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SUMMARY 

Abstract: In this study, the occurrence of Vibrio parahaemolyticus in aquaculture samples 
were determined by using most probable number (MPN) method and polymerase chain 
reaction (PCR) method. One hundred and thirty five samples were collected from two 
different ponds in the selected aquaculture farm . Upon analysis, the occurrences of V 
parahaemolyticus were 25% in Pond 1 and 29% in Pond 14. Moreover, this study also relates 
the occurrence of V parahemolyticus with the environmental variables such as temperature, 
salinity and pH. The statistical analysis showed that the occurrence of V parahemolyticus 
were positively and significantly related with pH but negatively and not significantly related 
with both temperature and salinity. The results from this study concluded that there were V 
parahemolyticus occurrence in the Bako Aquaculture Farm, but there is no significant 
difference between concentration of V parahaemolyticus in Pond 1 and Pond 2. Moreover, 
the environmental parameter such as pH, salinity and temperature was not significantly 
correlated with the concentration of V parahaemolyticus in the water samples. 

Keywords: V parahemolyticus, MPN method, toxR gene, PCR assay 

Abstrak: Kajian menunjukan peratus kewujudan V. parahaemolyticus di dalam sampel 
akuakultur dilentukan melalui kaedah MPN dan peR. Sebanyak seratus tiga puluh lima 
san/pel telah dikumpul daripada dua kolam yang berbeza .Dari analisis, peratus kewujudan 
V. parahemolyticus adalah sebanyak 25% dalam Pond 1 dan 29% dalam Pond 14. Selain ilu, 
kajian ini juga mengailkan peratus kewujudan V parahaemolyticus dengan factor 
persekitaran seperti suhu, kemasinan dan pH. Berdasarkan analisis daripada Pearson's 
Corelation Test, peratus kewujudan V parahaemolyticus adalah posilif dan berkailan 
dengan pH tetapi tiada kailan dengan suhu dan kemasinan. Keputusan daripada kajian ini 
mellyimpulkan bahawa V parahaemolyticus wujud di dalam Kolam Akuakultur di Bako, 
kajian mendapati bahawa tiada perbezaan dalam kewujudan V parahaemolyticus dalam 
kedua-dua kolam. Selain ilu, faktor persekitaran seperti ph, kemasinan dan suhu tidak 
mempenganthi kewujudan V parahemolyticus di datam kolam. 
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CHAPTER 1 


INTRODUCTION 


Vibrio species are commonly found in marine and estuaries environment and some of 

pathogenic species of Vibrio are associated with the outbreaks of Vibrio infections (Igbinosa 

and Okoh, 2008). These Vibrio species has become thread to human because they have been 

associated with skin infection and severe gastrointestinal disease (Andrews, 2004; Perez

Rosas and Hazen, 1998; Venkateswaran et aI., 1998). 

According to the World Health Organization (WHO), the food-borne diseases are caused by 

agent that enters the body through ingestion of contaminated food (Ve1usamy et al., 2010). 

Vibrio species have been recognized as one of the leading cause of food-borne outbreak in 

Asian region including Japan (Hara-Kudo et al. , 2001; Alam et al., 2003; Yang et at., 2008), 

India (Gopal et al., 2005 and Chakraborty et al., 2008), China (Luan et al., 2008; Yang et aI., 

2008; Chen et al., 2010), Taiwan (Hara-Kudo et aI., 2003), Korea (Lee et al., 2008) and 

Malaysia (Tunung et aI. , 2010). There are twelve species that have been identified as a 

potential food-borne disease agent in human which are; V cholera, V parahaemolyticus, V 

vulni./icus, V alginolyticus, V junissii, V jluvialis, V damsalae, V mimicHs, V hollisae, V 

cincinaliencis, V harveyi and V metchnikovvi (Adam and Moss; 2008; ICMSF, 1996, Jay et 

a/. , 2005; Thompson and Swings, 2006). 

