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Abstract

Vibrio parahaemolyticus is one of the leading causes of diarrhoea and gastroenteritis in human on consumption of raw or
insufficiently cooked seafood. This study was aimed at isolating and characterizing the pathogenic and pandemic V. para-
haemolyticus from oysters (n=90) in coastal parts of West Bengal, India; their antibiotic resistance and potential for involve-
ment in the food chain. During bacteriological culture, typical V. parahaemolyticus colony was recovered in 88.9% samples
followed by presumptive identification in 71 (78.9%) samples by characteristic biochemical (K/A) test. All the presumptive
isolates (n="71) were confirmed by species specific Vp-toxR PCR assay. Of these, 10 (14.08%) were tdh* and none for the
trh. Further, 5 (50%) of these tdh* isolates were found to carry the pandemic potential gene in PGS-PCR assay; however,
none in GS-PCR. Majority (80%) of these pathogenic (tdh*) isolates belonged to pandemic serovars (OUT: KUT; OUT:
K24; 01: KUT; O1:K25; 010: KUT) and only 20% to non-pandemic serovars (OUT: K15; 09:K17). All the isolates (100%)
exhibited resistance to cefpodoxime followed by ampicillin and cefotaxime (90%), ceftizoxime (60%), tetracycline (50%),
ceftriaxone (40%), ciprofloxacin and nalidixic acid (10% each). Overall, the study findings suggested that 11.1% (10/90)
of commonly marketed oysters in this area were harbouring pathogenic V. parahaemolyticus. Moreover, 5.5% (5/90) of the
oyster population were harbouring pandemic strains of this pathogen. Besides, the pathogenic isolates from oysters were
exhibiting a considerable genetic relatedness (53 to 70%) to human clinical isolates in PFGE analysis that relates to a sub-
stantial public health risk. Further, their multidrug resistance added gravity to the antimicrobial resistance (AMR), a globally
growing public health threat and this is a critical area of concern especially during the treatment of foodborne gastroenteritis.
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Introduction
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asish_mukhopadhyay @yahoo.com Vibrio parahaemolyticus, a halophile of the genus Vibrio,
has emerged globally as one of the leading enteric pathogens
associated in food poisoning (toxin-infection), diarrhoea and
Station, Kolkata, India gastroenteritis resulting from the consumption of raw or under
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India ’ manan et al. 2014). Since early 1996, association of this organ-

ism in diarrhoeal cases has witnessed a dramatic increase in the
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incidence due to emergence and dominance of its unique and
highly virulent pandemic O3:K6 serovar (Okuda et al. 1997;
Matsumoto et al. 2000; Nair et al. 2007) which is responsible
for 50 to 80% of enteric outbreaks in India (Nair et al. 2007;
Chowdhury et al. 2013). Still, it is one of the most predominant
foodborne pathogens in countries where raw and semi cooked
seafood are consumed (Nair et al. 2007). Thermostable direct
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haemolysin (TDH) and TDH-related haemolysin (TRH) are
recognized to be the key virulence determinants of this patho-
gen and most of the clinical isolates produce either or both
of these haemolysins (Tada et al. 1992; Letchumanan et al.
2014). The burgeoning human population invited the growing
demand of more food where the aquatic resource including
seafood has been considered as a supplementary source of
dietary protein. This trend allows the entry of a large number
of foodborne pathogens including V. parahaemolyticus in food
chain (Austin 2010) resulting the ingestion of contaminated
raw or improperly cooked saline water fishes and shellfishes
(Nelapati et al. 2012).

