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Vibrio parahaemolyticus is the predominant seafood pathogen associated with human gastroenteritis. 
Samples were collected from Vellar estuary, shrimp ponds and shrimp for characterization of V. 
parahaemolyticus. A total of 26 blue green centre (BG) Vibrio strains were isolated and characterized 
through biochemical tests, toxR gene and 16S rRNA gene sequencing. Based on pathogenic 
characteristics, six strains were confirmed as pathogenic V. parahaemolyticus. This report implies that 
preventative measure must be taken before consumption of fish and shrimp. 
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INTRODUCTION 
 
Vibrio harveyi and Vibrio parahaemolyticus, are opportu-
nistic pathogens that cause symptomatic infections when 
the shrimp are stressed. V. parahaemolyticus is the domi-
nant species in shrimp affected by red disease and tail 
necrosis (Jayasree et al., 2006). Most of the pathogenic 
Vibrio sp. has the virulence characteristic like haemolytic 
activity and proteolytic activity. Potentially, pathogenic V. 
parahaemolyticus strains could be differentiated from the 
related nonpathogenic marine vibrios based on haemo-
lytic and non haemolytic activity. Moreover, extracellular 
products secreted by the V. parahaemolyticus were found 
to be highly toxic to tiger prawn (Sudheesh and Xu, 
2001). However, gastroenteritis caused by V. parahae-
molyticus has been associated with foods prepared with 
seaweeds (Mahmud et al., 2007). In 2006, an outbreak of 
V. parahaemolyticus infections resulted in 177 cases and 
was linked to the consumption of contaminated raw 
shellfish including oysters (Balter et al., 2006).  

Identification and detection of total and pathogenic V. 
parahaemolyticus by polymerase chain reaction (PCR) 
have  been  extensively  studied. A  toxin regulatory gene 
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(toxR) sequence specific to V. parahaemolyticus, which is 
present in all the strains irrespective of their ability to 
produce thermostable direct hemolysin (tdh) or tdh 
related hemolysin (trh), has been applied for definitive 
identification of the bacterial isolates by several workers 
(Jacksic et al., 2002; Kim et al., 1999). Vellar estuary is 
situated in Parangipettai, Southeast coast of India. This 
estuary is the water hub for ~150 shrimp ponds and it is 
used as the nursery ground for fish fry and fingerlings. 
Studying of pathogenic V. parahaemolyticus is vital for 
seafood consumption, therefore, this work was scrutinized 
to enumerate Vibrio sp. from Vellar estuary, shrimp ponds, 
healthy shrimp tissues and infected shrimp tissues; cha-
racterization of isolated Vibrio strains for haemolytic acti-
vity and protease activity and identification of V. parahae-
molyticus through specific toxR gene and partial sequen-
cing of 16S rRNA gene. 
 
  

MATERIALS AND METHODS 
 
Sample collection and enumeration of Vibrio sp. 
 
Samples (water, W and sediment, S) were collected from five differ-
ent stations (A to E) in Vellar estuary (Figure 1). All the samples 
were collected during monsoon season which usually occur in the 
month of October to first part of December 2009. Healthy and infec-
ted shrimp (P. monodon), water, and sediment samples were collected
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Figure 1. Sample collection stations in Vellar estuary (A to E) and shrimp ponds (PI to PIII). 

 
 
 
separately from three shrimp culturing ponds after 70 days of 
culture, Parangipettai, Tamil Nadu, India and brought to the 
laboratory with sterile containers. However, heavy mortality in 
shrimp was not observed while collecting samples. Samples from 
water and sediment of three ponds (P) were designated as PW-I, 
PS-I, PW-II, PS-II, PW-III and PS-III and samples from shrimp 
surface (SS) and infected shrimp tissues (IST). All the samples 
were collected in sterile glass vials and brought to the laboratory 
under cold conditions for the isolation of Vibrio sp. and V. 
parahaemolyticus. One gram of sediment samples was added to 
100 ml of sterile 50% sea water and mixed well. The filtrate was 
serially diluted and plated on thiosulphate citrate bile salt sucrose 
(TCBS) agar medium. Similarly, 1 ml of water was serially diluted 
and plated on TCBS agar medium. Animal tissue (1 g wet weight) 
were ground, homogenized on a glass homogenizer with a small 
amount of 1% peptone water with 3% NaCl, and covered with a 
fourfold amount of peptone water and simultaneously was asepti-
cally pipette into TCBS agar. For isolation of V. parahaemolyticus, 
previously used methodology was followed (Alagappan et al., 2010) 
 
