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Distribution of Vibrio parahaemolyticus in Oregon and Washington oyster- 

growing areas was studied between November 2002 and October 2003. V. 

parahaemolyticus was detected in 14.3% of oyster, 23.0% of seawater, and 44.4% of 

sediment samples with very low levels (<7.4 MPN/g) of pathogenic strains being 

detected in oysters. Occurrence of V. parahaemolyticus in oysters and the 

environments was positively correlated to water temperatures and were more frequent 

in sediment than in seawater or oyster. 

Thirty-four pathogenic V. parahaemolyticus isolated during the study were 

examined for virulence factors [tdh and trh genes encoding thermostable direct 

hemolysin (TDH) and TDH-related hemo lysis (TRH), respectively], urease production, 

and O-group antigenicity. The tdh and trh genes were detected in 85% and 88% of the 

isolates, respectively while almost all of them (97%) produced urease. Six O serotypes 

were identified among the isolates with 05 and 01 being the most prevalent. 



Pulsed-field gel electrolysis (PFGE) analysis of the surveyed isolates and five 

clinical reference strains using Notl and Sfil enzymes revealed 22 restriction patterns 

with NISI pattern being the most prevalent {25.6%) followed by N2S2 pattern 

(10.3%). Results of molecular, serological, and virulence analysis demonstrated that 

12 isolates were identical to two clinical strains involved in 1997's outbreak in Oregon 

and Washington. 

A newly developed chromogenic medium (Bio-Chrome Vibrio medium, 

BCVM) was compared with widely used thiosulfate-citrate-bile salts-sucrose agar 

(TCBS) for their specificities and accuracies for detecting V. parahaemolyticus in 

seawater, sediment, and oysters with a commonly used 3-tube most probably number 

(MPN) method. The specificities of BCVM and TCBS for V. parahaemolyticus 

detection were determined to be 94% and 77%, respectively. The accuracies of 

detecting V. parahaemolyticus were 84% for BCVM and 54%) for TCBS. 

Application of BCVM in a double layer agar plate (DLAP) for direct 

enumeration of injured V. parahaemolyticus cells was developed by overlaying an 

equal volume of a non-selective medium on top of a BCVM layer. The direct-plating 

procedure using DLAP was found as effective as the MPN method for recovering 

heat- and cold-injured V. parahaemolyticus cells. The DLAP can be used as a simple 

one-step procedure for quick screening of V. parahaemolyticus in foods. 
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CHARACTERIZATION OF Vibrio parahaemolyticus ISOLATED 
FROM OREGEN AND WASHINGTON COASTAL WATER 

AND DEVELOPMENT OF IMPROVED METHODS FOR 
Vibrio parahaemolyticus DETECTION 

Chapter 1 

LITERATURE REVIEW 

1.1 Overview 

The genus Vibrio belongs to the family Vibrionaceae and is composed of more 

than 34 species. Among them, 11 species have been implicated in human infections, 

including V. alginolyticus, V. cholerae, V. cincinnatiensis, V. damsela, V.fluvialis, V. 

furnissii, V. hollisae, V. metschnikovii, V. mimicus, V. parahaemolyticus and V. 

vulnificus (Janda and others 1988). Members of the genus Vibrio are characterized as 

Gram-negative, asporogenous, rod or curved rod-shaped facultative anaerobes, and are 

0.5-0.8 jam in diameter with 1.4 to 2.6 (im in length. They are motile in liquid media 

by means of a single polar flagellum. Most of the Vibrio species produce oxidase and 

catalase, ferment glucose without producing gas, and are sensitive to acidic but 

tolerant of alkaline environment. All Vibrio species, except for V. cholerae and V. 

mimicus, require 2-3% NaCl for optimal growth and are referred as "halophilic" 

bacteria (BAM 1998). 

Vibrio species have been isolated from water of a wide variety of environments 

including the ocean, estuaries, lakes, and ponds. It is estimated that Vibrio species 

cause more than 8,000 cases of illness yearly in the United State mainly from the 

consumption of contaminated seafood, especially shellfish (Mead and others 1999). 

Three Vibrio species, V. cholerae, V. parahaemolyticus and V. vulnificus, are 

recognized as the most common causative agents of seafood-borne illnesses. Infection 

of V. cholerae serotype 01 can range from a mild diarrhea to severe, rapidly fatal 

diarrhea. However, non-Ol serotypes, which generally cause less severe 

gastroenteritis, are reported more frequently and are the second most common cause of 



Vibrio disease associated with seafood consumption. V. parahaemolyticus is the 

primarily cause of seafood-borne gastroenteritis and is frequently isolated from 

molluskan shellfish especially during warm months. V. vulnificus is the most 

dangerous Vibrio species that can cause a primary septicemia in sensitive individuals 

with a high mortality rate (Listen 1990). 

In 2004, a total of 479 patients infected with Vibrio (excluding toxigenic V. 

cholerae) in the U.S. were reported to the Cholera and Other Vibrio Illness 

Surveillance System of the Centers for Disease Control and Prevention (CDC 2005a). 

Among them, 173 were hospitalized and 39 died. Nine Vibrio species were isolated 

from the patients with V. parahaemolyticus being the leading cause of infections and V. 

vulnificus being the main cause of death (Table 1.1). 

1.2 Vibrio parahaemolyticus 

V. parahaemolyticus is a human pathogen that occurs naturally in coastal and 

estuarine waters worldwide and is frequently found in seafoods, especially in filter- 

feeding molluskan shellfish. This organism can grow at a broad temperature ranging 

from 5 to 440C, at pH values ranging from 4.8-11.0 and in the presence of salt (1-8% 

NaCl). However, optimal growth of V. parahaemolyticus usually occurs at 30-35oC 

and pH 7.6-8.6 with a salt concentration in a medium of 2-3% NaCl. Studies have 

shown that V. parahaemolyticus could be isolated from a variety of seafoods including 

codfish, sardine, mackerel, flounder, clam, octopus, shrimp, crab, lobster, crawfish, 

scallop and oyster (Wong and others 1999a; Hara-Kudo and others 2001; DePaola and 

others 1990). 

1.2.1 Pathogenicity 

V. parahaemolyticus is the leading cause of seafood-associated bacterial 

gastroenteritis in the U.S. (Kaysner and DePaola 2001). It can cause acute 

gastroenteritis characterized by diarrhea, headache, vomiting, nausea, abdominal 

cramps and low fever primarily through consumption of raw or undercooked seafood, 



Table 1.1 Vibrio species (excluding toxigenic V. cholerae) isolated from patients suffered from Vibrio infections in non-Gulf and 
Gulf states of the U.S. in 2004 (Data adapted from CDC 2005a) 

Isolates Patients Hospitalized Deaths 

Vibrio Species non-Gulf Gulf non-Gulf Gulf non-Gulf Gulf non-Gulf Gulf 

V. alginolyticus 37 7 37 7 7 3 1 0 

V. cholera (non-toxigenic) 28 13 28a 12b 6 6 0 1 

V. damsela 2 1 2 1 2 1 0 0 

V. fluvialis 10 7 10 7 4 3 0 0 

V. furnissii 2 0 2 0 1 0 0 0 

V. hollisae 1 1 1 1 1 0 0 0 

V. mimicus 4 5 4 5 0 2 0 0 

V. parahaemolyticus 215 28 213 27 33 13 2 1 

V. vulnificus 37 66 32 60 28 52 13 19 

Other 1 2 1 2 0 1 0 0 

Species not identified 15 7 15 7 5 2 0 1 

Multiple species 8C   ' 4d 4 1 2 1 1 0 

Sub-total 360 141 349 130 89 84 17 22 

Total 501 479 173 39 



a Includes non-toxigenic V. cholerae 01 (2 isolates) and other non-toxigenic V. 
cholerae [non-01, non-0139] (26 isolates). 

b Includes non-toxigenic  V. cholerae 01  (1  isolate) and other non-toxigenic V. 
cholerae [non-01, non-0139] (11 isolates). 

c V. cholerae (non-01 and non-0139) and V. parahaemolyticus were isolated from 
stool of one patient; V. damsela and V. vulnificus were isolated from thigh wound of 
another patient; V. cholera (non-01 and non-0139) and V. mimicus were isolated 
from stool of a third patient; V. fluvialis and V. furnissii were isolated from blood of 
a fourth patient. 
V. parahaemolyticus and V. vulnificus were isolated from the wound and blood of 
one patient. 

particularly shellfish, within 24-72 hr after eating contaminated foods. Although the 

gastroenteritis caused by V. parahaemolyticus infection is often self-limited, the 

bacteria may spread into the blood and cause septicemia that is life-threatening to 

people having underlying medical conditions such as liver disease or immune 

disorders (Hally and others 1995). It can also cause wound infection, while rarely fatal, 

in people exposed to contaminated seawater (Murray and others 1998). However, two 

deaths were reported among residents of Louisiana and Mississippi States after 

Hurricane Katrina in 2005 as a result of wound-associated V. parahaemolyticus illness 

(3 cases) (CDC 2005b). 

1.2.2 Ecology 

The distribution of V. parahaemolyticus in the marine environments is known 

to relate to the water temperatures. Previous studies have indicated that the organism 

was rarely detected in water column until the temperature of water rose to 19-20oC 

(Jay and others 2005). A survey conducted between 1984 and 1985 in nine coastal 

states found an average low density of V. parahaemolyticus (4 cell/100 mL) in water 

when water temperature dropped below 160C while a much higher density (68 cell/100 

mL) was reported at temperature around 25 0C (DePaola and others 1990). Ecological 

study of V. parahaemolyticus in Rhode River area of the Chesapeake Bay in Maryland 

found that the organism survived in sediment during the winter through protection by 

sediment. As the water temperature rose up to 140C in late spring or early summer, V. 

parahaemolyticus in sediment was released into the water column, where they 



attached to zooplankton and proliferated (Kaneko and Colwell 1973). The study found 

a maximum V. parahaemolyticus count in water of 100-1,000 cells/100 mL in August 

when water temperature rose to 25 to 30 0C. 

The density of V. parahaemolyticus in raw shellfish is known to relate to the 

water temperatures. Therefore, it is less likely to isolate V. parahaemolyticus from 

oysters during the winter when water temperature is low. However, higher densities of 

V. parahaemolyticus can be present in oysters harvested in the spring and the summer. 

A recent national survey of 370 lots of oysters sampled from restaurants, oyster bars, 

retail and wholesale seafood markets throughout the U.S. between June 1998 and July 

1999 found a seasonal distribution of V. parahaemolyticus densities in market oysters, 

with highest densities (some exceeded 1,000 MPN/g) in the summer (Cook and others 

2002a). 

1.2.3 Epidemiology 

V. parahaemolyticus was first recognized as a cause of food-borne illness in 

Osaka, Japan in 1951 (Daniels and others 2000a). It caused a major outbreak 

involving 272 cases of illness and 20 deaths associated with eating sardines. Since 

then, V. parahaemolyticus has been found to account for 20-30% of all food poisoning 

cases in Japan (Alam and others 2002) and identified as a common cause of seafood- 

borne illness throughout Asia (Wong and others 2000a; Chen and others 1991; 

Yamamoto and other 1992; Deepanjali and others 2005). V. parahaemolyticus 

accounted for 69% (1,028 cases) of total bacterial foodbome outbreaks (1,495 cases) 

in Taiwan between 1981 and 2003 (DOH 2005) and was the leading cause of food 

poisoning (1,710 incidents, 24,373 cases) in Japan between 1996 and 1998 (IDSC 

1999). Although the main vehicle for V. parahaemolyticus infection is usually raw or 

partially cooked seafood (Martinez-Urtaza and others 2004), cooked products 

contaminated with V. parahaemolyticus were responsible for 31.1% of 5,770 

foodbome outbreaks occurred in China between 1991 and 2001 (Liu and others 2004). 

In contrast to Asian countries, infections of V. parahaemolyticus are rarely 

reported in European countries. However, sporadic outbreaks have been reported in 



some countries such as Spain and France. In 1989, eight cases of V. parahaemolyticus 

gastroenteritis related to fish or shellfish ingestion occurred in Spain (Martinez-Urtaza 

and others 2004). An outbreak involving 64 cases of illness associated with live 

oysters consumption was reported in 1999 in Galicia, Spain (Lozano-Leon and others 

2003). In France, a serious outbreak affecting 44 patients occurred in 1997 were 

reported to be associated with consumption of shrimps imported from Asia (Robert- 

Pillot and others 2004). 

In the U.S., V. parahaemolyticus was first identified as the etiological agent in 

three outbreaks involving about 425 cases of food-related gastroenteritis associated 

with consumption of improperly cooked crabs occurred in Maryland in August 1971 

(Molenda and others 1972). Since then, sporadic outbreaks of V. parahaemolyticus 

infections were reported throughout U.S. coastal regions due to consumption of raw 

shellfish and cooked or processed seafood contaminated with V. parahaemolyticus 

(DePaola and others 2000). Between 1973 and 1998, approximate 40 outbreaks of V. 

parahaemolyticus infections were reported to the Centers for Disease Control and 

Prevention (CDC) with most of the illnesses linked to shellfish consumption (Daniels 

and others 2000a). The largest U.S. outbreak of V. parahaemolyticus gastroenteritis 

affected 1,133 of 1,700 persons attending a dinner in Port Allen, LA in the summer of 

1978 (Montville and Matthews 2005). 

Four major outbreaks of V. parahaemolyticus infections involving more than 

700 cases of illness associated with consumption of raw oysters occurred in the Gulf 

Coast, Pacific Northwest, and Atlantic Northeast regions of the U.S. The first outbreak 

was reported in summer of 1997 in the Pacific Northwest (Oregon, Washington, 

California and British Columbia of Canada) with a total of 209 cases and one death 

(CDC 1998). Nearly all the cases were associated with shellfish harvested in the State 

of Washington and British Columbia of Canada. A smaller outbreak (43 cases) and a 

very large outbreak (416 cases) occurred later in Washington and Galveston Bay of 

Texas, respectively, in 1998 were also linked to raw oyster consumption (DePaola and 

others 2000). Following the Texas outbreak occurred between May and July in 1998, 

an outbreak of eight cases  of V. parahaemolyticus  infection  was reported in 



Connecticut, New Jersey, and New York between July and September as a result of 

eating oysters and clams harvested from Oyster Bay off New York's Long Island 

Sound (CDC 1999). The occurrence of these outbreaks over several geographical 

locations and the total numbers of illnesses involved in the outbreaks were unexpected 

and surprising. As a result, renewed concerns for this pathogen in raw oysters as a 

safety problem in the U.S. were raised. A recent outbreak of V. parahaemolyticus 

infection occurred on board a cruise ship in Alaska in the summer of 2004 indicates 

that contamination of V. parahaemolyticus in oysters remains a health threat to 

consumers in the U.S. Twenty-two passengers developed gastroenteritis after eating 

raw oysters produced in Alaska (McLaughlin and others 2005). 

1.3 Virulence factors of V. parahaemolyticus 

1.3.1 Thermostable direct hemolysin (TDH) 

Although V. parahaemolyticus is recognized as a major cause of seafood-borne 

gastroenteritis, most stains of this species are not pathogenic to human (Nishibuchi 

and Kaper 1995). Early epidemiological studies revealed a strong association between 

the ability of V. parahaemolyticus to produce a beta-type hemolysis on Wagatsuma 

blood agar known as Kanagawa phenomenon (KP) and its ability to cause 

gastroenteritis (Yeung and Boor 2004). The hemolysin responsible for KP was named 

thermostable direct hemolysin (TDH) because it could not be inactivated by heating at 

100oC for 15 min (Fukui and others 2005). Clinical studies have found that almost all 

strains of V. parahaemolyticus isolated from patients with gastroenteritis demonstrated 

this hemolytic activity, whereas environmental isolates are rarely KP positive. 

Therefore, TDH has been recognized an important virulence factor and used as a 

marker for virulence strains (Cook and others 2002b; Okuda and others 1997a). 

The TDH protein is consisted of 165 amino acid residues with a molecular 

weight of 42,000 daltons. It is cytotoxic and cardiotoxic in experimental animals (Jay 

and others 2005) and can cause damage of erythrocyte membrane by acting as a pore- 

forming toxin that alters ion flux in intestinal cells and leads to a secretory response 

and diarrhea (Zhang and Austin 2005). The gene encoding TDH (tdh) has been cloned 
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and sequenced (Nishibuchi and Kaper 1985; Kaper and others 1984). The 

oligonucleotide probes targeting the tdh gene have been developed for the detection of 

KP-positive V. parahaemolyticus (Nishibuchi and others 1985; Kaper and others 

1984). 

1.3.2 Thermostable direct hemolysin related hemolysin (TRH) 

Despite epidemiological investigations which revealed a strong tie between the 

Kanagawa phenomenon and pathogenicity of V. parahaemolyticus, KP-negative 

strains had been isolated from outbreak patients. Honda and others (1988) reported an 

isolation of a KP-negative V. parahaemolyticus strain from an outbreak of 

gastroenteritis in the Republic of Maldives in 1985. The isolate did not carry the tdh 

gene, but produced a TDH-related hemolysin (TRH). The TRH was reported to be 

immundlogically similar but physiochemically different to TDH. Unlike TDH, TRH 

was labile to heat treatment at 60oC for 10 min. The gene (trh) encoding TRH has also 

been cloned and sequenced (Kishishita and others 1992). Significant nucleotide 

differences were found to exist within the trh family. Two subgroups, trhl and trhl, 

which shared 84% sequence identity and were 54.8 to 68.8% homologous to the tdh 

gene were reported. Both TDH and TRH could induce chloride secretion in human 

colonic epithelial cells and are strongly associated with clinical strains of V. 

parahaemolyticus (Takahashi and others 2000a,b). A survey of 285 strains of V. 

parahaemolyticus revealed that the ^-positive strains had strong association with 

gastroenteritis (Shirai and others 1990). Therefore, both tdh and trh genes are 

considered major virulence factors of pathogenic strains of V. parahaemolyticus. 

1.3.3 Urease production 

V. parahaemolyticus generally does not produce urease. Most of the V. 

parahaemolyticus strains reported between 1963 and 1974 were negative for urease 

activity (Okuda and others 1997a). However, isolation of urease-positive (Ure+) 

strains from clinical source has been reported recently in various parts of the world 

and the ratio of Ure+ strains among the clinical strains is gradually increasing 



(Kaysner and others 1990; Kelly and Stroh 1989; Oberhofer and Podgore 1982; 

Osawa and others 1996). Clinical isolates from the 1997 West Coast outbreaks were 

identified to be urease positive and possessed both tdh and trh genes (CDC 1998). 

Therefore, a test for urease activity was proposed to be a simple screening test for 

pathogenic strains (Kaysner and others 1994). However, a serovar 03:K6 involved in 

Texas and New York outbreaks was found negative for urease and possessed only the 

tdh gene (CDC 1999). 

Recently, a strong correlation between urease production and the trh gene was 

determined by analyzing urea hydrolysis by clinical isolates (Okuda and others 1997a; 

Osawa and others 1996; Okitsu and others 1997; Suthienkul and others 1995). The 

association between urease and TRH has been reported to be a genetic linkage 

between the urease gene {ureC) and trh on the chromosome of virulent V. 

parahaemolyticus strains (Park and others 2000; lida and others 1997). Kelly and 

Stroh (1989) reported that clinical isolates from patients with gastroenteritis in Canada 

were all Ure+ strains, but none of them were positive for Kanagawa phenomenon. 

These findings indicated that the urease activity is not a universal marker for 

pathogenic V. parahaemolyticus and should not be used for identifying strains 

carrying tdh gene. However, it might be used as a marker for ^-carrying strains. 

1.3.4 Adherence to epithelial cells 

Adherence to epithelial cells is an important virulence factor for Gram- 

negative bacteria. Adherence of V. parahaemolyticus to intestinal mucosa has been 

linked to the production of cell-associated hemagglutinins (Yamamoto and Yokota 

1989). Nakasone and Iwanaga (1990) reported that pili also played a role in intestinal 

tract colonization and were most likely a colonization factor of V. parahaemolyticus. 

However, the adhesive processes may well be involved in disease caused by V. 

parahaemolyticus, adherence to human epithelium as a virulence factor of pathogenic 

V. parahaemolyticus has not been established (Reyes and others 1983). 
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1.3.5 Vibrioferrin 

Iron is an essential element for growth of most bacteria (Guerinot 1994). When 

iron is not readily available, V. parahaemolyticus can produce a novel siderophore 

named vibrioferrin to facilitate iron acquisition and utilize heme as an iron source 

(Yamamoto and others 1994, 1995). Studies have found that clinical isolates had 

higher levels of vibrioferrin in spent culture supernatant than in food or environmental 

isolates when they were grown in a medium containing limited amount of iron 

(Yamamoto and others 1999). Other studies conducted by Wong and Lee (1994) and 

Dai and others (1992) reported that V. parahaemolyticus cultures demonstrated greater 

adherence, increased hemolytic activities, enhanced lethality for mice, and higher 

proliferation rates when grown in iron-limited media. These results suggest that 

production of vibrioferrin under iron-limited conditions might also be a factor 

contributing to the pathogenesis of V. parahaemolyticus. 