In Indian context, most of the studies on this pathogen are
mainly concerned with cases of clinical diarrhoea (Chowd-
hury et al. 2013; Pazhani et al. 2014) and very limited studies
have been documented on occurrence of this pathogen in saline
water fishes and shellfishes (Deepanjali et al. 2005; Anjay et al.
2014; Guin et al. 2019; Narayana et al. 2020). In our past stud-
ies, the occurrence of pathogenic V. parahaemolyticus in crab
and shrimp from coastal Odisha and West Bengal (Parthasarathy
et al. 2016) and from fish and aquatic environments (Guin et al.
2019) were explored. However, the magnitude of occurrence of
pathogenic V. parahaemolyticus in oyster in West Bengal, India
is still remained unexplored. It is a growing issue in respect of
increasing incidence of V. parahaemolyticus in clinical diarrhoea
and gastroenteritis in global context particularly in developing
countries including India where marine food source is adopted
considerably as a staple alternate dietary protein source (Nair
et al. 2007). Further, the recent appearance and dissemination of
multiple antibiotic resistance documented among V. parahaemo-
Wticus (Li et al. 2014; Letchumanan et al. 2015; Elmahdi et al.
2016; Ahmed et al. 2018; Narayana et al. 2020) is surely the
most remarkable evolution and increasing concern. This draws
attention to design the present study to understand the incidence
of pathogenic and pandemic V. parahaemolyticus in oysters
in coastal part of West Bengal, India as well as to know their
potential for transmission to human via food chain by identi-
fying their genetic relatedness with human isolates by PFGE.
Also attempted for their antibiotic resistance status in respect to
the antimicrobial resistance (AMR), the globally growing issue.
Primarily, the generated data will be supportive to highlight the
presence of this pathogen in oyster and to generate awareness to
the consumers in this region and finally help the seafood industry
to strive better by adopting the microbiological food safety meas-
ures as well as to facilitate to earn foreign exchange.

Materials and methods
Sample collection and transportation

A total of ninety (90) saline water oysters from Diamond
Harbour (52 Km from Kolkata), fishing port of coastal
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West Bengal, India was collected aseptically in sterile
sample container with proper identification label during
July 2014 to March 2015 and July 2017 to May 2018 and
were transported to the laboratory in the ice container at
the earliest and processed immediately.

Enrichment of samples

Isolation of V. parahaemolyticus was performed using the
methodology of Kaper et al. (1980). Briefly, with the help
of a pair of sterile forceps and scissors, about 10-15 g
of gastro-intestinal mass of oyster was properly grinded
in sterile pestle and mortar in the vertical laminar flow
and transferred the grinded mass in 50 ml capacity test
tube containing 30 ml alkaline peptone water (APW)
(pre-enrichment broth) and was incubated aerobically
for 18-24 h at 37 °C. Sterile forceps and disposable hand
gloves were used in handling the collected samples and
after processing the forceps and sample containers were
properly autoclaved before disposing off.

Isolation of V. parahaemolyticus

Thiosulfate Citrate Bile Salts Sucrose (TCBS) Agar was
used as selective media for isolation of V. parahaemolyti-
cus from the collected oyster samples. Briefly, a loop full
of overnight grown APW culture was streaked onto the
TCBS agar and plates were incubated at 37 °C for 24 h.
Five (5) characteristic colonies (typical, round, 2-3 mm
in diameter, with green centre) of V. parahaemolyticus on
TCBS agar were randomly selected from each plate (rep-
resents each sample) for biochemical characterization with
Kaper’s multi test medium (Kaper et al. 1980) where the
V. parahaemolyticus produce alkali in slant (purple) and
acidic (yellow) reaction in butt (K/A). Such positive colo-
nies were considered as presumptive V. parahaemolyticus.
Each positive colony was picked up separately with the
help of sterile toothpick and was distinctly inoculated on to
the nutrient agar plate supplemented with 3.0% NaCl (w/v)
as a representative of picked-up colony from TCBS Agar
and incubated for 24 h at 37 °C to have a master copy of
original culture colony. These presumptive cultures were
subjected to species specific Vp-foxR PCR assay for con-
firmation of species. Disposable hand gloves were used in
all the steps and the used gloves & cultured plates were
discarded by autoclaving.

Reference strains

Laboratory reference strains Vp-Kx-V138 (Vp-toxR™, tdh*
& GS-PCR*) and VP230 (rrh*) were used as positive control
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in the PCR assays and Escherichia coli K12 strain was used
for negative control.

Molecular characterization

Preparation of bacterial lysate for polymerase chain
reaction (PCR) assay

A loopful lawn culture of bacterial isolate from LB agar
was mixed with 200 pl of sterile water in microcentrifuge
tube. This was vortexed for complete mixing and centrifuged
at 10,000 rpm for 5 min and boiled for 10 min followed
by immediate cooling at 4 °C for 5 min in ice (Kim et al.
1999). The tube was centrifuged at 8000 rpm for 6 min and
supernatant was taken as genomic DNA template (bacterial
lysate), that was diluted with sterile nuclease free water as
required for different PCR method using the set of primer
sequence (Table 1).

