 

CMS1891) was dissolved in sterile distilled water. Sterile distilled water was 

used as the solvent as well as diluents. Stock solution was prepared by using 

following mathematical formula, 100/P x V x C = W, where P is the potency 

given by maker (µg/ml), V is volume required (ml), C is the final concentration 

of  the solution (in multiples of 1000) (mg/ml), and W is the weight of antibiotic 

(mg) to be dissolved in volume V (ml). The stock solution was filter sterilized 

using 0.2 µm filter (Millex) and used for further dilutions. Dilution range of 

ciprofloxacin was selected as 1-16 µg/ml and adjusted in Mueller Hinton broth 

(Annexure). Inoculums (turbidity adjusted to 0.5 McFarland) were inoculated 

(final volume of broth was adjusted to 2 ml including inoculums) and incubated 

overnight for 37
0
C. 

    In second step of the experiment, MIC was determined by addition of the 

33 µM or 20 mg/ml reserpine along with the ciprofloxacin. Stock solution for 

reserpine was also filter sterilized in 0.2 µm filters. The MIC of ciprofloxacin 

with and without presence of reserpine was measured and compared with 

standard breakpoints provided by CLSI.      

   4.2.5.3 Listeria Drug Efflux pump (Lde) 

Ciprofloxacin resistance in the L. monocytogenes could be to the over 

expression of the EP.  All L. monocytogenes isolates were verified for the 
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presence of the gene (lde) responsible for the EP. PCR based amplification of 

the lde gene was carried out as per the protocol given by Godreuil et al. (2003). 

Briefly, for amplification of the genomic DNA, 20 pmol of pair of the primers 

lde F and lde R (Table 4.2) and 50 ng of genomic DNA  was added in the PCR 

master mix (Sigma, cat. No. P4600). PCR amplification of the lde gene was set 

for 25 μl volume and was carried out in Thermocycler (Eppendorf, Germany). 

The cycling conditions were  initial denaturation  at 94°C for 2 min; followed by 

30 cycles of 94°C for 60 s, 50°C for 1 min, and 72°C for 70 s; and one final 

cycle of 72°C for 10 min. The amplified products were analyzed by 1.5% 

agarose gel electrophoresis and visualized after ethidium bromide staining under 

UV illumination. L. monocytogenes (ILCC 328) and Listeria species (ILCC540) 

were used as positive and negative controls, respectively. 

Table 4.2 Primers used for detection of mdrl and lde genes. 

Name of 

primer 

Sequence (5’-3’) Size 

(bp) 

Reference 

MdrL-lltb 1 AAATGATTGCTCGTGAAGCT 1136 Mereghetti et al., 2000 

MdrL-lltb 2 TGTAAGGTAAAATGTGCTGG 

lde F ATCCTCATATAACTCAAGCG 415 Godreuil et al., 2003 

lde R CAATGGCTTTCGCACAA 

 

    4.2.5.4 Multi Drug Resistant Listeria efflux pump (MdrL) 

  MdrL is another EP reported in L. monocytogenes. The presence of the 

mdrl gene was examined in all L. monocytogenes isolates. The protocol was 

standardized as per Mereghetti et al. (2000). For the reaction, master mix was 

prepared containing, 20 pmol of pair of the primers lltb1 and lltb2 (Table 4.2) 
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and 50 ng of genomic DNA was added in the PCR master mix (Sigma, cat. No. 

P4600). PCR amplification of the efflux pump associated mdrl gene was set for 

25μl reaction volume. PCR was performed in a thermalcycler (Eppendorf, 

Germany) with a pre-heated lid. The cycling conditions were: initial 

denaturation at  94°C for 2 min ; followed by 30 cycles of  94°C for 60 s, 

annealing at 50°C for 1 min, and 72°C for 90 s; and final cycle of 72°C for 10 

min. The PCR products were analyzed as described earlier. Listeria 

monocytogenes (ILCC328) and Listeria species (ILCC540) were used as 

positive and negative controls, respectively. The PCR products with amplicons 

size of 1,136 bp were presumed as of the mdrl gene. 

 

   4.3 Results 

  4.3.1 Antibiotic Susceptibility Testing by disc diffusion assay (AST) 

   Disc diffusion assay was used to perform AST. Isolates were susceptible 

to most of the antibiotics tested (Fig. 4.1) with variable percentage of the 

susceptibility pattern (Fig. 4.2). By disc diffusion assay isolates showed 

resistance towards ciprofloxacin, enrofloxacin, rifampicin, clindamycin, 

vancomycin, penicillin rifampicin and methecillin.   
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 Fig. 4.1 Zone of clearance by antibiotics after 18 h at 37
o
C for Listeria    

monocytogenes on Muller Hinton agar 

 

 

Fig. 4.2 Percentage of antibiotic susceptibility for the isolate by disc diffusion 

assay (AST) 
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 4.3.2 Determination of Minimum Inhibitory Concentration (MIC) by E-test 

  MICs of the selected 14 antimicrobials against the L. monocytogenes were tested 

(Fig. 4.3), MIC determination by E-test revealed that MICs of almost all the 

antibiotics were between the standard breakpoints provided by CLSI. Higher MICs 

values of ciprofloxacin (up to 10 mcg/ml) were observed in four isolates tested (Table 

4.3; Fig. 4.4).   

Table 4.3 MIC determination by E-test  

 

Antibiotics 

          MIC (µg/ml) MIC break point (µg/ml) 

 Range 50%     90% S  
≤  

I R 

> 

 

Ampicillin 

 

A:256-2 

B:2.048-0.016 

 

0.256 

 

0.512 

 

0.25 

 

- 

 

0.5 

Vancomycin A:240-0.01 

B:4-0.001 

1 2 2 4-8 16 

Rifampicin  A:240-0.01 

B:32 -0.001 

1 1 1 2 4 

Streptomycin* A:240-0.01 

B:30 -0.001 

1 3 1 - 5 

Erythromycin A:240-0.01 

B:4-0.001 

0.1 0.25 0.5 1-4 8 

Gentamycin* A:240-0.01 

B:5-0.001 

0.01 0.1 0.12 - 1 

Co-trimaxzole A:240-0.01 

B:4-0.001 

0.01 0.01 2/38 - 4/76 

Ciprofloxacin A:240-0.01 

B:2-0.001 
5 10 1 2 4 

Tetracycline  A:240-0.01 

B:5-0.01 

0.01  0.1  4  8  16  

Chloramphenicol  A:240-0.01 

B:8-0.001 

4  5  2  4  8  

Penicillin*  (PEN) 0.002-32  0.50  0.75  0.25  0.5-1.0  2  

Meropenam  (MRP )0.002-32  0.75  1.0  4  8  16  

Clindamycin  A:240-0.01 

B:8-0.001 

0.06  0.08  0.5  1-2  4  

Methicillin  A:240-0.01 

B:4-0.001 

0.5  1  8  -  16  
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Key : * Interpretative criteria for determination of MIC break points were not    available; 

quality control limits for Staphylococcus aureus ATCC 29213 were used to determine 

MIC, S: Sensetive, I: Intermediate, R: Resistant. 

 

Fig. 4.3 MIC by E-test:  elliptical zone of clearance of antibiotics after overnight 

incubation   

 

 

 
 

Fig. 4.4 MIC determination by E-test: indicating high level of MIC values of 

ciprofloxacin   
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  Key: :* Interpretative criteria for determination of MIC break points were not 

available; quality control limits for Staphylococcus aureus ATCC 29213 were 

used to determine MIC. 

 

    4.3.5 Determination of antibiotic resistance traits 

   4.3.5.1 Screening of efflux pump activity by EtBr agar plate assay and   

Reserpine assay: 

  `  Primary confirmation of the isolates with EtBr agar plate assay revealed 

that nine isolates out of 11 were showed active efflux of EtBr from the cells 

(Fig. 4.5). To check the expression of efflux pump of L. monocytogenes; 

reserpine, an efflux pump inhibitor was used. Negative shifting of the MIC 

values (from 10 µg/ml to 4µg/ml) in case of four isolates was reported after 

incubation with the reserpine and ciprofloxacin together. Besides this, other 

isolates which observed with comparatively low MIC values with ciprofloxacin 

alone were negatively shifted when incubated overnight with ciprofloxacin and 

reserpine together. MICs of few isolates remained unchanged including EGD-e. 

Details of MICs shifting is given in Table 4.4 and Fig 4.6  

    Fig. 4.5 EtBr agar plate assay 
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Table 4.4 Reserpine assay: comparisons in shifting of MIC values of isolates 

with L. monocytogenes (EGD-e)   

 

 

 

              Fig. 4.6 Negative shifting in MIC breakpoint values in presence of the reserpine  

 

Isolates  

 

Ciprofloxacin 

(MIC in 

µg/ml) 

 

Ciprofloxacin + 

Reserpine 

(MIC in µg/ml) 

   EGD-e 4 4 

X-In 13 8 2 

PF2 2 2 

PTS1 1 1 

Cfeed1 4 2 

37 10 4 

PVS8 10 4 

Skin20 2 2 

Tongue 

3 4 2 

PVS9 10 4 

Pgb 10 10 4 

PES2 2 2 
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            4.3.5.2 Listeria Drug Efflux pump (Lde) 

    PCR based amplification was carried out to verify the presence of the lde 

efflux pump in L. monocytogenes. The lde gene was amplified in all the isolates 

for EP. Amplicons with size of 415 bp were observed in all isolates tested after 

ethidium bromide staining of the agarose gel (Fig 4.7).  

 

                                  Fig. 4.7 PCR based detection of lde gene 

 Key: Lane 1: 37, Lane 2: Pgb10, Lane 3: PTS1, Lane 4: PVS9, Lane 5: PVS8, Lane 6: 

Skin20, Lane7:X-In13, Lane M:100bp DNA marker, PC: Positive control (L. 

monocytogenes- ILCC328), NC: negative control: Listeria spp.ILCC-540.  

 

4.3.5.3 Multi Drug Resistant Listeria efflux pump (MdrL) 

 The PCR amplification of the mdrL gene revealed an amplicon size of 

1136 bp in 10 isolates of the 11 isolates tested (Fig 4.8).  
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Fig.4.8 PCR based detection of the mdrl gene 

 

Key: Lane 1: PES1, Lane 2: Pgb10, Lane 3: PTS1, Lane 4: PVS9, Lane 5: 

PVS8, Lane6: Skin20, Lane7: X-In13, Lane8: Cfeed1, Lane9: Tongue3, Lane10: 

Pf2, NC: Negative Control: Listeria spp.ILCC-540, PC: Positive control: (L. 

monocytogenes- ILCC328), Lane M: 100bp DNA marker.  

 

       4.4 Discussion 

Antibiotics are decisive tools to manage disease in animals. In soothe 

process; it also diminishes the possibility to transmit bacteria from animals to 

humans.  Use of antibiotics in livestock and poultry feed has been approved by 

Food and Drug Administration. Veterinarians work with farmers to use 

antibiotics in a manner that provides consumers with the safest food possible. 

Potentially fatal illnesses may be caused by drug-resistant bacterial strains 

as the medicines used to treat turn to be less successful. When such bacteria 

enter the food supply, the chances of transmission to the persons is high 

(Machado and Bordalo, 2014). 