1.3.6 Other virulence factors 

Although the virulence factors of V. parahaemolyticus appears to be linked to 

the presence of tdh and trh genes, V. parahaemolyticus strains that do not produce 

TDH, TRH, or urease have recently been found to induce fluid accumulation in 

suckling mice (Kothary and others 2000). However, clinical and environmental 

incidence of this strain is yet to be determined. Virulence factors of V. 

parahaemolyticus other than TDH, TRH and urease may be present and not yet 

identified. Recently, a heat-labile protein (serine protease) produced by a clinical V. 

parahaemolyticus strain carrying neither tdh nor trh gene was identified as a potential 

virulence factor (Lee and others 2002). The purified protease had significant effects on 

the growth of Chinese hamster ovary, HeLa, Vero, and Caco-2 cells. It lysed 

erythrocytes well and caused tissue hemorrhage and death in mice when injected both 

intraperitoneally and intravenously. 
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1.4 Detection and identification of V. parahaemolyticus 

1.4.1 General characteristics 

The biochemical characteristics of V. parahaemolyticus and other Vibrio 

species commonly encountered in seafood are shown in Table 1.2 (BAM 1998). V. 

parahaemolyticus is facultative anaerobic and can produce acid from arabinose, D- 

mannose, and D-mannitol. Its strict halophilic nature requires certain amounts of NaCl 

for growth and can grow in an environment containing NaCl as high as 8%. However, 

the organism grows best at 30-35oC under slightly alkaline conditions in presence of 

2-3% NaCl. Therefore, alkaline peptone water (APW, pH 8.5) is commonly used for 

isolating V. parahaemolyticus from foods. 

V. parahaemolyticus survives poorly in an acidic or dry environment and is 

sensitive to heat and pressure. The D47<»c values of V. parahaemolyticus in phosphate 

buffer containing 0.5, 3.0 and 7.5% NaCl after being grown in tryptic soy broth 

containing 0.5, 3.0 and 7.5% of NaCl and incubated at 21, 29 and 370Chave been 

reported to range from 0.8-65.1 min (Beuchat and Worthington 1976). The pressure 

treatment of 200 to 300 MPa for 5 to 15 min at 250C was capable of inactivating 

pathogenic Vibrio species (Berlin and others 1999). 

1.4.2 Conventional method of detection 

The most commonly used method for detecting V. parahaemolyticus in food is 

the Most Probable Number (MPN) method. However, the MPN method is very labor- 

intensive and time-consuming. The procedure involves the enrichment of sample 

homogenates in alkaline peptone water (APW) for 16 to 18 h followed by isolating 

Vibrio cells on thiosulfate-citrate-bile salts-sucrose agar (TCBS) plates. The major 

disadvantage of the MPN procedure is that TCBS medium it uses cannot differentiate 

V. parahaemolyticus from some strains of Vibrio vulnificus or Vibrio mimicus. Growth 

of V. parahaemolyticus as well as a few strains of V. vulnificus and V. mimicus that do 

not ferment sucrose on TCBS all appear on the TCBS medium as round, 2-3 mm in 

diameter, and green or blue-green colonies. Therefore, several presumptive positive 



Table 1.2 Biochemical characteristics of Vibrio species commc >nly encountered in seafood (data adapted from BAM 1998) 
V. 

parahaemolyticus 
V. 

cholerae 
V. 

vulnificus 
V. 

alginolyticus 
V. 

fluvialis 
V. 

furnissii 
V. 

hollisae 
V. 

mimicus 
V. 

metschnikovii 
TCBS agar Ga Yb G Y Y Y NG' G Y 
mCPC agar NG pd Y NG NG NG NG NG NG 

Oxidase + + + + + + + + - 
Gelatinase + + + + + + - + + 

Urease V* - - - - - - - - 
Arginine dihydrolase - - - - + + - - + 

Omithine decarboxylase + + + + - - - + - 
Lysine decarboxylase + + + +. - - - + + 

Growth 
in 

(w/v) 

0% NaCl - + - - - - - + - 
3% NaCl + + + + + + + + + 
6% NaCl + - + + + + + - + 
8% NaCl + - - + V + - - V 
10% NaCl - - - + - - - - - 

Growth at 420C + + + + V . ND' + V 

Acid 
production 

from: 

Sucrose - + - + + + - - + 
D-cellobiose V - + - + - - - - 

Lactose - - + - - - - - - 
Arabinose + - . - + + + - - 

D-Mannose + + + + + + + + + 

D-Mannitol + + V + + + - + + 

Sensitivity 

to: 

10ngO/129g Rh S' S R R R ND S S 

150 ng 0/129 S S s S S S ND S s 

a G = green Y = yellow 
e V = variable among strains 

c NG = no or poor growth P = purple 
ND = not determined     g 0/129 = vibriostatic agent 0/129 (2,4-diamino-6,7-diisopropylpteridme) 

n R = resistant       ' S = susceptible 
TCBS: thiosulfate-citrate-bile salts-sucrose; mCPC: modified cellobiose-polymyxin B-colistin; (+): positive; (-): negative.     _^ 
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colonies need to be analyzed with lengthy biochemical tests to confirm presence of V. 

parahaemolyticus in samples and results may not be available for 5 to 8 days. 

1.4.3 Molecular methods of detection 

1.4.3.1 Polymerase chain reaction (PCR) method 

To overcome the disadvantage of the MPN method, a polymerase chain 

reaction (PCR) using DNA probes for genes encoding TDH and TRH was developed 

for the detecting of pathogenic V. parahaemolyticus (Tada and others 1992). The 

procedure was reported to be specific to both tdh and trh genes and could detect 400 

fg of cellular DNA carrying the respective gene. However, its sensitivity could be 

reduced by inhibitors present in a normal fecal sample. Enrichment of the fecal sample 

will be needed for detecting pathogenic strains with this PCR procedure. Another 

disadvantage of this assay is that it is not suitable for detecting non-pathogenic V. 

parahaemolyticus because of the lack of genes encoding TDH or TRH. 

Taniguchi and others (1985) later identified a gene (tl) encoding a thermolabile 

hemolysin (TL) that was present in all V. parahaemolyticus strains. Although the TL 

is not a virulence factor of V. parahaemolyticus, the gene (tl) encoding TL has been 

considered a reliable indicator of V. parahaemolyticus species (Taniguchi and others 

1986). Bej and others (1999) developed a multiplex PCR procedure for amplification 

of tl, tdh and trh for detecting total and pathogenic V. parahaemolyticus in shellfish. 

This multiplex PCR was able to detect tl gene in all 111 V. parahaemolyticus isolated 

from clinical, seafood, environmental, and oyster plants with a sensitivity for detecting 

all three genes to be at least 1-10 cells per gram of alkaline peptone water enriched (8 

h) sample homogenate. Presence of tl, tdh or trh gene in bacterial cells detected by this 

PCR assay resulted in appearance of bands of 450 bp, 269 bp or 500 bp, respectively, 

on electrophoresis gel. 

1.4.3.2 DNA probe methods 

In addition to PCR assay, DNA-DNA hybridization methods were also 

developed for specific detection of V. parahaemolyticus. Nishibuchi and others (1985 
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and 1986) constructed oligodeoxyribonucleotide probes labeled with P32 to detect tdh 

gene in V. parahaemolyticus and found that colony hybridization test with these gene 

probes was more suitable than immunological assays for definitive determination of V. 

parahaemolyticus that produced positive reactions in the Kanagawa Phenomenon test. 

Lee and others (1992) also reported a synthesized oligonucleotide probe labeled with 

P for directly detecting tdh gene of V. parahaemolyticus in artificially contaminated 

food. While radioactive probes can be used for specific and sensitive detecting V. 

parahaemlyticus, they are difficult to handle and are not readily available for routine 

analysis. 

Recently, two non-radioactive probes [alkaline phosphatase (AP)-labeled and 

digoxigenin (DIG)-labeled probes] were developed for specific detection of tl gene in 

V. parahaemolyticus  (McCarthy and others   1999).  Both probes were reported 

equivalent in detecting V. parahaemolyticus and the AP-labeled probes targeting tdh 

and trh gene had been reported highly specific and sensitive for detecting pathogenic 

V. parahaemolyticus (Yamamoto and others 1992). Based on the AP- and DIG-labeled 

probe methods, two direct-plating procedure using AP-and DIG-labeled probes to 

detect the thermolabile hemolysin gene (tl) were developed for detecting total V. 

parahaemolyticus (Gooch and others 2001). These procedures were reported to be 

equivalent to a modified MPN method using AP-labeled NDA probe for detecting V. 

parahaemolyticus and could be completed in one to two days. 

More recently, a rapid DNA probe method was developed for detecting V. 

parahaemolyticus grown on hydrophobic grid membrane filters (HGMF) (Banerjee 

and others 2002). In this procedure, V. parahaemolyticus is detected through a 

hybridization between V. parahaemolyticus DNA immobilized onto HGMF and DIG- 

labeled probes specific for tl gene of V. parahaemolyticus. This method can detect V. 

parahaemolyticus in one day after an enrichment process. However, it is a complicate 

detecting system involving DNA isolation, synthesis of DIG-labeled probes and V. 

parahaemolyticus primers, and colony hybridization. 
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1.4.4 Serological typing 

V. parahaemolyticus can be characterized according to its capsular (K) and 

lipopolysaccharide (O) antigens on cell membranes. Today, 13 (O) group and 71 (K) 

type antigens have been identified with commercially available antisera. Despite of the 

diversity in the antigenicity of V. parahaemolyticus, only a few serotypes are 

commonly associated with human infections. V. parahaemolyticus serotype 04:K12 

has been frequently isolated from both environmental and clinical sources on the west 

coast of the U.S. and was the most prevalent clinical strain isolated from the Pacific 

Coast between 1979 and 1995 (Abbott and others 1989; Kaysner and others 1990; 

DePaola and others 2003b; Nolan and others 1984; Okuda and others 1997a). 

The investigation following outbreaks occurred in Texas and New York in 

1998 identified an emerging strain of V. parahaemolyticus (serotype 03:K6) as the 

causative agent of illnesses in those outbreaks (Daniels and others 2000b). This 

serovar carries the tdh gene but not the trh gene and is commonly associated with V. 

parahaemolyticus illness in Asia (Bag and others 1999) and had never been detected 

in the U.S. (FDA 2001). It was first identified during an active surveillance of V. 

parahaemolyticus infections among hospitalized patients in Calcutta, India between 

1994-1996 (Okuda and others 1997b). The survey identified an abrupt increase in 

incidence associated with the 03:K6 strain between February and August of 1996. 

This serovar had not been isolated in Calcutta prior to February of 1996 and accounted 

for 63% of the total V. parahaemolyticus strains isolated from patients in Calcutta 

between September 1996 and April 1997. Since then, this highly virulent serovar has 

been spread to other Asian countries including Japan (Wong and others 2000b; 

Matsumoto and others 2000; Vuddhakul and others 2000; Chiou and others 2000), 

North America (DePaola and others 2000; Myers and others 2003; Marie Yeung and 

others 2003), South America (Gonzalez-Escalona and others 2005), Europe (Martinea- 

Urtaza and others 2005; Quilici and others 2005) and even Africa (Ansaruzzaman and 

others 2005). The occurrence of 03:K6 strain in the recent U.S. outbreaks has raised 

the concern of increased risks of V. parahaemolyticus infections associated with U.S. 

shellfish consumption. 
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1.4.5 Molecular typing 

Molecular typing is a commonly used method for distinguishing bacteria with 

identical phenotypic characteristics through analysis of nucleic acid profiles of 

bacterial cells. It is frequently used in epidemiological investigation to determine 

genetic relatedness of bacterial strains, identify source of bacterial infection, and 

detect a particular subspecies of bacteria in interest. Therefore, molecular subspecies 

typing of bacteria can be a useful tool to track a particular organism implicated in 

foodbome outbreaks and distribution of bacteria in the environments. Commonly used 

methods for molecular typing include pulsed-field gel electrophoresis (PFGE), 

ribotyping, and random amplified polymorphic DNA (RAPD). 

1.4.5.1 Pulsed-field gel electrophoresis 

In the PFGE analysis, genomic DNA of bacterial cells is digested with 

restriction endonucleases and the DNA fragments are resolved on an agarose gel in an 

electric filed with periodically changing orientations to generate restriction patterns of 

large DNA fragments obtained from bacterial genome. The most commonly used 

restriction endnucleases for PFGE analysis are Sfil, Notl and Apal, which can generate 

10-20 DNA fragments for V. parahaemolyticus strains. The PFGE has been used to 

analyze highly genetically diverse V. parahaemolyticus strains in many studies (Wong 

and others 2000c; Marshall and others 1999; Bag and others 1999; Martinez-Urtaza 

2004; Hara-Kudo 2003; Yeung and others 2002). Wong and others (2000c) reported 

that using Sfil digestion in PFGE analysis had the highest discriminative ability among 

the three commonly used methods (PFGE, ribotyping, and random-primed 

polymorphic DNA) for subspecies typing of V. parahaemolyticus. 

1.4.5.2 Ribotyping 

DePaola and others (2003b) described a method for ribotyping 178 pathogenic 

V. parahaemolyticus isolated from environmental, food, and clinical sources in North 

America and Asia. The genomic DNA of V. parahaemolyticus was digested with a 

restriction endnuclease (ficoRI), separated and hybridized with a chemiluminescent 



17 

ribosomal probe, and grouped into 28 different ribogroups. The ribotyping has been 

reported to exhibit a discrimination index slightly lower than that of PFGE. However, 

results obtained by ribotyping are more consistent than those of PFGE, which may 

vary slightly due to genetic changes in bacterial strains after being cultured repeatedly 

over time (Tenover and others 1995). Therefore, ribotyping may be more useful for 

investigating a possible link between clinical isolates and sources of infection 

(Marshall and others 1999). 

1.4.5.3 Random amplified polymorphic DNA 

Random amplified polymorphic DNA (RAPD) method utilizes short random 

oligonucleotide primers (usually 9 to 10 nucleotides in length) and low-stringency 

primer annealing conditions to amplify arbitrary fragments of template DNA 

(Maluping and others 2005). Wong and others (1999b) reported a primer capable of 

typing 319 V. parahaemolyticus strains with 41 different RAPD patterns discerned. 

The RAPD analysis is less labor-intensive and faster than PFGE analysis. However, 

RAPD analysis has lower discrimination power and is often complicated by variations 

in band intensity and a lack of reproducibility of certain minor bands (Wong and Lin 

2001). 

1.4.5.4 Enterobacterial repetitive intergenic consensus sequence PCR 

Enterobacterial repetitive intergenic consensus sequence (ERIC) PCR is a 

rapid typing method involving the use of primers complementary to repetitive 

conserved sequences in bacterial genome (Maluping and others 2005). Using a pair of 

primers consisted of 22 nucleotides, Wong and Lin (2001) grouped 40 V. 

parahaemolyticus strains into 27 patterns among 17 types. The ERIC PCR is relatively 

easy to perform with high discriminatory ability. However, inconsistent results of 

ERIC PCR on some minor light amplification bands have been reported and may 

complicate its pattern differentiation. Marshall and others (1999) suggested that a 

combination of ERIC PCR and ribotyping, which has an excellent discrimination 
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index and typing ability, might be used to elucidate the relevant genetic and 

epidemiological relationships between most V. parahaemolyticus strains. 

It is clear that no single method is sufficient to unambiguously examine the 

genetic relationships among bacteria strains. The feasibility of these molecular typing 

methods relies on the use of various enzymes, primers and experimental conditions. 

Wong (2003) recommended that the PFGE and ribotyping methods be used for routine 

molecular typing, while PCR based methods be used for rapid analysis. 

1.5 Prevention and control 

1.5.1 Education 

The ubiquitous nature of Vibrio species in marine and estuarine environments 

makes it almost impossible to obtain seafood free of theses bacteria. The U.S. Food 

and Drug Administration (FDA) and Interstate Shellfish Sanitation Conference (ISSC) 

guidance limit viable V. parahaemolyticus to 10,000 or fewer cells per gram of 

seafood (ISSC 1997). However, monitoring of shellfish samples following 1998 

outbreaks by state and federal authorities found overall levels of less than 1,000 Vibrio 

cells per gram in most oysters from implicated growing areas with some of them as 

low as 100 cells per gram (Kaysner and DePaola 2000). These findings suggested a 

possible low infectious dose by the pathogenic strains involved in the outbreaks and 

indicated that the FDA guidance might not be sufficient to protect consumers from V. 

parahaemolyticus infection associated with raw oyster consumption. 

The risk of V. parahaemolyticus infections can be reduced through public 

education on proper handling of foods, such as holding seafood at a sufficiently low 

temperature to prevent V. parahaemolyticus from rapid multiplication, thorough 

cooking of raw seafood to destroy V. parahaemolyticus, and avoiding recontamination 

of cooked foods (Powell 1999). People in the high risk groups, such as those with liver 

disease, should be informed of potential risks associated with consumption of raw or 

undercooked seafood and possible life-threatening disease caused by Vibrio infection. 

It was estimated that more than 60% of seafood-originated illness could be avoided if 

consumers would stop eating raw or undercooked molluscan shellfish (Liston 1990). 
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1.5.2 Risk assessment 

Following the outbreaks of V. parahaemolyticus infection occurred in 1997 

and 1998, the FDA provided guidance and recommendations to Interstate Shellfish 

Sanitation Conference (ISSC) for monitoring V. parahaemolyticus. The FDA also 

initiated a risk assessment focusing on raw oysters in response to those recent 

outbreaks. A draft risk assessment report on the estimated public health risks 

associated with raw oysters containing pathogenic Vibrio parahaemolyticus was 

announced by the FDA in January 2001 (FDA 2001). The report described the ability 

of V. parahaemolyticus to multiply to an infective dose upon exposure of 

contaminated oysters to elevated temperatures before consumption. 

Nordstrom and others (2004) reported that the intertidal harvest, which is 

practiced extensively in some Pacific Northwest estuaries, significantly influenced the 

level of V. parahaemolyticus in oysters. During the intertidal harvest, oysters are 

exposed to ambient air, which allows V. parahaemolyticus to multiply rapidly in 

oysters especially on warm and sunny days. In the study, total populations of V. 

parahaemolyticus in oysters increased to 4- to 8- fold after being exposed to ambient 

air with the ^A-positive V. parahaemolyticus counts also increased from <10 to as 

high as 160 CFU/g. Therefore, intertidal harvest of oysters should be synchronized 

with the tide so that they are not harvested after periods of exposure to air to prevent 

rapid growth of V. parahaemolyticus in oysters. 

In Mississippi, harvest of oysters intended for raw consumption is now limited 

from mid-September through April and oysters beds are closed during warmer 

summer months as well as days when an influx of potentially contaminated water is 

caused by heavy rains (Andrews 2004). These harvesting practices minimized the 

risks of raw oyster consumption and resulted in no reported illness from consuming 

Mississippi oysters. 

1.5.3 Relaying and depuration 

Relaying and depuration are the common approaches to reduce or remove 

bacterial contaminants in shellfish. In the relaying process, shellfish are transferred 
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before harvest from polluted areas to an unpolluted waterway for natural biological 

purification (Yeung and Boor 2004). Unfortunately, the increased pollution along 

coastal line has resulted in reduced clean area for growing shellfish. Most of the area 

remaining for oyster production is suffering from increased animal waste 

contamination due to introduction of large amounts of bacteria including coliform and 

potential human pathogens from farmland into the marine environment. This has made 

the relaying process become more and more difficult due to lack of clean and 

unpolluted marine environment. 

Depuration is a controlled process allowing shellfish to purge sand and grit 

from the gut into clean seawater. The process usually leads to a reduction of microbial 

contaminants in shellfish and therefore increases shelf life of refrigerated products. 

However, studies have shown that depuration with clean seawater was not effective in 

reducing certain persistent bacteria including Vibrio spp. in shellfish because of the 

colonization of those bacteria in the intestinal tracts. In most instances, total aerobic 

plate counts could be reduced by one log value via the depuration process. 

Nevertheless, reduction of bacteria to fewer than 104 cells per gram of shellfish was 

seldom seen for some species. It has been reported that oysters required 16 days to 

depurate laboratory-contaminated V. vulnificus to non-detectable level (Kelly and 

Dinuzzo, 1985). In a similar study, no significant difference in mean counts of 

naturally occurring V. parahaemolyticus was observed between depurated and non- 

depurated oysters (Eyles and Davey, 1984). 

Several treatments, including chlorine, ultraviolet light, ozone and iodophors, 

have been examined for their abilities to enhance the reduction of bacteria in oysters 

during depuration process (Fleet 1978). However, none of them were able to 

effectively remove V. parahaemolyticus from shellfish. Croci and others (2002) 

reported that depuration of blue mussels experimentally contaminated with E. coli, V. 

cholerae and V. parahaemolyticus in ozonated water for 44 h only resulted in about 

1.0 log of reduction of V. cholerae and V. parahaemolyticus while a greater reduction 

of E. coli (approximately 3 log) in the mussels was achieved by the same treatment. 
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1.5.4 Post-harvest treatments 

Currently, the National Shellfish Sanitation Program Manual of Operations 

recommends that harvested clams be cooled down to 7.20C (450F) within 20 h of 

harvest during summer, maintained at that temperature or lower during storage, and 

shipped under temperatures of 10oC (50oF) or lower (NSSPMO 1995). The FDA also 

has established time-to-temperature regulations that limit the time oysters are held at 

ambient temperatures prior to refrigeration (Table 1.3) (FDA 2003). 

