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Abstract Listeria monocytogenes was screened from dif-

ferent seafood contact surfaces in five sampling sites of

fishing harbour, fish landing centers, seafood processing

plants, fish market, and fish curing yards of Tuticorin Coast

of India. 115 swab samples were collected and tested for

the occurrence of L. monocytogenes by conventional and

molecular methods. Overall, 5.22% of swab samples col-

lected were positive for L. monocytogenes. The fishing

harbour had high incidence (10.3%) of L. monocytogenes

followed by fish landing centers (5.9%), and seafood pro-

cessing plants (4.1%). Boat deck, fish transport tricycle

were the two seafood contact surfaces in fishing harbour,

which had the occurrence of L. monocytogenes. The swab

samples from fish market and fish curing yards were neg-

ative for L. monocytogenes. All the isolated colonies of L.

monocytogenes were confirmed by PCR assay targeting

virulent hlyA gene. The DNA of all the isolates yielded a

product of 174 bp on PCR amplification in comparison

with L. monocytogenes Type culture (MTCC 1143). The

results clearly indicated the occurrence of L. monocytoge-

nes in seafood contact surfaces along the Tuticorin Coast of

India.
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Introduction

Listeria monocytogenes is a gram-positive, catalase posi-

tive, motile and psychrotrophic pathogen. It is the causative

agent of listeriosis, a severe disease with high hospital-

ization and fatality rates (Pilchova et al. 2014). Listeriosis

causes serious symptoms, including septicemia, abortion,

liver failure, and meningitis, especially among susceptible

people like immuno-compromised individuals and preg-

nant women (Dhanashree et al. 2003). L. monocytogenes is

a food-borne pathogen detected in various types of seafood,

including shrimps, lobsters, crabs, mussels and fish (Elliot

and Kvenberg 2000). In India, L. monocytogenes was first

reported in 1996 from finfish and shellfish landed in the

Mangalore along the West Coast of India (Jeyasekaran

et al. 1996). L. monocytogenes has the ability to form

biofilm in seafood contact surfaces and equipment in food-

processing factories that can be transferred to food prod-

ucts (Harvey et al. 2007; Jeyasekaran et al. 2003). Biofilms

not only present a considerable hygiene risk in the food

industry, but also cause economic losses (Chorianopoulos

et al. 2011).

PCR is one of the molecular methods that are reliable,

rapid and less time consuming (Almeida and Almeida

2000). PCR has been used for the detection of L. mono-

cytogenes from seafood and their contact surfaces (Park

et al. 2012). One of the best ways to detect the pathogen is

through targeting a virulence factor, listeriolysin O (LLO),

produced by L. monocytogenes. The LLO-encoding gene

(hlyA) is present only in virulent strains of the species and

is a secreted protein toxin that can be easily detected

(Churchill et al. 2006).

Tuticorin is located along the East Cost of India in lat-

itude 8.8100�N and longitude 78.1400�E. The average

water temperature is 28 �C, wind speed is 14 km/h, and
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relative humidity 69%. Seafood exports recorded a growth

of 6.86% over the last year in quantity, 10.69% in rupee

earnings and 10.05% growth in US dollar earnings. By way

of logistic support, Tuticorin based V.O. Chidambaranar

Port is contributing immensely in facilitating seafood

exports. Shipments of seafood to various overseas desti-

nations through VOC seaport from Tuticorin saw an

increase of 6.72% over the previous fiscal in terms of

quantity. It is therefore of paramount importance to

understand the possible causes for bacterial contamination

in the seafood landed and processed in this region. Dif-

ferent areas within seafood processing environment may

have significant levels of L. monocytogenes contamination

(Jami et al. 2014). The ability to form biofilm has been

proposed as a crucial factor affecting the establishment of

L. monocytogenes in seafood processing environment; and

such biofilm formation poses a challenge for elimination of

this pathogen (Gandhi and Chikindas 2007; Srey et al.