127 | 
 

Antibiotic resistance is an important public health concern; therefore, strict 

measures have been employed to avoid effects of anbiotics in animals on public 

health. Association of pigs with antibiotic resistant bacteria may affect pig 

production as well as it has an impact on human health. Resistant organisms and 

their products may gain entry through the food chain compromising the 

treatment of human infections (Barton, 2014). In present study, we have studied 

the antibiotic resistance pattern in an important foodborne pathogen, L. 

monocytogenes. As compared to other pathogens such as Salmonella, 

Campylobacter and pathogenic Escherichia coli,  the average annual incidence 

of foodborne infections caused by L. monocytogenes is low (Gomez et al., 

2014).  However, it is one of the opportunistic foodborne infections.  

In the recent years, antibiotic resistant L. monocytogenes were detected 

from several food types including meat and meat products (Derra et al., 2013; 

Jamali et al., 2014; Ndahi et al., 2014). Antibiotics may use in food animal 

production for treatment of ailing animals, prevention during high risk of 

infection, and as growth promoters. Antibiotics are regularly supplemented in 

livestock feed and water.  In the present study, antibiotics such as ampicillin, 

penicillin, oxytetracycline, amikacin, gentamicin, chloramphenicol, 

ciprofloxacin, enrofloxacin, doxycycline, clindamycin, erythromycin, 

vancomycin, and rifampicin that are routinely used in treatment of shelter 

animals were selected. Many workers reported the use of the diverse types of 

antimicrobials in the farm animals. In 2013, in New York State, USA, 

approximately 493 kg antibiotics were used which included ionophores 
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(monensin and lasalocides), penicillin, lincosamides, aminoglycosides, 

sulfamides, cephalosporin, macrolides, amphenicols, and fluoroquinolones 

(Doane et al., 2014). De-Briyne et al. (2014) extensively inspected the generally 

prescribed antimicrobials in Europeans counties such as Belgium, France, 

Germany, Spain, Sweden and UK and noticed that third and fourth generation 

cephalosporins, macrolids, fluroquinolones, aminoglycoside, fusidic acids, 

lincosamide, penicillin, polymyxin, tetracycline and sulphonamides were the 

most prescribed antimicrobials in animal disease prophylaxis. Over the past few 

years, particularly in case of pigs, wide ranges of antimicrobials have been 

reported to be used for the treatment (De-Briyne et al., 2014; Glass-Kaastra et 

al., 2013). 

Use of antibiotics in growth promotion as feed efficiency enhancer has been 

practised pig, poultry and feedlot beef cattle farming (NAS, 1999; Jensen, 2006). 

However, its precise physiological basis is not known.  It has been assumed that 

to have a nutrient sparing effect in the intestine and selective inhibition of 

bacterial species and disease prevention (McEwen and Fedorka-Cray, 2002; 

NAS, 1999). In USA, important classes of antibiotics have been used as growth 

promoters including penicillins, macrolides, tetracyclines, streptogramins, 

sulfonamides and others that are widely used in human treatment (NAS, 1999). 

In present study, we studied resistance behaviour of L. monocytogenes against 

tetracycline as it is one of the regular AGP in feed. Apart from this, tetracycline 

resistance have been reported previously in human case studies (Morven et al., 

2010). Besides this, most of the new generation antibiotics such as methicillin, 
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carbenicillin, meropenam, levofloxacin, gamifloxacin, gatifloxacin, 

claritromycin, azithromycin, minocyclin, tobramycin and co-trimoxazole were 

included in the study for academic purposes.  

Antibiotic susceptibility testing (AST) by disc diffusion in agar plate assay 

was performed as per the CLSI guidelines (CLSI, 2006a, b). Tests revealed 

antibiotic resistance phenotypes against antimicrobial like ampicillin (96.77%), 

penicillin (54.83%), clindamycin (80.64%), methicillin (100%), rifampicin 

(77.41%), vancomycin (31.96%), enrofloxacin (19.35%) and ciprofloxacin 

(22.58%). Earlier studies reported the antibiotic resistant phenotypes by disc 

diffusion assay against different antibiotics such as ampicillin, clindamycin, 

rifampicin vancomycin and ciprofloxacin (Charpentier and Couravalin, 1999; 

Conter et al., 2009; Morvan et al., 2010; Nwachukwu et al., 2010; Soni et al., 

2011; Yan et al., 2010). For antibiotic susceptibility testing of L. monocytogenes 

by disc diffusion assay, CLSI does not provide zone interpretation criteria 

(CLSI, 2006a, b); while, CLSI has recommended interpretative criteria of 

Staphylococcus aureus for L. monocytogenes and it could give false positive 

results. Besides this, very limited information is provided in CLSI documents for 

testing Listeria species (Jorgensen and Hindler, 2007). Hansen et al. (2005) 

highlighted that recommended standards of Staphylococcus aureus were 

unfortunate choice while testing Listeria. Hansen et al. (2005) further reported 

discrepancy in between the results of MIC and AST. In addition, in recent years 

researchers have accustomed to prefer MIC determination for the susceptibility 

testing of Listeria (Conter et al., 2009; Hansen et al., 2005; Moreno et al., 2014; 
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Zanini et al., 2014). Since, AST by disc diffusion assay gave unclear picture of 

susceptibility for L. monocytogenes; MIC determination was carried out for 

selected 14 antibiotics by E-test using Hi-Comb MIC strips (Himedia) as per 

manufacturer’s guidelines. For MIC test, selection of antibiotics was done on the 

basis of their use for treatment of herd animals. Antibiotics such as penicillin, 

gentamicin, ciprofloxacin, streptomycin, tetracycline, meropenam and 

chloramphenicol were selected. In addition to this, other antibiotics which 

showed false positive results by AST such as ampicillin, methicillin, rifampicin, 

clindamycin, trimethoprim, co-trimoxazole, and vancomycin were selected for 

MIC test in order to clear the interpretation of the susceptibility pattern of the 

selected antimicrobials for L. monocytogenes.   

MIC test revealed that 90% MIC values of the all antimicrobials (except 

ciprofloxacin) were within the standard breakpoint limits provided by CLSI. 

Recent studies on MICs determination test for L. monocytogenes have been 

reported which highlighted the resistance to clindamycin, daptomycin, oxacillin, 

tetracycline and ciprofloxacin (Conter et al., 2010; Gomez et al., 2014; Moreno 

et al., 2014). In the present study, MIC of ciprofloxacin was found to be 

relatively high in case of few isolates of L. monocytogenes (10µg/ml). Isolates 

which showed higher MIC were isolated from clinical cases (2), pig feed (1), pig 

associated environment (1) and from slaughterhouse (1). In Brazil, Moreno et al. 

(2014) observed 50% and 90% MIC values for the isolates were 2µg/ml and 

4mcg/ml, respectively. The isolates were isolated from pig slaughterhouse 

environment, pork and human infection. Other study in Denmark observed 90% 
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MIC of ciprofloxacin was 1 mcg/ml (Hansen et al., 2005). Conter et al. (2009) 

reported 1.6% of L. monocytogenes strains have resistance against ciprofloxacin, 

however, previous studies observed MICs in the range of 0.5 to 2 mcg/ml (Hof  

et al., 1992; Toxler et al., 2000). Comparison of MICs of present study with 

previous studies (Conter et al., 2009; Hansen et al., 2005; Moreno et al., 2014) 

and breakpoint limits of CLSI (2006b) confirmed that recovered isolates were 

resistant to ciprofloxacin with higher MIC value. The increase in MICs could be 

due to adaptation of strains of L. monocytogenes towards excessive/unwise use 

of antimicrobials in tropical conditions. Endorsing the findings of other studies 

(Grumbach et al., 1999; Jones et al., 1995), we suggest that use of ciprofloxacin 

is not recommended for the treatment of listeriosis.  

  Emergence of resistance of L. monocytogenes against tetracycline and FQ 

has been reported since the late 1980s and 1990s (Morvan et al., 2010). 

Genotypic characterization of the resistance traits have been studied for 

tetracycline, chloramphenicol, streptomycin, erythromycin, trimethoprim. 

Acquisition of three kinds of mobile genetic elements namely, self transferable 

and mobilizable plasmids, and conjugative transposons have been thought to be 

responsible for the emergence of Listeria spp. resistant to antibiotics (Arpin et 

al., 1992; Charpentier et al., 1999; Charpentier et al., 1995; Hadorn et al., 1993; 

Poyart-Salmeron et al., 1992).  Resistance associated genes such as cat, aad6, 

erm (A, B, C, TR), dfrD, tet (A, K, L, M, S) were also studied (Morvan et al., 

2010).  
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In the present study, no significant resistance phenotypes were noticed 

except ciprofloxacin. The study described the higher MIC values (10µg/ml) for 

ciprofloxacin. Ciprofloxacin acts on the type II topoisomerases DNA gyrase 

(encoded by   gryA and gryB genes) and topoisomerases IV (enzymes encoded 

by the par C and par E genes), enzymes that control DNA topology. Either 

mutation in quinolone resistance-determining regions (QRDR) or presence of 

efflux pump mediates the resistance phenotypes in L. monocytogenes (Moreno et 

al., 2014; Jiang et al., 2012). In our study, we did not analyse mutation in QRDR 

cassette as mutation did not play any significant role in case of L. 

monocytogenes. Lampidis et al. (2002) had studied the effect of mutation in 

QRDR region by cloning and sequencing all four genes encoding subunits A and 

B of DNA gyrase (gryA and gryB) and subuits C and E of topoisomerases IV. 

The study found alteration only in gryA region; the revealed alterations were not 

exclusively responsible for the quinolone resistance. In another study, alterations 

have been noticed in the gryA gene sequence when compared to sequences from 

isolates with resistant, intermediate, and sensitive FQ profiles and to previously 

published Listeria spp., E. coli, S. aureus, and S. pneumoniae QRDR sequence 

accessions from GenBank. The study observed alterations in both sensitive as 

well as resistance phenotypes of Listeria (Moreno et al., 2014). Therefore, 

mutation in QRDR sequence did not significantly explain the developed 

resistance against FQ. 

In Listeria, physiological phenomenon such as presence of efflux pumps 

(MdrL and Lde) contribute to efflux of toxic ions including antibiotics from 
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macrolides and FQ families (Godreuil et al.,  2003; Lismond et al.,  2008; Mata 

et al.,  2000). In L. monocytogens (EGDe), ten genes including each of five 14-

TMS and 12-TMS putative exporters have been known to code for multidrug 

exporter proteins (Godreuil et al., 2003). Using blast comparison of 12-TMS 

putative efflux pump, the lde gene, encoding 402 amino acids was identified. 

For FQ resistance in Listeria spp. was correlated with Lde exporter (Godreuil et 

al.,  2003; Jiang et al.,  2012; Moreno et al.,  2014; Mata et al.,  2000; Romanova 

et al., 2006). Other efflux pump, designated multi-drug- resistance (MdrL), is 

membrane protein belonging to 12-TMS transporter of MFS super family can 

extrude antibiotics (macrolides and cefotaxime) and heavy metals (Mata et al., 

2000). Previous studies reported over expression of active efflux associated mdrl 

or lde genes could be the possible mechanism implicated by L. monocytogenes 

to acquire resistance against fluroquinolones (Godereuil et al., 2003; Lismond et 

al., 2008). For the primary confirmation of the presence of efflux pump activity, 

EtBr agar plate assay was performed and for further confirmations of the over 

expression of efflux pump; reserpine, as an efflux pump inhibitor was used. 