Table 1.3 Time-Temperature Matrix for Vibrio parahaemolyticus (Data adapted from 
FDA 2003) 

Action Average Monthly Maximum Maximum Hours from Harvest to 

Level               Air Temperature Temperature Control" 

Level 1 <660F(180C) 36 hours 

Level 2 66oF-80 0F (19 0C-270C) 12 hours 

Level 3 >81 0F (>27 0C) 10 hours 

a Temperature control is defined as the management of shellstock temperatures by 
means of ice, mechanical refrigeration or other approved means which is capable of 
lowering temperature of the shellstock to 50 0F (10 0C) or lower. 

1.5.4.1 Natural Chemicals 

Acetic acid in hot sauces and citric acid in lemon juice that are commonly 

consumed with raw oysters have been reported to exhibit certain degrees of inhibitory 

effects on Vibrio in oysters, especially on the surfaces. Castillo and others (2000) 

reported that a treatment of 5 min in freshly squeezed lemon juice (1:100 dilution) 

completely inactivated V. cholerae (108cfu/niL) in broth culture. A study conducted 

by Andrews (2004) found that treatments of oysters inoculated with V. vulnificus (4.4 

log cfu/g) with 50 and 100% lemon juice for 30 min resulted in 2 and 3 log reductions 

of V. vulnificus, respectively. 
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1.5.4.2 Thermal Processes 

Thermal processes including cold storage, icing, and low temperature 

pasteurization have been reported to be capable achieving certain reductions of Vibrio 

species in oysters. Storing shucked oysters at 30C for 7 days resulted in decreases of V. 

parahaemolyticus in oysters from >11,000 to 0.36 MPN/g (Thompson and Vanderzant 

1976a). A treatment of ice immersion for 3 h followed by storage of shellstock oysters 

in refrigerator gradually reduced V. vulnificus from 2.9 to 1.6 and 1.2 log cfu/g after 7 

and 14 days, respectively (Quevedo and others 2005). However, increases of total 

heterotrophic bacteria (from 4.6 to 5.5 log cfu/g) and fecal coliform counts (from 1.3 

to 4.8 MPN/lOOg) were observed in oysters after 14 days. Storage of oyster 

homogenates at -18 and -240C for 15 to 28 weeks completely inactivated high 

numbers (10 " cfii/g) of V. parahaemolyticus (Muntada-Garriga and others 1995). The 

time required for total inactivation by the freezing process depended on the initial 

number of microorganisms and freezing temperature. 

V. parahaemolyticus is sensitive to heat. Low temperature pasteurization of in- 

shell oysters in 550C water to achieve an internal temperature of 48-50°C for 5 min 

was reported capable of reducing numbers of V. vulnificus and V. parahaemolyticus in 

oysters by 99.9% and to non-detectable level, respectively (Andrews and others 2000). 

An added benefit of the mild heat treatment is that oysters are often killed and shucked 

automatically during the treatment. Therefore, oysters need to be banded before being 

pasteurized to prevent loss of juice during the process. While the low temperature 

pasteurization can be used to reduce Vibrio contamination in oysters and shuck oysters, 

major disadvantages of the pasteurization process include higher energy costs and 

changes in texture of oyster due to protein denaturation by the heat treatment. 

1.5.4.3 Non-thermal Processes 

Non-thermal processing such as high hydrostatic pressure and irradiation are 

known to be capable of destroying pathogenic microorganisms in foods and extending 

product  shelf life without  apparent  changes  in  original  nutrients,  flavor,  and 
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appearance of processed foods. Studies have shown that both processes could 

effectively inactivate V. parahaemolyticus in oysters. 

1.5.4.3.1 High pressure processing 

Preservation of food with high pressure processing (HPP) was first examined 

more than a century ago. It is a heatless process that can destroy bacterial cells by 

denaturation of key enzymes and altering membrane permeability (He and others 

2002). 

The inactivation of V. parahaemolyticus by HPP is dependent on time and 

pressure. A HPP treatment of 300 MPa for 180 s was sufficient to achieve a >5-log 

reduction of V. parahaemolyticus, including V. parahaemolyticus 03:K6 strains, in 

oysters (Cook 2003). Calik and others (2002) found that treatments of 345 MPa for 30 

and 90 s were the optimum conditions for reducing V. parahaemolyticus in pure 

culture (7.6xl06- 5.5xl08 cfu/mL) and oysters (8.4xl05- 3.4xl07 cfu/g), respectively, 

to nondetectable levels (<10 cfii/mL or cfu/g). Similar to the mild heat treatment, HPP 

treatment also assists in oyster shucking by destroying the adduct muscle. Therefore, 

oysters also need to be banded to prevent opening of shell during the treatment. He 

and others (2002) reported optimum shucking pressures of 240 to 275 MPa for Pacific 

oyster with minimum changes in appearance. The major disadvantage of HPP is the 

high costs of the high-pressure system, which is not readily available for most oyster 

producers. 

1.5.4.3.2 Irradiation 

Irradiation of live oysters has been investigated for many years. Studies have 

shown that low dosages of irradiation did not kill oysters or affect the sensory quality 

of oysters (Jakabi and others 2003). Andrews and others (2001) reported that naturally 

incurred V. vulnificus (3-log/g) was reduced to non-detectable levels with a treatment 

of 0.75 kGy. The investigators concluded that oysters treated with <2 kGy had a high 

oyster survival rate and did not significantly affect the sensory quality. In a similar 

study, irradiation with Cobalt-60 gamma radiation at doses of 1.0-1.5 kGy was found 
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effective on reducing V. parahaemolyticus 03:K6 from 104cell/g to non-detectable 

levels in artificially inoculated oysters (Andrews and others 2003). Sensory analysis 

conducted with 146 volunteers using difference tests was unable to distinguish non- 

irradiated from irradiated oysters. Although irradiation appears to be an effective 

means for eliminating V. parahaemolyticus in oysters, the reluctance among 

consumers to accept food irradiated with radioactive sources and the need to safely 

handle radioactive materials limit its usage. 

1.6 Conclusion 

Food-borne illness caused by V. parahaemolyticus has increased globally over 

the last 10 years (Chowdhury and others 2000). V. parahaemolyticus, specifically 

03:K6 strains, has recently caused large scale of shellfish associated outbreaks and the 

03:K6 clone is now considered an emerging foodbome pathogen. Although two 

hemolysins (TDH and TRH) have been well recognized as virulence factors for V. 

parahaemolyticus, a comprehensive understanding of the mechanism that the 

organism infects human remains to be determined. The risk assessment conducted by 

FDA in 2001 identified deficiencies of current knowledge including incidence and 

frequency of pathogenic V. parahaemolyticus in water and shellfish, factors that affect 

incidence of pathogenic V. parahaemolyticus in the environment, research on the 

potential virulence factors of pathogenic strains, and the number of pathogenic cells 

required to cause illness. Future research needs to be conducted to gather scientific 

data and provide answers to those uncertainties. Coordinated and complementary 

efforts by seafood producers, regulatory agencies, food microbiologists and consumers 

in developing effective surveillance programs and control measurements will also 

contribute to the reduction of V. parahaemolyticus infections caused by seafood 

consumption. 
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2.1 Abstract 

Occurrence of Vibrio parahaemolyticus in two Oregon and one Washington 

oyster-growing areas (Yaquina, Tillamook and Willapa Bays) was studied from 

November 2002 to October 2003. Vibrio parahaemolyticus was detected in 14.3% of 

oyster, 23.0% of seawater, and 44.4% of sediment samples with very low levels of 

pathogenic strains being detected in oysters (<7.4 most probable number [MPNJ/g). 

The densities of total and pathogenic V. parahaemolyticus were higher in sediment 

(<1100 and <43 MPN/g) than in seawater (<15 and <3.6 MPN/100 mL) or oyster (<43 

and <7.4MPN/g). Densities of V. parahaemolyticus in all the bays were positively 

correlated to water temperatures (p<0.0\), with higher densities in samples being 

detected in summer, especially July and August. There was no correlation between the 

densities of V. parahaemolyticus and water salinity or the densities of V. 

parahaemolyticus and bacterial populations in seawater. Freshly harvested oysters 

should be kept at refrigeration temperatures to prevent rapid growth of pathogenic V. 

parahaemolyticus in contaminated oysters. 

Key words: Vibrio parahaemolyticus, water temperature, oyster, shellfish, seafood 

safety 
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2.2 Introduction 

Vibrio parahaemolyticus is a halophilic bacterium that occurs naturally in 

coastal water (Jay 2000). This organism is frequently found in molluscan shellfish and 

can cause acute gastroenteritis characterized by diarrhea, vomiting, and abdominal 

cramps through the consumption of contaminated raw or undercooked shellfish, 

particularly oysters (Liston 1990; Rippey 1994; Bej and others 1999). Four major 

outbreaks of V. parahaemolyticus infections involving more than 700 cases of illness 

resulting from consumption of raw oysters occurred between 1997 and 1998 in the 

Gulf Coast, Pacific Northwest, and Atlantic Northeast regions of the United States 

(CDC 1998, 1999). The occurrence of this pathogen in shellfish, especially raw 

oysters, is a seafood safety problem in the United States. 

Vibrio parahaemolyticus is recognized as an important causative agent of 

shellfish-related gastroenteritis. However, most strains of this species are 

nonpathogenic to humans (Nishibuchi and Kaper 1995). Pathogenic strains of V. 

parahaemolyticus are characterized by their abilities to produce a thermostable direct 

hemolysin (TDH) and/or a TDH-related hemolysin (TRH). Both TDH and TRH are 

recognized as virulence factors of this pathogen because they are commonly 

associated with clinical strains isolated from gastroenteritis patients but not 

environmental isolates (Joseph and others 1982). The TRH is immunologically similar 

to the TDH but is physiochemically different. Genetic analyses indicated that the gene 

encoding TRH (trh) is closely related to the gene encoding TDH (tdh) with 

approximately 68% nucleotide sequence homology between the two genes. Studies 

have reported a strong correlation between the present of these genes in V. 

parahaemolyticus strains and their pathogenicity. Therefore, both tdh and trh genes 

have been commonly used as molecular markers for identifying pathogenic V. 

parahaemolyticus strains (Miyamoto and others 1969). 

Following the outbreaks occurred in 1997 and 1998, the U.S. Food and Drug 

Administration initiated an assessment on the risk of V. parahaemolyticus infection 

associated with raw oyster consumption. A draft risk assessment report on the 

estimated public health risks associated with raw oysters containing pathogenic V 
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parahaemolyticus was announced by the USFDA in January 2001 (FDA 2001). The 

report described the ability of this organism to multiply to an infective dose upon the 

exposure of contaminated oysters to elevated temperatures before consumption. It also 

identified deficiencies of current research including incidence and frequency of 

pathogenic V. parahaemolyticus in water and shellfish, factors that affect incidence of 

pathogenic V. parahaemolyticus in the environment, and improved global public 

health surveillance of V. parahaemolyticus. The report suggested a need of future 

research on those identified deficiencies to reduce uncertainties related to raw oyster 

consumption. 

The Oregon and Washington oysters were reported to be the causative agents 

of 40 cases of illness involved in the 1997 Pacific Northwest outbreaks. The 

implicated oyster harvest beds in Oregon and Washington were closed by the Oregon 

Department of Agriculture and the Washington Department of Health for a period of 

time (CDC 1998), which resulted in a significant financial loss for the oyster 

producers. Although there have been no major V. parahaemolyticus outbreaks 

involving the consumption of Oregon and Washington oysters reported since 1998, 

sporadic illnesses associated with raw oyster consumption were still reported. Oregon 

Department of Human Services reported 6 and 9 V. parahaemolyticus illnesses in 

2001 and 2002, respectively (ODHS 2004), and Washington State Department of 

Health reported 11 cases of V. parahaemolyticus illness associated with commercial 

Washington oyster consumption in 2004 (WDOH 2005). These incidents indicated 

that V. parahaemolyticus contamination in raw oysters remains a safety concern for 

the Oregon and Washington oyster industry and consumers. However, limited 

information is available on the occurrence of pathogenic V. parahaemolyticus in 

Oregon and Washington oyster-growing environments. This study investigated the 

occurrence of this pathogen in Oregon and Washington estuaries and provided needed 

information for a better assessment of microbial risks associated with oyster 

consumption. 
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2.3 Materials and Methods 

2.3.1 Sample ample collection and handling 

Samples of 12 raw oysters, 2 seawater (200 mL each), and 2 sediment (100 g 

each) were collected twice a month (the first and third week) from November 2002 to 

October 2003 at two Oregon and one Washington oyster farms located in Yaquina, 

Tillamook and Willapa Bays, respectively. Freshly harvested oysters were briefly 

rinsed with estuarine water, shucked at the oyster plant, and placed in a plastic jar. 

Seawater and sediment samples were collected with sterile scoops and kept in sterile 

sampling containers. All samples were shipped to OSU seafood lab in a cooler with 

ice packs. The temperature of surface water at each oyster farm was measured on the 

day samples were collected. The salinity of seawater was measured at OSU seafood 

lab with a salinity meter (Thermo Orion, model 135A, Beverly, Mass., U.S.A.). A 

total of 252 samples including 126 seawater, 63 oysters, and 63 sediments were tested. 

2.3.2 Microbiological tests 

Microbiological populations in seawater were examined by determining total 

aerobic counts, psychrotrophs, and total and fecal coliforms. The aerobic and 

psychrotrophic counts were determined by the pour-plate method described in the 

Compendium of Methods for the Microbiological Examination of Foods (Cousin and 

others 2001; Morton 2001). Total and fecal coliforms were determined by the 5-tube 

most probable number (MPN) method described in the USFDA Bacteriological 

Analytical Manual (BAM 1998). 

2.3.3 Detection of total V. parahaemolyticus 

Populations of total V. parahaemolyticus in oysters, seawater, and sediment 

were determined by the 3-tube MPN procedure according to the BAM procedures. 

Briefly, 12 shucked oysters were placed in a sterile blender jar and blended for 1 min 

at high speed. Twenty-five grams of the oyster homogenate were mixed with 225 mL 

sterile alkaline peptone water (APW) in a sterile beaker. For sediment samples, 25 g of 

sediment from each container were weighed into a sterile filter bag (Nasco, Fort 
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Atkinson, Wis., U.S.A.) and mixed with 450 mL of sterile APW. The sample mixtures 

were homogenized with a stomacher (Seward Stomacher 400, Brinkmann, Westbury, 

N.Y., U.S.A.) at 230 rpm for 1 min to prepare 1:10 sample suspension. Two additional 

10-fold dilutions of oyster and sediment samples were prepared with sterile APW. All 

sample dilutions were individually inoculated into test tubes containing alkaline 

peptone salt broth (APS). For water samples, 10, 1.0, and 0.1 mL of seawater were 

inoculated directly into APS tubes (10 mL of water sample was added to double- 

strength APS). The inoculated APS tubes were incubated at 35 to 370C for 16 to 18 h 

and 1 loopful (3 mm) of the enriched APS from the top 1 cm of a turbid tube was 

streaked onto individual thiosulfate-citrate-bile salts-sucrose (TCBS) agar plates. The 

TCBS plates were incubated at 35 to 370C for 18 to 24 h and examined for the 

presence of round, 2- to 3-mm-dia green or blue-green colonies that were considered 

as presumptive positive colonies for V. parahaemolyticus. 

One presumptive positive colony from each TCBS plate was picked and 

streaked onto a plate of tryptic soy agar (TSA) supplemented with 1.5% NaCl. The 

plates were incubated at 35 to 370C overnight. A single well-isolated colony on the 

TSA salt plate was picked and streaked onto a fresh TSA salt plate and incubated at 35 

to 370C overnight. Pure culture of the presumptive positive colony for V. 

parahaemolyticus was examined with Gram stains and identified as V. 

parahaemolyticus with RapID NF Plus System (Remel, Lenexa, Kans., U.S.A.) 

according to manufacturer's instruction. In cases in which the first selected resumptive 

positive colony from the TCBS plate was not confirmed as V. parahaemolyticus, a 

second presumptive positive colony from the same TCBS plate was tested to confirm 

the negative result. A sample was concluded to contain no V. parahaemolyticus if both 

selected presumptive positive colonies failed to be confirmed as V. parahaemolyticus 

by the biochemical tests and a negative result was also obtained from a PCR assay for 

that sample. Total populations of V. parahaemolyticus in samples were determined by 

converting numbers of APS tubes that were positive for V. parahaemolyticus to 

MPN/g or MPN/100 mL using a MPN table. 
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2.3.4 Detection of pathogenic V. parahaemolyticus with polymerase chain reaction 

Presence of pathogenic V. parahaemolyticus in samples was determined by 

detecting the tdh and trh genes in bacterial cells with a multiplex polymerase chain 

reaction (PCR) amplification procedure according to the method of Kaysner and 

DePaola (2001) and Bej and others (1999). Bacterial cells grown in APS tubes after 

enrichment were harvested by centrifuging 1.0 mL of the enriched culture in a 

microcentrifuge tube at ISOOOxg for 3 min (Biofuge Fresco, Analytical Instruments, 

Golden Valley, Minn., U.S.A.). Cell pellet was washed twice with physiological saline 

solution (0.9% NaCl), resuspended in 1.0 mL distilled water, and boiled for 10 min in 

a water bath. 

The multiplex PCR amplification was conducted in a PCR reaction tube 

containing 2.0 |iL of boiled cell suspension, 2 |^M of each oligonucleotide primers, 10 

|aL of a 5xPCR buffer (containing 1.25 mM MgC^), 200 ^M of each of the 

deoxynucleotide triphosphates (dNTPs), 2.5 units AmpliTaq DNA polymerase and 

sterile Nanopure water (Bamstead Intl., Dubuque, Iowa, U.S.A.) to reach a final 

volume of 50 \iL. The PCR buffer, dNTPs, and AmpliTaq DNA polymerase were 

purchased from Applied Biosystems (GeneAmp PCR Core Kit, Foster City, Calif., 

U.S.A.). The oligonucleotide primers for the tdh (L-tdh: 5'-gta aag gtc tct gac ttt tgg 

ac-3' and R-tdh: 5'-tgg aat aga ace ttc ate ttc acc-3') and the trh (L-trh: 5'-ttg get teg 

ata ttt tea gta tct-3' and R-trh: 5'-cat aac aaa cat atg ccc att tec g-3') genes were 

commercially synthesized (Integrated DNA Technologies, Coralville, Iowa, U.S.A.) 

according to the nucleotide sequences described by Nishibuchi and Kaper (1985) and 

Honda and lida (1993). The PCR amplification was performed with a Gene Cycler 

(Bio-Rad, Hercules, Calif, U.S.A.) with initial denaturation process beginning at 940C 

for 3 min followed by 30 cycles of amplification. Each cycle of the amplification 

consisted of a denaturation at 940C for 1 min, a primer annealing at 580C for 1 min, 

and a primer extension at 720C for 1 min. The PCR reaction tubes were kept at 720C 

for 5 min after the completion of all cycles to allow final extension of incompletely 

synthesized DNA. 
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PCR-amplified DNAs (20 \iL) were analyzed with gel electrophoresis using 

1.5% (w/v) agarose gel (Bio-Rad) containing 1 |ag/mL ethidium bromide (Bio-Rad) 

and tris-boric acid-ethylenediaminetetraacetic acid (EDTA) buffer (Bio-Rad) at a 

constant voltage of 5 V/cm (Taniguchi and others 1985). The DNA fragments 

separated by the gel electrophoresis were visualized under a UV transilluminator 

(Spectroline, Westbury, N.Y., U.S.A.). Presence of the tdh or trh gene in bacterial 

cells resulted in the appearance of a band of either 269 bp (tdh) or 500 bp (trh) on the 

gel. 

2.3.5 Statistical analyses 

Results of microbiological tests were transformed into log values for statistical 

analyses. All results showing non-detectable levels of bacterial populations (<3.0 

MPN/g or MPN/100 mL for V. parahaemolyticus and <1.8 MPN/100 mL for 

coliforms) were represented by values equal to half of the detection limit (1.5 MPN/g 

or MPN/100 mL and 0.9 MPN/100 mL). Two-sample comparison of V. 

parahaemolyticus densities, water salinity, water temperature, and bacterial 

populations in seawater between the three farms were analyzed with Student's t test 

(p=0.05) (S-PLUS, Insightful Corp., Seattle, Wash., U.S.A.). Lineal regression 

between densities of V. parahaemolyticus and water salinity, water temperature, or 

bacterial populations in seawater was analyzed at a significance level of p=0.05. 

2.4 Results and Discussion 

2.4.1 Occurrence of V. parahaemolyticus in oyster, seawater, and sediment 

The occurrence of V. parahaemolyticus in oysters was low and ranged from 

5.6% to 22.7% of samples tested (Table 2.1). Higher incidences of V. 

parahaemolyticus were observed in seawater and ranged from 11.1% at the Tillamook 

Bay to 28.3% at the Willapa Bay. The highest incidences of V. parahaemolyticus were 

found in sediment with 27.8% of samples from the Tillamook Bay, 63.6% samples 

from the Yaquina Bay and 39.1% samples from Willapa Bay containing detectable 

levels of V. parahaemolyticus. The occurrence of pathogenic V. parahaemolyticus in 
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oyster and seawater was very low (<10%) in Oregon, but it was higher in Washington 

with the incidences of pathogenic V. parahaemolyticus being 13.1% for both of oyster 

and seawater samples. Pathogenic V. parahaemolyticus was more frequently detected 

in sediment and was detected in 16.7% of Tillamook samples, in 31.8% of Yaquina 

samples and in 30.4% of Willapa samples. 