 

Haemolytic activity and protease activity for BG strains 

 
The Kanagawa phenomenon (KP) or tdh phenotype detection was 
carried out on Wagatsuma agar as described by Elliot et al. (1992). 
Protease enzyme activity for isolated BG strains was characterized 
on skim milk agar (Himedia, Mumbai). All the strains were streaked 

on the skim agar plates and incubated at 28°C for 24 h. Proteolytic 
bacteria exhibiting zones of clearance on skim milk agar was 
confirmed as positive. 
 
  

Bacterial DNA isolation 
 
The biochemically identified isolate was streaked on nutrient agar 
plates and the colonies were inoculated in the nutrient broth supple-
mented with NaCl (2% w/v), and incubated at 37°C under shaking 
(120 rpm) for 16 to 18 h. The broth cultures were centrifuged (10 
000 rpm, 4°C, 10 min) to obtain the pellet and DNA was isolated by 
followed the method of Sambrook et al. (1989). 
 
 

Amplification of toxR gene 
 

The PCR targeting toxR gene of V. parahaemolyticus was perfor-
med for isolated BG strains based on the method of Kim et al. 
(1999) using a thermocycler (Thermalcycler, Genei, Bangalore, 
India) and PCR amplification was done by using PCR mastermix 
(Medox

TM
, Chennai, India). Primers like toxR forward (5´-

GTCTTCTGACGCAATCGTTG-3´) and reverse (5´-
ATACGAGTGGTTGCTTGCTGTCATG-3´) were purchased from 
Bioserve Biotechnologies (India) Pvt Ltd, Hyderabad, India. Each 
cycle consisted of three step reactions that is, initial denaturation 
(95ºC, 1 min) followed by 35 cycles of denaturation (94°C, 30 s), 
annealing temperature was calculated with Tm value of primer
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Figure 2. Total Vibrio spp. count in TCBS plate of water and sediment samples collected 
from five different stations in Vellar estuary. Each bar represents the mean value from 
three determinations with the standard deviation (mean ± SD). X = ml or g. 

 
 
 
(51°C, 1 min ) and extension (72°C, 1 min 30 s) followed by final 
extension (72°C, 10 min). The PCR products were resolved on aga-
rose (1.5% w/v) gel electrophoresis. The gel was stained with ethi-
dium bromide (0.5 mg/ml) and visualized under a ultraviolet (UV) 
transilluminator (Alpha Imager, Innotech Corporation, USA). Genei

TM
 

100 bp DNA Ladder (Genei, Bangalore, India) was used as a mole-
cular size marker. 

 
 
16S rRNA gene amplification and phylogenetic tree 
construction 

 
After toxR gene PCR reactions for BG strains, two toxR positive 
and negative strains were confirmed as V. parahaemolyticus or 
other species, respectively through 16S rRNA gene sequence 
(Kumaran et al., 2010). The amplified PCR products were purified 
using a Medox PCR product purification kit (Medox

TM
, Chennai, 

India). All the PCR 16S rRNA gene products were sequenced by 
using ABI 3130 (four capillary) or 3730Xl (96 capillary) 
electrophoresis instruments (VIMTA LABS Pvt. Limited, Hyderabad, 
India). Four bacterial sequences BG24-1446 nt, BG6-1394 nt, 
BG17-1243 nt and BG12-1441 nt were performed. The data were 
analyzed using applied biosystem DNA editing and assembly 
software and sequence comparisons were obtained using the Micro 
Seq Software. Sequence similarity search was made for the four 
bacterial 16S rRNA gene sequences by applying their sequence to 
blast search of the NCBI, then phylogenetic tree was constructed 
for four strains with Gram positive bacteria Rhodococcus sp. SH15 
(HM590053) and Gram negative bacteria Pseudomonas sp. KUMS3 
(FJ596148) served as out group. 