2013). In India, only few studies have been conducted to

assess the presence of Listeria spp. and particularly L.

monocytogenes in seafood (Kamat and Nair 1994; Jeya-

sekaran et al. 1996) and all the reports were from West

Coast of India. Parihar et al. (2008), while studying the

incidence of L. monocytogenes from tropical seafoods in

Goa Coast of India, observed that the presence of L.

monocytogenes also needs to be confirmed from other

tropical areas of India. Since no work has been reported

from the Tuticorin region on the East Coast of India,

amidst high seafood export from this region, the present

study was carried out to examine the occurrence of L.

monocytogenes on the seafood contact surfaces, on which

seafood are handled and processed prior to export.

Materials and methods

Samples from seafood contact surfaces (n = 115) were

collected for this study from five sampling sites viz. fishing

harbour, fish landing centers, fish processing plants, fish

market and fish curing yards of Tuticorin Coast of India

from October to March. Seafood contact surfaces examined

from each sampling site under this study are given in

Table 1 along with their sampling codes.

Swab samples were collected from the seafood contact

surfaces to screen for the presence of L. monocytogenes

based on FDA protocol following the conventional method

(Liu et al. 2006). Contact area (50 cm2) was swabbed using

sterile cotton swabs moistened with sterile saline and

transferred into 10 ml of sterile physiological saline. All

the samples were processed within 1 h of collection.

Genomic DNA was extracted using the Himedia

Genomic DNA Extraction kit (Hi-Media Laboratories Pvt.

Ltd., Mumbai, India) according to the manufacturer’s

protocol and stored at - 20 �C until further use.

Oligonucleotide primers for the PCR assay were selected

based on the earlier published nucleotide sequence of hlyA

gene (Ndahi et al. 2013; Park et al. 2012). Forward primer

is 50-GCATCTGCATTCAATAAAGA-30 and reverse pri-

mer is 50-TGTCACTGCATCTCCGTGGT- 30 with a pro-

duct size of 174 bp. The primers were synthesized by the

Bioserve Biotechnologies (I) Pvt. Ltd., Hyderabad, India.

The amplification was done using a Gradient Master Cycler

(Eppendorf AG, Hamburg, Germany). The reaction mix-

ture of 25 ll consisted of 2.5 ll reaction assay buffer

(100 mM Tris (pH 9.0), 500 mM KCl, 15 mM MgCl2)

0.25 ll dNTP (100 mM), 19 ll of molecular grade water,

1.25 U of Taq DNA polymerase, 1 ll of each forward and

reverse primers (10 pmol) and 1 ll of template DNA. The

PCR protocol comprised of initial denaturation at 94 �C for

3 min followed by 30 cycles of denaturation at 94 �C for

60 s, annealing at 55 �C for 60 s, extension at 72 �C for

90 s and final extension at 72 �C for 10 min. The PCR

products were analysed on 2% agarose gel using 0.5 X

TAE buffer with ethidium bromide (0.5 lg/ml). A 100 bp

DNA ladder was used as standard marker. Amplified DNA

was visualized under UV transilluminator and pho-

tographed using gel documentation system (Alpha Innotech

Co., San Leandro, USA) and analyzed using Alpha imager

EC software (Version 3.4.0.0).

Results and discussion

A total of 115 swab samples were collected from the sea-

food contact surfaces (Table 1). Of which, only six samples

showed the presence of L. monocytogenes (Table 2).

Twenty nine swab samples collected from fishing harbour

were analysed for the occurrence of L. monocytogenes and

three swab samples showed the presence of L. monocyto-

genes (Tables 1, 2). Two isolates were obtained from fish

transport tricycle and one from boat deck. 17 swab samples

collected from three different fish landing centers located

in Tuticorin coast of India were tested for the incidence of

L. monocytogenes (Table 1). Of which, one sample col-

lected from boat deck was positive for L. monocytogenes

(Table 2). 49 swab samples collected from four different

seafood processing plants were examined for the incidence

of L. monocytogenes (Table 1). Of which, two samples

were positive for L. monocytogenes, and they were isolated

from grading machine and freezer pan (Table 2). Eight

swab samples collected from fish market of Tuticorin were

analysed for the incidence of L. monocytogenes (Table 1).