2.4.2 Densities of V. parahaemolyticus in oyster, seawater, and sediment 

The densities of total and pathogenic V. parahaemolyticus in oyster, seawater, 

and sediment samples are listed in Table 2.2, 2.3 and 2.4. They were higher in the 

summer months, especially in July and August. The density of V. parahaemolyticus in 

summer (June to August) was significantly greater than those in the other 3 seasons 

(p<0.0l). V. parahaemolyticus was detected in Tillamook samples mainly in the 

summer months, from July to September (Table 2.2), with very low levels of 

pathogenic V. parahaemolyticus (3.0 MPN/g in oyster, <3.6 MPN/100 mL in 

seawater, and <9.2 MPN/g in sediment). Similarly, V. parahaemolyticus was detected 

in Yaquina samples mainly in the warmer months, from June through October (Table 

2.3). The densities of total V. parahaemolyticus in oyster and seawater were low (<43 

MPN/g or MPN/100 mL) with very low levels of pathogenic V. parahaemolyticus 

(<3.6 MPN/g) being detected in July and August. However, higher densities of total V. 

parahaemolyticus were found in sediment and were as high as 1100 MPN/g in the 

summer months. The great variability in the density of V. parahaemolyticus in 

sediment observed during summertime (6.2 to 1100 MPN/g) was probably due to 

different water temperatures at each sampling time. A similar variability of V. 

parahaemolyticus in sediment, especially during the summer, was reported by 

Thompson and Vanderzant (1976b). V. parahaemolyticus was also detected in Willapa 

samples mainly from June through October (Table 2.4), with very low levels of 

pathogenic V. parahaemolyticus in oyster (<7.4 MPN/g) and seawater (<3.6 MPN/100 

mL) and higher levels of pathogenic V. parahaemolyticus in sediment samples (3.6 to 

27 MPN/g). 



Table 2.1 Incidences of Vibrio parahaemolyticus (Vp) in two Oregon and one Washington oyster farms 

Location 
Sample Sample Number 

Numbers of samples containing Incidence (%) 

Total Vp Pathogenic Vp Total Vp    Pathogenic Vp 

Tillamook Bay 

(Oregon) 

Yaquina Bay 

(Oregon) 

Willapa Bay 

(Washington) 

Oyster 18 1 

Seawater 36 4 

Sediment 18 5 

Total 72 10 

Oyster 22 5 

Seawater 44 12 

Sediment 22 14 

Total 88 31 

Oyster 23 3 

Seawater 46 13 

Sediment 23 9 

Total 92 25 

1 

2 

3 

6 

2 

3 

7 

12 

3 

6 

7 

16 

5.6 

11.1 

27.8 

13.9 

22.7 

27.3 

63.6 

35.2 

13.1 

28.3 

39.1 

27.2 

5.6 

5.6 

16.7 

8.3 

9.1 

6.8 

31.8 

13.6 

13.1 

13.1 

30.4 

17.4 

-1^ 



Table 2.2 Total and pathogenic Vibrio parahaemolyticus in samples collected at Tillamook Bay (Oregon) 

Oyster (MPN/g) Seawater (MPN/100 mL) 

Total           Pathogenic 

Sediment 

Total 

(MPN/g) 

Month Total Pathogenic Pathogenic 

Jan. a - - - - - 

Feb. NDb ND ND ND ND ND 

Mar. ND ND ND ND ND ND 

Apr. ND ND ND ND ND ND 

May ND ND ND ND ND ND 

Jun. ND ND ND ND ND ND 

Jul. ND-27 ND-3.0 ND-6.2 ND-3.0 ND-15 ND 

Aug. ND ND ND-3.6 ND-3.6 3.6 3.6 

Sep. ND ND ND-15 ND 9.2 ND-9.2 

Oct. ND ND ND ND ND ND 

Nov. ND ND ND ND 3.6 3.6 

Dec. ND ND ND ND ND ND 

a Samples were not collected due to stormy weather conditions. 
b ND = not detectable based on a detection limit of 3.0 most probable number (MPN)/g for 

oyster and sediment, and 3.0 MPN/100 mL for seawater. 



Table 2.3 Total and pathogenic Vibrio parahaemolyticus in samples collected at Yaquina Bay (Oregon) 

Oyster (MPN/g) Seawater (MPN/100 mL) 

Total           Pathogenic 

Sediment 

Total 

(MPN/g) 

Month Total Pathogenic Pathogenic 

Jan. NDa ND ND ND 9.2 3.6 

Feb. ND ND ND ND ND-3.0 ND 

Mar. ND ND ND ND ND ND 

Apr. ND ND ND ND ND-3.6 ND-3.6 

May ND ND ND ND ND ND 

Jun. ND-3.6 ND ND-9.2 ND ND-3.0 ND-3.0 

Jul. 7.4-43 ND-3.6 ND-11 ND-3.0 29-240 3.0-43 

Aug. 7.4-20 ND-3.6 ND-3.6 ND-3.6 6.2-1100 ND 

Sep. ND ND ND-15 ND 21-29 ND-3.0 

Oct. ND ND ND-3.6 ND 11 ND-3.0 

Nov. ND ND ND ND 6.2 ND 

Dec. ND ND ND-3.6 ND-3.6 ND-9.2 ND 

ND = not detectable based on a detection limit of 3.0 most probable number (MPN)/g for 
oyster and sediment and 3.0 MPN/100 mL for seawater. 

as 



Table 2.4 Total and pathogenic Vibrio parahaemolyticus in samples collected at Willapa Bay (Washington) 

Oyster (MPN/g) Seawater (MPN/100 mL) 

Total           Pathogenic 

Sediment 

Total 

(MPN/g) 

Month Total Pathogenic Pathogenic 

Jan. ND ND ND ND ND-9.2 ND 

Feb. ND ND ND ND ND ND 

Mar. ND ND ND ND ND ND 

Apr. ND ND ND ND ND-3.6 ND 

May ND ND ND ND ND ND 

Jun. ND-11 ND-7.4 ND-9.2 ND ND ND 

Jul. 9.2-11 3.6 3.6-15 ND-3.6 7.4-27 7.4-27 

Aug. ND ND ND-3.6 ND-3.6 3.6-23 ND-23 

Sep. ND ND ND-3.6 ND 14 7.2 

Oct. ND ND ND-9.2 ND-3.6 ND-3.0 ND 

Nov. ND ND ND-3.6 ND-3.6 3.6 3.6 

Dec. ND ND ND ND ND ND 

ND = not detectable based on a detection limit of 3.0 most probable number (MPN)/g for 
oyster and sediment and 3.0 MPN/100 mL for seawater. 
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Despite the high densities of total V. parahaemolyticus detected in sediment, 

the densities of pathogenic V. parahaemolyticus in sediment remained at low levels 

and never reached a level higher than 43 MPN/g. These results indicated that most V. 

parahaemolyticus in the environment were nonpathogenic to humans. The higher 

incidences and densities of V. parahaemolyticus in sediment observed in this study 

suggested that sediment could be a major reservoir for V. parahaemolyticus in marine 

environment. In earlier studies, Kaneko and Colwell (1973) reported that very low 

levels of V. parahaemolyticus were occasionally detected in sediment in the 

Chesapeake Bay during the winter, whereas much higher levels were detected in the 

summer. Thompson and Vanderzant (1976) also reported that V. parahaemolyticus 

was more frequently detected in sediment than in water or oysters in the Galveston 

Bay. The investigators suggested that sediment provided a protective function for the 

survival of V. parahaemolyticus when water temperature was low. However, with the 

increase in water temperature during the summer, V. parahaemolyticus in sediment 

could multiply rapidly to a high level and release the organism into the environment. 

Although the levels of V. parahaemolyticus in oysters reported in this study 

were much lower than the limitation (10000/g) allowed in molluscan shellfish by the 

U.S. Food and Drug Administration (FDA 1997), postharvest processing conditions 

and storage temperatures could allow contaminated V. parahaemolyticus to multiply 

to a higher level in market oysters. Studies have shown that the populations of V. 

parahaemolyticus in unrefrigerated oysters could increase rapidly to reach 50-fold to 

790-fold its original level within 24 h after harvest if oysters were exposed to an 

elevated temperature (Gooch and others 2002). 

2.4.3 Effects of seawater temperature on the occurrence of V. parahaemolyticus 

The mean values of seawater temperature at the three bays are shown in Figure 

2.1. The water temperature ranged from 5.6 to 21.40C, and the annual mean water 

temperature was 12.30C. The water temperature was below 10oC from December to 

April and increased in spring and summer. The highest temperature was recorded in 

July and August. The densities of V. parahaemolyticus in samples were found to be 
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positively correlated to water temperature (p<0.01). The correlation (R2 value) 

between water temperature and V. parahaemolyticus density in oyster, sediment, and 

water were determined to be 0.20, 0.20, and 0.29, respectively. 

Among the samples that contained detectable levels of V. arahaemolyticus, 

75.6% were collected when the water temperature was greater than 150C (mostly from 

June to August). Although there was no significant difference (p>0.05) between water 

temperatures at the three bays, there were only 2 months in which mean water 

temperatures exceeded 150C at the Tillamook Bay (July and August) compared with 5 

months at the Willapa Bay (June to October) and 4 months at the Yaquina Bay (June 

to September). This explains the observed higher incidences of V. parahaemolyticus in 

Willapa and Yaquina Bays during summer months. 

The correlation between water temperature and V. parahaemolyticus density 

reported in this study is similar to a previous reported correlation (r = 0.66) between 

water temperature and V. parahaemolyticus densities in molluscan shellfish in the 

Atlantic and Gulf coast (Cook and others 2002b). DePaola and others (1990) also 

reported a positive correlation between water temperature and V. parahaemolyticus 

densities in U.S. coastal waters and oysters. Therefore, water temperature is believed 

to be a major factor affecting the occurrence of V. parahaemolyticus in marine 

environments. 

2.4.4 Salinity of seawater 

The salinity of seawater varied considerably during the 1-year period and 

ranged from 1.5 ppt to 33.3 ppt (Figure 2.2). The water salinities were higher from 

June to November and lower from December to May. Our study found no significant 

difference between the salinities of water at the three bays (p>0.05) and no correlation 

between water salinity and V. parahaemolyticus density (p>0.05). However, a slightly 

negative correlation was previously reported between the salinity of water and the 

occurrence of V. parahaemolyticus in the environment (DePaola and others 2000; 

Gooch and others 2002). This discrepancy might be related to the climate in Oregon 

and Washington. The Pacific Northwest coast typically experiences heavy 
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precipitation as a result of moist air masses moving off the Pacific Ocean onto land 

during the winter months. Therefore, the salinity of estuarine water can be greatly 

affected by the amount of rainfall received. The higher water salinities we observed in 

the summer months can be explained as a result of very little rainfall and greater 

evaporation of seawater under warmer temperatures. On the contrast, the lower 

salinities of water reported in the winter and spring were because of heavy 

precipitation during those periods. Because the salinity of seawater on the Pacific 

Northwest coast can be influenced greatly by the amounts of rainfall, it would not be a 

reliable indicator for predicting levels of V. parahaemolyticus in the Oregon and 

Washington oyster-growing environment. 

2.4.5 Bacterial populations in seawater 

Populations of total aerobic and psychrotrophic bacteria in seawater were 

similar to each other and ranged from 1 to 10000 colony forming units (CFU)/mL 

(data not shown). The populations were lower in the summer but higher in the winter 

and spring. Total coliform in seawater ranged from nondetectable (<1.8 MPN/100 

mL) to 540 MPN/100 mL, and fecal coliform ranged from <1.8 to 49 MPN/100 mL 

(data not shown). The seasonal distribution of coliforms was similar to those of 

aerobic and psychrotrophic plate counts. There was no significant difference of 

bacterial populations in water among Yaquina, Tillamook and Willapa Bays (p>0.05). 

Aerobic plate count, psychrotrophic plate count, total coliform, and fecal coliform 

were all negatively correlated to the salinity of seawater (pO.OOl; R = 0.41, 0.66, 

0.53, and 0.36, respectively). This indicated that bacterial populations in estuarine 

water could be influenced by rainfall as well, especially during the rainy season. 

Animal waste that contains much bacteria including coliforms and fecal coliforms can 

be washed off the land into river and estuarine water. Therefore, many Oregon and 

Washington oyster beds in estuarine bays are usually forced to close for harvesting for 

24 to 48 h whenever a heavy rainfall occurs due to a much higher count of fecal 

coliforms in the water. However, there is no correlation between the density of 

coliforms or fecal coliforms and the occurrence of V. parahaemolyticus in oyster or 
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the environment. Therefore, bacterial populations in seawater should not be used to 

predict V. parahaemolyticus density in oyster or the environment. 

2.5 Conclusions 

The prevalence and density of pathogenic V. parahaemolyticus in Oregon and 

Washington oyster-growing environment were very low. However, higher V. 

parahaemolyticus contamination in oysters may occur during the summer months, 

especially when water temperature increases sharply. Oysters intended for raw 

consumption should be cooled down rapidly to refrigeration temperatures upon 

harvesting and stored at low temperatures until consumption. 
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3.1 Abstract 

Virulence and molecular characteristics of 34 pathogenic V. parahaemolyticus 

isolated from Oregon and Washington coastal water were determined by analyzing 

virulence factors (tdh and trh genes), urease production, and O-group antigens and by 

pulsed-field gel electrolysis (PFGE). The tdh and trh genes were detected in 29 (85%) 

and 30 (88%) of the 34 isolates, respectively, and almost all the isolates (33 of 34) 

were positive for urease activity. Serological analysis identified six O serotypes (01, 

03, 04, 05, 010, and Oil) among the isolates with 05 group (19 isolates) being the 

most prevalent followed by 01 group (9 isolates). PFGE analysis with Notl and Sfil 

digestions of the isolates and five clinical reference strains revealed 22 patterns with 

NISI being the most common (25.6%) followed by N2S2 (10.3%). Results of 

molecular, serological, and virulence factor analyses found that nine isolates shared 

the same serotype (05), virulence factors (tdh+ and trh+), and genotype (NISI) with a 

1997 Oregon outbreak strain (027-1C1) and three isolates shared the same serotype 

(01), virulence factors (tdh+ and trh+), and genotype (N2S2) with a 1997 Washington 

outbreak strain (10293). Isolation of outbreak-related and other pathogenic V. 

parahaemolyticus strains from oyster- growing environments indicates potential risks 

associated with raw oyster consumption in Oregon and Washington. Keeping 

harvested oysters at refrigeration temperature until consumption is the key 

intervention strategy to minimize risk of V. parahaemolyticus infection associated 

with raw oyster consumption. 

Key Words:   Vibrio parahaemolyticus,  virulence  factor,  TDH,  TRH,  molecular 

subtyping, PFGE. 
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3.2 Introduction 

Vibrio parahaemolyticus is a natural inhabitant of marine environments and 

commonly found in molluscan shellfish, particularly oysters. Consumption of raw or 

undercooked seafood contaminated with V. parahaemolyticus could lead to 

development of human gastroenteritis (DePaola and others, 1990; Cook and others, 

2002b). It is estimated that about 8,000 illnesses were caused by Vibrio infections in 

the United States each year (Mead and others, 1999) with V. parahaemolyticus being 

the leading cause of seafood-associated gastroenteritis (Rippey, 1994). Several major 

outbreaks of V. parahaemolyticus infections associated with raw oyster consumption 

occurred between 1997 and 1998 in the Gulf Coast, Pacific Northwest, and Atlantic 

Northeast regions of the United States (CDC 1998, 1999). A recent outbreak was 

reported on board of a cruise ship where 22 passengers developed gastroenteritis after 

eating raw Alaskan Oysters (McLaughlin and others, 2005). 

Although V. parahaemolyticus is recognized as a major causative agent of 

gastroenteritis associated with seafood consumption, most strains of this species are 

non-pathogenic to human (Nichibuchi and Kaper 1985). Clinical strains of V. 

parahaemolyticus are differentiated from environmental strains by the ability to 

produce a thermostable direct hemolysin (TDH) and/or a TDH-related hemolysin 

(TRH) (Cook and others, 2002b; Okuda and others, 1997a). The TRH was reported to 

be immunologically similar to but physiochemically different from TDH. The genes 

encoding TDH (tdh) and TRH (trh) have been recognized as major virulence factors of 

V. parahaemolyticus and are used as markers for identifying virulent strains 

(Kishishita and others 1992, Miyamoto and others 1969; Takeda 1983). 

Following the outbreaks occurred in 1997 and 1998, the U.S. Food and Drug 

Administration (FDA) initiated a risk assessment on raw oysters and announced a 

draft risk assessment on the estimated public health risks associated with raw oysters 

containing pathogenic V. parahaemolyticus in 2001 (FDA 2001). The assessment 

identified deficiencies of knowledge and called for additional research to determine 

incidence and frequency of pathogenic V. parahaemolyticus in water and shellfish. A 

recent statement of Quantitative Risk Assessment on the Public Health Impact of 
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Pathogenic Vibrio parahaemolyticus in Raw Oysters released by FDA on July 19, 

2005 also identified a need in research to determine the relative abundance of 

pathogenic V. parahaemolyticus in different regions of the U.S. (FDA 2005). 

The prevalence of pathogenic V. parahaemolyticus in marine environments has 

not been studied extensively in the U.S. Limited surveys on distribution of V. 

parahaemolyticus in the U.S. coastal waters and oysters were conducted before 1986 

(DePaola and others 1990; Kaneko and Colwell 1978; Kaysner and others 1990; Kelly 

and Stroh 1989; Tepedino 1982). Our recent study on occurrence of V. 

parahaemolyticus in Oregon oyster-growing environments reported a seasonal 

distribution of V. parahaemolyticus in Oregon oyster farms with low incidence of 

pathogenic strains (Duan and Su 2005). However, prevalence of virulence factors of V. 

parahaemolyticus in the Pacific Northwest region has not been reported. 

Presence of virulent V. parahaemolyticus in oysters and the marine 

environments has mainly been determined by the detection of tdh and/or trh genes in 

the strains. Recent finding of correlation between urease production and existence of 

trh gene in V. parahaemolyticus suggested that the urease activity might be used for 

identifying virulence strains (Kaysner and others 1990). Kelly and Stroh (1989) 

reported that all clinical isolates from patients with gastroenteritis in Canada were 

Ure+ strains, but none of them produced TDH. The association between urease and 

TRH production was later reported to be a genetic linkage between the urease gene 

(ureC) and trh on the chromosome of virulent V. parahaemolyticus strains (Park and 

others, 2000). These findings indicated that the urease activity might be used as a 

marker for identifying V. parahaemolyticus strains carrying trh gene. 

While detecting presence of virulence factors (tdh and trh gene) and maybe 

urease activity can be used to identify pathogenic strains of V. parahaemolyticus, 

neither of them can differentiate a strain from another. Serological analysis needs to be 

conducted to allow discrimination between strains. Currently, 13 somatic (O) and 71 

capsular (K) antigens have been identified among V. parahaemolyticus strains (Iguchi 

and others 1995). Studies have suggested that V. parahaemolyticus strains belonging 
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to serogroups 01 and 04 are the primarily concern of virulence to humans (Kaufman 

and others, 2002; DePaola and others, 2003b). 

In this study, we characterized the virulence factors (tdh and trh genes), urease 

activity, and O serotypes of 34 pathogenic V. parahaemolyticus strains isolated from 

Oregon and Washing costal waters. Subspecies differentiation of the isolates was also 

conducted with pulsed-field gel electrophoresis (PFGE). 

3.3 Materials and Methods 

3.3.1 V. parahaemolyticus cultures 

A total of 207 V. parahaemolyticus isolated from seawater, sediment, and 

oysters at three oyster farms in Oregon and Washington from our previous study were 

used (Duan and Su, 2005). All strains were isolated from the thiosulfate-citrate-bile 

salts-sucrose agar (TCBS) and confirmed as V. parahaemolyticus with RapID NF Plus 

System (Remel, Lenexa, KS). The isolates were maintained individually in motitlity 

test medium (Becton Dickinson, Sparks, MD) in screw-capped test tubes at room 

temperatures and transferred to fresh medium every other week. Five clinical V. 

parahaemolyticus strains [10290 (04:K12), 10292 (06:K18), 10293 (01:K56), BE98- 

2029 (03:K6), and 027-1C1 (05:K15)] obtained from the U.S. Food and Drug 

Administration Pacific Regional Laboratory Northwest in Bothell, Washington were 

used as reference strains. 

3.3.2 Detection of tdh and trh genes in  V. parahaemolyticus with multiplex 

polymerase chain reaction (PCR) 

Presence of tdh and/or trh gene in each V. parahaemolyticus isolate was 

determined with a multiplex PCR amplification procedure according to the method of 

Kaysner and DePaola (2001) and Bej and others (1999). Each strain was grown in 10 

ml of tryptic soy broth (TSB, Difco Laboratories, Sparks, MD) supplemented with 

1.5% NaCl at 370C overnight. Enriched bacterial cells were harvested by 

centrifiigation at 15,000xg for 3 min (Biofuge Fresco, Analytical Instruments, Golden 

Valley, MN). Pelleted cells were washed with physiological saline solution (0.9% 



49 

NaCl), resuspended in 1.0 mL of distilled water, and boiled for 10 min in a waterbath. 