V parahaemolyticus is a gram-negative halophilic bacteria that usually inhibits area such as 

estuaries and coastal environment in tropical and temperate zone and can cause 

gastrointestinal illness in human (DePaola et al. , 2000). Most of V parahaemolyticus are 

halophiles thus making it salt-requiring organisms and its growth require some parameters 

such as warmer temperature and moderate salinity which can favour its survival and growth 

(Covert and Woodbume, 1972; Jackson, 1974; Nair et al., 1980; Zhu et aI., 1992). 
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For the detection of V. parahaemolyticus in samples, PCR are usually conducted to detect the 

toxR gene which is discovered to be the regulatory gene of the toxin operon that appear to be 

among the V. parahaemolyticus. Hence the toxR gene can be used to identify the V. 

parahaemolyticus (Kim et at., 1999). The most probable number technique (MPN) and 

colony formning unit (CFU) is done to enumerate the target organism in the samples. 

The objective of the research was to correlates the occurrence of V. parahaemolyticus with 

environmental variables in the aquaculture farm by analysing samples of pond water 

collected from Asian Aquaculture Farm in Bako, Sarawak. Asian region accounts for at least 

83% of global aquaculture production (Anonymous, 1990). Aquaculture is the land based 

farm ing systems that use salt water from estuaries, back waters and seawater including net or 

traditional ponds with concrete block or plastic line and round pond systems with controlled 

environmental tanks. The water collected from aquaculture farm because apart from seafood, 

the major source of protein comes from the aquaculture industry. Apparently, more research 

has been conducted on the Vibrio species on marine water and seafood but lack of 

quantitative or enumeration studies on the occurrence of Vibrio species in aquaculture 

environment. Thus it is important to study the occurrence of V. parahaemolyticus in 

aquaculture water as it would be useful for the surveillance of this bacterium and to control 

the foodbome disease from spreading. 

In this study, the MPN and PCR method was performed to enumerate V. parahaemolyticus 

and species-specific PCR was conducted for detection of V. parahaemolyticus. In this study, 

species specific PCR was used to confirm the presence of toxin operon (toxR) gene which is 

the regulatory gene of Vibrio spp. (Zulkifli et at. , 2009). 
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The PCR and MPN approach pennits simultaneous examination of V parahaemolyticus 

samples from each MPN tube and is much more sensitive than cultural methods that require 

colony isolation and typically only examine a few isolates for these genes (Miwa et al., 2003; 

Nord trom et al., 2007). Therefore, molecular method that utilizes species specific 

Polymerase Chain Reaction (peR) might overcome the limitation that may arise from 

conventional method. Hence, peR method has been proven to provide rapid, specific and 

sensitive analysis of Vibrio species, but do not make quantitative analysis (Paillard et al., 

2006; Pang et al., 2006; Saulnier et al., 2000). However a recent study of Ponniah et al. 

(20 10) and Tunung et ai, (2010) reported that the peR can be successfully used with Most 

Probable Method (MPN) for the quantitative analysis of this foodbome pathogen. 

To date, few studies have reported the presence of V parahaemolyticus in aquaculture 

indu try as many outbreaks were caused by consumption of contaminated raw seafood 

(Jacxsen et al., 2008). Therefore this research was done to correlates the occurrence and 

concentration of the V parahaemolyticus with the environmental variables in aquaculture 

farm by analysing the water samples collected from the ponds. 
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Objective of the study: 

Therefore the aims ofthis study were as the following: 

1) To determine the occurrence of V. parahaemolyticus in water samples from aquaculture 

farm by detecting the presence of regulatory toxR in V. parahaemoly ticus. 

2) To quantify and enumerate V. parahaemolyticus by using Most Probable Number (MPN) 

method from the water samples collected. 

3) To determine the correlation and significant relationship between V.parahaemolyticus with 

environmental variables in pond water by performing paired-sample t test and Pearson's 

correlation analysis. 
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CHAPTER 2 


LITERATURE REVIEW 


2.1 Family Vibrionaceae 

Vibrio species bacteria belong to the family Vibrionaceae. Family Vibrionaceae first 

described by Veron (1965), are commonfy found in y-proteobacteria which are one of five 

subdivision of phylum Proteobacteria within the domain bacteria. The extremely 

metabolically diverse group of Proteobacteria has been classified into five subdivisions (a, ~, 

8, y, e). Due to the Vibrionaceae high biological diversity, the phenotypic characterization 

and identification of the family members is difficult and led to the constant changing of the 

taxonomy of Family Vibrionaceae (Alsina and Blanch, 1994). 