Earlier studies used reserpine to analyze the over expression of the efflux pump 

(Godreuil et al.,   2003; Jiang et al.,   2012; Lismond et al.,  2008; Romanova et 

al.,  2006). In the present study, in presence of reserpine 2- fold or greater 

decrease of MIC of ciprofloxacin was observed which confirmed that the 

presence of efflux pump could help L. monocytogenes in fluroquinolone stress. 

PCR based amplification was carried by targeting two efflux pump mediated 

genes (mdrl and lde) among the isolates. All L. monocytogenes showed presence 
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of the lde gene, while ten out of 11 showed presence of the mdrl gene. Earlier 

researchers highlighted the presence of the mdrl and lde genes in L. 

monocytogenes (Jiang et al., 2012; Lismond et al., 2008; Mereghetti et al., 

2000). The finding of the clinical isolates from pigs with high-level of resistance 

to ciprofloxacin with MIC up to 10 µg/ml reinforce the need of microbiological 

surveillance in Indian conditions.  

In conclusion, this study demonstrated the isolation of L. monocytogenes 

strains resistant to antibiotics that were employed since last three decades as a 

primary or secondary line of treatment of listeric infections. The study reported 

the growing prevalence of antibiotic resistance among the Listeria strains. 

Because of such L. monocytogenes resistance to primary and secondary 

antimicrobials, rethinking of the current therapies is needed. Greater extent of 

resistance to commonly used antibiotics in this study reflects the wide and 

unwise use of antibiotics. Minimizing the use of antimicrobials in animal 

husbandry with non-antibiotic approaches could help to some extent. There is 

need for active and continuous surveillance of the antibiotic resistance. The 

emergence of antibiotic resistance among bacterial species can be minimized by 

decreasing their use in both agriculture and human medicine.  
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 Zoonotic diseases  and residues originating from from pesticides, 

insecticides, environmental pollution, drugs used for treatment and other toxic 

agents accumulating in animal tissues have concernes for food safety over the 

years. The entry of these zoonotic agents can be prevented by ensuring that only 

healthy animals enter the food supply.  In the recent years, microorganisms are 

increasingly perceived as public health problems. 

 Pork and pork products are one of the the most popular meats consumed in 

the world constituting about 44% of world meat protein consumption (FAO, 

2001). The systems for rearing pigs vary from simple backyard pigs or the pigs 

living on garbage belts, to large-scale scientific integrated pig farms with 

sophisticated bio-security measures. Many of the infections which do not show 

overt clinical signs such as Salmonella spp., Yersinia enterocolitica, 

Campylobacter and Listeria monocytogenes are difficult to detect at meat 

inspection. The present study was designed to understand the risk factors of the 

L. monocytogenes contamination from pig associated environment and 

processing raw pork product-line. The study found that the overall prevalence of 

L. monocytogenes was comparatively lower (2.2%) than meat production chain 

of other animal species (sheep, goat and cattle). The prevalence of L. 

monocytogenes was found to be more in clinical cases. This indicated that farm 

animals could be incriminated as sources for pork production-line 

contamination. Serogrouping of the isolates confirmed that the isolates belonged 

to 4b and 1/2b serogroups, which contributed to more than 98% of listeriosis 

outbreaks. Presence of virulence genes showed the virulence potential of the 
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isolates. Pulsed field gel electrophoresis data indicated that the L. 

monocytogenes serotype 4b isolates were clonal and reported across the 

countries. The clone seems to be cosmopolitan and get grouped with the 

epidemic clone I (ECI) pattern.  

 Since the prevalence of pathogenic strains (ECI) of L. monocytogenes was 

observed in almost all the components of pork production line, the pork 

production chain could be source of illness causing strains and a cause of 

concern for the public health. Microbiological assessment based programmes are 

required at pre-harvest and post-harvest levels in the food production chain. 

Housing, feeds, slaughtering environment and techniques besides hygiene 

practices at piggeries may be main routes of transmission of L. monocytogenes. 

Meat quality is usually affected by slaughter and hygienic processing 

procedures. Management of risk due to L. monocytogenes needs pathogen 

reduction at the farm level as well as at slaughter and meat processing. Hazard 

Analysis and Critical Control Point (HACCP) systems are more and more used 

to substitute or supplement established meat inspection and end-point sampling 

during slaughter and processing. Awareness about the changing requirements for 

food safety among food inspectors and farmers is need to be ensured. 

 Developing countries like India lack a level of management sophistication 

for the application of HACCP and/or GMPs at the farm level or at the 

slaughterhouse. These are essential components to gain consumer confidence 

and for marketing. Introduction of GMP at the farm level may help to reduce the   

pathogen load in animal production systems prior to slaughter. In addition to 
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this, training workshops for food inspectors including veterinarians on food 

safety and trade related regulations of animal products are essential.  

 To control the contamination of the pathogenic bacteria in meat and meat 

products, data related to risk analysis studies as well as GMP/HACCP 

approaches; is largely lacking to analyze risk assessment at critical control point. 

More number of studies are essential in order to produce pathogen free and 

quality meat and meat products. To enhance the quality meat production in 

India, microbiological surveillance and information systems, implementation of 

GMP and HACCP and appropriate import/export regulations are required.  

   Antibacterial drugs are extensively used in rearing of food animals for 

treatment and prevention of bacterial infections as well as growth promoters.   

Animals used as foods if reared under confined conditions may support the 

spread of contagious diseases. Antibiotics are frequently used indiscriminately. 

This indiscriminate use may result in resistance to certain antibiotic as well in 

related and unrelated drugs. Exposure of bacteria to these drugs may occur 

within the animal body as well as in the farm environment thorugh excretions. 

Sperad of such bacteria may also occur to humans through various established 

sources such as foods of animal origin and also through direct contact.   

In present study, prevalence and antibiotic resistance in L. monocytogenes 

were studied from pork production chain. As L. monocytogenes is naturally 

susceptible to most antimicrobials, studied isolates revealed the sensitive 

phenotypes against all antimicrobials tested except ciprofloxacin. AST and MIC 

data revealed the noticeable resistance against ciprofloxacin. Reserpine assay 
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and EtBr agar plate assay proved that the over expression of efflux pump could 

be responsible for FQ resistance. Further confirmation was carried out by PCR 

amplification of resistance associated genes thought to be responsible for the 

elevated MIC. L. monocytogenes is naturally susceptible to first generation 

quinolones while, increasing level of resistance is being persistently developing 

against FQ antibiotics.  

Use of anitibiotics as growth promoters need to be cutailed and measures 

that promote animal welfare and well being need to be emphasized. Publicly, 

there is no data available on use of anitibiotic in agricultural sector of India 

unlike in countries e.g. northern Europe where antibiotic use monitoring data are 

available. Further studies are needed to generate data at national-level on risk 

assessment, emerging trends in antibiotic resistance and its impact assessment.  

Novel approaches need to be emphasized to combat the spread of 

antibiotic-resistant pathogens. In the recent years, no new antibiotic has been 

described, therefore, rational; alternatives to antibiotics must be thinked   

abouted for animals and human treatment. Newer approached like modulation of 

the gut microbial flora may help to prevent infections in animals. Non-antibiotic 

approaches like phage related technologies, use of novel bacteriocins and 

predatory bacteria may help in bacterial treatement. Therefore, animal welfare 

measures along with environmental hygiene practices should form essential part 

of meat production. 
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Media 

1. Brain Heart Infusion broth 

Components  Quantity in grams for l lit.  

Brain Heart, Infusion from (Solids)  8.0  

Peptic Digest of Animal Tissue  5.0  

Pancreatic Digest of Casein  16.0  

Sodium Chloride  5.0  

Glucose  2.0  

Disodium Hydrogen Phosphate  2.5  

pH 7.4 ± 0.2  

 

2. Listeria Enrichment Medium Base (University of Vermont medium (UVM))  

Components  Quantity in grams for l lit.  

Casein enzymic hydrolysate  5.000  

Proteose peptone  5.000  

Beef extract  5.000  

Yeast extract  5.000  

Sodium chloride  20.000  

Monopotassium dihydrogen 

phosphate  

1.350  

Disodium hydrogen phosphate  12.000  

Esculin  1.000  

Final pH ( at 25°C) 7.4±0.2  
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Suspend 27.17 grams in 500 ml distilled water. Heat if necessary to dissolve 

the medium completely. Sterilize by autoclaving at 15 lbs pressure (121°C) 

for 15 minutes. Cool to 50°C and aseptically add rehydrated contents of 1 

vial of Listeria UVM Supplement I (FD136) for primary enrichment or 1 vial 

of Listeria UVM  

 

3. Listeria Identification Broth Base (PALCAM)  

Component  Quantity in grams for l lit.  

Peptic digest of animal tissue  23.000  

Yeast extract  5.000  

Lithium chloride  10.000  

Esculin  0.800  

Ammonium ferric citrate  0.500  

D-Mannitol  5.000  

Soya lecithin  1.000  

Polysorbate 80  2.000  

Phenol red  0.080  

Final pH ( at 25°C) 7.4±0.2  

 

Suspend 23.69 grams in 500 ml distilled water. Heat if necessary to dissolve 

the medium completely. Sterilize by autoclaving at 15 lbs pressure (121°C) 

for 15 minutes. Cool to 45-50°C and aseptically add sterile reconstituted 

contents of 1 vial of Listeria Selective Supplement (PALCAM). Mix well 
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before dispensing. (As per HiMedia Laboratories)  

4. ALOA medium  

Component  Quantity in grams 

for l lit.  

Meat peptone  18.000  

Casein enzymic hydrolysate  6.000  

Yeast extract  10.000  

Sodium pyruvate  2.000  

Glucose  2.000  

Magnesium glycerophosphate  1.000  

Magnesium sulphate  0.500  

Sodium chloride  5.000  

Lithium chloride  10.000  

Disodium hydrogen phosphate anhydrous  2.500  

Chromogenic substrate  0.050  

Agar  15.000  

Final pH ( at 25°C) 7.2±0.2  

 

Suspend 36.02 grams in 460 ml distilled water. Heat to boiling to dissolve the 

medium completely. Sterilize by autoclaving at15 lbs pressure (121°C) for 15 

minutes. Cool to 45-50°C. Aseptically add sterile contents of 1 vial of L. 

mono Enrichment Supplement I and sterile rehydrated contents of L .mono 

Selective Supplement I, L .mono Selective Supplement II. Mix well and pour 
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into sterile Petri plates. (As per HiMedia Laboratories)  

5. Sheep Blood agar base  

Component  Quantity in grams for l lit.  

Casein enzymic hydrolysate  14.000  

Peptic digest of animal tissue  4.500  

Yeast extract  4.500  

Sodium chloride  5.000  

Agar  12.500  

Final pH ( at 25°C) 7.3±0.2  

 

Suspend 40.5 grams in 1000 ml distilled water. Heat to boiling to dissolve the 

medium completely. Sterilize by autoclaving at 15 lbs pressure (121°C) for 

15 minutes. Cool to 45-50°C and aseptically add 5% sterile sheep blood. Mix 

well and pour into sterile Petri plates.  

6. Muller Hinton Agar Base 

Component  Quantity in grams for l lit.  

 Beef, infusion from  300.000  

Casein acid hydrolysate    17.500 

 

Starch  

 

1.500 

Agar  

 

17.000 

             Final pH ( at 25°C) 7.3±0.2  

 

Suspend 38 grams in 1000 ml distilled water. Heat to boiling to dissolve the 
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medium completely. Sterilize by autoclaving at 15 lbs pressure (121°C) for 15 

minutes. Mix well before pouring. 

