
INTRODUCTION

Seafoods are an excellent source of high quality protein and unsaturated fatty acids. Freshly harvested fishes
and shell fishes contain a diverse natural microflora and the near neutral pH and non-protein nitrogen in their tissues
makes it an ideal medium for the growth of bacteria. The pathogenic microbes are usually not found on fish captured
from open waters but contamination usually occurs through other external sources viz., ice, soiled surfaces, containers
and contamination from other human and avian sources. Due to globalisation and growth of international trade in
seafoods, the improvement in their quality and safety is paramount for exporting countries to ensure good economic
returns. India is the second largest producer of fish in the world contributing to 5.43 per cent of global fish production.
The total fish production during 2013-14 was 9.56 million tonnes with 3.4 MT from marine sector (Report, GoI, 2014).
Kerala has a total marine capture of 6.71 lakh tonnes. The proliferation of pathogens through seafoods is a major
hazard, which has prompted the emergence of strict regulations by the importing countries as it affects international
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to possess all virulence gene viz., iap, hlyA, actA, prfA, plcA and inlA. The occurrence of L.
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from samples of seafoods and fish catchment areas, respectively. The assessment of critical
control points in fish catchment areas revealed that boat deck, ice, containers and hands of
workers were the potential source of contamination of raw seafoods.
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seafood trade (Jami et al., 2014).
Listeria species are considered ubiquitous organisms and it’s halophilic nature makes it a one of the major

pathogen which can contaminate sea waters Listeria monocytogenes is one of the most important etiological agent
of serious foodborne disease outbreaks associated with seafoods. L. monocytogenes is mostly associated with
disease in man and animals whereas L ivanovii is predominantly a pathogen of animals. L. innocua has also been
recently been associated with meningitis in immunosuppressed individual (Favaro et al., 2014). Listeriosis can result
in case fatality rate which ranges from 15.0 to 30.0 per cent with the highest hospitalisation rates (90.5%) amongst
known food-borne pathogens (CDCP, 2000). The present study mainly focuses on the occurrence of Listeria spp. in
seafoods in the major fish catchment areas viz., Neendakara (Kollam) and Puthiyappa (Kozhikode) in Kerala and
identification of critical control points to control this pathogen in seafoods.

RESEARCH METHODOLOGY

Collection of samples :
The areas of collection of samples were from the important harbours of the southernmost coastal state, Kerala,

India off the coast of the Arabian sea. The fish including dry fish, crustacean, molluscs and samples from critical
control points viz., soil, sea water, ice, boat deck, fish landing centres, containers and hand wash of workers were
collected from Kozhikode (Puthiyappa harbour) and Kollam (Neendakara harbour), districts in Kerala, India. A total
of 160 samples of marine fish viz., Sardine, Mackeral, Tuna, Fin bream, Anchovy and milk fish were collected at the
harbour. The dry fish samples (25 samples each from two districts) were collected from retail outlets near the
harbours which mainly included two species of fish viz., tongue sole and silver belly. The crustaceans mainly collected
for the detection of the organism included prawn and crab samples. A total of 80 samples were collected for detection
of Listeria spp. The molluscs viz., squid, mussels and clams (80 samples)  were collected for the isolation of Listeria
spp.

A total of 20 samples each of soil (one kg), sea water (500ml), ice (100g), boat deck (swabs), fish landing
centers, fishing vessel, containers (swabs) and hand wash of workers were collected from the fish catchment areas
for detection of critical control points.

All the samples were collected carefully into aseptic containers/polythene bags and stored in thermocool containers
during transportation to the laboratory. Swabs collected from control points were directly transferred to the sterile
enrichment broth. The samples were brought as quickly as possible to the laboratory for further processing.

Isolation and identification of the organism :
The samples of fish, crustaceans and molluscs were transferred to a stomacher bag and were homogenized in a

stomacher (Smasher, AES, France) for 120 sec. For surface swabs, 25 ml of peptone water with swabs formed the
initial test sample. The hand wash of workers was taken in 100 ml of 0.1 per cent peptone water.

The isolation protocol for Listeria spp. was a modification of USDA (McClain and Lee, 1988) and FDA (Lovett,
1988) methods. It included a two step enrichment of the sample in University of Vermount broth (UVM I) for 24 h at
370C followed by inoculation of one millilitre of enriched sample in 10 ml of UVM II broth for 48 h at 370 C. The
selective plating after enrichment was done in Polymyxin- Acriflavin- Lithium Chloride- Ceftazidime- Aesculin-
Mannitol (PALCAM) (HiMedia) agar.

For identification, five or more suspected colonies from PALCAM agar plates were transferred on to Trypticase
Soy Agar (TSA) (HiMedia) plates containing 0.6 per cent yeast extract and incubated at 300 C for 24 to 48 h. The
isolates were subjected to further characterization and identification by cultural, morphological and biochemical reactions
as described by Barrow and Feltham (1993).