RESULTS AND DISCUSSION 
 
For isolation of Vibrio spp. and V. parahaemolyticus, 
samples from five different stations in Vellar estuary, 
three shrimp ponds and healthy and infected animal were 
collected and characterized. During the monsoon season, 
samples were collected which was highly influenced by 
freshwater and salinity was also low compared to other 
seasons. This condition may induce the invasion of patho-
genic forms into estuary and shrimp culturing ponds due 
to rainfall and inflow of fresh water with sewage contami-
nation. Seasonal changes affect the culturing shrimp in 
ponds and diseases were more during monsoon and post 
monsoon period (Muralidhar et al., 2010).  

When compared with all the estuary and shrimp pond 
samples, Vibrio sp. count was observed as slightly higher 
in sediments than in waters (Figures 2 and 3). High Vibrio 
count was observed in station C water and sediment 
samples when compared with other stations and mini-
mum was observed in stations B and E. Station C waters 
are connected with sewages and highly contaminated 
with fecal matters. Eja et al. (2008) also reported that the 
estuary was constantly faecally polluted, coupled with 
high rates of infection of shellfish by V. parahaemolyticus, 
V. cholerae non-01 and V. alginolyticus. Moreover, 
plankton composition plays an important and independent
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Figure 3. Total Vibrio count in TCBS plate of three different shrimp ponds and animal samples. 
Each bar represents the mean value from three determinations with the standard deviation (mean ± 
SD). In log10 cfu/x: X for ml in PI, II, III (W); for g in PI, II, III (S) and IST; for ml in one shrimp (15 g 
weight) surface (ss) was completely swabbed and dipped into 10 ml alkaline peptone water. 

 
 
 

role as a driver of the total culturable Vibrio community in 
natural estuarine systems (Turner et al., 2009). Shrimp 
pond III sediment and water samples showed high count 
of Vibrio when compared with other ponds. A total of 26 
BG strains were isolated and ~70% of the strains obeyed 
all the biochemical tests for V. parahaemolyticus.  

Pathogenic characteristics like Kanagawa phenome-
non, protease and toxR were used as validating factors of 

V. parahaemolyticus. Totally 17 protease and 13  –hae-
molyic strains were characterized. In that four strains 

were isolated from infected shrimp with 2  -haemolysis 
and 3 protease production. Moreover, different Vibrio 
extracellular products (ECP) have been identified and 
proposed as putative virulence factors that are patho-
genic to shrimp (Harris and Owens, 1999). Ten (10) BG 

strains showed positive for both protease and  –haemo-
lysis and considered to be pathogens. However, Sudheesh 
and Xu (2001) reported that extracellular products of V. 
parahaemolyticus were toxic to Penaeus orientalis and it 
was found to be a poor producer of hemolysins. Environ-
mental strains of V. parahaemolyticus are typically not 
human pathogens; therefore, it is important to have data 
which states that the occurrence of virulent strains like V. 

parahaemolyticus and V. cholerae infection through con-
sumption of cultured shrimp. Due to the marine environ-
mental conditions, identification of marine vibrios is diffi-
cult. However, BG colonies also produced by V. vulnificus 
could not easily identify the causative agent whether V. 
parahaemolyticus or V. vulnificus. Moreover, V. vulnificus 
is also an important Vibrio spe-cies which can cause 
wound infections and septicemia with a high mortality 
rate and also associated with disease outbreaks, either 
with ingestion of contaminated seafood or infectious 
wounds by contaminated sea water (Nascimento et al., 
2001).  

Therefore, molecular techniques like PCR amplification 
for species specific gene have given higher importance 
than biochemical tests. All strains of V. parahaemolyticus 
harbor the toxR gene and it has been suggested that 
PCR amplifying the toxR gene could be used for detec-
tion of V. parahaemolyticus (Kim et al., 1999). 