 

Buffers and Reagents  

1. TRIS stock (1M)  

Component  Quantity  

TRIS  121.14  

D/W  1000 ml  

Adjust the pH to 8.0 if necessary  

 

2. EDTA Stock  

Component  Quantity  

EDTA  372.24 g  

D/W  1000 ml  

Adjust the pH to 8.0 if necessary  

 

3. TE Buffer (10 mM Tris:1 mM EDTA, pH 8.0):  

Component  Quantity  

Tris (1M, pH 8.0)  10 ml  

EDTA (1M, pH 8.0)  1 ml  

D/W  89 ml  

Adjust the pH to 8.0 if necessary  

 

4. 1% PFGE agarose in TE Buffer:  

Component  Quantity  
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PFGE grade agarose  1 gm  

TE buffer (pH 8.0)  10 ml  

 

5. Cell lysis buffer (50mM Tris: 50mM EDTA, pH 8.0 + 1% Sarcosyl)  

Component            Quantity  

Tris (1M, pH 8.0)  5 ml  

EDTA (1M, pH 8.0)  5 ml  

Sarcosyl  1 gm  

D/W  90 ml  

  

6. Cell Lysis/Proteinase K Buffer  

Component            Quantity  

Cell lysis buffer  5 ml  

Proteinase K (20 mg/ml)  25 μl  

  

7. SSP solution (1.2% PFGE grade agarose:1% Sodium Dodecyl Sulfate: 0.2 mg/ml 

proteinase K):  

Component  Quantity  

PFGE grade agarose  0.12 gm  

SDS  0.1 gm  

Proteinase K (20 mg/ml)  100 μl  

D/W  9.9 ml  

  

8. Phosphate buffered saline  
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Component  Quantity  

Sodium Chloride  8.0 gm  

Disodium hydrogen phosphate  1.14 gm  

Potassium chloride  0.2 gm  

Potassium di hydrogen phosphate  0.2 gm  

D/W  1000 ml  

 

9. Ciprofloxacin stock solution (20mg/ml) 

Component  Quantity  

            Ciprofloxacin powder  40 mg 

Water  2 ml 

Initial stock solutions of 20mg/ml was prepared, stock was used as per the need of further 

dilutions.   

 

11. Reserpine stock solution (20mg/lit) 

   Component  Quantity  

  Reserpine  powder  20 mg 

  Water  1 ml 

 Initial stock solutions of 20mg/ml was prepared, stock was further used to adjust the    

concentration (33µm) in each dilution.   
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12. Etidium bromide stock solution (EtBr)(1mg/ml) 

Component  Quantity  

Ethidium bromide  40 mg 

Water  4 ml 

Initial stock solutions of 1mg/ml was prepared, final concentration of EtBr (0.5 mg/ml) 

was adjusted in Brain Heart Infusion Agar medium.    

 

13. NaCl (0.85%) 

Component  Quantity  

NaCl  8.5 gm 

Water  100 ml 

 

14. 0.5 X TBE buffer 

Component  Quantity  

Tris base 

 

108 g 

Boric acid 55 g 

0.5 M EDTA (pH 8.0) 
 

40 ml 

Water  2 lit 
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15. 1% SDS 

Component  Quantity  

Sodium monododecyl sulfate 1g 

Water  100 ml 

freshly prepaied stock was used for experiment  
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A total of 215 samples, comprising of both clinical (n=182) and farm environment (n=33), were 
screened to determine the prevalence of Listeria spp. in different parts of Konkan region, India. 
Out of these, 27 (12.55%) samples were found positive for Listeria spp. The isolates were 
further characterized using phenotypic assays (Hemolysis test, Christie Atkins Munch–
Petersen test (CAMP) and growth on Agar Listeria acc. to Ottaviani & Agosti (ALOA)) and 
genotypic assays. The isolates were confirmed as Listeria monocytogenes 12(5.11%), L. ivanovii 
2(0.93%), L. innocua 11(5.11%), L. seeligeri 2(0.93%) and L. welshimeri 1(0.46%). The L. 
monocytogenes isolates were recovered from clinical cases in sheep, goat and pig while one 
isolate was obtained from pig rearing environment. Serotyping of L. monocytogenes revealed 5 
isolates to be of serotype 4b and 6 of serotype 1/2b. L. monocytogenes isolates were sensitive to 
ampicillin, doxycycline, ciprofloxacin, vancomycin and intermediate resistance towards 
chloramphenicol, penicillin and gentamicin. The study shows the prevalence of the L. 
monocytogenes in the clinical cases and associated farm environment of the Konkan region. 
However, further study is necessary to determine whether farm environment acts as potential 
reservoir transferring L. monocytogenes to animals.   
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INTRODUCTION  

L. monocytogenes is Gram positive, facultative food borne 
pathogen of humans and animals (Dhama et al., 2013). The 
genus Listeria includes 10 species; L. monocytogenes, L. ivanovii, 
L. grayi, L. innocua, L. seeligeri, L. welshimeri, L. marthii, and L. 
rocourtiae, (Graves et al., 2010; Leclercq et al., 2010) including 
two recently identified species, L. fleischmannii, and L. 
weihenstephanensis (Halter et al., 2013; Bertsch et al., 2013). Out 
of these, L. monocytogenes and L. ivanovii are pathogenic to 
humans and animals (Guillet, 2010). The L. monocytogenes is 
widely distributed in the environment and has been isolated 
from a variety of sources including water, sludge, soil, 
plants, vegetation, food, food processing plants and infected 
humans and animals (Liu, 2008; Dhama et al., 2013).  

The listeriosis is a rare but serious food–borne disease 
as it exhibits 20–30% mortality, 91% hospitalization and 
50% neonatal death rates (Low and Donachie, 1997; 
Kathariou, 2002). In human, the early stage of infection by L. 
monocytogenes generally displays initial flu–like symptoms 
such as chilling, nausea, fever, gastroenteritis etc. Untreated 
cases may lead to septicemia, meningitis, encephalitis, 
abortion and occasionally death (Barbuddhe et al., 2008). 
Listeria infection in animal shows broad range of symptoms 
from asymptomatic infection to uncommon cutaneous 

lesions or various focal infections such as conjunctivitis, 
urethritis, endocarditis, and severe disturbance of the gait, 
followed by death. The L. monocytogenes is a well–recognized 
cause of mastitis, abortion, repeat breeding, infertility, 
encephalitis, and septicemia in cattle (Barbuddhe et al., 
2008; Deb et al. 2013).  

The infection by L. monocytogenes is generally 
transmitted through contaminated food (Farber and 
Peterkin, 1991). Generally industrially processed foods such 
as raw meat, fish, milk, milk–related products has been 
linked for the listeriosis (Rocourt, 2000; Lyytikäinen et 
al.,2006; Kvistholm Jensen et al., 2010; Goulet et al., 2012; 
Dhama et al., 2013).. 

Heavy use of antibiotics as a growth promoter for farm 
animals and injudicious use of antibiotics accelerated 
evolution of bacteria towards antibiotic resistance. Since 
bacteria have the remarkable ability to develop resistance 
against antibiotics, bacterial species such as Listeria has also 
evolved towards multiple antibiotics resistance 
(Charpentier and Courvalin, 1999). 

In India, the occurrence of listeriosis is poorly studied. 
Lack of awareness makes L. monocytogenes underdiagnosed 
therefore incidences in humans and animals are 
underestimated. Several researchers have explored 
incidence of listerial spp. in India from different sources 
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(Jallewar et al., 2007; Yadav et al., 2011; Manoj et al., 1991; 
Dhanashree et al., 2003; Moharem et al., 2007; Kalorey et al., 
2008). Also, L. monocytogenes cases have been reported 
sporadically in humans and animals (Mokta et al., 2010; 
Adhikary and Joshi, 2010). The present epidemiological data 
is insufficient and not conclusive (Barbuddhe et al., 2012). 
The objective of the study is to determine the prevalence of 
Listeria spp. in Konkan region of Maharashtra, India.  

 
MATERIALS AND METHODS 
Bacteria 
Standard cultures of L. monocytogenes (MTCC 1143), 
Staphylococcus aureus (MTCC 1144), and Rhodococcus equi 
(MTCC 1135) were obtained from Microbial Type Culture 
Collection Center, Institute of Microbial Technology 
(IMTECH), Chandigarh, India. 
Sample Collection 
A total of 215 samples were collected from Konkan region of 
Maharashtra, India (Table 1). Of these, 182 samples (vaginal 
swabs, blood, milk and faeces) were collected from domestic 
animals such as sheep, goat, bovines and pig, while, 33 
samples were collected from cattle and pig farms 
surroundings (soil and floor swabs). The samples were 
collected in sterile containers, transported to laboratory on 
ice and processed for isolation of listerial spp. 

 
Table 1: Isolation of Listeria spp.  from clinical and 
environmental samples. 

 
No. positive  
Listeria spp 

Lm Liv Lin Lw  Ls 

Clinical       
Sheep (n=58) 10 4 0 6 0 0 
Goat (n=60) 7 5 0 1 1 0 
Cattle (n=30) 0 0 0 0 0 0 
Pig (n=34) 5 1 2 2 0 0 
Environmental       
Cattle Farm (n=18) 3 0 0 1 0 2 
Pig Farm (n=15) 2 1 0 1 0 0 
Total  27 11 2 11 1 2 

Lm: L. monocytogenes; Liv: L. ivanovii; Lin: L. innocua; Lw: L. welshimeri; Ls: L. 
seeligeri 

Isolation of Listeria Species 
Isolation of Listeria spp. was attempted as per USDA–FSIS 
method (USDA, 2013). The samples (blood, milk, faeces and 
soil) were inoculated (approx. 5 ml/5 g) into 45 ml of 
University of Vermont Medium (UVM)–1 supplemented 
with acriflavin and nalidixic acid, and incubated at 37oC for 
18–24 h. Vaginal and floor swabs were directly inoculated in 
10 ml UVM broth. Further enrichment of the samples was 
carried by inoculating 0.1 ml of UVM–1 to 10 ml of UVM–2 
broth. Inoculated UVM–2 broth was incubated further for 
24 h at 370C. A loopful of enriched UVM–2 broth was 
streaked directly on PALCAM agar for selective isolation of 
listerial colonies. The inoculated agar plates were incubated 
at 37oC for 48 h. The isolated pinpoint grayish–green 
colonies surrounded by black zone of esculin hydrolysis 
were presumed as Listeria. These colonies were further 
purified on PALCAM agar and stored in refrigerated 
conditions in BHI broth.  
Biochemical Characterization and Identification of 

Isolates 
A single isolated colony from PALCAM agar was inoculated 
in fresh BHI broth and incubated at 37oC for 18 h. The 

freshly grown culture was then studied for their 
morphological and biochemical characters. Morphology was 
observed under light microscope while, Listeria specific 
biochemical tests such as catalase, oxidase, characteristics 

tumbling motility at 20–25 C and fermentation of sugars 
(rhamnose, xylose, mannitol and α–methyl D – 
mannopyranoside) were performed. The isolates were 
compared with standard Listeria spp. for identification. 
Isolates suspected as L. monocytogenes from biochemical tests 
were further subjected to specific tests such as hemolysis on 
sheep blood agar (SBA), Christie, Atkins, Munch–Petersen 
(CAMP) test and phosphatidylinositol phospholipase C 
activity (PI–PLC) (Gorski et al., 2008).  
Genotypic Characterization 
Biochemically confirmed L. monocytogenes isolates were 
subjected to serotyping by multiplex PCR method as 
described by Doumith et al. (2004).  The genomic DNA was 
extracted using DNA isolation kit (Chromos Biotech, 
India). Oligonucleotide primers (Doumith et al., 2004) were 
synthesized from Sigma. The 50 µl PCR mixture contained 
2.5μl of 10x PCR buffer (100 mM Tris–HCl, pH 8.3 at 25°C; 
500 mM KCl; 15 mM MgCl2; 0.01% gelatin), 2 mM dNTP 
mix, 3 mM MgCl2 and 0.3 μM each of forward and reverse 
primers (lmo0737, lmo2819, lmo2110 and prs gene), 2 units of 
Taq DNA polymerase and 50 ng of DNA template. The final 
volume was adjusted by sterilized deionised water. The 
reaction was performed in a Mastercycler epGradient 
(Eppendorf, Germany) with a preheated lid. PCR was 
performed with an initial denaturation step at 94°C for 3 
min; 35 cycles of 94°C for 0.40 min, 53°C for 1.15 min, and 
72°C for 1.15 min; and one final cycle of 72°C for 7 min. Five 
microliters of the reaction mixture was mixed with 1μl of gel 
loading buffer and separated on a 1.5% agarose gel pre–
stained with ethidium bromide. The gel was visualized 
under Alpha–Imager gel doc system.  