PCR assay for species confirmation and virulence
determination

The toxR (368 bp) is the species-specific determinative gene
sequence for V. parahaemolyticus and all the presumptive
isolates were confirmed by identifying this gene sequence
by Vp-toxR PCR assay using the methodology of Kim et al.
(1999). The Vp-toxR™ isolates were further examined for
the presence of virulence gene (tdh) (199 bp), encoded for
production of f-haemolysin i.e., TDH, by tdh-PCR assay
and trh (250 bp), encoded for TDH related haemolysin, by
trh-PCR assay using the methodology of Tada et al. (1992).
The tdh* isolates were subjected to GS-PCR and PGS-PCR
assay to determine the presence of pandemic gene sequences
by employing the methodology of Matsumoto et al. (2000)
and Okura et al. (2004). Bacterial DNA amplification in the
aforesaid PCR assays was performed in 25 ul of PCR reac-
tion mixture containing 2.5 pl of 10X PCR amplification
buffer, 0.5 ul of ANTP mix (containing 10 mM each, 2 ul
(10 pmol/ul) each of forward and reverse primers, 0.2 pl (3
unit/pl) of Taq DNA polymerase, 5.3 pl of bacterial lysate

Table 1 Details of PCR primers to generate gene-specific amplicons

and 14.5 ul of nuclease free water. The amplified DNA frag-
ments were resolved in agarose gel electrophoresis stained
with ethidium bromide (0.5 pg/ml) and visualized under UV
transilluminator.

Serotyping

Vibrio parahaemolyticus isolates were serotyped using
somatic (O) and capsular (K) antisera (Denka Seiken, Co.
Ltd., Tokyo) using the methodology of Pazhani et al. (2014).

Pulse field-gel electrophoresis (PFGE)

Pulsed-field gel electrophoresis (PFGE) PFGE was per-
formed according to the PulseNet protocol (Kam et al.
2008). DNA digestion with restriction endonuclease Not/
(60 unit/plug; Fermentas, Germany) was performed at
37 °C overnight. Salmonella Braenderup strain H9812 with
Xbal digested was used as a molecular weight marker. The
restriction fragments were resolved on a CHEF Mapper
system (BioRad) in 0.5X Tris—borate-EDTA buffer (TBE)
with 300 IM thiourea and the following running conditions:
6 V/cm for 18 h at 14C, with 2-40 s switch time and pump
speed of 0.7 L/min. Gels were stained with ethidium bro-
mide (25 min), destained in distilled water for 45 min and
photographed under ultraviolet light. The PFGE patterns
were analyzed using the BioNumerics version 5.0 software
(Applied Maths, Belgium) after normalization of the TIFF
images with Salmonella enterica serotype Braenderup size
standard. Clustering was performed using the unweighted
pair group method (UPGMA) and the Dice correlation coef-
ficient with a position tolerance of 1.5%.

Antibiotic sensitivity test

Antimicrobial susceptibility testing of the pathogenic (tdh™)
V. parahaemolyticus isolates were performed using the
disk diffusion method with commercially available antibi-
otic disks such as ampicillin (10 pg), cefotaxime (30 pg),

PrimerSequences(5'-3")

F: GTCTTCTGACGCAATCGTTG R:ATACGAGTGGTTGCTGTCATG

F:CCAAATACATTTTACTTGG R:GGTACTAAATGGCTGACATC
F:GGCTCAAAATGG TTAAGCG R:CATTTCCGCTCTCATATG C
F:TAATGAGGTAGAAAC A R:ACGTAACGGGCCTACA

F:TTCGTTTCGCGCCACAACT R:TGCGGTGATTATTCGCGTCT

Target gene Amplicon size References

Vp-toxR 368 bp Kim et al. (1999)

tdh 199 bp Tada et al. (1992)

trh 250 bp Tada et al. (1992)

toxRS 651 bp Matsumoto et al.
(2000)

PGS 235 bp Okura et al. (2004)

F forward primer, R reverse primer
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cefpodoxime (10 ug), ceftazidime (30 pg), ceftizoxime
(30 pg), ceftriaxone (30 pg), chloramphenicol (30 pg), cipro-
floxacin (5 pg), gentamicin (10 pg), levofloxacin (5 ug), nali-
dixic acid (30 pg), norfloxacin (10 ug), tetracycline (30 pg)
and trimethoprim (5 pg) (HiMedia, India) in accordance
with the criteria recommended by Clinical and Laboratory
Standards Institute (CLSI 2010). Escherichia coli ATCC
25,922 was used as a control strain.