The multiplex PCR amplification was conducted in a PCR reaction tube containing 

2.0 nl of boiled cell suspension, 2 ^M of each oligonucleotide primers for each of the 

tdh and trh genes, 10 jil of a 5* PCR buffer (containing 1.25 mM MgCb), 200 ^M of 

each of the dNTPs, 2.5 units AmpliTaq DNA polymerase and 23.5 \i\ sterile Nanopure 

water to reach a final volume of 50 \i\. The PCR buffer, dNTPs, and AmpliTaq DNA 

polymerase were purchased from Applied Biosystems (GeneAmp PCR Core Kit, 

Foster City, CA). The oligonucleotide primers for the tdh (L-tdh: 5'-gta aag gtc tct gac 

ttt tgg ac-3' and R-tdh: 5'-tgg aat aga ace ttc ate ttc acc-3') and the trh (L-trh: 5'-ttg 

get teg ata ttt tea gta tct-3' and R-trh: 5'-cat aac aaa cat atg ccc att tec g-3') genes were 

commercially synthesized (Integrated DNA Technologies, Coralville, IA) according to 

the nucleotide sequences reported by Nishibuchi and Kaper (1985) and Taniguchi and 

others (1985). The PCR amplification was performed with a Gene Cycler (Bio-Rad, 

Hercules, CA) with initial denaturation process beginning at 940C for 3 min followed 

by 30 cycles of amplification. Each cycle of the amplification consisted of a 

denaturation at 940C for 1 min, a primer annealing at 580C for 1 min, and a primer 

extension at 720C for 1 min. The PCR reaction tubes were kept at 720C for 5 min after 

the completion of all cycles to allow final extension of incompletely synthesized DNA. 

PCR-amplified DNAs (20 (il) was analyzed with electrophoresis using 1.5% (w/v) 

agarose gel containing 1 ^ig/mL ethidium bromide and Tris-Boric acid-EDTA buffer 

at a constant voltage of 5 V/cm. Presence of the tdh or trh gene in bacterial cells 

resulted in the appearance of a band of 269 bp (tdh) or 500 bp (trh) on the gel under a 

UV transilluminator (Spectroline, Westbury, NY). 

3.3.3 Urease activity test 

V. parahaemolyticus strains containing tdh and/or trh genes determined by 

PCR were tested for urea hydrolysis with procedure described in the FDA 

Bacteriological Analytical Manual (BAM 1998). Briefly, one loopful of an overnight 

culture of V. parahaemolyticus grown on tryptic soy agar (TSA, Difco Laboratories) 

supplemented with  1.5% NaCl at 370C was inoculated into urea broth (Difco 
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Laboratories) supplemented with 2% NaCl. Inoculated broth was incubated at 35±20C 

for up to 48 h with a check of result after 18-24 h. Production of urease by V. 

parahaemolyticus was determined by the formation of pink color in broth after 

incubation. A negative result was concluded if no pink color appeared in the broth 

after 48 h. 

3.3.4 Serological analysis of O antigen of V. parahaemolyticus 

Virulent strains of V. parahaemolyticus were analyzed for cell membrane O 

antigens with commercial antisera manufactured by Denka Seiken Corp. (Tokyo, 

Japan) according to manufacturer's instruction. Briefly, each overnight culture grown 

on TSA supplemented with 1.5% NaCl at 370C was dispensed in 3% NaCl solution at 

a ratio of 1:100. The culture suspension was heated in an autoclave at 1210C for 1 h 

and allowed to cool down to room temperature. Heated culture was centrifiiged at 

15,000xg for 3 min and pelleted cells were resuspended in 3% NaCl solution. One 

drop of the cell suspension was mixed with one drop of O (monovalent) antiserum in a 

sterile petri dish at room temperature with a sterile inoculation needle. A strong 

agglutination occurring within 5 min was considered as a positive result for that 

serotype. Bacterial cells mixed with sterile physiological saline (0.9% NaCl) were 

used as negative controls. 

3.3.5 Pulsed-field gel electrolysis (PFGE) analysis of V. parahaemolyticus 

PFGE was performed according to the method of Pang and others (2005) with 

modifications. Each V. parahaemolyticus strain was grown in 3 ml TSB supplemented 

with 1.5% NaCl at 370C for 4 h. Enriched cells were harvested by centrifiigation at 

8,000 x g for 10 min at room temperature. Pelleted cells were washed once with 

suspension solution (10 mM Tris-HCl, pH 7.2; 20 mM NaCl; 100 mM EDTA) and 

resuspended in 300 \i\ of the suspension solution. The cell suspension was heated at 

550C for 3 min in a dry block heater before being mixed with same volume of 2% 

agarose solution prepared with pulsed-field certified  agarose (Bio-Rad) in the 
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suspension solution. The mixture was poured into 1.5 mm-thick molds and allowed to 

solidify at 40C for 15 min. 

The agarose plugs obtained were transferred to a 15 ml vial containing 3 ml of 

lysis buffer [2.0 mg/ml lysozyme (Sigma-Aldrich, St. Louis, MO), 10 mM Tris-HCl 

(pH 7.2), 50 mM NaCl, 100 mM EDTA, 0.2% sodium deoxycholate and 0.5% N- 

laurylsarcosine] to allow cell lysis at 370C for 24 h with gentle shaking followed by 

proteolysis in 3 ml of proteolysis solution (100 mM EDTA; 1% N-laurylsarcosine; 

0.2% sodium deoxycholate; 0.15 mg/ml proteinase K) at 550C for 24 h. The agarose 

plugs were washed three times for 30 min each in 3 ml of washing buffer [20 mM 

Tris-HCl (pH 8.0) and 50 mM EDTA] with gently shaking and stored at 40C in storage 

solution [2 mM Tris-HCl (pH 8.0) and 5 mM EDTA] until use. 

For enzyme digestion, the gel plug was sliced into 1-mm in thickness and 

equilibrated with 100 jal NEBuffer 2 (New England Biolabs, Beverly, MA) for 15 min 

and digested with 20 units Sfil (New England Biolabs) in 100 ^1 NEBuffer 2 at 50oC 

for 4 h. For digestion with Notl (New England Biolabs), one sliced gel block was 

equilibrated with 100 nl NEBuffer 3 for 15 min and digested at 370C for 4 h using 20 

units Notl in 100 [il NEBuffer 3. The enzyme digested plugs were placed into the slots 

of a 1.2% agarose gel (pulsed-field certified agarose, Bio-Rad). Electrophoresis was 

performed with a CHEF DRIII system (Bio-Rad) in circulating 0.5x Tris-Borate- 

EDTA (TBE) buffer (140C) using 6.0V/cm with pulsed times ranging from 2 to 40 s 

for 23 h. Lambda Ladder PFG Marker (New England Biolabs) was used as molecular 

weight markers. 

After electrolysis, the gels were stained with ethidium bromide solution and 

photographed with a Gel Doc XR system (Bio-Rad). Results of PFGE were analyzed 

with the NTSYSpc software (Numerical taxonomy and multivariate analysis system, 

version 2.01b, State University of New York, Stony Brook, NY). Bacterial strains 

were clustered by the hierarchical clustering interstrain similarities based on the 

unweighted pair group method with arithmetic averages (UPGMA). The relationship 

between two given strains was scored by Dice coefficient of similarity. 
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3.4 Results 

3.4.1 Multiplex PCR analysis of V. parahaemolyticus 

A total of 34 V. parahaemolyticus isolates (16 from Oregon and 18 from 

Washington) were found to contain tdh and/or trh gene by the multiplex PCR analysis 

(Table 3.1). Most of them were detected in sediment (21 isolates) with a few were 

from oyster (5 isolates) or seawater (8 isolates). All the 16 Oregon isolates carried trh 

gene and 14 (87.5%) of them carried tdh gene. Among the 18 Washington isolates, 15 

(83.3%) were tdh positive and 14 (77.8%) were trh positive. Overall, 25 (73.5%) of 

the pathogenic isolates carried both tdh and trh genes while 4 isolates (11.8%) carried 

only tdh gene and 5 isolates (14.7%) carried only trh gene. 

3.4.2 Urease test 

Urease activity was found in 33 of the 34 pathogenic V. parahaemolyticus 

(Table 3.2). Among the urease-producing isolates, 28 (84.8%)) had tdh gene and 30 

(90.9%)) had trh gene. All strains that carried the trh gene were found also postitive for 

urease activity. The only isolate that could not hydrolyze urea carried only tdh but not 

trh gene. Although the correlation of the urease activity (Ure+) to the trh gene was 

greater than that to the tdh gene among the V. parahaemolyticus isolates, three isolates 

that did not carry trh gene were found positive for urease activity. 

3.4.3 Serological analysis of O antigen of V. parahaemolyticus. 

All 34 V. parahaemolyticus isolates gave positive responses to monovalent O 

antisera with six O group antigens (01, 03, 04, 05, 010, and Oil) were identified 

(Table 3.2). Among them, group 05 (19 isolates) was the most prevalent followed by 

group 01 (9 isolates). There was no apparent relationship found between the urease 

activity and the O antigens of V. parahaemolyticus analyzed in this study. Each of the 

O groups identified contained at least one V. parahaemolyticus isolate that produced 

urease activity. 
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Table 3.1 Virulence factors of pathogenic Vibrio parahaemolyticus isolated from 
Oregon and Washington oyster farms 

Sources No. of isolates 

Virulence factors 

Location tdh+ trh+ tdh+ trh-      tdh i- trh+ 

Oregon Oyster 3 2 _a 1 

Seawater 4 4 - - 

Sediment 9 8 - 1 

Washington Oyster 2 2 - - 

Seawater 4 2 1 1 

Sediment 12 7 3 2 

Total 34 25 4 5 

1 Not detected. 

Table 3.2 O serotype and urease activity of pathogenic Vibrio parahaemolyticus 
isolated from Oregon and Washington oyster farms 

No of V. parahaemolyticus isolates (O) serotype 

(location)        Ure+ tdh+trh+    Ure+ tdh+ trh-    Ure+ tdh- trh+    Ure- tdh+ trh- 

1 Ol (WA) 8 a - 

03 (WA) - - 2 

04 (OR) 1 - - 

05 (OR, WA) 15 2 2 

010 (OR) - 1 1 

011(0R,WA) 1 - - 

Total 25 3 5 

Ure+: capable of hydrolyzing urea. 
a Not detected. 
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3.4.4 Pulsed-field gel electrolysis (PFGE) analysis of V. parahaemolyticus. 

PFGE analysis of V. parahaemolyticus, including 34 pathogenic isolates and 5 

reference strains (10290, 10292, 10293, BE98-2029 and 027-1C1), with Sfil or NotI 

digestion revealed 22 (S1-S22) (Fig. 3.1) or 20 (N1-N20) (Fig. 3.2) patterns. Ten of 

the 39 V. parahaemolyticus yielded SI pattern with all of them yielded Nl pattern 

when analyzed with Notl digestion. One strain (SFL1058) that yielded S12 pattern, 

which differed from SI by having one more DNA fragment with a similarity of >93% 

to SI pattern, also yielded Nl pattern. 

When both Notl and Sfil patterns were analyzed together, 22 combined 

patterns (N1S1-N20S22) were obtained with NISI (10 isolates including a reference 

clinical strain 027-1C1) being the most predominant pattern (Table 3.3). All the NISI 

belonged to serotype 05 and carried both tdh and trh genes. The second most 

predominant pattern N2S2 contained 4 isolates (including a reference clinical strain 

10293) and all of them were positive for tdh and trh with 01 antigenicity. Patterns 

N4S3, N5S4, N6S5, N7S6 and N8S7 each contained 2 isolates and the rest of 15 

patterns contained only a single isolate. All the strains within the same PFGE pattern 

(except N8S7) were found to contain same O antigens and same virulence factors. In 

the N8S7 pattern, one 05 isolate (SFL1152) carried only trh gene whereas another 

011 isolate (SFL1170) carried only tdh gene. 

3.5 Discussion 

Presence of pathogenic strains of V. parahaemolyticus in oyster-growing 

environments is a safety concern for raw oyster consumption. Several studies have 

reported incidence and distribution of V. parahaemolyticus in the Pacific Northwest 

(DePaola and others 2000; Duan and Su 2005; Kaysner and others 1990; Kaysner and 

others 1994; Kelly and Stroh 1989). However, limited information is available on the 

virulence factors of pathogenic V. parahaemolyticus isolated from the region. This 

study investigated the virulence, serological and molecular characteristics of 34 

pathogenic V. parahaemolyticus isolated from three oysters farms in Oregon and 

Washington. 
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Table 3.3 PFGE analysis of pathogenic Vibrio parahaemolyticus isolated from Oregon 
and Washington oyster farms 

PFGE No of 0 Virulence Sources 
profile isolates serotype factors 

NISI 10a 05 tdh, trh oyster, seawater, sediment 
N1S12 1 05 tdh, trh sediment 
N2S2 4b 01 tdh, trh oyster, sediment 
N3S8 1 01 tdh, trh sediment 
N3S17 1 01 tdh, trh sediment 
N4S3 2 03 trh seawater, sediment 
N5S4 2 05 tdh, trh seawater, oyster 
N6S5 2 01 tdh, trh sediment 
N7S6 2 05 tdh sediment 
N8S7 05 trh sediment 

Oil tdh seawater 
N9S9 05 tdh, trh sediment 
N10S10 05 tdh, trh seawater 
N11S11 iC 01 tdh sediment 
N12S13 01 tdh, trh seawater 
N13S14 05 trh sediment 
N14S15 05 tdh, trh sediment 
N15S16 010 trh oyster 
N16S18 Oil tdh, trh sediment 
N17S19 04 tdh, trh sediment 
N18S20 ,d 04 tdh, trh 
N19S21 1e 06 tdh, trh 
N20S22 «        lf 03 tdh 

a Including reference strain: 027-lCl (05:K15). 
b Including reference strain: 10293 (01:K56). 
c The only isolate unable to hydrolyze urea. 
d Reference strain: 10290 (04:K12). 
e Reference strain: 10292 (06:K18). 
f Reference strain: BE98-2029 (03:K6). 
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Multiplex PCR analysis of virulence factors of the V. parahaemolyticus 

isolates found that 29 (85%) and 30 (88%) of the isolates carried tdh and trh gene, 

respectively, with 25 of them carried both tdh and trh (Table 3.1). It was interesting to 

find that the trh gene was commonly carried by virulent V. parahaemolyticus strains 

occurred in the Pacific Northwest region. Previous studies have reported that more 

than 90% of clinical V. parahaemolyticus isolates possessed tdh gene (DePaola and 

others 1990; DePaola and others 2000). An analysis of 66 clinical V. 

parahaemolyticus strains isolated from patients between 1999 and 2000 in Dhaka, 

Bangladesh found that 61 strains possessed tdh gene while only 4 strains possessed trh 

gene (Bhuiyan and others 2002). It is not known why /rA-possessing genotype of V. 

parahaemolyticus is more abundant in the Pacific Northwest. A recent study of V. 

parahaemolyticus in oysters harvested in the Gulf of Mexico found that 60% of 

pathogenic V. parahaemolyticus isolates carried the trh gene (Panicker and others 

2004). 

The correlation between the urease activity and presence of trh gene in 

pathogenic V. parahaemolyticus has been reported by many investigators. Kaysner 

and others (1990) reported high frequency (58.4%) of urea-hydrolyzing strains of V. 

parahaemolyticus in Willapa Bay, Washington. Other studies also suggested that Ure+ 

strains were the predominant biotype of V. parahaemolyticus associated with 

gastroenteritis in the Pacific Northwest (Osawa and others, 1996; Okuda and others, 

1997a; Kelly and Stroh, 1989). In this study, we found that all the 30 trh+ V. 

parahaemolyticus isolates were also Ure+. These results suggest that the trh+ and 

Ure+ V. parahaemolyticus strains are widely distributed in the Pacific Northwest. 

However, a recent study of pathogenic V. parahaemolyticus in Alabama oysters found 

that all the 39 trh+ isolates were also Ure+ (DePaola and others 2003a). While the 

urease activity seems to be a good indicator for pathogenic V. parahaemolyticus trh+ 

strain, three V. parahaemolyticus isolates that were negative for trh gene (tdh+ only) 

were found Ure+ in this study (Table 3.2). Therefore, urease activity cannot be used 

for reliable prediction of trh+ V. parahaemolyticus strain. Nevertheless, our study 
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showed a stronger correlation between Ure+ phenotype and the trh gene (90.0%) than 

the tdh gene (84.8%) among the pathogenic V. parahaemolyticus isolates. 

V. parahaemolyticus with 05 serotype has been reported the most frequently 

found V. parahaemolyticus in water, oyster and sediment samples collected from 

Willapa Bay, Washington (Kaysner and others, 1990). This study also found the 05 

serotype the most prevalent group among the six O serotypes (01, 03, 04, 05, 010, 

and Oil) identified among the pathogenic V. parahaemolyticus isolates. The 

prevalence of 05 pathogenic V. parahaemolyticus strains in Oregon and Washington 

seems to be unique to the area. Serotype Oil was reported the predominant 

pathogenic V. parahaemolyticus isolated from Mobile Bay, Alabama with serotype 01 

being the second most predominant (DePaola and others 2003a). Serotype 01 was 

also one of the most prevalent serotypes found in both clinical and environmental V. 

parahaemolyticus isolates in the Pacific coast for most years between 1982-2001 

(Kaufman and others, 2002; DePaola and others, 2003b; Okuda and others, 1997a). 

This study confirmed the prevalence of 01 V. parahaemolyticus in Willapa Bay, 

Washington. It was interesting to find that all the 01 and 03 serotypes were isolated 

from Washington, while serotypes 04 and O10 were detected in Oregon only (Table 

3.2). These results suggest that the distribution of certain serotypes of V. 

parahaemolyticus might be geographically regional. 

The PFGE subspecies typing of pathogenic V. parahaemolyticus isolated from 

Oregon and Washington with Notl and SjH digestions found that 10 isolates, including 

one 1997 Oregon outbreak-related strain (027-1C1), yielded NISI pattern (Table 3.3). 

Since all 10 V. parahaemolyticus isolates exhibited same serotype (05), virulence 

factors {tdh+, trh+), and genotype (NISI), it is likely that the nine isolates other than 

the outbreak strain were a same strain isolated repeatedly over time. A similar result 

was observed in the N2S2 patter in which four isolates, including a 1997 Washington 

outbreak strain (10293), all contained same serotype (01) and virulence factors (tdh+, 

trh+). There was no correlation between the serotypes and PFGE patterns identified in 

this study. Many of the pathogenic V. parahaemolyticus isolates within a same 

serotype yielded more than one PFGE patterns. 
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Analysis of molecular, serological, and virulence characteristics of pathogenic 

V. parahaemolyticus isolated from Oregon and Washington showed that two virulent 

strains (027-1C1 and 10293) causing 1997 outbreaks in Oregon and Washington 

continued to be a natural habitant in the region. Presence of both outbreak-related and 

other pathogenic V. parahaemolyticus strains in Oregon and Washington oyster- 

growing environments indicates potential risk of infections if oysters are contaminated 

with those strains at high levels. Keeping harvest oysters at refrigeration temperature 

until consumption is the key intervention strategy to minimize risk of V. 

parahaemolyticus infection associated with raw oyster consumption. 
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4.1 Abstract 

The thiosulfate-citrate-bile salts-sucrose agar (TCBS) used in the most 

probable number method for detecting Vibrio parahaemolyticus cannot differentiate 

growth of V. parahaemolyticus from Vibrio vulnificus or Vibrio mimicus. This study 

examined the selectivity and specificity of Bio-Chrome Vibrio medium (BCVM), a 

chromogenic medium that detects V. parahaemolyticus on the basis of the formation 

of distinct purple colonies on the medium. A panel consisting of 221 strains of 

bacteria, including 179 Vibrio spp. and 42 non-Vibrio spp., were examined for their 

ability to grow and produce colored colonies on BCVM. Growth of Salmonella, 

Shigella, Escherichia coli, Enterobacter cloacae, Yersinia enterocolitica, and 

Aeromonas was inhibited by both BCVM and TCBS. All 148 strains of V. 

parahaemolyticus grew on BCVM, and 145 of them produced purple colonies. The 

remaining 31 Vibrio spp., except one strain of Vibrio fluvialis, were either unable to 

grow or produced blue-green or white colonies on BCVM. Bio-Chrome Vibrio 

medium was capable of differentiating V. parahaemolyticus from other species, 

including V. vulnificus and V. mimicus. Further studies are needed to evaluate the 

sensitivity and specificity of BCVM for detecting V. parahaemolyticus in foods. 
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4.2 Introduction 

Contaminated seafood causes about 113,000 cases of food poisoning each year 

in the United States (Mead and others 1999). Among these cases, raw shellfish 

accounts for more than 90% of seafood poisoning cases. Vibrio parahaemolyticus is a 

human pathogen that occurs naturally in estuary and marine environments (DePaola 

and others 1990; Kaneko and Colwell 1973). This organism is frequently found in 

molluscan shellfish and is the main causative agent of acute gastroenteritis associated 

with raw oyster consumption (Jay 2000; Rippey 1994; FDA 1992). The infection can 

also cause life-threatening septicemia in persons having underlying medical conditions 

such as liver disease or immune disorders. V. parahaemolyticus has been isolated from 

a variety of seafood, including codfish, sardine, mackerel, and octopus, and is 

recognized as an important seafoodbome pathogen throughout the world (Dalsgaard 

1998; Jay 2000; Kim and others 2001; Listen 1990). 