Vibriollaceae is a motile bacteria with polar flagella (Kreig and Holt, 1984) both straight or 

curved rod and oxidase-positive bacteria. There are six genera in Family Vibrionaceae 

namely Vibrio, Allomonas, Enhydrobacter, Listonella, Phothobacterium and Salinivibrio. 

Each namely has distinct morphological characteristic to distinguish them from each other 

(Krieg and Holt 1984). Each genus has C/G content in their phenotype and sheathed polar 

flagella. They require sodium for growth, lipase activity and D-mannitol utilization (Holt et 

al .. 1994). 

Vibrionaceae develops symbiotic relationship with marine host species. Vibrio colonize 

crustacean (Bowser et al.. 1981), mollusc (McFall-Ngai, 2002) or fish (Wiik et al .. 1995) 

host. Vibrio are abundant in aquatic environment including estuaries, marine, coastal waters 

and sediments as well as aquaculture settings (Rehnstam et al., 1993; Ortigosa et aI., 1994; 

Barbieri et al., 1999; Yumoto et al. , 1999; Urakawa et al., 2000; Heidelberg et al., 2002; 

Denn~r et al., 2003). Mostly genus Vibrio can be found in aquatic environment including 

fresh and coastal marine habitats such as oceans, rivers and estuaries. Sometimes Vibrio 
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species are found as a commensal at the surface and in the digestive tract of fish and 

zooplankton (Montanari et al., 1999; Drake et al. , 2007). The term Vibrio originates from 

Latin word 'to vibrate'. Vibrio is a gram negative bacterium which is motile by single polar 

flagellum (Broberg et al., 2011). 

2.2 Genus Vibrio 

2.2.1 Vibrio parahaemolyticus 

V. parahaemolyticus is a gram negative, curved rod shaped, halophilic organism and non

spore fonning bacteria. According to Kenneth and Amy (2001) it can be sub-classified based 

on their lipopolysaccharides (LPS) which are somatic (0) and capsular (K) antigen pattern. 

According to Bergey's Manual of Determination of Bacteriology by John G. Holt, Vibrio is 

small in size and range within 0.3-1.3 flm in width and 1.4-5.0 ,flm in length. These Vibrio are 

facultat ive anaerobic; which means they can survive either with or without oxygen. 

Moreover, Vibrio species are able to ferment glucose, sucrose, maltose, mannitol and 

mannose with the production of acids (Vasanthakumari, 2007) and capable to reduce nitrate 

and requires sodium ions for growth. 

For the optimum growth of V. parahaemolyitcus, the optimal temperature must be between 

35°C to 39°C (Jackson, 1974). At the optimal temperature which is 37°C the bacterium will 

take about 8-9 minutes generation time in water (Montville and Mathew, 2008). But in 

certain condition it might take 5 minutes for the bacteria to double (Barrow and Miller, 1974; 

Jackson, 1974). 

Salinity is the most important parameter which is needed for V parahaemolyticus growth. 

This is because V parahaemolyticus is a halophillic organism which requires salt to survives. 

The optimum sodium chloride concentration required for V parahaemolyticus to multiply are 
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ranging from 0.5% to 10% in the laboratory. The salinity concentrations ranges differ in V 

parahaemolyticus in marine water which is 0.8% to 3% (DePaola et al., 2000) while the 

optimum pH range for growth is from 7.8-8.6. 

Once V. parahaemolyticus is cultured, the incubation period for its growth must be at least 

18-24 hours. Usually, the Vibrio is cultured in Thiosulphate Citrate Bile Salt Sucrose (TCBS) 

agar. Morphological identification based on colonies form in the selective agar is used to 

determine the specific species of Vibrio formed. However, other bacteria with the same 

properties a Vibrio might be detected on the agar. A green colony will be formed on TCBS 

agar if the sucrose negative V parahaemolyticus grow on it while a yellowish colonies will 

be formed if sucrose positive Vcholera grow on it (Engelkirk and Engelkirk, 2008). 