Results

During culture-based isolation using TCBS agar, V. para-
haemolyticus colonies were recorded in 88.9% (80/90) of
the samples (n=90). However, on biochemical charac-
terization with Kaper’s multi test medium, 71 of such 80

samples yielded the K/A positive colonies and considered
as presumptive V. parahaemolyticus isolates (Table 2). All
the presumptive isolates were subjected to Vp-toxR PCR
assay for the species confirmation and all were found posi-
tive to generate the identifying target 368 bp amplicon;
thereby, confirmed as V. parahaemolyticus (Fig. 1A). The
confirmed isolates (n="71) were further screened by rdh-
PCR assay using tdh specific primers for the presence of
cardinal virulence gene i.e., tdh and 14.08% (10/71) were
identified to be virulent by producing specific amplicon
(199 bp) (Fig. 1B). However, none of the isolates produced
the defined amplicon in trh-PCR assay. Overall, tdh* V.
parahaemolyticus were present in 11.1% (10/90) of the
oyster samples. The tdh* positive isolates (n=10) were
further screened for presence of pandemic genes by group
specific PCR (GS-PCR) and pandemic group specific PCR

Table 2 Occurrence of Vibrio parahaemolyticus and their virulence determinants

Samples exam- TCBS

ined (No.)

K/A reaction Vp-toxR PCR (%) tdhPCR (%) trh PCR (%) PGS-PCR (%) GS-PCR (%) Serovar

Oyster (90) 80 (88.9) 71(78.9) 71 (78.9)

0daLy -

5(5.6) - OUT:KUT (n=4);
OUT:K24;
O1:KUT;
0O1:K25;
O10:KUT;
OUT:K15;

09:K17

% Calculated on total number of samples

M
-

A B

Fig. 1 Amplification of different genes of representative V. para-
haemolyticus isolates; A Vp-toxR gene (368 bp), Lane 1 to 5 sample
isolates with positive amplicon, M: 100 bp marker, Lane 6: positive
control (Vp-Kx-V138), Lane 7: negative control (E. coli K12); B tdh
gene (199 bp), Lane 1 to 4 sample isolates with positive amplicon, M:

@ Springer

<
=

12345M67

500 bp

500 bp

235 b
199 bp g

C

100 bp marker, Lane 5: positive control (Vp-Kx-V138), Lane 6: nega-
tive control (E. coli K12); C PGS gene (235 bp). Lane 1 to 5 sample
isolates with positive amplicon, M: 100 bp marker, Lane 6: negative
control (E. coli K12), Lane 7: positive control (Vp-Kx-V138)
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Fig.2 Dendrogram of Notl-digested pulsed-field gel electrophore-
sis (PFGE) profiles with representative of Vibrio parahaemolyticus
strains isolated from Oyster in Coastal Bengal, India. Strain J23382,
IDH 2916, IDH 3062 and IDH 4327 were the clinical V. parahaemo-
Iyticus strains isolated in diarrhoea stools from Infectious Diseases
and Beliaghata General Hospital (ID & BG), Kolkata, India

(PGS-PCR) assay using the specific primers described in
Table 1. Positive amplicon (235 bp) was detected in 5
isolates with PGS-PCR; however, none in GS-PCR assay
(Fig. 1C). Grossly, 5.6% (5/90) of the collected oyster sam-
ples were found to harbour V. parahaemolyticus having the
pandemic potential.

In the PFGE, two (2) clinical isolates (pandemic serovar)
[IDH2916 (O1:K25); IDH4327 (03:K6)] were grouped in
the same clad with 85% similarity in cluster ‘D’ and they
were showing ~70% relatedness to the oyster isolate (non-
pandemic serovar) [(OYS 69 (09:K17)] belonged to this
cluster (Fig. 2). Another human isolate (pandemic serovar)
[J23382 (O1: KUT)] showed ~62% similarity to the oys-
ter isolate (pandemic serovar) [OYS61 (OUT: K24)] in the
cluster ‘A’. The other human isolate [IDH3062 (04:K8)]
alone belonged to cluster ‘E’ and showed the relatedness
(~53%) to the human and oyster isolates (serovar: pan-
demic-6 and non-pandemic-1) belonged to the clusters
‘A’, ‘B’, ‘C’ and ‘D’. Further, two oyster isolates [OYS 10
(010: KUT); OYS 35 (OUT: KUT)] showed > 70% similar-
ity to each other and they revealed > 60% similarity to the
other oyster isolate [OYS 79 (O1: KUT)] grouped in the
cluster ‘C’. These three oyster isolates (OYS 10; OYS 35
and OYS 79) showed > 55% relatedness to the two human
isolates (IDH2916; IDH4327) as well as to one oyster non-
pandemic isolate [OYS 69 (09: K17)] grouped in clus-
ter ‘D’. Two oyster isolates (pandemic serovar) [OYS 43
(0O1:K25); OYS 60 (OUT: KUT)] showed ~ 65% relatedness
and grouped in cluster ‘B’. Further, these two isolates (OYS
43; OYS 60) exhibited ~55% relatedness to another oyster
(non-pandemic serovar [OYS 61 (OUT: K24)] and human
isolate (pandemic serovar [J23382 (O1: KUT)] belonged to
the cluster ‘A’. Besides, these two isolates (OYS 43; OYS 60)