PCR amplification of the hlyA gene was performed as 
described by (Paziak–Domańska et al., 1999). The 50 µl PCR 
mixture contained 2.5μl of 10x PCR buffer (100 mM Tris–
HCl, pH 8.3 at 25°C; 500 mM KCl; 15 mM MgCl2; 0.01% 
gelatin), 2 mM dNTP mix, 2 mM MgCl2 and 0.3 μM of 
forward and reverse primers, 1.5 units of Taq DNA 
Polymerase and 50ng of DNA template. The final volume 
was adjusted by sterilized deionised water. The reaction 
mixture was subjected to an initial denaturation at 950C for 
2 min followed by 35 cycles each of 15 s denaturation at 
950C, 30 s annealing at 600C and 1 min 30 s extensions at 
720C. It was followed by final extension of 10 min at 720C 
and held at 40C. The PCR products were tested as described 
above.  
Antibiotic Sensitivity of Isolates 
Disk diffusion susceptibility tests were performed according 
to the standard reference procedure of the Clinical and 
Laboratory Standards Institute (Anon, 2006; Altuntas et al., 
2012). A single well–isolated colony of L. monocytogenes was 
transferred into 10 ml BHI broth, incubated at 37°C for 24 h, 
diluted 1:10 in 9 ml 0.1% peptone water to a turbidity 
equivalent to 0.5 McFarland standard, and spread on surface 
of Mueller–Hinton Agar (MHA) plate. Antibiotic discs of 
vancomycin (VA10), ciprofloxacin (Cf5), erythromycin 
(E15), gentamycin (G10), penicillin–G (P10), sulphazidine 
(Sz 30), amphicilin (A10), oxytetracycline (O30), 
chloramphenicol (C30) and doxycycline (D30) were placed 
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on the surface of each inoculated MHA plate. After 
incubation for 24 h at 37°C, the diameter (in mm) of the 
zone around each disk was measured and interpreted in 
accordance with the Clinical and Laboratory Standards 
Institute Standards guidelines (Anon, 2006) to classify the 
antibiotic sensitivity of each isolate. Staphylococcus aureus 
ATCC 6538 was used as standard strain. 
RESULTS 
Isolation and Identification of Listeria  
Out of 215 samples (clinical and farm environment) 
collected, 27(12.55%) samples were found positive for 
Listeria spp. After further characterization, 11 (5.11%) 
isolates were confirmed as L. monocytogenes, 2 (0.93%), L. 
ivanovii, 11 (5.11%), L. innocua, 1 (0.46%), L. welshimeri and 2 
(0.93%) as L. seeligeri (Table 1). Except clinical samples 
collected from cattle, all other types of samples showed 
presence of Listeria spp. Four L monocytogenes were isolated 
from clinical samples collected from sheep, five from goats, 
one each from pig and pig–associated environment. The L. 
ivanovii was isolated from a clinical case in pig. No L. 
monocytogenes or L. ivanovii could be isolated from cattle and 
associated environment. 

Biochemically identified L. monocytogenes and L. ivanovii 
spp. were further characterized by phenotypic assays.  All 
the L. monocytogenes and L. ivanovii exhibited weak hemolysis. 
In CAMP test, L. monocytogenes and L. ivanovii showed 
increased zone of hemolysis toward Staphylococcus aureus 
(MTCC 1144) and Rhodococcus equi (MTCC 1135), 

respectively. All the Listeria spp. were tested on ALOA 
medium to determine the ß–glucosidase and ability to 
produce the phospholipase enzymes. All the isolates showed 
blue–green color zone confirming the Listeria spp. while in 
addition, L. monocytogenes and L. ivanovii exhibited an opaque 
white halo of hydrolysis of phosphotidyliositol or lethicin in 
the medium due to phospholipases. Presence of 
phospholipase activity was considered as indicator the 
pathogenicity.  
 
Table 2: Multiplex PCR serotyping and detection of Virulence 
Gene (hly A) of the isolates. 

Isolates Source hly A Serogroup 

FC2 Fish container + 4b, 4d, 4c 
16 Blood + 4b, 4d, 4c 
22 Sheep vaginal swab + 1/2b, 3b, 7 
19 Goat vaginal swab + 1/2b, 3b, 7 
21 Sheep vaginal swab + 1/2b, 3b, 7 
26 Goat vaginal swab + 1/2b, 3b, 7 
13 Sheep vaginal swab + 4b, 4d, 4c 
14 Sheep vaginal swab + 4b, 4d, 4c 
11 Goat vaginal swab + 4b, 4d, 4c 
2 Goat vaginal swab + 1/2b, 3b, 7 
12 Goat vaginal swab + 1/2b, 3b, 7 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
L. monocytogenes isolates were characterized for the presence 
of the hemolysin gene and by multiplex PCR based–
serotyping. Multiplex PCR based serotyping revealed 5 
isolates as serotype 4b while remaining 6 were of serotype 
1/2b (Table 2, Figure 1).  All the L. monocytogenes isolates were 
found to possess hlyA gene, which is responsible for 
hemolysin. In case of L. ivanovii genus, specific prs gene was 
amplified.  

Antibiotic Sensitivity Testing 
L. monocytogenes isolates were checked for their susceptibility 
towards the commonly prescribed antibiotics. All isolates 
were sensitive towards, erythromycin, oxytetracycline, 
ampicillin, doxycycline and ciprofloxacin and showed 
intermediate resistances towards the chloramphenicol, 
penicillin, gentamicin and vancomycin. However, a single L. 
monocytogenes serotype 4b isolate from pig placental tissue 
exhibited multi–antibiotic resistance. All 10 L. monocytogenes 
isolates shown resistance to sulphazidine. 

Figure 1:Multiplex PCR serotyping for determination of the serogroups of the isolates; Lane 1: Isolate FC2 L; monocytogenes serogroup 4b, 
4d, 4c; Lane 2: 16 L. monocytogenes serogroup: 4b, 4d, 4c; Lane 3: 13 L. monocytogenes serogroup 4b, 4d, 4c; Lane 4: 22 L. monocytogenes 
serogroup 1/2b, 3b, 7; Lane 5:19 L. monocytogenes serogroup 1/2b, 3b, 7; Lane 6: Listeria spp., Positive control (PC); L. monocytogenes MTCC 
1143; NC: Negative control; M: 100 bp DNA ladder. 
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DISCUSSION  
Listeria spp. are ubiquitous in nature and has been isolated 
from wide environmental sources (Liu, 2008). The organism 
possesses ability to survive in harsh conditions and 
therefore can persist in environment. Because of such 
persistence Listeria spp. can easily enter in food chain 
(Carpentier and Cerf, 2011). Of the known Listeria spp., L. 
monocytogenes is pathogenic to humans and animals, while L. 
ivanovii is mainly an animal pathogen. Several foodborne 
outbreaks are attributed to L. monocytogenes (Ramaswamy et 
al., 2007). Therefore, food quality controlling authorities 
from several developed countries have enforced strict 
regulations over occurrence of L. monocytogenes in food and 
food products (CDC, 2012). However, such regulations are 
largely lacking in developing countries because of 
underestimated listerial scenario. In India, due to lack of 
awareness, burden of other traditional diseases, rare 
expertise, and poor reporting, the incidence of listeriosis is 
unknown (Dandona et al., 2004; Dandona et al., 2009). To 
understand the listeriosis in detail, there is a need of 
systematic and coordinated studies to estimate the 
prevalence of L. monocytogenes in different habitats, 
occurrence of listeriosis in humans as well as in animals and 
their concordance of occurrence and actual disease. The 
epidemiological studies would help in understanding of the 
sources of infection and persistence and their risk 
assessment, routes of transmission, clinical forms and allow 
for better management of the listerial infection. 

Present study was performed to determine the 
prevalence of Listeria spp. from Konkan region of 
Maharashtra, India. The Konkan region contributes a great 
source of animal and crop originated food. Listeria spp. were 
isolated from 12.55% samples. L. monocytogenes and L. ivanovii 
were isolated from 5.11% and 0.93% samples, respectively. 
The L. monocytogenes isolates were mainly isolated from sheep 
and goats. A bacterial etiology studied in relation to 
abortions by over  203 sheep and goat flocks showed 5–6% 
of L. monocyotgenes infections (Sharma et al., 2008).  
Barbuddhe et al. (2000) have reported presence of L. 
monocytogenes  in 6.66% and 7.4% meat samples of goats. In 
India, L. monocytogenes has been reported from fish 
(Dhanashree et al., 2003; Gawade et al., 2011; Parihar et al., 
2008; Das et al., 2012), meat (Doijad et al., 2010; 
Bramhabhatt and Anjaria, 1993), and milk (Doijad et al., 
2011; D’Costa et al., 2012). In the present study, L. 
monocytogenes could not be isolated from cattle. L. ivanovii was 
isolated from pig samples. Presence of L. monocytogenes in 
animal associate–environment may lead to cause infection 
to animals being reared in that area, however, it warrants 
future investigations.  

There are 12 serotypes of L. monocytogenes known till 
date, of which serotypes 1/2a, 1/2b and 4b contribute more 
than 98% of outbreaks (Cheng et al., 2008). Our serotyping 
data confirmed 6 isolated to be serotype 1/2b and 5 as 
serotype 4b. L. monocytogenes serotype 4b has been 
considered as cosmopolitan (Herd and Kocks, 2001; Cheng 
et al., 2008). Presence of such outbreak–associated serotype 
is of public health concern. However, more studies with 
large number from humans and animal clinical cases may 
present the actual scenario.  

The antibiotic resistance of the pathogen is a 
significant public health concern. Recent reports suggest 
the evolution of L. monocytogenes towards antibiotic 
resistance (Charpentier and Courvalin 1999; Altuntas et al., 
2012; Soni et al., 2013). It is suggested that the increased use 
of antibiotics for therapeutic purposes in animals and 
humans may lead to the development of antibiotic 
resistance (Palumbo et al., 2010; Yan et al., 2010). Depending 
upon different geographical area, antibiotic resistance 
patterns of L. monocytogenes in food and environmental 
sources may change (Yan et al., 2010). We tested all L. 
monocytogenes isolates for their antibiotic sensitivity. A single 
L. monocytogenes serotype (4b) isolates from pig placental 
tissue exhibited multi–antibiotic resistance while remaining 
10 isolates were sensitive towards the majority of the 
antibiotics studied. Interestingly, all the L. monocytogenes 
isolates were resistant to sulphadiazine. The study 
conducted by Dhanashree et al., (2003) found similar results 
wherein L. monocytogenes isolates which were sensitive 
towards commonly used antibiotics were reported.  