All the samples analysed were negative for L. monocyto-

genes (Table 2). Twelve swab samples collected from two

different fish curing yards were tested for the incidence of

L. monocytogenes and all the samples showed absence of
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L. monocytogenes (Tables 1, 2). All the positive isolates

that showed typical colonies in PALCAM agar plates were

confirmed by PCR. The amplified hlyA gene product of the

isolates of L. monocytogenes viz., FH 2.1, FH 4.1, SFP 4.1,

SFP 11.1, FLC 2.2, FH 4.7 taken from fishing harbour, fish

landing centers and seafood processing plants is shown in

Fig. 1. All the six isolates of L. monocytogenes were thus

confirmed by PCR assay.

L. monocytogenes is a bacterial pathogen capable of

adhering to many surfaces (Galvao et al. 2012). Of 115

swab samples collected from different seafood contact

surfaces of Tuticorin Coast of India, only 5.21% of swab

samples were positive for L. monocytogenes (Tables 1, 2).

Table 1 Swab samples collected from different sampling sites of Tuticorin coast of India

Sl. no Sampling sites Sl. no Seafood contact surfaces No. of samples Codes

I Fishing harbour 1 Fish hold 3 FH 1.1,1.2,1.3

2 Boat deck 4 FH 2.1,2.2,2.3,2.4

3 Fish basket 2 FH 3.1,3.2

4 Fish transport Tri cycle 8 FH 4.1,4.2,4.3,4.4,4.5,4.6,4.7,4.8

5 Auction hall floor 11 FH 5.1,5.2,5.3,5.4,5.5,5.6,5.7,5.8,

5.9,5.10,5.11

6 Fish cutting board 1 FH 6

II Fish landing centers 1 Fish hold 3 FLC 1.1,1.2,1.3

2 Boat deck 3 FLC 2.1,2.2,2.3

3 Fish basket 3 FLC 3.1,3.2,3.3

4 Fish transport Tri cycle 2 FLC 4.1,4.2

5 Auction hall floor 4 FLC 5.1,5.2,5.3,5.4

6 Fisherman hand 2 FLC 6.1,6.2

III Seafood processing plants 1 Insulated vehicle 1 SFP 1

2 Raw material receiving chute 2 SFP 2.1,2.2

3 Fish basket 5 SFP 3.1,3.2,3.3,3.4,3.5

4 Grading machine 5 SFP 4.1,4.2,4.3,4.4,4.5

5 Grading table 3 SFP 5.1,5.2,5.3

6 Soaking tank 4 SFP 6.1,6.2,6.3,6.4

7 Weighing balance 3 SFP 7.1,7.2,7.3

8 Weighing balance table 2 SFP 8.1,8.2

9 IQF table 2 SFP 9.1,9.2

10 Block freezing Conveyor belt 5 SFP 10.1,10.2,10.3,10.4,10.5

11 Freezer pan 5 SFP 11.1,11.2,11.3,11.4,11.5

12 Freezer 1 SFP 12

13 Cooking boiler 1 SFP 13

14 Depanning conveyor belt 4 SFP 14.1,14.2,14.3,14.4

15 Wall tiles 4 SFP 15.1,15.2,15.3,15.4

16 Cold store 2 SFP 16.1,16.2

IV Fish market 1 Fish hold 2 FM 1.1,1.2

2 Fish basket 1 FM 2

3 Fish display board 2 FM 3.1,3.2

4 Fish cutting board 3 FM 4.1,4.2,4.3

V Fish curing yards 1 Fish basket 4 FCY 1.1,1.2,1.3,1.4

2 Fish transport Tri cycle 1 FCY 2

3 Brine tank 4 FCY 3.1,3.2,3.3,3.4

4 Fish curing yard floor 3 FCY 4.1,4.2,4.3

Total 115

FH fishing harbour, FLC fish landing centers, SFP seafood processing plants, FM fish market, FCY fish curing yard
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The level of incidence of L. monocytogenes in seafood

contact surfaces of Tuticorin region was slightly less when

compared to earlier report on the incidence of L. mono-

cytogenes along the West Coast of India (Jeyasekaran et al.

2003), as they have observed that 7.6% of environmental

swab samples obtained from fishing harbour, fish landing

centers, and seafood processing plants in Mangalore region

along the West Coast of India were positive for L.

monocytogenes.