Some authors suggested that tdh and trh are used to 
characterize its identification and pathogenicity associa-
ted with human disease (DePaola et al., 2003). More-
over, virulence factor genes called tdh and trh are usually 
found in strains isolated from clinical specimens and less
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Figure 4. PCR product of amplified toxR gene from BG strains. A. Agarose gel electrophoresis of PCR amplified 
products for toxR gene (368 bp). Lane 1, toxR gene of BG24 strain; Lane 2, DNA ladder (1000 - 100 bp). B. Lane M, 
DNA ladder (1000 - 100 bp). Lanes 1 to 6, BG 1, 3, 6, 8, 15 and 19 strains toxR gene products.  

 
 
 

 

 
 

Figure 5. Phylogenetic tree constructed through Kimura 2-parameter model using the 
neighborhood- joining method. Bar scale 0.02. Pseudomonas sp. KUMS3 and Rhodococcus 
sp. SH15 were used as an out group. Queried sequence: BG24, V. parahaemolyticus 
(HQ694830); BG6, V. parahaemolyticus (HQ694831); BG17, V. alginolyticus (HQ694832); 
BG12, V. splendidus (HQ694833).  

 
 

than 5% of environmental isolates producing thermostat-
ble direct hemolysin (Wong et al., 2000). However, 
Johnson et al. (2009) isolated V. parahaemolyticus con-
taining tdh and trh from Mississippi coastal environments 
and they found that there  was no  source-specific seque- 

stering in oysters, water or sediment. 
From 26 BG strains, 11 (BG: 1, 3, 6, 8, 15, 16, 18, 19, 

23, 24 and 25) were found to be positive for toxR gene 
and identified as V. parahemolyticus (Figures 4A and B). 
Similarly, Chakraborty and  Surendran (2008) also confir- 



 
 
 
 
med that 24% of their 72 V. parahaemolyticus cultures 
showed positive for 368-bp toxR gene fragment. In that of 
the 11 BG strains, six (BG1, BG3, BG6, BG15, BG19 and 

BG24) produced positive for protease activity,  –hae-
molysis and toxR gene which were confirmed as highly 
pathogenic to shrimp and also humans. Biochemical results 
for identification of V. parahaemolyticus from clinical 
samples may produce 100% good results but in marine 
strains different types of sugars utilization occurred. 
Therefore, biochemical identification of marine strains 
may be a suitable method but however, the results may 
value up to genus level and not to species level. There-
fore, two positive and two negative toxR gene strains 
were sequenced for 16S rRNA gene to confirm its spe-
cies level. Similarity between these strains and previously 
identified strains were compared with NCBI Blast and the 
16S rRNA sequenced four strains matching maximum 
percentage were observed. After blasting, maximum per-
centage similarity (98%) were observed and two toxR 
positive strains were belongs to V. parahaemolyticus 
(BG24 and BG6) and negative strains were V. alginoly-
ticus (BG17) and V. splendidus (BG12) (Figure 5). From 
the results blue green centered colonies were also belongs 
to other Vibrio species other than that of V. vulnificus. 
Moreover, identification of toxR gene in marine samples 
is the assured technique to confirm marine V. parahae-
molyticus. Moreover, six BG strains (BG1, BG3, BG6, 
BG15, BG19 and BG24) were confirmed as pathogenic 
V. parahaemolyticus based on three virulence charac-
teristics. 

TCBS plating and biochemical tests are not correct 
tools to identify pathogenic marine V. parahaemolytcius. 
When compared with terrestrial bacterial strains, marine 
bacterial strains may differ with biochemical characteris-
tics. Moreover, pathogenic V. parahaemolyticus isolated 
from estuary, shrimp pond and shrimp may pose human 
health risk when consumed. During favorable conditions, 
pathogenic strains may cause infection in estuarine 
fishes and culturing shrimp in shrimp ponds. 
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