The present study showed the prevalence of L. 
monocytogenes in clinical and environmental samples from 
Konkan region of Maharashtra, India. The isolates belonged 
to serotypes having epidemic potential. There is a 
possibility of transfer of this pathogen from animals to foods 
of animal origin and thereafter the food chain.  
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                  A B S T R A C T                          

Introduction  

Listeria monocytogenes, an important 
foodborne pathogen, has a significant impact 
on public economy worldwide. Though 
human infections are rare, L. monocytogenes 
has the potential to cause serious and life-
threatening disease and the majority of cases 
of human listeriosis are associated with 
contaminated foods (Andritsos et al., 2013). 
L. monocytogenes has been described as an 
opportunistic pathogen affecting primarily 
neonates, pregnant women, the aged and 
immune-challenged individuals, patients 
with a history of transplantation and under          

the treatment of immune suppressive drugs 
(Liu, 2006; Schlech et al., 2000). Ingestion 
of L. monocytogenes contaminated foods is 
associated with central nervous system 
disease, sepsis, endocarditis, focal infections 
and gastroenteritis, and still births and 
abortions in pregnant women (Zhou and 
Jiao, 2004).   

It has been hypothesized that the live 
animals like healthy carrier pigs may be the 
major sources of contamination at abattoirs 
and of final food products (Autio et al., 
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Listeria monocytogenes is an important pathogen of public health significance. 
Isolation and characterization of L. monocytogenes was attempted from the 
different components of pork production system in the west coast region of India. 
A total of 501 samples were collected from pig rearing environment (n=146), sick 
and healthy pigs (n=199), slaughter house environment (n=62), raw pork (n=37) 
and pork products (n=57).  Listeria spp. were isolated from 31 (6.18%) samples. 
The isolates were further subjected to biochemical and genotypic characterization. 
Out of 31 isolates, 11(2.19%) isolates were confirmed as L. monocytogenes, 8 
(1.59%) as L. innocua, 6 (1.19%) as L. seeligeri, 3 (0.59%) as L. ivanovii and 3 
(0.59%) as L. welshimeri. Multiplex PCR based serotyping revealed 10 L. 
monocytogenes isolates to be of serovar group 4b, 4d, 4c, while, one isolate was of 
serovar group 1/2b, 3b, 7. PFGE analysis revealed clonality of the strains prevalent 
in pork production chain and were similar with strains prevalent in India. 
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2000; Giovannacci et al., 1999; Hellström et 
al., 2010). Besides this, the occurrence of L. 
monocytogenes has been reported in 
abattoirs, raw pork and pork products 
(Hellström et al., 2010; Kanuganti  et al., 
2002; Thevenot et al., 2005). Food-borne 
listeriosis outbreaks have been reported 
worldwide implicating pork and pork 
products such as deli meats (Goulet et al., 
1998).    

Different reports are available describing the 
characterization of L. monocytogenes 
isolates from swine slaughterhouses, pork 
and pork products by PCR-based serotyping, 
presence of virulence-associated genes, and 
pulsed-field gel electrophoresis analysis 
(Meloni et al., 2013). L. monocytogenes 
serotypes 1/2a, 1/2c, 4b, and 4d have been 
reported from pork and pork products 
(B rzi s

 

et al., 2010; Boscher et al., 2012). 
Isolation of L. monocytogenes strains with 
similar serotypes and pulsotypes have been 
reported from sows and fattening pigs from 
the same farms, suggesting common sources 
of contamination (Boscher et al., 2012).  

In India, L. monocytogenes has been 
reported from a variety of foods including 
meat, milk and seafood (Barbuddhe et al., 
2012; Kalorey et al., 2008; Parihar et al., 
2007). However, no reports are available 
which illustrate the risk factors for Listeria 
contamination on farm, abattoir, raw pork 
and pork products in India. The objective of 
the present study was to isolate and 
characterize L. monocytogenes from 
different components of the Indian pork 
production system.   

Materials and methods  

Sample collection  

A total of 501 samples were collected from 
the piggeries (n=17) and its associated 

environment, samples from slaughter house, 
and raw pork and pork products during 
August 2012 to December 2013 from the 
West Coast region of India. Samples 
comprised of clinical (n=199) and 
environmental (n=146) sources. Deep 
vaginal, nasal, oral, skin swabs, feces, 
autopsied tissues were collected as clinical 
samples. Soil, feed, and water along with 
floor swabbings were collected from piggery 
associated environment. Furthermore, 
tonsils, intestinal contents from slaughtered 
pigs (n=62), and swabs from floor, hands of 
workers, and carcasses were also collected. 
Raw pork (n=37) and pork products (n=57) 
samples mainly sausages (cooked and 
uncooked) were also collected. All the 
samples were collected aseptically in the 
containers (Himedia, India) and brought to 
the laboratory in chilled conditions and 
processed for isolation of Listeria.  

Isolation and identification  

Isolation of Listeria from collected samples 
was attempted as per the US Department of 
Agriculture (USDA) method as described by 
Donnelly and Baigent (1986) after making 
necessary modifications. Briefly, the tonsil 
tissues, intestinal contents, faeces and 
autopsied tissue samples (approx. 5 g) were 
triturated under aseptic conditions and 
inoculated into 45 ml of University of 
Vermont medium I (UVM-I) and incubated 
at 30oC for 18- 24 h. Water (25 ml), feed (5 
g), soil, raw pork samples and sausages were 
enriched in UVM I. Enriched inocula (0.1 
ml) from UVM-I were then transferred to 10 
ml of UVM II and incubated again for 24 -
36 h at 30oC.   

Enriched broths were streaked on PALCAM 
agar (Himedia) and incubated at 30oC for 48 
h. Typical greenish gray colored colonies 
with black sunken centers surrounded with 
black halo on PALCAM agar were selected 
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as presumptive Listeria spp. and streaked on 
5% sheep blood agar (SBA). 
Morphologically typical colonies were 
verified by Gram s staining, catalase 
reaction, tumbling motility at 20 25oC, 
methyl red-Voges Proskauer (MR-VP) 
reactions, nitrate reduction, fermentation of 
sugars (rhamnose, xylose, mannitol and a-
methyl D-mannopyranoside). All 
biochemically characterized Listeria isolates 
were further subjected to haemolysis on 
SBA, Christie, Atkins, Munch Petersen 
(CAMP) test, phosphatidylinositol 
phospholipase C (PI-PLC) assay as per 
Gorski (2008). Standard strains of L. 
monocytogenes MTCC 1143, 
Staphylococcus aureus MTCC 1144, and 
Rhodococcus equi MTCC 1135 were used as 
controls or standards for all reactions.  

Multiplex PCR for serotyping and 
virulence determination  

The genomic DNA of all the isolates was 
extracted using bacterial DNA extraction kit 
(Chromous Biotech, Bangalore, India) and 
was subjected to PCR amplification for 
detection of the actA, hlyA and plcA genes 
(Rawool et al., 2007). The multiplex PCR 
serotyping assay was standardized as per the 
protocol described by Doumith et al (2004). 
Details of oligonucleotide primers are given 
in Table 1. The PCR amplification of the 
virulence associated genes was set for 25 l 
reaction volume. The reaction mixture was 
subjected to an initial denaturation at 950C 
for 2 min followed by 35 cycles each of 15 s 
denaturation at 950C, 30 s annealing at 600C 
and 1 min 30 s extension at 720C. It was 
followed by final extension of 10 min at 
720C and held at 40C.   

For multiplex PCR based serotyping, 50 l 
reaction mixtures were prepared each 
containing 2 U Taq DNA polymerase, 10X 
PCR Buffer (50mM Tris-HCl, 10mM KCl, 

50mM ammonium sulphate, 2mM MgCl2), 
300 M dNTP mix, 2 mM MgCl2, 2 M 
each of primer lmo0737, ORF2819, 
ORF2110 and prs and 5 l of DNA template. 
The reactions were performed in 
Mastercycler epGradient (Eppendorf, 
Germany) with a preheated lid with an 
initial denaturation step at 94°C for 5 min; 
35 cycles of 94°C for 30 s, 54°C for 1 min 
15 s, and 72°C for 1 min 15 s; and one final 
cycle of 72°C for 10 min in thermocycler. 
The PCR products were analyzed by 1.5% 
agarose gel electrophoresis and visualized 
using ethidium bromide staining under UV 
illumination.  

Pulsed field gel electrophoresis (PFGE)  

PFGE was performed according to the 
PulseNet standardized protocol (Graves and 
Swaminathan, 2001). Bacterial cultures were 
embedded in PFGE grade agarose (Bio-
Rad). Sample plugs were digested with 25 U 
of AscI (New England Biolabs, Beverly, 
MA) at 37°C for 3 h or 160 to 200 U of 
ApaI (New England Biolabs) at 30°C for 5 
h. Generated DNA fragments were separated 
on the 1.2% PFGE grade agarose gel in 0.5x 
TBE buffer at 14 C using 6 V/cm with time 
ramped for 4-40 s over 22 h using a CHEF-
DR II module (BioRad). Gels were stained 
with ethidium bromide and visualized by a 
UV transilluminator. Gels were analysed 
with Phoretix 1D-pro software (Total Lab, 
UK). The obtained pulsotypes were 
compared with PFGE profile database of L. 
monocytogenes isolates from food and 
clinical cases in India.   

Result and Discussion  

Isolation and identification of Listeria   

In the present study, a total of 501 samples 
from pig rearing environment, sick and 
healthy pigs, slaughter house environment, 
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raw pork and pork products were subjected 
for isolation of Listeria species (Table 2). 
Overall, a total of 31 (6.18%) strains of 
Listeria were isolated. Of these, 11(2.19%) 
isolates were confirmed as L. 
monocytogenes, 8 (1.59%) as L. innocua, 6 
(1.19%) as L. seeligeri, 3 (0.59%) as L. 
ivanovii and 3 (0.59%) as L. welshimeri. 
Eight L. monocytogenes strains were 
isolated from clinical and environmental 
samples, while, two isolates were recovered 
from slaughter house environment and one 
from sausage. L. ivanovii was isolated from 
vaginal swabs (2) and nasal secretions (1) of 
pigs. All 11 L. monocytogenes isolates were 
haemolytic, CAMP positive and PI-PLC 
positive.   

Multiplex based serotyping and virulence 
determination   

Ten L. monocytogenes isolates were 
serogrouped as 4b, 4d, 4c by multiplex PCR 
serotyping, while one isolate belonged to 
serovar group 1/2b, 3b, 7 (Fig. 1). All the L. 
monocytogenes isolates tested positive for 
the virulence genes, hlyA, plcA and actA.    

Genetic diversity and its comparison with 
food, animals and humans strains  

PFGE analysis of the L. monocytogenes 
isolates using ApaI and AscI restriction 
digestions revealed three different 
pulsotypes (PTs). Nine isolates clustered 
together, while other two isolates showed 
different banding patterns. L. 
monocytogenes serovar group 4b, 4d, 4c 
isolates showed clonality with the dominant 
pulsotypes observed from India (Fig. 2).  

