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Abstract

Background: Listeria monocytogenes is an opportunistic intracellular foodborne pathogen and is ubiquitous in nature. The
occurrence of L. monocytogenes in animal production units coupled with their presence in milk, faeces, feed, water, sewage, and soil
is a contributory factor for foodborne listeriosis in humans and animals. Aims: The study was aimed to characterize genotype and
serogroup of L. monocytogenes recovered from different types of samples and also to study antimicrobial patterns by phenotypic and
genotypic methods. Methods: Multiplex polymerase chain reaction (PCR) was used for the confirmation of L. monocytogenes, the
identification of its serogroup and lineage, and the detection of virulence markers. Enterobacterial repetitive intergenic consensus
(ERIC), and randomly amplified polymorphic DNA (RAPD)-PCR were used to characterize those isolates, and antimicrobial
patterns were studied phenotypically by Kirby-Bauer method and genotypically by PCR. Results: Out of the screened 474 samples
(274 milk and 50 each of soil, feed, sewage, and beef), ten L. monocytogenes isolates (milk=8, soil=1, and beef=1) were confirmed
by PCR targeting the hlyA gene and found to belong to the 1/2a, 3a serogroup and fall under type II lineage. Virulence potential
assessment revealed that all the ten isolates harbored the iap gene while the presence of picA and plcB genes were noticed in seven
and eight isolates respectively. Six isolates from milk were found to group in the same cluster by ERIC and RAPD fingerprinting,
suggesting both methods to be efficient molecular typing tools for L. monocytogenes. Genotypic characterization of antimicrobial
resistance (AMR) genes revealed that seven isolates were positive for tetM, five for mefA, four for msrA, and one for /nuA genes
while none of the isolates showed fetK, ermA, ermB, and InuB genes. Conclusion: The presence of L. monocytogenes in bovine farm
environments coupled with virulence markers, and multidrug resistance from the study area suggest a possible transmission from the
environment to humans and animals which needs to be monitored regularly to ensure food safety and the well-being of animals and
humans.
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Introduction

The genus Listeria consists of seventeen species of
which Listeria monocytogenes is an important zoonotic
pathogen with the potential to cause serious infections in
both humans and animals. Listeriosis is of prime
importance in high risk groups such as pregnant females,
neonates, old and immunocompromised persons with a
fatality rate of 20-30%, the hospitalization rate of 91%,
and neonatal death rate of 50% (Doijad et al., 2015).
Over the years, considerable increases in the incidence of
listeriosis are due to its ubiquitous distribution and its

presence in various urban and natural environments,
animals, and humans (Orsi et al., 2011).

Serotyping and lineage studies of L. monocytogenes
help us to understand the circulating serotype and to
identify the origin and virulence characteristics of the
isolates. Of the 13 L. monocytogenes serotypes known,
1/2a, 1/2b, and 4b were more commonly isolated from
food and human samples and considered virulent (Orsi et
al., 2011). DNA hybridization studies have categorized
L. monocytogenes into four different lineages I to IV
(Ward et al., 2008). Listeria monocytogenes has several
virulence factors including prfA, plcA, hly, mpl, actA,
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iap, and plcB which are important for its pathogenicity
and completing the cell infection cycle.

Genotyping methods such as pulsed-field gel
electrophoresis (PFGE), randomly amplified
polymorphic DNA (RAPD) and enterobacterial repetitive
intergenic consensus-polymerase chain reaction (ERIC-
PCR) are commonly employed to study the
epidemiological and evolutionary relationships among L.
monocytogenes isolates recovered from different sources.
Although these methods are employed with varying
success, ERIC and RAPD-PCR-based approaches are
simple and cost effective and yield specific, unique and
distinctive DNA fingerprints (Shakuntala et al., 2019).