Molecular characterisation :
The Listeria isolates obtained from various food and processing environment samples were subjected to PCR as

per the procedure described by Momtaz and Yadollah (2013) with slight modifications. Apart from the conventional
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methods, the virulence of the isolates was also assessed by screening them for the presence of virulence genes which
encodes for phosphatidylinositol phosphatase C activity (plcA), regulatory activity (prfA), actin polymerization protein
(actA), haemolysin activity (hlyA), p60 protein (iap) and internalin A protein (inlA) (Liu, 2008 and Rawool et al.,
2007a and b). The DNA was extracted by snap chill method. The oligonucleotide primers were custom synthesized
commercially and obtained in lyophilized form. The primers (forward and reverse) used were procured from Sigma–
Aldrich, St. Louis, MO. The iap gene encoding p60 protein was used as target which is common to all members of the
genus Listeria. The comparison of iap gene in different species of Listeria indicated that there are conserved gene
portions at the 5' and 3' ends, while the internal portions are species-specific. The primers targeting the specific gene
sequence in L. innocua were selected. The sequence of primers used in the study is shown in Table A.

RESULTS ANDDISCUSSION

Out of the 345 seafood samples screened, 2.16 per cent and 0.14 per cent of the samples were positive for L.
monocytogenes. However, L. innocua was the predominant species observed and the analysis of the samples
revealed that 18.91 per cent and 34.59 per cent of samples from Kozhikode and Kollam districts, respectively revealed
the presence of the organism. The low prevalence of L. monocytogenes in fishes have been reported by Dhanashree
et al. (2003); Panda and Garg (2003) and Moharem et al. (2007) who reported a prevalence of 1.3, 1.66 and 1.83 per
cent, respectively. Sunil et al. (2013) have reported a prevalence of 0.6 per cent of L. monocytogenes in shrimp
(Crustaceans) samples from Thrissur, Kerala which is in agreement with our study. Das et al. (2013) have reported
a higher prevalence (5%) of L. monocytogenes in dry fish samples from Kerala than the present study. The presence
of the organism in dry fish could be attributed to the presence of less competitive bacteria and survivability at low
water activity and salt tolerance.

The maximum prevalence of Listeria spp. was observed in crustaceans followed by fishes and molluscs. The
details of the presence of organism in each category of seafoods is shown in Table 1. The increased occurrence of
Listeria in shellfishes may be attributed to their filter feeding habit which concentrates the micro-organisms in their
tissues. This finding is in agreement with some previous studies of Soultos et al. (2007); Parihar et al. (2008); Das et
al. (2013) and Sunil et al. (2013) who had reported a predominance of L. innocua in seafood samples procured from
Greece, Goa, Cochin (Kerala) and Thrissur (Kerala), respectively. This could be explained by the fact that L.
innocua has a shorter generation time than other Listeria spp. (Curiale and Lewus, 1994) and the recovery of L.
monocytogenes using selective broth was lower when L. innocua was present. King et al. (1990) have suggested
that L. monocytogenes and L. innocua share the same ecological niche and L. innocua could be used as an
indicator for the presence of L. monocytogenes.

Statistical analysis using Chi-square multiple proportion test was used to know whether there was any significant
difference between the occurrence of the organism in the two districts. The results have shown that the presence of

Table A : Primers used for the identification of L. innocua
Primer name Length Primer sequence (5'-3') Size of product

Lis1B 21 TTATACGCGACCGAAGCCAAC 1025 bp

Ino2 22 ACTAGCACTCCAGTTGTTAAAC 1025 bp

Table 1 : District wise distribution of Listeria spp.in seafoods
Listeria species Fish Dry fish Crustaceans Molluscs Per cent occurrence

Kozhikode

L. monocytogenes 1 1 0 2 2.16

L. innocua 20 1 4 6 18.19

Kollam

L. monocytogenes 0 0 1 0 0.14

L. innocua 20 1 35 7 34.59
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Listeria species in Kollam was significantly higher compared to Kozhikode (p< 0.05).
Out of the 160 samples screened from several fish catchment areas of the two coastal districts of Kerala, L.

monocytogenes and L. innocua were isolated. The overall occurrence of the organism from two districts was
found to be 17.5 per cent. The district wise distribution of Listeria spp. in control points in fish catchment areas is
shown in Table 2.

The standardized PCR with standard strain (ATCC 33090, serotype 6a) and suspected isolates allowed the
amplification of virulence associated gene iap of L. innocua to their respective base pair, 1025 bp. The PCR product
was represented by a single band in the corresponding region of the DNA marker ladder as shown in Fig. 1. The
Listeria monocytogenes isolates (6) obtained from all the samples were screened by polymerase chain reaction for
the presence of six virulence genes viz., iap, hlyA, actA, prfA, plcA and inlA. All the six isolates of L. monocytogenes
obtained had shown the presence of all six virulence genes (Fig. 2).