Listeria spp. are widespread in the 
environment including soil, water, sewage, 
vegetation, wild animal faeces, animal farms 
and in food processing facilities (Sauders 
and Wiedmann, 2007; Todd and Notermans, 
2011). Listeria carriage by pigs at the farm 

level could be a primary source for carcass 
contamination. The type of feed (wet/dry) 
and water could be major responsible factors 
associated with the occurrence of Listeria 
(Beloeil et al., 2003). L. monocytogenes 
occurs frequently in raw pork (Norrung et 
al., 1999), although the origin of the 
contamination is unclear (Thevenot et al., 
2006).   

In present study, prevalence of L. 
monocytogenes in piggery, associated 
environment, slaughterhouse, raw pork and 
pork products was studied.  Listeria spp. 
were isolated from 31 (6.18%) samples. 
Earlier studies reported the occurrence of 
Listeria in piggeries and related 
environment as 0.8% (Iida et al., 1998), 
1.7% (Skovgaard and Norrung, 1989), 2.4% 
(Kanuganti et al., 2002), 3% (Buncic et al., 
1991) and 5.9% (Weber et al., 1995). Few 
studies reported higher occurrence of 
Listeria in slaughterhouses, and raw pork 
and pork products than farm animals (Autio 
et al., 2000; Meloni et al., 2013; Ortiz et al., 
2010; Skovgaard and Norrung, 1989). 
Studies also illustrated the contamination 
from farm to final products (Hellström et al., 
2010; Thevenot et al., 2006). In India, the 
occurrence of Listeria from pork and port 
products has been reported (Doijad et al., 
2010; Shrinithivihahshini et al., 2011). Also 
an outbreak of listerial meningoencephalitis 
affecting 75 indigenous pigs was observed 
in a pig farm (Rahman et al., 1985). In 
another outbreak, circling movements with 
lateroventral deviation of the head, sudden 
ataxia and epileptic seizures among the 
affected pigs was reported (Dash et al., 
1998). L. monocytogenes was isolated from 
pig blood and pig rearing environment, 
besides this, occurrence of L. ivanovii was 
found in placental material of aborted sows 
(Raorane et al., 2013). In case of pork and 
pork products, limited data has been 
reported from India.   



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 788-798   

792

 
Table.1 Oligonucleotide primers used for determination of serotyping and virulence genes  

Target        

       
Sequence (5 -3 )                       Amplicon size (bp)

 
         Reference 

lmo0737   F     AGGGCTTCAAGGACTTACCC                 691              Doumith et al., 2004 

                 R     ACGATTTCTGCTTGCCATTC  

lmo1118   F     AGGGGTCTTAAATCCTGGAA                 906              Doumith et al., 2004 

                 R     CGGCTTGTTCGGCATACTTA 

ORF2819 F      AGCAAAATGCCAAAACTCGT               471               Doumith et al., 2004 

                 R     CATCACTAAAGCCTCCCATTG 

ORF2110 F      AGTGGACAATTGATTGGTGAA             597               Doumith et al., 2004 

                 R     CATCCATCCCTTACTTTGGAC 

Prs            F     GCTGAAGAGATTGCGAAAGAAG         370                Doumith  et al., 2004 

                 R     CAAAGAAACCTTGGATTTGCGG 

actA    F CAGCGACAGATAGCGAAGATT             965     Present work  

   R TGTTTCCCGGATGATTTCTAGTT    

plcA    F GGAAGTCCATGATTAGTATGCCT    803     Present work  

   R CTGGAATAAGCCAATAAAGAACTCTG   

hlyA    F GCAGTTGCAAGCGCTTGGAGTGAA      456  Rawool et al., 2007 

                 R   GCAACGTATCCTCCAGAGTGATCG    

Table.2 Incidence of Listeria in piggery, abattoir, pork and pork products   

Source  Sample size Lm (%) Liv (%) Lse (%) Lin (%) Lwe (%) 
Clinical  199 4 (2.01) 3 (1.5) 2 (1) 5 (2.5) 1 (0.5) 
Environmental  146 4 (2.7) - 4 (2.7) 2 (1.4) 2 (1.4) 
Abattoir  62 2(3.3) - - - - 
Raw pork 37 - - - - - 
Pork product 57 1 (1.7) - - 1 (1.7) - 
Total  501 11 (2.2) 3 (0.6) 6 (1.2) 8 (1.6) 3 (0.6)  

Lm: L. monocytogenes, Liv: L. ivanovii, Lse: L. seeligeri, Lin: L. innocua and Lwe: L. welshimeri.  
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Fig. 1.  Lane 1: Pgb10 (L. monocytogenes ), Lane 2: PF2  (L. monocytogenes ), Lane 3: PTS1 (L. 
monocytogenes ), Lane 4: PVS8 (L. monocytogenes ), Lane 5: PVS9 (L. monocytogenes ), Lane 6: 37(L. 
monocytogenes), Lane 7: Skin20 (L. monocytogenes ), Lane 8: Cfeed 1(L. monocytogenes ), Lane 9: X-In 
13 (L. monocytogenes ), Lane 10: Tongue 3 (L. monocytogenes ), Lane 11: PES 2 (L. monocytogenes) 
Lanes 12, 13 and 14: Positive control: ILCC  523 ( L. innocua), (L. monocytogenes MTCC1143) and 
ILCC 27 (L. monocytogenes serogroup 1/2b,  3b and 7), respectively, Negative control (Staphylococcus 
aureus MTCC1144), Lane M: 100bp DNA ladder  

  

Fig. 2. Pulsotypes compared with PFGE profile database of L. monocytogenes from India. 
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In the present study, L. monocytogenes was 
isolated from deep vaginal swabs of two 
sows having a history of abortions. 
Spontaneous abortions as attributed to L. 
monocytogenes have been frequently 
reported in sheep, goats and cattle but rare in 
pigs (Kaur et al., 2010; Kumar et al., 2007). 
One each L. monocytogenes strain was 
isolated from faeces and tongue swab of sow 
and fatteners. The occurrence of L. 
monocytogenes in faeces, tongue, and tonsil 
scrapings from live hogs has been reported 
earlier (Autio et al., 2000; Felon et al., 1996; 
Kanuganti et al., 2002).  All four L. 
monocytogenes strains linked with clinical 
cases were isolated from the same farm. Pig 
rearing environment plays a significant role 
in spread and/or persistence of infection in 
herds.   

In the present study, L. monocytogenes 
strains were isolated from pig feed, drinking 
water and soil. Earlier workers (Beloeil et 
al., 2003; Skovgaard and Norrung, 1989) 
demonstrated that the wet feeding was 
responsible for the development of 
listeriosis. In the present study, samples 
were collected form pig farms where feeding 
of hotel waste and poultry waste like 
feathers and viscera was being practiced. 
This could facilitate ease of entry of L. 
monocytogenes in pig habitat. Along with 
feeding, general hygiene of pig farm 
workers is mandatory factor, as farm worker 
may be the source of cross contamination 
(Beloeil et al., 2003). Other factor like very 
short duration of the empty and clean 
period prior to stocking the fattening room 
has also been found as a risk factor for L. 
monocytogenes contamination at the end of 
the fattening period. Apart from this, L. 
monocytogenes has been isolated from 
drinking water and soil from piggery 
environment. Nightingale et al (2004) 
reported the occurrence of L. monocytogenes 
in soil. Two isolates were recovered from 

abattoir environment. Autio et al (2000) 
hypothesized that L. monocytogenes could 
spread through contact between the tonsils 
and tongue and the other viscera and carcass 
during the evisceration process. Isolation of 
L. monocytogenes has been reported from 
8.3% intestinal samples (Kanuganti et al., 
2002).   

Processed pork products may be 
contaminated by L. monocytogenes at 
several stages. Either the raw ingredients 
may be contaminated or contact with 
unprocessed raw materials, unclean surface 
may lead to contamination (Chasseignaux et 
al., 2001). L. monocytogenes was isolated 
from a sausage sample. Earlier, L. 
monocytogenes was isolated from 10.6 % of 
raw sausages (Thevenot et al., 2005). L. 
ivanovii was isolated from placental tissues 
and nasal secretions of sows that were 
aborted. Outbreaks attributed to L. ivanovii 
have been reported in sheep (Sahin and 
Beytut, 2006; Santagada et al., 2004). 
Reports of abortions due to L. ivanovii   in 
sows are lacking. Besides other species, L. 
innocua was also isolated. Presence of L. 
innocua could be one of the indications of 
presence of L. monocytogenes in the 
samples.   

Detection of multiple virulence associated 
genes in combination with in vitro 
pathogenicity tests may be required for 
confirming the pathogenic potential of 
Listeria. In the present study, all 11 L. 
monocytogenes isolates showed the 
amplification of the hly, plcA and actA 
genes and considered as pathogenic strains 
of L. monocytogenes. L. monocytogenes 
strains were serogrouped as 4b, 4d, 4c and 
1/2b. 3b, 7. Meloni et al (2013) detected 
serotypes 1/2c and 1/2a from pig 
slaughterhouses in Italy. Serotypes 1/2a, 
1/2b, 4b, and 1/2c were detected from L. 
monocytogenes isolates recovered from 



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 788-798   

795

 
sows and fattening pigs in farrow-to-
finish pig farms in France (Boscher et al., 
2012).  

Among the several methods used to type L. 
monocytogenes, pulsed field gel 
electrophoresis (PFGE) is considered as the 
gold standard method due to high 
discriminating power. Based on the 
excellent resolving power for 
epidemiological typing, PFGE has been used 
to track isolates of L. monocytogenes and 
other pathogens responsible for food-borne 
illnesses (Aarnisalo et al., 2003; Nakamura 
et al., 2004; Wagner et al., 2003). Various 
studies analyzed the prevalence in pig farm, 
slaughterhouse and raw pork by using PFGE 
(Giovannacci et al., 1999; Hellstrom et al., 
2010).  In this study, we determined the 
PFGE profiles of L. monocytogenes isolates 
and demonstrated the three different 
pulsotypes. Five clinical isolates, two 
isolates from pig feed, one from pig rearing 
environment and one isolate from sausage 
clustered together. The other two isolates 
clustered separately. The presence of single 
clone at pig rearing environment and clinical 
cases suggest probable cross contamination. 
Such contamination may get carried forward 
in pork processing chain and final products 
may remain contaminated. Various workers 
highlighted the occurrence of L. 
monocytogenes in herd animals could be 
responsible for final products contamination 
(Beloeil et al., 2003; Hellstrom et al., 2010; 
Thevenot et al., 2006).   

Further the profiles of isolates were 
compared with database of PFGE profiles of 
isolates from India (unpublished). The 
pulsotypes reported in this study were found 
to be identical with the dominant pulsotype 
observed in India. This pulsotype has been 
reported across India from different regions 
and wide sources and has been identical 
with strains isolated from outbreaks.  

In conclusion, L. monocytogenes was 
isolated from piggery environment and 
could be a primary source for carcass 
contamination. Besides this abattoir 
environment could add to contamination of 
final products. Pig feeding practices could 
be a major source of L. monocytogenes in 
herd animals. Control measures should be 
designed to reduce the L. monocytogenes 
load at the pre-harvest stage. PFGE analysis 
demonstrated that the L. monocytogenes 
isolated from different components of food 
chain were clonal.   