In recent times, antimicrobial resistant strains of L.
monocytogenes have been isolated from food,
environment and sporadic cases of human listeriosis.
Hence, there is a need to monitor the drug resistance
patterns of L. monocytogenes and to reduce
complications associated with listeriosis.

To the authors’ knowledge, there were only few
reports that elucidated the presence of L. monocytogenes
from bovine farm environments in Tamil Nadu. Hence,
the present investigation was designed to study the
presence of L. monocytogenes in raw milk, soil, feed,
sewage and beef samples collected from different bovine
farms and slaughterhouse of Chennai, Tamil Nadu, in
order to characterize the isolates genotypically and study
their antimicrobial resistant patterns against commonly
used antibiotics.

Materials and Methods

Sample collection

A total of 474 samples, milk (n=274) and fifty
samples from each soil, feed and sewage were collected
from bovine farms in and around Chennai, Tamil Nadu,
India. Beef samples (n=50) were collected from retail
outlets and slaughter houses located in Chennai, Tamil
Nadu, India.

Isolation and confirmation of L. monocytogenes
by cultural and molecular methods

Food and Drug Administration-Bacteriological
Analytical Manual (FDA-BAM) protocol was followed
for the isolation and identification of L. monocytogenes.
Presumptive colonies with grey greenish colors, black
sunken centers and black halos on PALCAM agar were
picked and further characterized by Grams staining,
biochemical tests, and modified Christie, Atkinson,
Munch and Peterson (CAMP) tests with Staphylococcus
aureus (Seeliger and Jones, 1986). The presumptive
isolates were confirmed by PCR targeting to have the
hlyA gene (Agersborg et al., 1997).

Serogrouping  and
monocytogenes

Multiplex PCR assays were performed to determine
serogroups (1/2a, 1/2c, 3a, 3c, 1/2c¢, 3c, 1/2b, 3b, 4b, 4d,
4e, 4b, 4d, and 4e) (Doumith et al., 2004) and lineages (I,
IT and II) of L. monocytogenes (Rawool et al., 2016).
The primers are listed in Table 1 and the cycling
conditions followed Rawool et al. (2016) and Shakuntala
et al. (2019) for serogroup and lineage identification.

lineage identification of L.

Virulence gene profiling

The presence of three virulence genes namely iap,
plcA and plcB among the L. monocytogenes were
determined by PCR wusing standardized cycling
conditions as mentioned in Shakuntala et al. (2019) with
suitable primers (Table 1).

Genomic fingerprinting by ERIC- and RAPD-
PCR

The primers and cycling conditions used for ERIC-
PCR followed Shakuntala et al. (2019). For the RAPD-
PCR assay, two primers for OPM-01 and UBC155 were
used and the amplification conditions were met as
mentioned by Chen et al. (2014). Fingerprints generated
by both typing (ERIC and RAPD) methods were

Table 1: Primers used for detecting serogroup, lineage and virulence genes of L. monocytogenes

Amplicon

Target gene Primer sequence (57-3") size (bp) Serogroup/lineage/protein encoded References

1mo0737 F: AGGGCTTCAAGGACTTACCC 691 1/2a, 1/2¢, 3a, and 3c
R: ACGATTTCTGCTTGCCATTC

Imol118 F: AGGGGTCTTAAATCCTGGAA 906 1/2¢ and 3¢ Doumith et al. (2004)
R: CGGCTTGTTCGGCATACTTA

ORF2819 F: AGCAAAATGCCAAAACTCGT 471 1/2b, 3b, 4b, 4d, and 4e
R: CATCACTAAAGCCTCCCATTG

ORF2110 F: AGTGGACAATTGATTGGTGAA 597 4b, 4d, and 4e
R: CATCCATCCCTTACTTTGGAC

L1 F: GGCGCATTCAAATCCAAGAG 384 LMOF2365_RS13380 cell wall surface anchor family
R: GTGGTTGCTTGGTACAATGAG protein