The occurrence of V. parahaemolyticus in seafood, especially in shellfish, is an 

important public health concern. It is estimated that 20 million Americans consume 

raw shellfish, making raw shellfish the biggest seafood hazard in the United States 

(Schardt and Schmidt 1996). Four major outbreaks of V. parahaemolyticus infections 

involving more than 700 cases of illness associated with raw oyster consumption 

occurred between 1997 and 1998 in the United States (CDC 1998, 1999). Effective 

postharvest processes for eliminating V. parahaemolyticus in contaminated oysters, as 

well as a more specific method for detecting this organism, are needed to minimize the 

health hazard associated with raw oyster consumption. 

One of the commonly used methods for detecting V. parahaemolyticus in food 

is the most probable number (MPN) procedure using thiosulfate-citrate-bile salts- 

sucrose agar (TCBS) (BAM 1998). However, a major problem with the MPN method 

is that TCBS cannot differentiate V. parahaemolyticus from some Vibrio species, 

including some strains of Vibrio vulnificus or Vibrio mimicus. Both V. vulnificus and 

V. mimicus can grow on TCBS and appear as green or blue-green colonies similar to 

those produced by V. parahaemolyticus. Consequently, several presumptive positive 

colonies formed on a TCBS plate need to be confirmed as V. parahaemolyticus by 



64 

biochemical tests. The confirmation procedure is very labor-intensive and time- 

consuming. Therefore, final results might not be available for 5 to 8 days. 

Recently, a commercial chromogenic medium (Bio-Chrome Vibrio medium, 

BioMedix, Pomona, Calif.) was developed for detecting V. parahaemolyticus. The 

medium contains a chromogenic substrate that is specific for V. parahaemolyticus and 

detects the organism on the basis of the formation of distinct purple colonies on 

growth. Growth of other Vibrio species, such as V. vulnificus, V. mimicus, and V. 

cholerae, on the medium is differentiated by the formation of blue-green colonies. 

Although this newly developed chromogenic medium apparently provides an 

opportunity to reduce labor and time involved in V. parahaemolyticus detection, its 

application in routine analyses for detecting V. parahaemolyticus needs to be 

investigated. This study examined the selectivity and specificity of this chromogenic 

medium for detecting V. parahaemolyticus. 

4.3 Materials and Methods 

4.3.1 Bacterial cultures 

Forty-two strains of non-Vibrio bacteria (Table 4.1), including Salmonella 

(Choleraesuis, Lansing, Arizonae, Havana, Enteritidis, Oranienburg, Stanley, Houten, 

and Meleagridis), Shigella (sonnei and flexneri), Aeromonas (hydrophila, veronii, 

sobria, and caviae), Enterobacter cloacae, Escherichia coli, and Yersinia 

enterocolitica, and 179 strains of Vibrio species (parahaemolyticus, vulnificus, 

cholerae, mimicus, hollisae, alginolyticus, fluvialis, and furnissii) were used in the 

study. All cultures, except for 97 strains of V. parahaemolyticus and 3 strains of V. 

cholerae acquired from the Canadian Food Inspection Agency Bumaby Laboratory 

(Bumaby, British Columbia), were the collection of the U.S. Food and Drug 

Administration Pacific Regional Laboratory Northwest (Bothell, Wash.). 
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Table 4.1 'Non-Vibrio bacteria used to examine the selectivity of Bio-Chrome Vibrio 
medium for detecting V. parahaemolyticus 

Bacterial culture Strain 

Salmonella Choleraesuis 

Salmonella Lansing 

Salmonella Arizonae 

Salmonella Havana 

Salmonella Enteritidis 

Salmonella Oranienburg 

Salmonella Stanley 

Salmonella Houten 

Salmonella Meleagridis 

Shigella sonnei 

S. flexneri 

Enterobacter cloacae 

Aeromonas hydrophila 

A. veronii 

A. sobria 

A. caviae 

Escherichia coli 

Yersinia enterocolitica 

ATCC 14028 

SEA 2571 

SEA 2587 

SEA 2589 

SEA 2595 

SEA 2570 

SEA 2577 

SEA 2586, SEA 2594 

SEA 2588 

ATCC 25931, SEA 6650 

SEA 6651, SEA 6652, SEA 6653 

ATCC 23355 

ATCC 7965, SPRC 536, SPRC 5145, 

SPRC 5180, SPRC 5183, SPRC 5231 

SPRC 511, SPRC 5120 

SPRC 5271 

SPRC 5378 

ATCC 25922, SEA 621, SEA 625, SEA 

627, SEA 628, SEA 6211, SEA 6216, 

SEA 6223, SEA6227, SEA 6313 

SEA 122, SEA 1230, SEA 1267, SEA 

1268, SEA 1269, SEA 1271 

" All strains were from the culture collection of Pacific Regional 
Laboratory Northwest of the U.S. Food and Drug Administration 
(Bothell, Wash.). 
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4.3.2   Selectivity   and   specificity   of   Bio-Chrome   Vibrio   medium   for   V. 

parahaemolyticus detection 

Strains of non-Vibrio spp. were individually enriched twice in tryptic soy broth 

(TSB; Difco Laboratories, Becton Dickinson, Sparks, Md.) at 370C overnight. Each of 

the enriched cultures was streaked onto both Bio-Chrome Vibrio medium (BCVM; 

BioMedix) and TCBS (Difco, Becton Dickinson) plates to test for its ability to grow 

on either medium. Strains of Vibrio spp. were used to examine the specificity of 

BCVM for V. parahaemolyticus detection. Each Vibrio strain was enriched twice 

overnight at 370C in TSB supplemented with 1.5% NaCl. The enriched cultures were 

streaked onto BCVM and TCBS plates. All plates were incubated at 35 to 370C for 18 

to 24 h and examined for growth and formation of colored colonies. 

4.4 Results 

4.4.1 Selectivity of BCVM and TCBS for V. parahaemolyticus detection 

Growth of Salmonella, Shigella, Enterobacter, Aeromonas, E. coli, and 

Yersinia were completely inhibited by TCBS (data not shown). Similar results were 

obtained with BCVM. None of the strains tested, except for one strain of A. 

hydrophila, were able to grow on BCVM. Growth of the A. hydrophila on BCVM 

resulted in formation of white colonies, which could easily be distinguished from the 

purple colonies formed by V. parahaemolyticus. These results indicated that 

selectivity of BCVM for Vibrio spp. was identical to that of TCBS. Both media 

contain selective agents that could inhibit growth of many gram-negative non-Vibrio 

bacteria. 

4.4.2 Specificity of BCVM for V. parahaemolyticus detection 

The specificity of BCVM for detecting V. parahaemolyticus was examined 

with 179 strains of Vibrio spp., including 148 V. parahaemolyticus. Growth of these 

bacteria and their abilities to form colored colonies on TCBS and BCVM plates are 

reported in Table 4.2. All 148 strains of V. parahaemolyticus grew on BCVM, and 145 
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Table 4.2 Specificity of Bio-Chrome Vibrio medium (BCVM) and thiosulfate-citrate- 
bile salts-sucrose agar (TCBS) for detecting V. parahaemolyticus 

Vibrio Spp.a No. of strains BCVM TCBS 

parahaemolyticus 145 Purple Green 

3 White Green 

vulnificus 7 Blue-green Green 

2 No growth Green 

1 Blue-green Yellow 

mimicus .    2 Blue-green Green 

cholerae 13 Blue-green Yellow 

alginolyticus 2 White Yellow 

furnissii 1 White Yellow 

hollisae 2 No growth No growth 

fluvialis 1 Purple Yellow 

a All strains, except 97 V. parahaemolyticus and 3 V. cholerae 
acquired from the Canadian Food Inspection Agency Bumaby 
Laboratory (Bumaby, British Columbia), were from the culture 
collection of Pacific Regional Laboratory Northwest of the U.S. 
Food and Drug Administration (Bothell, Wash.). 

of them produced purple colonies. No purple colonies were produced on 

BCVM by the remaining 31 Vibrio spp., except one strain of V. fluvialis. 

Growth of V. cholerae, V. mimicus, and V. vulnificus on BCVM resulted in 

the formation of blue-green colonies that were easily distinguishable from 

the growth of V. parahaemolyticus. Other Vibrio spp., including V. 

alginolyticus, V. furnissii, and V. hollisae, were either unable to grow or 

produced white colonies on BCVM. 

4.5 Discussion 

The selectivity of BCVM for detecting Vibrio spp. was comparable to that of 

TCBS. Both media exhibited strong inhibitory effects against growth of many bacteria 
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but allowed the growth of Vibrio spp. (except V. hollisae). However, BCVM was 

more specific than TCBS for V. parahaemolyticus detection. Growth of V. vulnificus 

and V. mimicus on TCBS that could not be distinguished from growth of V. 

parahaemolyticus could easily be identified on a BCVM plate by the formation of 

blue-green colonies by V. vulnificus and V. mimicus. 

The chromogenic substrate contained in BCVM allowing V. parahaemolyticus 

to produce distinct purple colonies seemed to be a unique characteristic of this 

medium. Our study found that 98% of the 148 V. parahaemolyticus strains tested were 

able to produce purple colonies on BCVM. These results are similar to a study 

reported by Hara-Kudo and others (Hara-Kudo and others 2001), who tested a similar 

chromogenic medium (CHROMagar Vibrio agar) for detecting V. parahaemolyticus. 

Among the 96 stains of various types of bacteria tested in that study, all 68 strains of 

V. parahaemolyticus formed purple colonies, whereas V. mimicus and V. vulnificus 

produced green colonies on the agar plate. However, it is not known whether BCVM 

and CHROMagar Vibrio agar both contain the same type of substrate for V. 

parahaemolyticus. 

The formation of white colonies by a very small portion (2%) of V. 

parahaemolyticus and purple colonies by one strain of V. fluvialis on BCVM indicated 

that BCVM was not a perfect medium for V. parahaemolyticus detection. However, 

BCVM offers an advantage over TCBS for V. parahaemolyticus detection by being 

able to distinguish growth of V. vulnificus and V. mimicus. It is not clear whether all 

strains of V. fluvialis will produce purple colonies on BCVM until more strains are 

tested. On the basis of the limited information obtained from this study, TCBS appears 

to be the medium of choice for V. parahaemolyticus detection if large numbers of V. 

fluvialis are expected in samples. On the contrary, BCVM will work better than TCBS 

for V. parahaemolyticus detection when V. vulnificus or V. mimicus is a concern. 

BCVM was more specific than TCBS for V. parahaemolyticus detection. It 

could differentiate growth of V. parahaemolyticus from that of V. vulnificus and V. 

mimicus. This chromogenic medium could be used to reduce time and labor involved 

in the MPN method for V. parahaemolyticus detection by reducing numbers of 
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biochemical confirmation tests. Further studies are needed to determine the sensitivity 

and specificity of BCVM for detecting V. parahaemolyticus in foods. 
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5.1 Abstract 

The widely used most probable number (MPN) method for detecting Vibrio 

parahaemolyticus cannot differentiate growth of V. parahaemolyticus from Vibrio 

vulnificus or Vibrio mimicus on the thiosulfate-citrate-bile salts-sucrose agar (TCBS). 

Presumptive positive colonies grown on TCBS need to be confirmed with lengthy 

biochemical tests. This study compared a chromogenic medium, Bio-Chrome Vibrio 

medium (BCVM), with TCBS for detecting V. parahaemolyticus in seawater, 

sediment, and oysters using a 3-tube MPN method. Among the 296 samples tested, 

136 and 92 samples produced presumptive positive results on TCBS and BCVM, 

respectively. Biochemical tests and a multiplex polymerase chain reaction (PCR) 

assay confirmed 74 of 83 samples that were presumptive positive on both TCBS and 

BVCM as V. parahaemolyticus. Although false-positive results were reported when 

either medium was used, there were 62 reported for TCBS whereas only 15 were 

reported for BCVM. The specificities of TCBS and BCVM for V. parahaemolyticus 

detection were determined to be 77% and 94%, respectively. The accuracies of 

detecting V. parahaemolyticus were 54% for TCBS and 84% for BCVM. The Bio- 

Chrome Vibrio medium can be used in the MPN method to reduce the number of 

biochemical tests needed for V. parahaemolyticus confirmation. 

Keywords: Vibrio parahaemolyticus, most probable number, chromogenic medium, 

TCBS, seafood safety 
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5.2 Introduction 

Vibrio parahaemolyticus is a Gram-negative halophilic bacterium that causes 

worldwide health problems associated with seafood consumption (Liston 1990; 

Rippey 1994; Kaysner and DePaola 2001). This organism, which occurs naturally in 

coastal waters, is frequently found in molluscan shellfish (Bej and others 1999; Wong 

and others 1999a) and has been isolated from a variety of seafoods including codfish, 

sardine, mackerel, and flounder (Hara-kudo and others 2001). It can cause acute 

gastroenteritis characterized by diarrhea, vomiting, and abdominal cramps through the 

consumption of contaminated raw or undercooked shellfish, particularly raw oysters 

(Jay 2000). 

Several outbreaks of V. parahaemolyticus infections involving more than 700 

cases of illness resulting from consumption of contaminated raw oysters occurred in 

1997 and 1998 in the United States (CDC 1998, 1999). A recent national survey of 

oysters from restaurants, oyster bars, and retail and wholesale seafood markets 

throughout the United States between 1998 and 1999 found that densities of V. 

parahaemolyticus in market oysters were as high as 1000 most probable number 

(MPN)/g (Cook and others 2002a). Contamination of V. parahaemolyticus in seafood, 

especially in shellfish, is a public health concern in the United States. 

After outbreaks that occurred in 1997 and 1998, the U.S. Food and Drug 

Administration (USFDA) provided guidance and recommendations to the Interstate 

Shellfish Sanitation Conference (ISSC) for monitoring V. parahaemolyticus in 

shellfish. The USFDA and ISSC also provided guidance to limit viable V. 

parahaemolyticus at a level of <10000 cells per gram of seafood (ISSC 1997). 

However, V. parahaemolyticus has the ability to multiply rapidly on exposure to 

elevated temperatures (FDA 2001). Therefore, the National Shellfish Sanitation 

Program Manual of Operations (FDA 1995) recommends that harvested clams be 

cooled to 7.20C within 20 h of harvest during summer, maintained at that temperature 

or lower during storage, and shipped under temperatures of <10oC to minimize the 

growth of V. parahaemolyticus in shellfish. However, exposure of products to elevated 

temperatures during retail storage cannot be totally avoided. To effectively monitor 
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the densities of V. parahaemolyticus in seafoods, efficient analytical methods for its 

detection must be available. 

The most widely used method for detecting V. parahaemolyticus in food is the 

MPN procedure described in the FDA's Bacterial Analytical Manual (BAM 1998). 

However, the method is very labor-intensive and time-consuming. The thiosulfate- 

citrate-bile salts-sucrose agar (TCBS) it uses may not differentiate V, 

parahaemolyticus from some strains of Vibrio vulnificus or Vibrio mimicus. Growth of 

V. parahaemolyticus, as well as a few V. vulnificus and V. mimicus that do not ferment 

sucrose on TCBS, all appear as round, 2 to 3 mm in diameter, and green or blue-green 

colonies. Therefore, several presumptive positive colonies need to be analyzed with 

lengthy biochemical tests to confirm the presence of V. parahaemolyticus in samples 

and results may not be available for 5 to 8 days. A method that can detect V. 

parahaemolyticus in a shorter time is greatly needed for detecting this pathogen in 

seafood and reducing the incidence of V. parahaemolyticus infections associated with 

seafood consumption. 

Recently, a chromogenic medium (Bio-Chrome Vibrio medium) was 

developed for differentiating V. parahaemolyticus from other Vibrio species based on 

the formation of purple colonies by V. parahaemolyticus on the medium. The 

specificity of the Bio-Chrome Vibrio medium (BCVM) for detecting V. 

parahaemolyticus was examined with a panel consisting of 179 strains of Vibrio, 

including V. parahaemolyticus, V. vulnificus, V. mimicus, V. cholerae, V. 

alginolyticus, V. furnissii, V. hollisae, and V. fluvialis, for their abilities to grow and 

produce colored colonies on TCBS and BCVM (Su and others 2005). All of the 148 

strains of V. parahaemolyticus examined in the study were able to grow on BCVM, 

and 145 of them produced purple colonies. The remaining Vibrio spp. were either 

unable to grow or produced blue-green or white colonies on BCVM. Although all the 

V parahaemolyticus grew and produced green colonies on TCBS, a few V. vulnificus 

(9 strains) and V. mimicus (2 strains) were able to produce green colonies that were 

identical to those produced by V. parahaemolyticus on TCBS. These results indicated 

that BCVM was more specific than TCBS for detecting V. parahaemolyticus and 
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could distinguish V. parahaemolyticus from V. vulnificus and V. mimicus in pure 

culture. However, the specificity and accuracy of BCVM for detecting V. 

parahaemolyticus in seafood and environmental samples have not been fully 

investigated. 

This study compared this chromogenic medium with commonly used TCBS 

for their specificities and accuracies of detecting V. parahaemolyticus in oysters, 

seawater, and sediment. 

5.3 Materials and Methods 

5.3.1 Sample collection 

Samples of raw oyster, seawater, and sediment were collected from 3 oyster 

farms located in Oregon and Washington. At each sampling time, 12 raw oysters, 2 

seawater (200 mL each), and 2 sediment (100 g each) samples were collected from 

each farm. Freshly harvested oysters were briefly rinsed with estuarine water, shucked 

at the oyster plant, and placed in a plastic jar. Seawater and sediment samples were 

collected with sterile scoops and kept in sterile sampling containers. All samples were 

shipped in a cooler with ice to the OSU Seafood Lab for analysis. A total of 296 

samples including 148 seawater, 74 oyster and 74 sediment samples were tested from 

November 2002 to October 2003. 

5.3.2 Detection of V. parahaemolyticus with 3-Tube MPN Method using 

thiosulfate-citrate-bile salts-sucrose agar and Bio-Chrome Vibrio medium 

Presence of V. parahaemolyticus in oysters, seawater and sediment was 

determined by 3-tube MPN method according to the procedures of USFDA 

Bacteriological Analytical Manual. Briefly, 12 shucked oysters were homogenized 

with a sterile blender at high speed for 1 min. The homogenate (25 g) was mixed with 

225 mL sterile alkaline peptone water (APW) in a sterile beaker. For sediment 

samples, 25 g of sediment from each container were weighed into a sterile filter bag 

(Nasco Whirl-Pak, Modesto, Calif, U.S.A.) and mixed with 450 mL of sterile APW. 

The sample mixtures were homogenized with a stomacher (Seward Stomacher 400, 
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Brinkmann, Westbury, N.Y., U.S.A.) at 230 rpm for 1 min to prepare a 1:10 sample 

suspension. Two additional 10-fold dilutions of oyster and sediment samples were 

prepared with sterile APW. All sample dilutions were individually inoculated into test 

tubes containing alkaline peptone salt broth (APS). For water samples, 10, 1.0, and 0.1 

mL of water were inoculated directly into APS tubes (10 mL of water sample was 

added to double-strength APS). The inoculated APS tubes were incubated at 35 to 

370C for 16 to 18 h and 1 loopful (3 mm) of the enriched APS from the top 1 cm of a 

turbid tube was streaked onto individual TCBS and BCVM plate. The plates were 

incubated at 35 to 370C for 18 to 24 h and examined for the presence of round, 2- to 3- 

mm diameter, green or blue-green colonies on TCBS plates or purple colonies on 

BCVM plates. Presumptive positive colonies appeared on either TCBS or BCVM 

plates were confirmed as V. parahaemolyticus with MicroStation Microbial 

Identification System (BioLog, Hayward, Calif., U.S.A.). 

5.3.3 Identification of presumptive positive isolates with MicroStation System 

One presumptive positive colony was first picked from each TCBS or BCVM 

plate and individually streaked onto a plate of tryptic soy agar (TSA) supplemented 

with 1.5% NaCl. The plate was incubated at 35 to 370C overnight. A single well- 

isolated colony on the TSA salt plate was transferred to a fresh TSA salt plate and 

incubated at 35 to 370C overnight. A pure culture of the presumptive positive colony 

for V. parahaemolyticus was examined first with the Gram stain and identified to 

bacteria species with the MicroStation System according to manufacturer's 

instructions. In cases where the first selected presumptive positive colony was not 

confirmed as V. parahaemolyticus, 2 more presumptive positive colonies from the 

same plate were tested to confirm the negative result. A multiplex polymerase chain 

reaction (PCR) analysis was used as a reference method to confirm the presence of V. 

parahaemolyticus in presumptive positive samples. 
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5.3.4 Confirmation of V. parahaemolyticus with a multiplex polymerase chain 

reaction 

Detection of V. parahaemolyticus in samples with a multiplex PCR 

amplification procedure targeting the tl, tdh, and trh genes in bacterial cells was 

conducted according to the methods of Kaysner and DePaola (2001) and Bej and 

others (1999). Bacterial cells enriched in the APS tubes were harvested by 

centrifuging 1.0 mL of the enriched culture in a microcentrifuge tube at 1,5000 * g for 

3 min (Biofuge Fresco Analytical Instruments, Golden Valley, Minn., U.S.A.). Cell 

pellet was washed twice with physiological saline solution (0.9% NaCl), resuspended 

in 1.0 mL distilled water, and boiled for 10 min in a water bath. 