found to be related (>53%) to the human (pandemic sero-
var) [IDH3062 (O4:K8)] and other oyster isolates of pan-
demic serovar: [OYS 10 (O10:KUT); OYS 35 (OUT:KUT);
OYS 79 (O1:KUT)]; and non-pandemic serovar: [OYS 69
(09:K17)] belonged to the cluster ‘C’, ‘D’ and ‘E’, respec-
tively (Fig. 2).

Antibiotic susceptibility analysis showed that all the
tdh™ isolates were resistant to cefpodoxime (100%). Ninety
percent (90%) of the isolates were resistant to ampicillin
and cefotaxime followed by ceftizoxime (60%), tetracy-
cline (50%) and ceftriaxone (40%). On the other hand, all
the strains were susceptible to norfloxacin (100%) followed
by chloramphenicol and trimethoprim (90% each), ceftazi-
dime and gentamicin (80% each); levofloxacin and nalidixic
acid (60% each); ceftriaxone (30%) and tetracycline (10%)
(Table 3). Further, 90% of the isolates were found to be
intermediately resistant to ciprofloxacin followed by cefti-
zoxime, levofloxacin & tetracycline (40% each); ceftriax-
one & nalidixic acid (30% each); ceftazidime & gentamicin
(20% each) and ampicillin, cefotaxime and trimethoprim
(10% each).

Discussion

Vibrio parahaemolyticus is a significant foodborne patho-
gen and causes gastroenteritis through ingestion of con-
taminated raw or improperly cooked seafoods (Nair et al.
2007). West Bengal, the eastern coastal state of India, is an
important center to harvest marine fish and shellfishes. The
present study findings revealed that a considerable popula-
tion (11.1%; 10/90) of oyster in this area were harbouring

Table 3 Antibiotic resistance of pathogenic V. parahaemolyticus
(n=10) isolates from oyster

Number of isolates (%)

Name of the antibiotic Resistance  Intermediate  Susceptible
Ampicillin (10 pg) 9 (90) 1(10) 0
Cefotaxime (30 ug) 9 (90) 1(10) 0
Cefpodoxime (10 pg) 10 (100) 0 0
Ceftazidime (30 pg) 0 2 (20) 8 (80)
Ceftizoxime (30 ug) 6 (60) 4 (40) 0
Ceftriaxone (30 pg) 4 (40) 3 (30) 3 (30)
Chloramphenicol (30 pg) 1 (10) 0 9 (90)
Ciprofloxacin (5 ug) 1(10) 9 (90) 0
Gentamicin (10 ug) 0 2(20) 8 (80)
Levofloxacin (5 pg) 0 4(40) 6 (60)
Nalidixic acid (30 pg) 1(10) 3(30) 6 (60)
Norfloxacin (10 pg) 0 0 10 (100)
Tetracycline (30 ug) 5 (50) 4 (40) 1(10)
Trimethoprim (5 ug) 0 1(10) 9 (90)
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major virulence gene (tdh*) and have been posing a potential
source of pathogenic V. parahaemolyticus. The present data
was little higher than the earlier published works in Indian
settings where tdh* was noted in 6.1% and 2.35% isolates in
South West coastal region of India (Deepanjali et al. 2005;
Narayanan et al. 2020). This variation in frequency may be
explained to differences in factors for geographical zones.
Moreover, smaller sample size in this study may project for
comparatively higher incidence. The observed data were
also in support with the findings of previous studies (Hara-
Kudo et al. 2003) where tdh* V. parahaemolyticus was
recovered in average of 11% of oyster in Japan. The finding
of trh, suggesting the rare possession of trh in population
of V. parahaemolyticus from oyster in this area. Further,
majority (80%) of the pathogenic (tdh™) isolates belonged to
the recognized pandemic serovars (OUT:KUT; OUT:K24;
O1:KUT; O1:K25; O10:KUT) that are frequently reported
in food borne outbreaks and gastroenteritis in different coun-
tries and only two isolates (20%) were of non-pandemic
serovars (OUT:K15; 09:K17). Occurrence of pandemic
serovars in oyster samples support the trend of prevalence
of pandemic serovars in fish and aquatic environments in this
area (Han et al. 2017; Guin et al. 2019) and placed the oys-
ters as a potential source of this pathogen for causing food
borne problems in the event of taking improperly cooked
oysters and its products.