L2 F: CAGAAAATGGCTGGGGATTA 476 1mo0525 hypothetical protein Rawool et al. (2016)
R: GCGGAACATTGGTCTGAACT

L3 F: GTAAGCGAGCTTTAGGAGAGTT 261 LMO4A_RS05595 hypothetical protein
R: CGTATATGCCTAAACCTACACCA

hlyA F: GCAGTTGCAAGCGCTTGGAGTGAA 456 Listeriolysin O Paziak-Domanska et al.
R: GCAACGTATCCTCCAGAGTGATCG (1999)

iapA F: ACAAGCTGCACCTGTTGCAG 131 Invasion associated protein Furrer et al. (1991)
R: TGACAGCGTGTGTAGTAGCA

plcA F: CTGCTTGAGCGTTCATGTCTCATCCCCC 1484 Phosphatidylinositol-specific phospholipase C Notermans et al. (1991)
R: CATGGGTTTCACTCTCCTTCTAC

plcB F: GCAAGTGTTCTAGTCTTTCCGG 795 Phosphatidylicholin-specific phospholipase C Nishibori et al. (1995)
R: ACCTGCCAAAGTTTGCTGTGA
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Table 2: Primers used for the identification of antimicrobial resistance genes in L. monocytogenes

Target gene Primer sequence (57-37) Amplicon size (bp) References
tetM F: GTGGACAAAGGTACAACGAG 450
R: CGGTAAAGTTCGTCACACAC
tetK F: CGATAGGAACAGCAGTATGG 614
R: TTAGCCCACCAGAAAACAAACC
ermA F: CTTCGATAGTTTATTAATATTAGT 645 Morvan et al. (2010)
R: TCTAAAAAGCATGTAAAAGAA
ermB F: GAAAAGGTACTCAACCAAATA 636
R: AGTAACGGTACTTAAATTGTTTAC
mefA F: AGTATCATTAATCACTAGTGC 345
R: TTCTTCTGGTACTAAAAGTGG
msrA F: GCAAATGGTGTAGGTAAGACAACT 401
R: ATCATGTGATGTAAACAAAAT
nuA F: GGTGGCTGGGGGGTAGATGTATTAACTGG 323 Lina et al. (1999)
R: GCTTCTTTTGAAATACATGGTATTTTTCGATC
[nuB F: CCTACCTATTGTTTGTGGAA 405 Bozdogan et al. (1999)
R: CCTACCTATTGTTTGTGGAA
Table 3: Cycling conditions for the identification of antimicrobial resistance genes in L. monocytogenes
Virulence genes Cycling conditions
Initial denaturation Denaturation Annealing Extension Final extension
tetK and tetM 94°C for 5 min 94°C for 60 s 62°C for 60 s 72°C for60s  72°C for 5 min
Repeat for 30 cycles
InuA, ermA, mefA, ~ 94°Cfor5min  98°Cfor 10's 49-59°C for 40 s 72°Cfor60s  72°C for 7 min

msrA, ermB, InuB

(59°C, InuA; 56°C, ermA; 54°C, msrA, ermB,

InuB; 53°C, mefA)

analyzed by the Gel J (Spain) software using the
unweighted pair group algorithm and dice correlation
coefficient. The discriminatory power was assessed by
Simpson’s diversity index (DI).

Antimicrobial susceptibility

All the ten L. monocytogenes isolates were subjected
to testing to determine their phenotypic antimicrobial
resistance patterns against commonly used antibiotics
(Hi Media, India) in human and veterinary therapeutics,
namely, ampicillin (10 pg), ciprofloxacin (10 pg),
clindamycin (2 pg), erythromycin (15 pg), gentamicin
(10 ug), penicillin (10 IU), rifampicin (5 pg),
tetracycline (30 pg), and vancomycin (30 ug) following
the Kirby-Bauer method (as per CLSI guidelines) (Soni
et al.,2013).