The multiplex PCR amplification was conducted in a PCR reaction tube 

containing 2.0 jxL of boiled cell suspension, 2 pM of oligonucleotide primers for each 

of the //, tdh, and trh genes, 10 \\L of a 5x PCR buffer (containing 1.25 mM MgCh), 

200 \M of each of the dNTPs, 2.5 units AmpliTaq DNA polymerase (GeneAmp PCR 

Core Kit, Applied Biosystems, Foster City, Calif, U.S.A.), and 23.5 (iL sterile 

Nanopure water (Bamstead Intl., Dubuque, Iowa, U.S.A.) to reach a final volume of 

50 |xL. The oligonucleotide primers for the tl (L-tl: 5'-aaa gcg gat tat gca gaa gca ctg- 

3' and R-tl: 5'-get act ttc tag cat ttt etc tgc-3'), the tdh (L-tdh: 5'-gta aag gtc tct gac ttt 

tgg ac-3' and R-tdh; 5'-tgg aat aga ace ttc ate ttc acc-3') and the trh (L-trh: 5'-ttg get 

teg ata ttt tea gta tct-3' and R-trh: 5'-cat aac aaa cat atg ccc att tec g-3') genes were 

commercially synthesized (Integrated DNA Technologies, Coralville, Iowa, U.S.A.) 

according to the nucleotide sequences reported by Taniguchi and others (1985), 

Nishibuchi and Kaper (1985), and Honda and lida (1993). The PCR amplification was 

performed with a Gene Cycler (Bio-Rad, Hercules, Calif, U.S.A.) with an initial 

denaturation process beginning at 940C for 3 min followed by 30 cycles of 

amplification. Each cycle of the amplification consisted of a denaturation at 940C for 1 

min, a primer annealing at 580C for 1 min, and a primer extension at 720C for 1 min. 

The PCR reaction tubes were kept at 720C for 5 min after the completion of all cycles 

to allow final extension of incompletely synthesized DNA. 
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PCR-amplified DNAs (20 ^L) were analyzed with gel electrophoresis using 

1.5% (w/v) agarose gel containing 1 ng/mL ethidium bromide. The electrophoresis 

was performed using Tris-Boric acid-EDTA buffer (Bio-Rad) and a constant voltage 

of 5 V/cm (Taniguchi and others 1985). The DNA fragments separated in the gel were 

visualized under a UV transilluminator (Spectroline, Westbury, N.Y., U.S.A.). 

Presence of tl, tdh, or trh gene in bacterial cells resulted in the appearance of a band of 

450 bp {tl), 269 bp (tdh), or 500 bp (trh) on the gel. 

5.3.5 Data analysis 

Results of the MPN method using TCBS and BCVM were compared with 

results of PCR analysis. False positive or negative results obtained from the MPN 

methods using each type of medium were calculated based on the results confirmed by 

PCR and the MicroStation System. The accuracy of each procedure for detecting V. 

parahaemolyticus was determined as 100 * [True Positive/(True Positive + False 

Positive + False Negative)]. The specificity was determined as 100 * [True 

Negative/(True Negative + False Positive + False Negative)]. A true positive result 

was defined as a positive result for V. parahaemolyticus that was confirmed by both 

PCR and the MicroStation System. The true negative was determined by subtracting 

the true positive result from the total number of samples tested. 

5.4 Results and Discussion 

5.4.1 Detection of V. parahaemolyticus with MPN method 

Results of the MPN method for detecting V. parahaemolyticus in seawater, 

sediment, and oyster are shown in Table 5.1. More presumptive positive results were 

obtained when TCBS was used than when BCVM was used. Among the 296 samples 

tested, 136 samples were presumptive positive on TCBS plates, whereas 92 were 

presumptive positive on BCVM plates. The presumptive positive results were 

obtained more frequently with sediment followed by seawater and then oyster, no 

matter what kind of medium was used. Biochemical tests (MicroStation System) and 

the multiplex PCR confirmed that 77 samples (mainly seawater and sediment) did 



Table 5.1 Detection of Vibrio parahaemolyticus with thiosulfate-citrate-bile salts-sucrose medium (TCBS), Bio-Chrome Vibrio 
medium (BCVM) and polymerase chain reaction (PCR) 

Number of 

samples 

TCBS BCVM PCR 

Sample 
Presumptive 
positive (%) 

Negative Presumptive 
positive (%) 

Negative Positive 
(%) 

Negative 

Seawater 148 62 (42) 86 41 (28) 107 32 (22) 116 

Sediment 74 43 (58) 31 35 (47) 39 33 (45) 41 

Oyster 74 31(42) 43 16(22) 58 12(16) 62 

Total 296 136 (46) 160 92(31) 204 77 (26) 219 

oo 
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contain V. parahaemolyticus. The populations of V. parahaemolyticus in confirmed 

samples ranged from 3.6 to 15 MPN/100 mL of seawater, from 3.0 to 1100 MPN/g of 

sediment, and from 3.6 to 43 MPN/g of oysters (data not shown). 

5.4.2 Comparison of the MPN method using thiosulfate-citrate-bile salts-sucrose 

agar (TCBS) or Bio-Chrome Vibrio medium (BCVM) 

To compare the specificity and accuracy of TCBS with BCVM for detecting V. 

parahaemolyticus, presumptive positive results from TCBS and BCVM were 

confirmed with biochemical tests (MicroStation System). Results were compared with 

those obtained by the PCR assay (Table 5.2). Using TCBS, BCVM, and PCR, 151 

samples yielded negative results, whereas the remaining 145 were presumptive by 

TCBS or BCVM. Among the 136 presumptive positive results for V. 

parahaemolyticus obtained by TCBS, 83 were also presumptive positive by BCVM. 

The PCR and MicroStation system confirmed 74 of these 83 samples to contain V. 

parahaemolyticus. The remaining 9 samples were negative by PCR for V. 

parahaemolyticus but were presumptive positive by both TCBS and BCVM. 

Therefore, a total of 62 presumptive positive results for TCBS were obtained from 

samples that did not contain V. parahaemolyticus. For BCVM, 77 (including 3 that 

were negative by TCBS) of the 92 presumptive positive results were confirmed by 

PCR and MicroStation System. Therefore, there were only 15 samples that were 

presumptive positive by BCVM but did not contain V. parahaemolyticus. Among 

them, 9 samples were also presumptive positive by TCBS and only 6 samples were 

negative by TCBS. Overall, 77 samples were confirmed to be positive and 151 

samples were negative for V. parahaemolyticus. There were 65 false results (62 false 

positive and 3 false negative) reported for TCBS, whereas only 15 false results (all 

false positive) were reported for BCVM. 
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5.4.3   Accuracy   and   specificity   of   TCBS   and   BCVM   for   detecting   V. 

parahaemolyticus 

The accuracy and specificity of TCBS and BCVM for detecting V. 

parahaemolyticus are reported in Table 5.2. Although false-positive results were 

reported when either TCBS or BCVM was used for V. parahaemolyticus detection, a 

much higher false-positive rate was observed for TCBS (21%) than for BCVM (5%). 

It is well known that TCBS may not differentiate V. parahaemolyticus from some 

Vibrio species, particularly Vibrio vulnificus and Vibrio mimicus, because some strains 

of these 2 species that do not ferment sucrose also appear on TCBS plate as green 

colonies. In this study, most of the bacteria producing false-positive results on the 

TCBS plate were identified as V. vulnificus, Vibrio cholerae, or V. mimicus (data not 

shown). However, none of the false-positive results obtained with BCVM were caused 

by any of these 3 species. Vibrio vulnificus, V. cholerae, and V. mimicus all appeared 

on the BCVM plate as blue-green colonies. Because all the presumptive positive 

results (136 for TCBS and 92 for BCVM) obtained by the MPN method needed to be 

confirmed by biochemical tests, using BCVM instead of TCBS resulted in a reduction 

of 44 confirmation tests that would have been conducted if TCBS had been used. This 

result clearly indicates that BCVM can be used for reducing time and labor involved 

in V. parahaemolyticus detection as evidenced in this study by a 32% reduction of 

confirmation tests. 

In addition to false-positive results, we also observed false-negative results for 

3 samples when TCBS was used. All those 3 samples (2 seawater and 1 sediment) 

contained very low levels of V. parahaemolyticus (<10 MPN/100 mL or MPN/g), but 

were detected by BCVM and confirmed by PCR. A possible explanation for the false- 

negative results obtained by TCBS is that when the density of V. parahaemolyticus in 

a sample was very low and accounted for a very small portion of the entire bacterial 

population in the sample, the green colonies produced by V. parahaemolyticus on the 

TCBS plate were masked by a cluster of yellow colonies formed by a large number of 

sucrose-fermenting bacteria grown on the plate. However, the purple colonies formed 

by growth of V. parahaemolyticus in those samples were clearly visible on the BCVM 



Table 5.2 Accuracy and specificity of thiosulfate-citrate-bile salts-sucrose medium (TCBS) and Bio-Chrome Vibrio medium 
(BCVM) for detecting Vibrio parahaemolyticus 

Medium 
Total 

sample 

Presumptive       PCR & MicroStation    False positive    False negative   Accuracy   Specificity 

positive samples Confirmed samples (%)       samples (%) o,oa 
(%) (%)b 

TCBS 296 136c 74 62(21) 3(1) 54 77 

BCVM 296 92" 77 15(5) 0(0) 84 94 

a Accuracy (%) = 100 * [True Positive/( True Positive + False Positive + False Negative)]. 
True positive = 77 (Confirmed by polymerase chain reaction (PCR) and MicroStation System). 

b Specificity (%) = 100 * [True Negative/( True Negative + False Positive + False Negative)]. 
True negative = 219 (Total sample - True Positive). 

c Including 83 also positive on BCVM and 53 presumptive positive on TCBS only. 
d Including 83 presumptive positive on TCBS and 9 positive on BCVM only. 
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plate despite a large number of sucrose-fermenting bacteria present in the sample 

enrichment. This indicates that BCVM is more sensitive in detecting low levels of V. 

parahaemolyticus, especially when a sample contains sucrose-fermenting bacteria. All 

these results demonstrated that BCVM was more specific and accurate than TCBS for 

detecting V. parahaemolyticus. 

Despite its higher specificity and accuracy than TCBS for V. parahaemolyticus 

detection, BCVM was not perfect in detecting the pathogen. False-positive results 

were obtained from growth of some bacteria that were not V. parahaemolyticus. 

Among the 15 false-positive results reported for BCVM, 9 were also false-positive for 

TCBS (Table 5.3). Several bacteria including Vibrio carcariae, Vibrio damsela. Vibrio 

fluvialis, and Enterococcus faecalis were identified from samples that produced false- 

positive results on both TCBS and BCVM. However, there were a few bacterial 

isolates that appeared as presumptive positive colonies on both media but could not be 

identified by the MicroStation microbiological identification system. In addition, we 

were unable to identify the bacteria in the other 6 samples (3 seawater, 2 oyster, and 1 

sediment) that caused false-positive results only on BCVM. However, none of those 

unidentified bacteria were V. parahaemolyticus as determined by the PCR analysis. 

Although the Bio-Chrom Vibrio medium is not perfect for detecting V. 

parahaemolyticus, its higher specificity and accuracy when compared with TCBS 

provide an advantage over TCBS for V. parahaemolyticus detection. 

5.5 Conclusions 

The Bio-Chrom Vibrio medium is more specific and accurate than TCBS for 

detecting V. parahaemolyticus. It is also more sensitive than TCBS for detecting very 

low levels of V. parahaemolyticus in samples. This chromogenic medium can be used 

in the MPN method for detecting V. parahaemolyticus to reduce time and labor 

involved in tests by reducing numbers of biochemical tests needed for confirmation. 



Table 5.3 Bacteria producing false-positive results on Bio-Chrome Vibrio medium (BCVM) 

Samples    Number   BCVM   TCBS    PCR Bacteria (number of strains) 

Seawater 6 +d + Vibrio carcariae (1), Vibrio damsela (2), Vibrio fluvialis (1), Not identified (2) 

+ Not identified (3) 

Oyster 

+ 

+ 

Vibrio damsela (1), Enterococcus faecalis (1) 

Not identified (2) 

Sediemnt 

+ Not identified (1) 

+ Not identified (1) 

a The (+) indicates a presumptive positive result and (-) indicates a negative result. 
Could not be identified with MicroStation microbiological identification system. 

oo 
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6.1 Abstract 

A double layer agar plate (DLAP) was developed according to thin agar 

layer (TAL) method as a one-step procedure for direct enumeration of injured 

Vibrio parahaemolyticus cells based on the formation of unique purple colonies by 

V. parahaemolyticus. The DLAP was prepared by overlaying an equal volume (10 

mL) of a nonselective medium (tryptic soy agar supplemented with 1.5% NaCl) 

onto a selective medium (Bio-Chrome Vibrio medium). The DLAP was capable of 

detecting V. parahaemolyticus in mixed cultures containing non-Vibrio bacteria. 

Production of purple colonies by V. parahaemolyticus on DLAP was not affected 

by the growth of other bacteria, even when V. parahaemolyticus was only a small 

fraction (5%) of the entire bacterial population. Direct plating on DLAP was found 

as effective as the most probable number (MPN) method for recovering heat- and 

cold-injured V. parahaemolyticus cells, which could not be detected by direct 

plating on Bio-Chrome Vibrio medium or thiosulfate-citrate-bile salts-sucrose agar. 

The DLAP offers an alternative to the MPN method for detecting injured V. 

parahaemolyticus cells and can be used as a simple one-step procedure for quick 

screening of V. parahaemolyticus in foods. 

Key words: Vibrio parahaemolyticus, Bio-Chrome Vibrio medium, double layer 

agar plate, direct plating, seafood safety. 
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6.2 Introduction 

Vibrio parahaemolyticus is a natural inhabitant of estuarine and marine 

environments. It is commonly found in molluscan shellfish and may cause acute 

gastroenteritis with symptoms of diarrhea, vomiting, and abdominal cramps 

through the consumption of raw or undercooked shellfish, particularly raw oysters 

(Jay 2000). This organism is recognized as a major cause of diarrhea associated 

with seafood consumption in the United States and an important seafood-borne 

pathogen throughout the world (Listen 1990, Rippey 1994, Dalsgaard 1998). 

Several major outbreaks of V. parahaemolyticus infection resulting from 

consumption of raw oysters were reported in the United States in 1997 and 1998 

(CDC 1998, 1999). Contamination of this pathogen in shellfish, particularly in raw 

oysters, is a safety concern for consumers and the shellfish industries. 

One of the commonly used methods for detecting V. parahaemolyticus in 

foods is the most probable number (MPN) procedure using thiosulfate-citrate-bile 

salts-sucrose agar (TCBS) (BAM 1998). This procedure is very labor-intensive and 

time-consuming. The TCBS it uses cannot differentiate V. parahaemolyticus from 

some strains of Vibrio vulnificus or Vibrio mimicus. Therefore, presumptive 

positive colonies appear on the TCBS plate need to be confirmed with appropriate 

biochemical tests. To overcome this problem, several molecular biology methods, 

include DNA-DNA hybridization (Nishibuchi and others 1985, 1986), polymerase 

chain reaction (PCR) (Tada and others 1992; Bej and others 1999), enzyme-labeled 

oligonucleotide hybridization (Yamamoto and others 1992), and alkaline 

phosphatase-labeled and digoxigenin-labeled probes (McCarthy and others 1999) 

were developed for specific detection of V. parahaemolyticus. In addition, a rapid 

DNA probe method was developed for detecting V. parahaemolyticus grown on 

hydrophobic grid membrane filters (Banerjee and others, 2002). While this method 

can detect V. parahaemolyticus one day after an enrichment process, it is a 

complicate detecting system involving DNA isolation, synthesis of digoxigenin- 

labeled probes and V. parahaemolyticus primers, and colony hybridization. 

Recently, two direct-plating procedures using non-radioactive DNA probes 

to detect the thermolabile hemolysin gene {tt) were developed for detecting V. 

parahaemolyticus (Gooch and others 2001). These procedures detected V. 

parahaemolyticus   cells   with   either   an   alkaline   phosphatase-labeled   or   a 
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digoxigenin-labeled DNA probe and were reported to be equivalent to a modified 

MPN method using alkaline phosphatase-labeled DNA probe for detecting V. 

parahaemolyticus. However, both procedures include colony lift, hybridization, 

and colorimetric detection with an additional preparation of probe and membrane 

if the digoxigenin-labeled probe method is used. Although the PCR and DNA 

probe methods are more specific than the MPN method for V. parahaemolyticus 

detection, they all require special instruments and skilled technicians to conduct 

the tests. Development of a simple and easy-to-use method involving only 

traditional plating technique for detecting V. parahaemolyticus would allow 

laboratory workers with no or limited microbiological training to perform the tests. 

In a previous study, we reported a chromogenic medium (Bio-Chrome 

Vibrio medium, BioMedix, Pomona, Calif., U.S.A.) for detecting V. 

parahaemolyticus based on formation of unique purple colonies on the medium 

(Su and others 2005). This Bio-Chrome Vibrio medium (BCVM) was determined 

to be more specific than TCBS for V. parahaemolyticus and could distinguish 

growth of V. parahaemolyticus from that of V. vulnificus or V. mimicus. Our study 

of comparing BCVM with TCBS for detecting V. parahaemolyticus in 296 oysters 

and environmental samples found that the specificities of BCVM and TCBS for V. 

parahaemolyticus were 94% and 77%, respectively (Duan and Su 2005). These 

results suggested that BCVM might be used as a direct-plating medium for 

quantitative determination of V. parahaemolyticus in foods. 

One major concern of applying BCVM for direct plating of V. 

parahaemolyticus is that BCVM may not allow injured V. parahaemolyticus cells 

to grow on the medium. Since V. parahaemolyticus is known to be susceptible to 

injury upon exposure to heating or low temperatures (Johnston and Brown 2002, 

Wong and others 2004), a direct plating medium should provide an opportunity for 

injured cells to recover so it can be used to detect V. parahaemolyticus in products 

that have been exposed to minor heating or refrigeration temperatures. In this study, 

we evaluated a double layer agar plate (DLAP) developed based on the thin agar 

layer method report by Kang and Fung (2000) for direct plating of V. 

parahaemolyticus in culture broth and oysters. The DLAP was prepared with a 

selective BCVM bottom layer overlaid with an equal volume of a nonselective 

medium (tryptic soy agar [TSA] supplemented with 1.5% NaCl). The efficiency of 
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the DLAP for recovering heat- and cold-injured V. parahaemolyticus cells was 

compared with the MPN method. 

6.3 Materials and Methods 

6.3.1 Preparation of double layer agar plate 

The DLAP was prepared by pouring 10 mL of BCVM into a petri dish 

(90x15 mm) and allowed to solidify at room temperature in a biological safety 

cabinet (NuAire, Plymouth, Minn., U.S.A.). An equal volume (10 mL) of TSA 

supplemented with 1.5% NaCl, which had been autoclaved and tempered to 50oC, 

was then poured onto the BCVM layer and allowed to solidify. All DLAPs were 

prepared on test days and used within 2 h of preparation. 

6.3.2 Bacterial cultures 

V. parahaemolyticus (ATCC17802, BE98-2116, and 47583), Aeromonas 

hydrophila (SPRC536 and SPRC5180), Escherichia coli (ATCC25922 and 

SEA6216), Yersinia enterocolitica (SEA 1268 and SEA 1271), Salmonella 

choleraesuis (ATCC14028), Salmonella enteritidis (SEA2595), Shigella flexneri 

(SEA6651), and Shigella sonnei (ATCC25931) were used in this study. All 

cultures were obtained from the U.S. Food and Drug Administration Pacific 

Regional Laboratory Northwest in Bothell, Wash. Strains of V. parahaemolyticus 

were cultured in tryptic soy broth (TSB) (Difco, Detroit, Mich., U.S.A.) 

supplemented with 1.5% NaCl. Non-Vibrio bacteria were cultured in TSB. All 

cultures were individually enriched at 370C for 18 to 24 h. 

6.3.3 Growth of V. parahaemolyticus and other bacteria on DLAP 

Serial dilutions of each enriched bacterial culture were prepared with 

Butterfield's phosphate buffer (pH 7.2-7.4) and individually plated on DLAP. 

Inoculated DLAP were incubated at 370C for 20 to 24 h and examined for colored 

colonies produced by bacteria. To determine the capability of DLAP to detect V. 

parahaemolyticus in a mix culture, enrichments of V. parahaemolyticus were 

mixed with enrichments of other bacteria in three different ways to produce mixed 

cultures: (1) V. parahaemolyticus ATCC10782 (1.0 mL) was mixed with two 

strains of Aeromonas hydrophila (SPRC5180 and SPRC536) (5.0 mL each) to 
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make a mixture containing about 10% V. parahaemolyticus; (2) V. 

parahaemolyticus BE98-2116 (0.4 mL) was mixed with two strains of E. coli 

(ATCC25922 and SEA6216) (2 mL each) and two strains of Yersinia 

enterocolitica (SEA 1268 and SEA 1271) (2 mL each) to make V. parahaemolyticus 

about 5% of the total population; and (3) V. parahaemolyticus 47583 (0.4 mL) was 

mixed with 2 mL of each of Salmonella choleraesuis (ATCC14028), Salmonella 

enteritidis (SEA2595), Shigella sonnei (ATCC25931), and Shigella flexneri 

(SEA6651) to make another 5% V. parahaemolyticus in the mixture. All three 

mixtures were surface-plated on DLAP. Growth of V. parahaemolyticus on DLAP 

was examined by the formation of purple colonies after incubation at 370C for 20 

to 24 h. 