The statistical significance of on the occurrence of Listeria spp. in different critical control points was calculated
by test for proportion and it was found that the occurrence of the organism in the hand wash of personnels was
significantly higher (p<0.01) than from other sources. It was worthy to note that in hand wash samples L.
monocytogenes was isolated. The activities in catchment area reveals that handling of seafoods by workers after
collection is observed in all the steps after the fish is caught from the sea and transferred into the boat. Hence, the
occurrence of L. innocua and L. monocytogenes in hand wash makes it a critical control point for Listeria sp. in the
fish catchment area. The presence of L monocytogenes in worker’s hands was in accordance with the result of
Jeyasekaran et al. (2003). However, Thimothe et al. (2004) have reported a higher incidence of 10.4 per cent of L.
monocytogenes from employee contact surfaces (gloves, aprons) in a smoked fish processing plant. The presence
of Listeria innocua from hands of workers in the present study was more than that reported by Papadopoulos et al.

Table 2 :  District wise distribution of Listeria spp. in control points in fish catchment areas
Number of samples positive for Listeria spp. Li/LmSr.

No.
District

Soil SW Ice Cont BD FV FLC HW
Total

1. Kozhikode 2/0 1/0 2/0 3/0 1/0 0/0 1/0 4/1 14/1

2. Kollam 0/0 2/0 1/0 2/0 1/0 1/0 1/0 6/0 14/0

Total 2 3 3 5 2 1 2 10 29
SW (Sea Water), Cont (Container), BD (Boat deck), FV (Fishing vessel), HW(Hand wash), FLC (Fish landing center) ,
Li (Listeria innocua), Lm ( Listeria monocytogenes) Figures in parenthesis represent per cent prevalence

Fig. 2 : PCR profile of L. monocytogenes isolate
obtained with six virulence associated genes

Lane M : 100 bp ladder, Lane 1 : iap gene (131 bp), Lane 2 : hly
A gene (456 bp),  Lane 3 : act A gene (839 bp), Lane 4 : prf A
gene (1060 bp), Lane 5 : plc A gene (1484 bp), Lane 6 : Inl A
gene (~ 800 bp)   Lane M : 500 bp ladder

Fig. 1 : PCR profile of Listeria innocua isolates from
sea foods and fish catchment areas

Lane M : 100bp ladder, Lane1: BD1, Lane2 : P1, Lane 3: P2,
Lane 4 :H6 and Lane 5: H10 Lane 6 : Sq38, Lane7 SW(Kol),
Lane 8 : ATCC 33090, Lane 9. Soil ( Koz), Lane10 : S8
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(2010) have isolated L. innocua from five per cent of the samples. But Soultos et al. (2007) did not detect Listeria
from hand wash samples from workers of fish markets. The organisms was also isolated from 25 per cent of
container swab samples in the catchment area. The sea water samples collected from these areas also revealed the
presence of the organism as shown in Table 3. The source of occurrence of the organism in the ice and containers
could be attributed to the fact that sea water is normally in the harbour under study, for preparation of ice and
washing of containers. Hence, the presence of the organism in ice and containers could inturn contaminate raw
seafoods.

 A low level of Listeria (2 %) was observed from fish landing area on the harbour where fishes were unloaded
and put on the floor. The overall prevalence of Listeria spp. in fish catchment areas is in agreement with the result
of Jeyasekaran et al. (2003) who have reported a prevalence of 7.6 per cent from Mangalore coastal area. However,
they could not isolate L. innocua from fishing vessel, boat deck and fish landing centre. Manoj et al. (1991) who
have reported the presence of Listeria spp. in boat decks and containers as observed in the present investigation but
they reported a very low level of isolation of L. innocua from fish contact surfaces from Mangalore area.

The sandy soils collected from the harbour areas also revealed a low occurrence of Listeria (2%). The low
occurrence could be attributed to its physico-chemical characteristics of sandy soil as shown in Table 3.

The presence of the organism in soil from Kozhikode reveals the hardy nature of the organism as the physico-
chemical characteristics are unfavourable for the survivability of the organism. The result of the analysis revealed
that the soil was alkaline in nature. The electrical conductivity of soil in Kozhikode harbour was 0.78 ds/m. However,
the occurrence of the organism in soil with  high electrical conductivity, low organic carbon and alkaline pH may be
attributed to reduction in the level of competitive bacteria which might have promoted the survivability of Listeria as
the organism survives in adverse environmental conditions.

Hence, the critical control point which are major sources of contamination of Listeria include hand wash of
workers and containers. But the remaining control points where the organism was detected can be considered as
minor sources of contamination. The results of the study revealed that seafoods can be a potential source of
contamination by Listeria species and strict hygienic measures in the fish catchment areas will help in controlling the
organism in seafoods.
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