2.2.2 Virulence factors for Vibrio paraltaemolyticus 

There are 12 pathogenic Vibrio species which have been identitied to cause human illness 

(Janda et al., 1988; Holmberg, 1992). Among the twelve species that have been identified as 

a potential food-borne disease agent in human are V cholera, V parahaemolyticus, V 

vulnificus, V alginolyticus, V junissii, V fluvialis, V damsalae, V mimicus, V hollisae, V 

cincinatiencis, V. harveyi and V metchnikovvi (lCMSF, 1996; Jay et al., 2005; Thompson 

and Swings, 2006; Adam and Moss; 2008). According to Reham and Armani (2012), the 

Therefore, V. parahemolyticus can cause illness towards humans. But not all strains of V 

parahaemolytictts can cause illness. There are two groups of V parahaemolyitcus which are 

Kanagawa positive strain that can cause food poisoning and Kanagawa negative strain that 

cannot cause hann to host vector (Miyamoto et al., 1969). 

V. parahemolyticus release thermolabile hemolysin (TLH) while pathogenic V 

parahaemolyticus release themostable direct hemolysin (TDH) or TDH-related hemolysin 

(TRH). The TDH molecule has been linked with the disease that V parahaemolyticus carries 
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(Taniguchi et ai., 1985). TDH appears to act on cellular membranes as a pore-forming toxin 

that alters ion flux in intestinal cells, thereby leading to a secretory response and diarrhea 

(Honda et aI., 1992; Fabbri et ai., 1999; Raimondi et al., 2000; Takahashi et ai., 2000). 

The bacterium can cause gastroenteritis in which the thermostable direct hemolysin (TDH) or 

TDH-related hemolysin (TRH) plays an important role for virulence of the V 

parahaemolyticus. The virulence properties are detected in the tdh and trh genes, which 

encodes for haemolysin product; thermostable direct haemolysin (TDH) and TDH-related 

haemolysin (TRH) (Honda et al., 1993). 

2.3 Outbreaks and Occurrence of Vibrio parahemolyticus 

Human can be infected with Vibrio species from sewage contaminated water or seafood when 

consumed raw or partially cooked (Feacham 1981; Joseph et aI., 1982; ICMSF, 1986; ICMSF 

1996; Oliver and Kaper 1997; DePaola et ai., 2000). Apart from seafood, Vibrio species can 

be found in brackish water and estuaries with optimal salinity (Espinera et ai., 2010). Some 

Vibrio species like V choierae, V parahemoiyticus, V mimicus, V vuinificus and V hollisae 

can cause severe human disease such as food poisoning. 

V parahaemoiyticus was first identified as a cause of foodbome illness in 1950 (Fujino et ai., 

1974). V parahaemoiyticus is the major causative agent of foodbome disease such as Japan 

and Taiwan (Pan et aI. , 1997; Wong et ai., 2000). The most common clinical manifestation of 

V. parahaemoiyticus infection is gastroenteritis (Levine et ai., 1993) with acute watery 

diarrhea, abdominal cramps, and nausea. V. parahaemolyticus is the most frequent cause of 

foodbome Vibrio associated gastroenteritis in the US (Daniels et a/., 2000). 

The bacterial disease such as vibriosis and human disease due to Vibrio species could become 

the biggest problem to the economy aquaculture fish in Malaysia. This is because aquaculture 
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nowadays has become the fastest growing food sector. As one of the most popular source of 

protein in the world apart from the sea, the market demand for aquaculture fish continues to 

grow rapidly. According to Food and Agriculture Organization of United Nations (FAO), 

aquaculture has been identified as one of the critical activities to ensure food security since 

the Seventh Malaysia Plan (1996-2000). 

2.4 V. para/,aemoiyticus in Aquaculture Farm 

Nowadays V. parahemolyticus has been associated with foodbome disease in Asian country 

such as in Hong Kong, Taiwan and China (Su and Liu 2007). Moreover, outbreaks of V. 

parahaemolyticus can be due to the consumption of raw or undercooked seafood therefore 

can be commonly found in marine environment (Jacxsen et al., 2008). But, there were a few 

study reported the presence of V. parahaemolyticus in aquculture farm. (Espineira et al., 

2010). Aquaculture is a system that uses salt water from estuaries in a human-made pond 

with controlled environmental parameters such as temperature, salinity and pH (Anonymous, 

1990). Vibrios are important bacterial pathogens for animals reared in aquaculture especially 

fish and a serious attention has to be given to aquaculture industry as fish can act as a vector 

for human pathogenic bacteria (Apun et ai., 1999). 