Genotypic  characterization  of  antimicrobial
resistance by PCR targeting found various antimicrobial
resistant genes namely tetM, tefL. for tetracycline, nuA,
InuB for clindamycin, mefA, msrA for erythromycin and
ermA, ermB for macrolides-lincosamides-streptogramin
B complex called MLSB as shown in Table 2. The
cycling conditions are illustrated in Table 3.

Multiple antibiotic resistance (MAR index)
Multiple antibiotic resistance index was calculated
for all isolates following Krumperman’s (1983)
procedure using the formula a/b, where “a” represents
the number of antibiotics to which the isolate is resistant
and “b” the number of antibiotics to which the isolate

was tested.

Results

Identification of L. monocytogenes in bovine
farm environment

Out of the 474 samples collected and screened for L.
monocytogenes from different bovine farms in Chennai,
fifty samples showed the presence of characteristic
colonies on PALCAM agar. However, upon further
characterization, only ten isolates (eight from milk, one
from soil and one from beef samples) were confirmed as
L. monocytogenes by biochemical tests, CAMP test and
PCR. The prevalence rates of L. monocytogenes from
different types of samples are given in Table 4.

Table 4: Prevalence rates of L. monocytogenes from different
types of samples

Type of No. of No. of samples % of positivity of
sample samples positive by hlyA L. monocytogenes
collected )
Raw milk 274 8 29
Soil 50 1 2
Feed 50 0 0
Sewage 50 0 0
Beef 50 1 2
Total 474 10 2.1

Serogrouping and lineage identification of L.
monocytogenes

All of the ten L. monocytogenes isolates obtained in
the present study belong to a single serogroup namely,
1/2a and 3a (100%) and lineage II.
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Virulence gene profiling of L. monocytogenes

All the L. monocytogenes isolates in the present study
harbored hiyA (100%) and iap (100%) virulence
markers, irrespective of their source, while seven (70%)
and eight (80%) L. monocytogenes isolates harbored
plcA and plcB genes, respectively.

Genome fingerprinting analysis

At  100% similarity, the ERIC-PCR typing
differentiated 10 L. monocytogenes isolates into ten
ERIC types, with a Simpson’s DI of 1 (Fig. 1). At the
dissimilarity coefficient of 70%, 1 cluster (I), clustering
7 isolates (M25, M26, M23, M5, M20, B10, M10) and
three outliers were seen. At 100% similarity, the RAPD-

PCR typing using UBC-155 primer differentiated ten L.
monocytogenes isolates into 10 types, with a Simpson’s
DI of 1 (Fig. 2). At the dissimilarity coefficient of 70%,
2 clusters (I to II) and one outlier were seen, among
which cluster II was the major one, clustering 7 isolates
from milk (M25, M26, M23, M5, M20, M22, M10). At
100% similarity, the RAPD-PCR typing using OPM-01
primer differentiated all of the ten L. monocytogenes
isolates into 10 types, with a Simpson’s DI of 1 (Fig. 3).
At a dissimilarity coefficient of 70%, 3 clusters (I to III)
and one outlier were seen, among which cluster III was
the major one, clustering 5 isolates (M25, M26, M22,
M21, M10).

StrainNumber ~ Comments

2 Mik

W21 Wik

8 Sai

W25 Wik

W% Nik

w3 Nik

Cluster I

Fig. 1: ERIC fingerprint profiles of L. monocytogenes isolates
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[k} Nik

B0 Beet

W Nik

Strain Number Comments

B10 Beel

Clust

S8 Soil

m21 Milk

Cluster |l

M Milk

M2 Milk

M2 Milk

M6 Milk

M2 Milk

M20 Milk

M10 Milk

Fig. 2: RAPD (UBC-155) fingerprint profiles of L. monocytogenes isolates
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Fig. 3: RAPD (OPM-01) fingerprint profiles of L. monocytogenes isolates

Antimicrobial susceptibility

All ten L. monocytogenes isolates showed 100%
resistance to penicillin and rifampicin antibiotics. Further
analysis showed that two isolates (from milk) were
resistant to four antibiotics, whereas other isolates were
resistant to five and six antibiotics, respectively (Fig. 4)
and none of the isolates was resistant to vancomycin.
The MAR index calculated for all ten L. monocytogenes
isolates in the present study ranges from 0.56 to 0.78
(Table 5).