6.3.4 Comparison of DLAP with MPN method for detecting heat-injured V. 

parahaemolyticus cells 

Cells of enriched V. parahaemolyticus (ATCC17802, BE98-2116, and 

47583) were individually harvested by centrifugation at 50C for 15 min (3,000 x g, 

Sorvall RC-5B, Kendro Laboratory Products, Newtown, Conn., U.S.A.) and 

resuspended in sterile alkaline peptone water (APW). An equal volume (5.0 mL) of 

each culture suspension were pooled in a sterile tube to make a V. 

parahaemolyticus cocktail. The cocktail was then dispensed into test tubes that had 

been preheated to 50oC in a water bath and then held in the water bath (50oC) for 5 

or 10 min. The tubes were removed from the water bath after treatments and placed 

immediately in an ice bath to cool to room temperature. Populations of V. 

parahaemolyticus in APW after each heat treatment were determined with DLAP 

and a 3-tube MPN method (USFDA 1998). Serial dilutions of the heat-treated V. 

parahaemolyticus cocktail were prepared with sterile APW. An aliquot (0.1 mL) of 

each culture dilution was directly plated on DLAP. Populations of V. 

parahaemolyticus were determined by counting purple colonies formed on DLAP 

after incubation at 370C for 20 to 24 h. For the MPN method, culture dilutions 

were individually inoculated into test tubes containing alkaline peptone salt broth 

(APS). The APS tubes were incubated at 35-370C for 16 to 18 h and one loopful of 

the enriched APS from a turbid tube was streaked onto individual TCBS plates. 

The plates were incubated at 35 to 370C for 18 to 24 h. Formation of colonies that 
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were round, 2 to 3 mm in diameter, and green or blue-green in color on TCBS was 

considered as positive for V. parahaemolyticus. Total V. parahaemolyticus were 

determined by converting numbers of APS tubes that were positive for V. 

parahaemolyticus to MPN/mL using a MPN table. 

To determine the efficacy of DLAP for recovering heat-injured V. 

parahaemolyticus cells, culture dilutions were also plated directly on TSA plates 

containing 1.5% NaCl (TSAS), TCBS, and BCVM. All plates were incubated at 

370C for 20 to 24 h. Populations of V. parahaemolyticus were determined by 

counting all colonies formed on TSAS, green or blue-green colonies formed on 

TCBS, and purple colonies formed on BCVM. All tests were conducted in 

triplicate. 

6.3.5 Comparison of DLAP with MPN method for detecting heat-injured V. 

parahaemolyticus cells in mixed cultures 

Three V. parahaemolyticus strains (ATCC17802, BE98-2116, and 47583) 

were mixed with Aeromonas hydrophila (SPRC536 and SPRC5180), E. coli 

(ATCC25922 and SEA6216), Yersinia enterocolitica (SEA1268 and SEA1271), 

Salmonella choleraesuis (ATCC14028), Salmonella enteritidis (SEA2595), 

Shigella sonnei (ATCC25931), and Shigella flexneri (SEA6651) at an equal 

volume of 1.0 mL each of the culture enrichment. The mixed culture was heat- 

treated in a water bath at 50oC for 5 and 10 min as previously described. 

Populations of V. parahaemolyticus in the mixed culture after heat treatments were 

determined with MPN and direct plating on DLAP, TCBS, and BCVM plates as 

previously described. 

6.3.6 Comparison of DLAP with MPN method for detecting V. 

parahaemolyticus in oysters stored at refrigeration temperatures 

Twenty freshly harvested oysters (Yaquina Bay, Oreg., U.S.A.) were 

inoculated with V. parahaemolyticus in the laboratory by placing the oysters in 2% 

NaCl solution containing 3-strain cocktail of V. parahaemolyticus (ATCC17802, 

47583, and BE98-2116) at a level of approximate 105 colony-forming units 

(cfu)/mL. The inoculation was conducted overnight (about 12 h) with the solution 

being circulated at 150 mL/min. Air was pumped into the solution at a rate of 
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approximate 100 cm3/min to facilitate the inoculation process. Inoculated oysters 

were stored at 70C for 3 days. Populations of V. parahaemolyticus in oysters were 

determined after the inoculation and on days 1, 2, and 3 during storage. 

Four oysters were randomly selected at each testing time. The oysters were 

hand shucked and placed individually in sterile filter bags (Nasco Whirl-Pak, 

Modesto, Calif, U.S.A.). Each oyster sample was mixed with 9 volumes of sterile 

APW and homogenized with a stomacher (Seward Stomacher 400, Brinkmann, 

Westbury, N.Y., U.S.A.) at 230 rpm for 1 min. Populations of V. parahaemolyticus 

in oysters were determined with the MPN method and direct plating on DLAP, 

TCBS, and BCVM plates described previously. 

6.3.7 Statistical analyses 

Results of microbiological tests were transformed into log values for 

statistical analyses. Two-sample comparison of V. parahaemolyticus populations 

obtained by different methods was conducted with Student's t test at a significance 

level ofp=0.05 (S-PLUS, Insightful Corp., Seattle, Wash., U.S.A.). 

6.4 Results and Discussion 

6.4.1 Growth of V. parahaemolyticus and other bacteria on DLAP 

All bacterial cultures grew well on DLAP after incubation at 370C for 20 to 

24 h. However, only V. parahaemolyticus (all strains tested) was able to produce 

purple colonies on the DLAP (Figure 6.1a). Growth of Aeromonas hydrophila, E. 

coli, and Yersinia enterocolitica on DLAP resulted in formation of light green 

colonies while growth of Shigella and Salmonella produced blue and brown 

colonies, respectively. These results indicated that the DLAP was as specific as 

BCVM for V. parahaemolyticus detection. The chromogenic substrate contained in 

the bottom BCVM layer could diffuse to the top TSAS layer and allowed V. 

parahaemolyticus to produce purple colonies upon growth. 

6.4.2 Detection of V. parahaemolyticus in mixed cultures with DLAP 

Growth of non-Vibrio bacteria on DLAP did not change the plate's 

specificity for detecting V. parahaemolyticus. Purple colonies formed from growth 

of V. parahaemolyticus were clearly visible when V. parahaemolyticus was mixed 
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Figure 6.1 Detection of Vibrio parahaemolyticus with double layer agar plate (DLAP): (a) V. parahaemolyticus cocktail, (b) V. 
parahaemolyticus and Aeromonas hydrophila, (c) V. parahaemolyticus with Escherichia coli and Yersinia enterocolitica, and (d) V. 
parahaemolyticus with Salmonella and Shigella. 
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with Aeromonas hydrophila (Figure 6.1b), E. coli and Yersinia enterocolitica 

(Figure 6.1c), and Shigella and Salmonella (Figure 6.Id) and plated on DLAP. 

These results demonstrated that DLAP could be used for detecting low levels of V. 

parahaemolyticus in a mixed culture. Production of purple colonies on DLAP by V. 

parahaemolyticus was not affected by growth of other bacteria, even when the 

population of V. parahaemolyticus was only about 5% of the entire bacterial 

population (Figure 6.1c). 

6.4.3 Detection of heat-injured V. parahaemolyticus cells with DLAP 

The capability of DLAP for detecting heat-injured V. parahaemolyticus 

was compared with the MPN method and direct plating on TSAS plate (Figure 6.2). 

Heating V. parahaemolyticus cocktail suspension (2.34 x 108 cfu/mL) at 50oC for 

5 min resulted in about 1.2-log reduction of the total population and a significant 

number of injured cells. Populations of V. parahaemolyticus after the heat 

treatment were determined to be 7.38, 7.19, and 7.11 log cfii/mL by surface plating 

on TSAS, MPN method, and direct-plating on DLAP, respectively. However, a 

much lower population was determined by direct plating on BCVM (5.47 log 

cfu/mL) or TCBS (5.14 log cfii/mL). This was not a surprise because injured V. 

parahaemolyticus cells would not be able to grow in a highly selective medium 

such as BCVM or TCBS. 

It is obvious that neither BCVM nor TCBS can be used for direct plating of 

V. parahaemolyticus when injured cells exist. Therefore, an optimal method for 

recovering injured cells should include an initial stage allowing the bacteria to 

grow in a nonselective medium or in an enrichment broth before being transferred 

to a selective or differentiating medium. Although the MPN method allows 

recovery of injured V. parahaemolyticus, the method is very labor-intensive and 

the TCBS it uses has been reported to be less specific than BCVM for V. 

parahaemolyticus detection (Duan and Su 2005). 

The DLAP was developed as a one-step procedure to allow injured V. 

parahaemolyticus cells to recover and subsequently be detected based of the 

production of unique purple colonies on the plate. In this study, both DLAP and 

MPN methods were able to recover heat-injured V. parahaemolyticus cells and 

yielded much higher populations (about 2.0-log higher) than those obtained with 
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Figure 6.2 Detection of Vibrio parahaemolyticus in culture suspension after heat 
treatment (50oC, 5 min) with most probable number (MPN) and direct-plating 
methods. Data are reported as mean ± SD (n=3). Bars with different letter are 
significantly different (p<0.05). 
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direct plating on BCVM or TCBS. There were no significant differences between 

results obtained by MPN or DLAP and the result obtained by direct plating on 

TSAS. These results demonstrated that DLAP was as effective as MPN method in 

detecting heat-injured V. parahaemolyticus cells. 

When V. parahaemolyticus culture was heated at 50oC for 10 min, greater 

than 3.5-log reductions of total population were reported (Figure 6.3). No 

significant differences were found between results obtained by MPN method and 

by direct plating on DLAP, BCVM or TCBS. However, a slightly lower population 

was obtained by BCVM or TCBS than those obtained by MPN and DLAP. This is 

probably because the cells were either destroyed or severely injured by the 

extended heat treatment. Only a small number of injured cells could undergo the 

repair process in a short period of time and be recovered by MPN or DLAP 

method. Nerveless, results obtained by DLAP were comparable to those obtained 

by MPN method under this circumstance. 

The DLAP direct plating procedure was developed based on the thin agar 

layer (TAL) method reported for recovering injured foodbome pathogens (Kang 

and Fung 2000, Wu and Fung 2001 and 2003, Wu and others 2001) with one 

modification. The TAL was prepared by overlaying 14 mL of TSA onto 25 mL of 

pre-poured, pathogen-specific, selective medium while the DLAP was prepared by 

overlaying an equal volume (10 mL) of TSAS onto BCVM. Although the BCVM 

contains selective agents that can inhibit growth of many non-Vibrio bacteria (Su 

and others 2005), the top TSAS layer provides a favorable environment where 

injured cells are allowed to resuscitate to healthy cells before the selective agents 

diffuse to TSAS surface. This study demonstrated that the DLAP was capable of 

recovering heat-injured V. parahaemolyticus cells. 

6.4.4 Detection of heat-injured V. parahaemolyticus cells in mixed cultures 

with DLAP 

To further evaluate the capability of DLAP for detecting injured V. 

parahaemolyticus cells in mixed microbial flora, strains of V. parahaemolyticus 

were mixed with non-Vibrio bacteria and subjected to heat treatment at 50oC for 5 

and 10 min. Survival of V. parahaemolyticus after the treatments were determined 

by MPN method and by direct plating on DLAP, BCVM, and TCBS. Similar to 
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Figure 6.3 Detection of Vibrio parahaemolyticus in culture suspension after heat- 
treatment (50oC, 10 min) with most probable number (MPN) and direct-plating 
methods. Data are reported as mean ± SD (n=3). Bars with different letter are 
significantly different (/K0.05). 
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those observed for V. parahaemolyticus cocktail, the 5-min heat treatment reduced 

total V. parahaemolyticus populations by about 1.2 log cfu/mL and created large 

numbers of injured cells (Figure 6.4). Both MPN and DLAP methods were able to 

recover heat-injured V. parahaemolyticus cells whereas BCVM and TCBS could 

not. Populations of V. parahaemolyticus in the mixed culture obtained by DLAP 

were 1.48 and 2.15-log higher than those obtained by direct plating on BCVM and 

TCBS, respectively. There was no significant difference between results obtained 

by the MPN and DLAP methods. 

Heating the mixed culture at 50oC for 10 min resulted in much greater 

reductions (>3.4 log cfii/mL) of V. parahaemolyticus (Figure 6.5). No significant 

difference was found between results obtained by the MPN and DLAP methods. 

While a significantly (p<0.05) lower population of V. parahaemolyticus was 

obtained by direct plating on TCBS than on DLAP, no significant difference was 

found between results obtained by direct plating on BCVM and DLAP. These 

results demonstrated that DLAP was able to detect heat-injured V. 

parahaemolyticus cells in a mixed culture. 

6.4.5 Detecting V. parahaemolyticus in oysters stored at 70C 

Populations of V. parahaemolyticus in laboratory inoculated oysters 

decreased gradually from 4.3 log (cfu/g) on day 0 to 3.1 log (cfu/g) after 3 days of 

storage at 70C (Table 6.1). Although slightly lower populations were reported by 

BCVM than by MPN or DLAP method, no significant differences were found 

between most results obtained by BCVM and those obtained by MPN and DLAP. 

It was interesting to find that the populations obtained by direct plating on TCBS 

after 2 days of storage were significantly lower than those obtained by the other 

three methods. This indicated that more and more V. parahaemolyticus cells 

became injured during the cold storage and could not grow directly on a strong 

inhibitory medium such as TCBS. 

This study demonstrated that direct plating on DLAP was compatible to the 

MPN method for detecting V. parahaemolyticus in oysters stored at low 

temperatures. Both methods were able to recover most, if not all, of the cold- 

injured cells in oysters. 
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Figure 6.4 Detection of Vibrio parahaemolyticus in a mixed culture after heat 
treatment (50oC) 5 min) with most probable number (MPN) and direct-plating 
methods. Data are reported as mean ± SD (n=3). Bars with different letter are 
signific'antly different (p<0.05). 
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Figure 6.5 Detection of Vibrio parahaemolyticus in a mixed culture after heat 
treatment (50oC, 10 min) with most probable number (MPN) and direct-plating 
methods. Data are reported as mean ± SD (n=3). Bars with different letter are 
significantly different (p<0.05). 



Table 6.1 Detection of V. parahaemolyticus in laboratory contaminated oysters and stored at 70C by MPN method and direct plating on 
DLAP, BCVM and TCBS plates* 

Method V. parahaemolyticus in oysters during storage (Logio MPN/g or cfu/g) 

0(day) 1 2 3 

MPN 4.26 ±0.53 A 3.62 ± 0.46 A 3.66 ±0.20 A 3.12 ±0.32 A 

DLAP 4.33 ± 0.60 A 3.39 ±0.33 A 3.49 ±0.22 A 3.05 ±0.45 A 

BCVM 3.81 ± 0.41 AB 3.18 ± 0.27 AB 3.14±0.14B 2.76 ± 0.24 A 

TCBS 3.24 ± 0.45 B 2.78 ± 0.38 B 2.54 ± 0.46 C NDb 

a Data were reported as mean ± SD (n=4). Means with the same letter in the same column are not 
significantly different (p>0.05). BCVM = Bio-Chrome Vibrio medium; cfii = colony-forming 
units; DLAP = double layer agar plate; MPN = most probable number; TCBS = thiosulfate- 
citrate-bile salts-sucrose agar. 

b Not detectable with a detection limit of < 100 cfu/g. 
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While DLAP could be used as a one-step procedure for direct enumeration 

of V. parahaemolyticus in foods, it is not as sensitive as MPN for detecting low 

levels (<100 cells/g) of V. parahaemolyticus in a sample. This is because only a 

small volume (0.1 mL) of the sample dilution (1:10) is surface-plated on DLAP, 

which yields a detection limit of < 100 cfu/g. However, the DLAP is easier than 

MPN to use and results can be obtained in as little as 24 h. 

6.5 Conclusion 

The DLAP was developed based on thin agar layer (TAL) method to allow 

the detection of heat- and cold-injured V. parahaemolyticus cells. This study 

demonstrated that direct plating on DLAP was as effective as MPN method for 

recovering injured V. parahaemolyticus cells in culture broth and in oysters. Direct 

plating on DLAP can be used as an easy, one-step procedure for quick screening of 

V. parahaemolyticus in foods. 
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Chapter 7 

CONCLUSION 

Vibrio parahaemolyticus is one of the foodbome pathogens commonly 

found in shellfish, especially oysters. This study showed that very low densities 

(<43 MPN/g) of pathogenic V. parahaemolyticus were detected in Oregon and 

Washington oysters and the growing environment. However, higher levels of V. 

parahaemolyticus contamination may occur in oysters, especially during the 

summer months, when water temperature increases sharply. 

The analysis of pathogenic V. parahaemolyticus strains isolated from 

Oregon and Washington coastal environments found that 97% of the isolates were 

capable of utilizing urea. Serological and PFGE analysis found that 12 of the 

isolates were identical to two clinical strains involved in 1997"s outbreak occurred 

in Oregon and Washington. These findings indicate that presence of these 

pathogenic strains in the oyster-growing environments may lead to additional 

human illness if oysters are contaminated with these strains and consumed raw. 

Therefore, oysters intended for raw consumption should be cooled down rapidly to 

refrigeration temperatures upon harvesting and stored at low temperatures until 

consumption. 

The double layer agar plate (DLAP) we developed using chromogenic Bio- 

Chrome Vibrio medium (BCVM) for detecting heat- and cold-injured V. 

parahaemolyticus cells appeared to be as effective as the commonly used MPN 

method for recovering injured V. parahaemolyticus cells in culture broth and in 

oysters. The BCVM detects V. parahaemolyticus through formation of distinct 

purple colonies on the medium and was determined to be more specific and 

accurate than the widely used thiosulfate-citrate-bile salts-sucrose agar (TCBS) 

for detecting V. parahaemolyticus. This DLAP can be used as an easy, one-step 

procedure for direct enumeration of V. parahaemolyticus in foods and reduce time 

and labor involved in the much more complicate MPN method for V. 

parahaemolyticus detection. 
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Appendix A: Agarose gel electrophoresis of the multiplex PCR assay 
of V. parahaemolyticus isolates 

269 bp 

Lanes 1 and 6: Molecular marker, EZ load 100 bp PCR molecular ruler (Bio-Rad); 
Lane 2: PCR amplification using oligonucleotide primers specific for the tl gene; 
Lane 3: PCR amplification using oligonucleotide primers specific for the trh gene; 
Lane 4: PCR amplification using oligonucleotide primers specific for the tdh gene; 
Lane 5: Multiplex PCR amplification using oligonucleotide primers specific for the 

tl, tdh and trh genes. 
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Appendix B: PFGE analysis of V. parahaemolyticus chromosomal 
DNA digested with Sfil 

Lanes 1 and 24: Lambda laddar PFG marker (New England BioLabs); 
Lane2:SFL1202-S2; 
Lane3:SFL1153-S18; 
Lane4:SFL1109-S16; 
Lane 5: SFL 1063-SI; 
Lane6:SFL1058-S12; 
Lane 7: SFL 1083-S15; 
Lane 8: SFL 1026-S9; 
Lane9: SFL 1027-S10; 
Lane 10: SFL 1081-S6; 
Lane 11: V. parahaemolyticus 10292 - S21; 
Lane 12: V. parahaemolyticus BE98-2029 - S22; 
Lane 13: SFL 1023 - S3; 
Lane 14: SFL 1082 - S14; 
Lanel5:SFL1160-S19; 
Lane 16: V. parahaemolyticus 10290-S20; 
Lanel7:SFL1150-S17; 
Lane 18: SFL 1009-S8; 
Lane 19: SFL 1170-S7; 
Lane 20: SFL 1084-S5; 
Lane 21: SFL 1047-S4; 
Lane 22: SFL 1049-SI 1; 
Lane 23: SFL 1079-S13. 
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Appendix C: PFGE analysis of V. parahaemolyticus chromosomal 
DNA digested with Notl 

Lanes 1 and 22: Lambda laddar PFG marker (New England BioLabs); 
Lane2: V.parahaemolyticus 10290-NIB; 
Lane3:SFL1079-N12; 
Lane4:SFL1083-N14; 
Lane5:SFL1152-N8; 
Lane6:SFL1202-N2; 
Lane7:SFL1150-N3; 
Lane8:SFL1024-N4; 
Lane9:SFL1047-N5; 
Lane 10: SFL 1049-Nil; 
Lane 11: SFL 1082-N13; 
Lane 12: V. parahaemolyticus 10292-N19; 
Lane 13: V. parahaemolyticus BE98-2029-'N20; 
Lane 14: SFL 1058-Nl; 
Lane 15: SFL 1080-N7; 
Lane 16: SFL 1026-N9; 
Lane 17: SFL 1027-N10; 
Lanel8:SFL1153-N16; 
Lane 19: SFL 1050-N6; 
Lane20:SFL1160-N17; 
Lane21:SFL1109-N15. 