10 

~------------------------~~--~==~================================= 



CHAPTER 3 


MATERIALS AND METHOD 


3.1 Sample collection 

Samples from Asian Aquaculture Fann in Bako area were collected every week. Two 

hundred fifty ml water samples from two different ponds were collected from this fann. The 

samples were stored immediately inside the ice box throughout the field trip and transported 

to UNIMAS Microbiology Lab for further processing. Table 3.1 shows details about water 

sample collected and analysed. 

Table 3.1 : Details of water sample collected and analysed with proposed methodology 

Sample Pond 1 Pond 14 
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2 

4 

9 


9 


6 9 9 


9 

8 9 NA 
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3.2 Isolation of V. parahaemolyticus 

3.2.1 Processing and Enrichment of Water Samples 

Enrichment for all water samples coUected was performed by using Alkaline Peptone Water 

(APW). The water samples were homogenized in the Alkaline Peptone Water with pH 8.5 

and 2% of NaCI (Elliot et ai., 1978; Kaysner et ai., 1992; Harwood et ai., 2004). Ten 

milliliter (mL) of each water sample was added into conical flask containing 90 milliliter 

(mL) of Alkaline Peptone Water. The samples were incubated for 18 h in the incubator at 

37°C. Alkaline Peptone Water was prepared by adding APW powder into distilled water. 

3.2.2 Enumeration of V. parahaemolyticus 

The samples were diluted at 1:9 in saline solutions in order to prepare serial decimal dilutions 

from 10-1to 10-8• The saline solution was prepared by adding sodium chloride powder into of 

distilled water. The saline solutions were then autoclaved on liquid cycle before been 

distributed into the test tubes; consisted of 9 milliliter of saline solution each. 

Next, the diluted water sample was transferred into three MPN tubes for enumeration of the 

enriched water samples. The MPN technique was used to determine the most probable 

number (MPN) of V. parahaemoiyticus in the samples (Kaysner and DePaola, 2004). One 

millilitre from each diluted samples were transferred into the vial with the APW and 

incubated at 37°C for 18 to 24 hours. Next, the content of the turbid tube was subj ected to 

peR for detection of V. parahaemoiyticus species. 
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3.2.3 Colony Forming Unit 

The confinnatory tests were made by spread-plating O.l-mL inoculate from tubes with 

positive growth (turbid tubes) onto thiosulfatecitrate-bile salts-sucrose (TCBS) agar, followed 

by incubation for 18-24 hours at 35-37°C. 

3.3 Molecular analysis 

3.3.1 DNA Extraction 

DNA extraction was carried out using boiled cell method for the turbid tubes. First, one 

millilitre of water samples from turbid tubes were transferred into microfuge tubes. The tubes 

were centrifuged at 12000 rpm for 2 minutes to pellet the microorganisms. The pellet was re

suspended in 500 III of sterile distilled water and boiled for 10 minutes. The boiled cell lysate 

was immediately cooled at -20°C for 10 minutes. Later the cell lysate was centrifuged at 13 

000 rpm for 3 minutes. Finally, the cell lysate was used as a DNA template for species

specific peR to detect the V. parahaemolyticus species. 
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3.3.2 Species-specific peR 

Species-specific PCR was carried out to detect the toxR gene. The specific primer sequence 

used in this study described in Table 3.1 was used for PCR assay. The About 23 mL reaction 

mixture was put into 1.5 mL microfuge tubes which consist of the materials shown in Table 

3.2. 

Table 3.3.2a: List of primers for PCR detection of V. parahaemolyticus 

Vibrio Forward primer Reverse primer Reference 

species 5'-3' 3'-5' 

Table 3.3.2b: Materials for PCR analysis to detect the toxR gene 

Reagent Volume (p.1I) 

10 x PCR buffer with MgCh 

Forward primer (lOp.1Jll) 

0.5 units ofTaq DNA 

. " ·.~~i·I'I'1Ir~~ ..... ~-.• 
• J& .. ••• ~. 

Total volume reaction mixture 

12.5 


5.0 


,3..0 


1.0 

1.0 

4.0 

23.0 


The standard PCR protocol was conducted with the mixture of dinucleotide triphosphate 

(dNTPs), buffer, forward and reverse primers, Taq polymerase and DNA template. The PCR 

protocol was conducted in 0.5 ml microfuge tubes with the total volume reaction of 23.0 Ill. 

Tabl~ 3.3 showed the standard set of cycling condition initiated with one cycle at 95°C for 1
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