The detection of AMR genes by PCR in this study
revealed that seven isolates harbored terM, five isolates
carried mefA, 4 isolates harbored msrA and one isolate
was positive for InuA. None of the isolates showed zetK,
ermA, ermB, and [nuB antimicrobial resistance genes.

Sample

Intermediate
Resistance

. Sensitive . Resistance

Fig. 4: Heat map of antibiotic resistance detected in L.
monocytogenes isolates. AMP: Ampicillin, CIP: Ciprofloxacin,
CD: Clindamycin, E: Erythromycin, GEN: Gentamicin, P:
Penicillin, R: Rifampicin, TE: Tetracycline and VA:
Vancomycin

Table 5: MAR indices of L. monocytogenes isolates obtained
in the present study

Sample No. MAR index Antibiotics that are resistant
M 10 0.78 AMP, CIP, CD, GEN, P, RIF, TE
M 20 0.67 AMP, CIP, CD, P, RIF, TE
M21 0.67 AMP, CIP, CD, P, RIF, TE
M 22 0.67 AMP, CIP, CD, P, RIF, TE
M 23 0.67 AMP, CIP, CD, P, RIF, TE
M 25 0.67 AMP, CIP, CD, P, RIF, TE
M 26 0.56 CIP, CD, P, RIF, Tl

M5 0.56 AMP, CIP, CD, E, P, RIF
S8 0.67 AMP, CIP, CD, P, RIF, TE
B 10 0.67 AMP, CIP, CD, GEN, P, RIF

MAR: Multiple antibiotic resistance, M: Milk isolate, S: Soil
isolate, B: Beef isolate, AMP: Ampicillin, CIP: Ciprofloxacin,
CD: Clindamycin, E: Erythromycin, GEN: Gentamicin, P:
Penicillin, R: Rifampicin, TE: Tetracycline and VA:
Vancomycin

Discussion

Identification of L. monocytogenes in bovine
farm environment

In the present study, the L. monocytogenes
prevalence rate of 2.9% was obtained in milk samples
which are similar to the findings of Sarangi and Panda
2012 (2.91%). On the contrary, higher and lower
prevalence rates of 5.8% and 1.8% of L. monocytogenes
were reported in milk by Soni et al. (2013) and
Shakuntala et al. (2019), respectively. Zero prevalence of
L. monocytogenes was also reported by Shantha and
Gopal (2014) in milk samples.

The present study identified 2.0% occurrence of L.
monocytogenes in soil samples which is almost similar to
the findings of Fox et al. (2009) (3%). Compared to the
present study, a very high (24%) prevalence of L.
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monocytogenes in soil samples was found by Nightingale
et al. (2004) while zero prevalence was recorded by
Matto et al. (2018).

In the present study, none of the L. monocytogenes
isolate was recovered from feed samples, a finding
similar to those of Fox et al. (2009). On the contrary,
Matto et al. (2018) recorded 2.6% prevalence of L.
monocytogenes in feed samples from Uruguay.

The zero occurrence of L. monocytogenes in sewage
samples in this study is similar to the findings of
Enweani et al. (2003) and Biswas and Chandra (2011).
In contrast, Sarangi and Panda (2012) recorded 10%
occurrence in sewage samples while Taherkhani et al.
(2013) reported 83.33% of L. monocytogenes from a
South wastewater treatment plant in Iran.