The processing environment has proved to be particu-

larly important source of L. monocytogenes contamination

in food production. This pathogen has the ability to persist

for years in food industry environments, including seafood

premises leading to product contamination (Hoffman et al.

2003; Miettinen and Wirtanen 2006). However, Fallah

et al. (2013) reported that 19.2% of environmental swab

samples obtained from seafood markets and seafood pro-

cessing plants of Iran were positive for L. monocytogenes,

which is very high when compared to that of the present

findings. Johansson et al. (1999) found higher incidence

(15.4%) of L. monocytogenes from the environmental swab

samples collected from fish processing plants in Finland. It

has been reported that food production environmental areas

can serve as source of L. monocytogenes contamination

(Anonymous 1999).

Among the environmental swab samples collected from

different seafood contact surfaces of Tuticorin region, the

samples from fishing harbour had high incidence (10.3%)

of L. monocytogenes followed by fish landing centers

(5.9%) and seafood processing plants (4.1%) (Table 2).

Boat deck and fish transport tricycle are the two important

seafood contact surfaces in fishing harbour, where the

incidence of L. monocytogenes was high. About 25 and

28.5% of swab samples from fish transport tricycle, and

boat deck were positive for L. monocytogenes, respec-

tively. However, Jeyasekaran et al. (2003) reported that

60% of swab samples collected from fishing harbour, 20%

samples from fish landing center and 0.9% swab samples

from seafood processing plants of Mangalore region were

positive for L. monocytogenes. Cruz and Fletcher (2011)

have clearly demonstrated that mussel processing plants in

New Zealand harboured different population of L.

monocytogenes.

The samples collected from fish market, and fish curing

yards were positive for L. monocytogenes (Table 2).

However, Akkaya et al. (2011) detected L. monocytogenes

from swab samples of knives, cutting boards from fish

market in Turkey. But, in a study conducted in Greece,

none of the samples from fish markets were found to

contain L. monocytogenes (Soultos et al. 2007).

The isolates of L. monocytogenes from different seafood

contact surfaces of Tuticorin region, Tamil Nadu were

confirmed by PCR targeting hlyA gene (Fig. 1). Detection

of L. monocytogenes based on PCR amplification of the

hlyA gene has earlier been reported by few workers (Furrer

et al. 1991). Gawade et al. (2010) also reported that L.

monocytogenes can be confirmed by PCR using hlyA gene

as a marker to differentiate L. monocytogenes from the

other Listeria spp. In the present study, the PCR amplifi-

cation of hlyA gene for the identification of L. monocyto-

genes used a set of primers as described by Park et al.

(2012) which yielded a product of 174 bp. The Type cul-

ture (MTCC 1143) and the isolates of L. monocytogenes

from seafood contact surfaces swab yielded a similar

Table 2 Occurrence of Listeria monocytogenes in different sampling sites of Tuticorin region

Sl. no. Sampling sites No. of samples tested No. of positive samples with percent of incidence

1. Fishing harbour 29 3 (10.3%)

2. Fish landing centers 17 1 (5.9%)

3. Seafood processing plants 49 2 (4.1%)

4. Fish market 8 0

5. Fish curing yards 12 0

Total 115 6 (5.22%)

Fig. 1 Detection of L. monocytogenes from seafood contact surfaces

by PCR using hlyA gene. Lane 1—100 bp DNA marker; Lane 2—

Positive control; Lane 3—Negative control; Lane 4—FH 2.1; Lane

5—FH 4.1; Lane 6—SFP 4.1; Lane 7—SFP 11.1; Lane 8—FLC 2.2;

Lane 9—FH 4.7
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product size of 174 bp on PCR amplification targeting hlyA

gene (Fig. 1).

Conclusion

The isolates of L. monocytogenes from the seafood contact

surfaces of Tuticorin region indicate the potential public

health hazard. Diligent enforcement of sanitary conditions

of food contact surfaces and handling areas, and personal

hygiene practices shall reduce the potential contamination

of seafood contact surfaces. An in-depth understanding of

the physiology of the organism, establishment of HACCP

in the food industry, regulated product sampling and test-

ing, along with better detection and surveillance systems

for reporting food borne disease outbreak is valuable in

controlling the pathogen.
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