Screening of the pathogenic (tdh*) isolates (n=10) for
their pandemic potential revealed that in PGS-PCR assay,
50% (5/10) isolates were found to harbor the gene of pan-
demic potential; however, none in GS-PCR. On total sam-
ple basis, such pandemic isolates were distributed in 5.5%
(10/90) of the oyster samples. The findings reflect the poten-
tial of oyster in this area for dissemination of pandemic
strains of V. parahaemolyticus and the suitability of PGS-
PCR for detecting pandemic strains in samples of saline
water origin. The observed results were in concurrence to
the findings of previous work by Okura et al. 2004 who con-
cluded that the PGS-PCR assay may be used as a valuable
molecular tool not only for detection of pandemic V. para-
haemolyticus strains but also for the direct identification of
this pathogen polluting the food and environmental samples.
The present study findings also supported the observation
of Narayanan et al. 2020 who recorded that 14 of 29 (tdh)*
strains were positive in PGS-PCR whereas none in GS-PCR
assay. The observed findings indicated that the oyster in this
area as a potential source of pathogenic and pandemic V.
parahaemolyticus as well as reflected the grade of public
health hazard with consumption of improperly cooked oys-
ters. The study reveals the existence of multidrug resistant
V. parahaemolyticus in oysters and it was in accord to the
findings of earlier published study conducted in Indian set-
tings (Narayanan et al. 2020). The antibiotic cefpodoxime is
found to be totally resistant by the isolates. During last few
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years, frequent use of this antibiotic in treatment of clini-
cal cases including diarrhoea may be the probable cause to
acquire such degree of resistance by this pathogen. It was
observed that 90% of isolates were resistant to ampicillin
which is widely used in aquaculture production systems and
the data was supported the earlier studies of Letchumanan
et al. (2015); Elmahdi et al. (2016). The findings anticipate
the aberrant use of first-generation antibiotics including
ampicillin for such growing resistance. Lower resistance was
observed against the antibiotics viz. chloramphenicol, gen-
tamicin, levofloxacin, norfloxacin and trimethoprim which is
in accord to the earlier study (Letchumanan et al. 2015). This
could be attributed to infrequent use of these antibiotics in
clinical cases as well as in aquaculture system. Interestingly,
90% of the isolates were found to be intermediately resistant
to ciprofloxacin followed by 20 to 40% to ceftazidime, gen-
tamicin, nalidixic acid, levofloxacin, tetracycline and cefti-
zoxime. It highlighted the trend of growing resistance of this
pathogen against a group of antibiotics commonly used in
clinical management in Indian context and the magnitude of
public health burden in terms of medical cost and antibiotic
resistance hazards in very near future.

The phylogenetic analysis demonstrated that irrespec-
tive of their serovar belonging i.e., pandemic and non-pan-
demic, the different isolates from oysters were genetically
related in a range of 53 to 70% to the human isolates. The
study findings suggest that considerable population of oys-
ter of this study area is the potential source of pathogenic
and pandemic V. parahaemolyticus and there is enough
possibility for transmission of such V. parahaemolyticus
to human being or vice-versa through food chain. Further
studies with wider sampling in this aspect may be more
supportive to generalize the findings.

In India, the infrastructure along with the physical facil-
ities in most of the fish markets are not adequate (FAO
2001) and V. parahaemolyticus in shellfishes contaminate
marketed freshwater fishes. Subsequently, these contami-
nated market fish may be the source of contamination of
other foods in the kitchen and thought to be the probable
source of contact of this pathogen in food chain (Sudha
et al. 2014). Therefore, generation of awareness on public
health and hygiene among the common people will cer-
tainly contribute to a great extent to minimize the health
problems caused by this pathogen and to lead a healthy
community life.
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