In this study, beef has shown a 2% occurrence rate of
L. monocytogenes, which is the same as the findings of
Nayak et al. (2010) in India. Similar studies in India
have recorded a higher occurrence than that of the
present study; Doijad et al. (2010) reported 6.49%,
Shakuntala et al. (2019) 8.9% and Biswas et al. (2008)
reported a very low occurrence of 0.9% in beef samples.

The reasons for this variance in occurrence rates of L.
monocytogenes between India and other countries might
be due to different management practices of livestock in
the farms such as feeding, housing and hygienic practices
followed in the farm (Dhama et al., 2015).

Serogrouping and lineage identification of L.
monocytogenes

Many previous studies reported the virulence of L.
monocytogenes strains to be associated with serogroup
and lineage (Su et al., 2016). Similar to the present
study, Colago (2011), Jamali et al. (2013), and
Shakuntala er al. (2019) have identified 1/2a, 3a as
predominant serovars among L. monocytogenes isolates
recovered from varied food samples. Previous reports
also recorded that 95% of human listeriosis cases were
caused by 4b, 1/2a and 1/2b serogroups, among which
1/2a serovar was more frequently associated with listerial
gastroenteritis outbreaks (Swaminathan and Gerner-
Smidt, 2007). Our results are in accordance with the
results of other researchers who have found that 1/2a and
3a were the most prevalent serovars in food and
environmental samples.

Virulence gene profiling of L. monocytogenes

Differentiating between pathogenic and non-
pathogenic strains of L. monocytogenes is necessary in
order to evaluate the significance of this organism in
food safety and public health risks (Soni et al., 2013).
Shakuntala et al. (2019) recorded 98.4% frequency of
hlyA, 85.7% of iap, 73% of plcA and 68.2% of plcB in
the L. monocytogenes isolates tested in their studies.

Genome fingerprinting analysis

In the present work, in order to study genetic
diversity and obtain a Dbetter epidemiological
understanding of the recovered L. monocytogenes strains,
they were characterized by employing RAPD-PCR (two

IJVR, 2021, Vol. 22, No. 1, Ser. No. 74, Pages 1-8

primers) and ERIC-PCR. All our isolates were subjected
to RAPD-PCR (two primers) and ERIC-PCR, and the
DI/Discriminatory Index of both these fingerprinting
techniques met the suggested 90% standard with good
discriminatory potential (Hunter and Gaston, 1988). Six
isolates from milk (M25, M26, M23, M5, M20 and M10)
were grouped in the same cluster in both ERIC-PCR and
RAPD-PCR fingerprinting. This suggests ERIC and
RAPD-PCR to be efficient molecular typing tools for L.
monocytogenes.

Antimicrobial susceptibility

The results of antimicrobial studies in the present
research were in accordance with the work done by Soni
et al. (2013) and Su et al. (2016) who also reported
variable resistance among L. monocytogenes isolates to
commonly used antibiotics. From the previous studies,
multi drug resistant index values higher than 0.2 (Bilung
et al., 2018) indicate that the isolates might have
originated from high risk sources and have a high risk
potential.

Similar to the present study, Odjadjare et al. (2010)
found that none of the isolates in their studies was
harbored with ermA, ermB. Su et al. (2016) recorded
seven food isolates that belonged to 1/2a, 3a, exhibited
tetracycline resistance (5.83%), and harbored the ferM
gene. Our results have shown no correlation between
phenotypic and genotypic methods of antimicrobial
resistant patterns.

The present study identified the occurrence of L.
monocytogenes from a bovine farm environment with the
most predominant serovar coupled with virulence and
multiple antimicrobial resistance isolates. Our results
suggest that ERIC-PCR and RAPD-PCR are less time
consuming and more cost effective techniques to study
the epidemiological and evolutionary relationship among
L. monocytogenes isolates. Considering the zoonotic
potential of this organism, strict hygienic measures and
farm monitoring must be implemented to break the
transmission to healthy animals in the farm and prevent
the contamination of their environment.
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