Acknowledgements  

The authors are thankful to the Director, 
ICAR Research Complex for Goa for 
providing the necessary facilities. The 
research work is supported by grants from 
Department of Biotechnology, Government 
of India to SB (BT/01/CEIB/11/VI/13).  

References  

Aarnisalo, K., Autio, T., et al. 2003. Typing 
of Listeria monocytogenes isolates 
originating from the food processing 
industry with automated ribotyping and 
pulse-field gel electrophoresis. J of 
Food Prot., 66(2):249-255.  

Andritsos, N. D., Mataragas, et al. 2013. 
Quantifying Listeria monocytogenes 
prevalence and concentration in minced 
pork meat and estimating performance 
of three culture media from 
presence/absence microbiological 
testing using a deterministic and 
stochastic approach. Food Microbiol., 
36(2): 395-405.  

Autio, T., Säteri, T., et al. 2000.  Listeria 
monocytogenes contamination pattern in 
pig slaughterhouses. J  Food Prot., 63 
(10): 1438-1442.  

Barbuddhe, S. B., Malik, S. V., et al. 2012. 
Epidemiology and risk management of 



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 788-798   

796

 
listeriosis in India. Int J Food 
Microbiol., 154 (3): 113-118.  

Beloeil, P., Fravalo, P., et al. 2003. Listeria 
spp. contamination in piggeries: 
comparison of three sites of 
environmental swabbing for detection 
and risk factor hypothesis. J Vet Med B 
Infect Dis Vet Public health., 50(4): 
155-160.  

B rzi , A., Hellström, S., et al. 2010. 
Contamination patterns of Listeria 
monocytogenes in cold-smoked pork 
processing. J Food Prot., 73(11): 2103-
2109.  

Boscher, E., Houard, E., et al. 2012. 
Prevalence and distribution of Listeria 
monocytogenes serotypes and 
pulsotypes in sows and fattening pigs in 
farrow-to-finish farms (France, 2008 ). 
J Food Prot., 75(5): 889-895.  

Buncic, S., Paunovic, L., et al. 1991. The 
fate of Listeria monocytogenes in 
fermented sausages and in vacuum 
packaged frankfurthers. J Food Prot., 
54(6): 413-417.  

Chasseignaux, E., Toquin, M. T., et al. 
2001. Molecular epidemiology of 
Listeria monocytogenes isolates 
collected from the environment, raw 
meat and raw products in two poultry- 
and pork processing plants. J Appl 
Microbiol., 91(5): 888-899.  

Dash, P. K., Malik, S. V. S., et al. 1998. 
Management of circling syndrome in 
pigs. Indian J Comp Microbiol Immunol 
Infect Dis., 19: 102-103.  

Doijad, S. P., Vaidya, V., et al. 2011. 

 

Isolation and characterization 
of Listeria species from raw and 
processed meats. J Vet Public Health., 
8(2): 83-88.  

Donnelly, C. W. and Baigent, G. J 1986. 
Method for flow cytometric detection of 
Listeria monocytogenes in milk. Appl 
Environ Microbiol., 52 (4): 689-695.  

Doumith, M., Buchrieser, C., et al. 2004. 
Differentiation of the major Listeria 
monocytogenes serovars by multiplex 
PCR. J Clin Microbiol., 42(8): 3819-
3822.  

Felon, D. R., Wilson, J., et al. 1996. The 
incidence and level of Listeria 
monocytogenes contamination of food 
sources at primary production and 
initial processing. J Appl Bacteriol., 
81(6):  641 650.  

Giovannacci, I., Ragimbeau, C., et al. 1999. 
Listeria monocytogenes in pork 
slaughtering and cutting plants. Use of 
RAPD, PFGE, and PCR-REA for 
tracing and molecular epidemiology. Int 
J Food Microbiol., 53(2-3): 127-140.  

Gorski, L. 2008. Phenotypic Identification. 
In: Handbook of Listeria 
monocytogenes. (Eds.) D Liu. CRC 
press New York. Pp. 139-168. 

Goulet, V., Rocourt, J., et al. 1998. 
Listeriosis outbreak associated with the 
consumption of rillettes in France in 
1993. J Infect Dis., 177(1): 155-160. 

Graves, L. M. and Swaminathan, B. 2001. 
PulseNet standardization protocol for 
subtyping Listeria monocytogenes by 
macrorestiction and pulsed- field gel 
electrophoresis. Int J Food Microbiol., 
65(1-2): 55-62.  

Hellström, S., Laukkanen, R., et al. 2010. 
Listeria monocytogenes contamination 
in pork can originate from farms. J 
Food Prot., 73(4): 641-648.  

Iida, T., Kanzaki, M., et al. 1998. Detection 
of Listeria monocytogenes in humans, 
animals and foods. J Vet Med Sci., 
60(12): 1341-1343.  

Kalorey, D. R., Kurkure, N. V., et al. 
2008. Listeria species in bovine raw 
milk: a large survey of Central 
India. Food Control., 19 (2008): 109-
112.   



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 788-798   

797

 
Kanuganti, S. R., Wesley, I. V., et al. 2002. 

Detection of Listeria monocytogenes in 
pigs and pork. J Food Prot., 
65(9):1470-1474.  

Kaur, S., Malik, S. V., et al. 2010. Use of a 
phospholipase-C assay, in vivo 
pathogenicity assays and PCR in 
assessing the virulence of Listeria spp. 
Vet J., 184(3): 366-370. 

Kumar, H., Singh, B. B., et al. 2007. 
Pathological and epidemiological 
investigations into listerial encephalitis 
in sheep. Small Ruminant Res., 71(1-3): 
293-297.  

Liu, D. 2006. Identification, subtyping and 
virulence determination of Listeria          
monocytogenes, an important foodborne 
pathogen. J  Med Microbiol., 55(Pt6): 
645-659.  

Meloni, D., Piras, F., et al. 2013. Listeria 
monocytogenes in five Sardinian swine 
slaughterhouses: prevalence, serotype, 
and genotype characterization. J Food 
Prot., 76(11): 1863-1867.  

Nakamura, H., Hatanaka, M., et al. 
2004. Listeria monocytogenes isolated 
from cold-smoked fish products in 
Osaka City, Japan. Int J Food 
Microbiol., 94(3): 323-328.  

Nightingale, K. K., Schukken, Y. H., et al. 
2004. Ecology and transmission of 
Listeria monocytogenes infecting 
ruminants and in the farm environment. 
Appl Environ Microbiol., 70(8): 4458-
4467.  

Norrung, B., Andersen, J. K., et al. 1999. 
Incidence and control of Listeria 
monocytogenes in food in Denmark. Int 
J Food Microbiol., 53(2-3): 195-203.  

Ortiz, S., Lopez, V., et al. 2010. A 3-year 
surveillance of the genetic diversity and 
persistence of Listeria monocytogenes 
in an Iberian pig slaughterhouse and 
processing plant. Foodborne Pathog 
Dis., 7(10): 1177-1184.  

Parihar, V.S., Barbuddhe, S.B., et al. 2008. 

Isolation and characterization of 
Listeria species from tropical seafood. 
Food Control., 19(6): 566 569. 

Rahman, T., Upadhyaya, T., et al. 2009. 
Encephalitic form of listeriosis in pigs. 
Indian J Vet Pathol., 33(2): 225-226.  

Raorane, A. V., Doijad, S., et al. 2013. 
Prevalence of listeria spp. in animals 
and associated environment. Adv Anim 
Vet Sci., 2(2): 81-85.  

Rawool, D. B., Malik, S. V., et al. 2007. 
Detection of multiple virulence-
associated genes in Listeria 
monocytogenes isolated from bovine 
mastitis cases. Int J Food Microbiol., 
113(2): 201-207.  

Sahin, M. and Beytut, E.  2006. Abortion in 
sheep due to Listeria invanovii in the 
Kars region. Turk. J. Vet. Anim. Sci., 
30(2): 503-506.  

Santagada, G., Latorre, L., et al. 2004. 
Outbreak of abortion in sheep due to 
Listeria ivanovii: epidemiological 
consideration. Large Anim Rev., 10(4): 
31-35.  

Sauders, B. D. and Wiedmann, M. 
2007. Ecology of Listeria species and L. 
monocytogenes in the natural 
environment. In: Listeria, listeriosis, 
and food safety. (Eds.), E. T. Ryser and 
E. H. Marth. CRC Press New York.  Pp. 
21-53.  

Schlech, W.F. 3rd., Lavigne, P. M., et al. 
1983. Epidemic listeriosis-evidence for 
transmission by food. NEJM., 308(4): 
203-206.  

Shrinithivihahshini, N. D., Sheela, M. M., et 
al. 2011. Occurrence of Listeria 
monocytogenes in food and ready to eat 
food products available in 
Tiruchirappalli, Tamil Nadu, India. 
World J Life sciences and Medical 
Research., 1(4): 70-75.  

Skovgaard, N. and Nørrung, B. 1989. The 
incidence of Listeria spp. in faeces of 



Int.J.Curr.Microbiol.App.Sci (2015) 4(1): 788-798   

798

 
Danish pigs and in minced pork meat. 
Int J Food Microbiol., 8(1): 59-63. 

Thévenot, D., Delignette-Muller, M. L., et 
al. 2005. Serological and molecular 
ecology of Listeria monocytogenes 
isolates collected from 13 French pork 
meat salting-curing plants and their 
products. Int J Food Microbiol., 112(2): 
153-161.  

Thevenot, D., Dernburg, A., et al. 2006. An 
updated review of Listeria 
monocytogenes in the pork meat 
industry and its products. J Appl 
Microbiol., 101(1): 7-17.   

Todd, E. C. D. and Notermans, S. 2011. 
Surveillance of listeriosis and its 
causative pathogen,                             

 

Listeria monocytogenes. Food 
Control., 22(9): 1484-1490.  

Wagner, M., Hein, I., et al. 2003. Molecular 
characterization of Listeria 
monocytogenes and the significance for 
food hygiene. Berl Munch Tierarztl 
Wochenschr., 116(11-12): 460-466.  

Weber, A., Potel, J., et al. 1995. Studies on 
the occurence of Listeria 
monocytogenes in fecal samples of 
domestic and companion animals. 
Zentralbl Hyg Umweltmed., 198(2): 
117-123.    

Zhou, X. and Jiao, X. 2004. Investigation 
of Listeria monocytogenes 
contamination pattern in local Chinese 
food market and the tracing of two 
clinical isolates by RAPD analysis. 
Food Microbiol., 21(6): 695-702.  



 

Poster presentations  

1. Raorane A., Doijad S., Pathak A., Poharkar K., Dubal Z., Barbuddhe S. B.* 

Isolation and characterization of Listeria from piggery environment and pork 

products. Poster presented at “International symposium on Problems of 

Listeriosis XVIII” (ISOPOL XVIII), Goa, India, 19-22nd September 2013. 

 

2. Raorane A., Doijad S., Poharkar K., Pathak A., Kale S., Prabhukhorjuvenkar S., 

Dubal Z., Barbuddhe S. B.* Incidence of L. monocytogenes in piggery environment 

of konkan region. Poster presented at 54th Annual Conference of Association of 

Microbiologist of India (AMI, 2013).  

 

 


	Index pages_AVR.pdf (p.1-22)
	PhD Thesis_Abhay Raorane_modified sbb_v5.pdf (p.23-221)
	Nexus_274 LMO in animal and associated enviornment.pdf (p.222-226)
	Abhay V. Raorane, et al.pdf (p.227-237)

