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Abstract 
Introduction: Vibrio parahaemolyticus is a common pathogen that can cause seafood-borne gastroenteritis in humans. We determined the 
prevalence and characteristics of V. parahaemolyticus isolated from clinical specimens and oysters in Thailand. 
Methodology: Isolates of V. parahaemolyticus from clinical specimens (n = 77) and oysters (n = 224) were identified by biochemical testing, 
polymerase chain reaction (PCR) assays, and serotyping. The toxin genes, antimicrobial resistance, and β-lactamase production were 
determined. 
Results: A total of 301 isolates were confirmed as V. parahaemolyticus by PCR using specific primers for the toxR gene. The majority of 
clinical isolates carried the tdh+/trh− genotype (82.1%), and one of each isolate was tdh−/trh+ and tdh+/trh+ genotypes. One isolate from 
oyster contained the tdh gene and another had the trh gene. Twenty-six serotypes were characterized among these isolates, and O3:K6 was the 
most common (37.7%), followed by OUT:KUT, and O4:K9. In 2010, most clinical and oyster isolates were susceptible to antibiotics, with the 
exception of ampicillin. In 2012, clinical isolates were not susceptible to cephalothin (52.4%), streptomycin (95.2%), amikacin (66.6%), 
kanamycin (61.9%), and erythromycin (95.2%), significantly more frequently than in 2010. More than 95% of isolates that were not susceptible 
to ampicillin produced β-lactamase enzymes. 
Conclusions: We found toxin genes in two oyster isolates, and the clinical isolates that were initially determined to be resistant to several 
antibiotics. Toxin genes and antimicrobial susceptibility profiles of V. parahaemolyticus from seafood and environment should be continually 
monitored to determine the spread of toxin and antimicrobial resistance genes. 
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Introduction 

Vibrio parahaemolyticus is a Gram-negative, 
motile halophilic bacterium that occurs in marine 
environments globally. Consumption of raw or 
undercooked seafood that is contaminated with virulent 
strains of V. parahaemolyticus can cause acute 
gastroenteritis [1]. In 2019, Thailand reported 110,736 
cases of food poisoning, and laboratory testing of 
samples from 1,029 cases revealed V. parahaemolyticus 
in 245 patients (approximately 24%) [2]. According to 
a systematic review published in 2016, the 
concentration of V. parahaemolyticus was higher in 
oysters than in other seafood products [3] because 
oysters are filter feeders and concentrate this pathogen 
in their soft tissues. The incidence of gastroenteritis 

caused by V. parahaemolyticus associated with the 
consumption of oysters has been reported in the United 
States, Canada, China, Taiwan, Spain, Italy, Chile, 
Peru, and Brazil [4]. The Food and Agriculture 
Organization (FAO) reported that Asia had the highest 
oyster producing area, and Thailand ranked tenth 
among oyster producing countries [5]. In Thailand, it is 
common to consume fresh or partially cooked oysters 
for their freshness and flavor, and this contributes to 
increasing the risk of V. parahaemolyticus infection [6].  

V. parahaemolyticus is divided into serotypes based 
on its lipopolysaccharide (O antigen) and capsular 
polysaccharide (K antigen) antigenic properties. 
Currently, commercial antisera are classified into 13 O 
types and 71 K types [7]. The first outbreak of the novel 
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serotype O3:K6 V. parahaemolyticus was reported in 
Kolkata, India, in 1996 [8]. Since then, the serotype 
O3:K6 and its serovariants (O4:K68, O1:K25, O1:KUT 
etc.) have been a public health concern worldwide, 
including in Thailand [9–10]. In general, serotype 
O3:K6 has the characteristics of a pandemic strain. It is 
positive for the tdh gene, and shares specific genetic 
markers including a distinctive toxRS [11] with orf8 
[12]. Moreover, the serovariants of pandemic strains 
have identical profiles during molecular typing, and 
belong to sequence type (ST) 3 using multilocus 
sequence typing (MLST) analysis [13]. 

The pathogenesis of V. parahaemolyticus in 
humans is related to the production of three distinct 
toxins: thermostable direct hemolysin (TDH), 
thermostable direct-related hemolysin (TRH), and 
thermolabile hemolysin (TLH). The tdh gene, which 
encodes the pore-forming TDH, has several biological 
functions, including hemolytic activity, enterotoxicity, 
cytotoxicity, and cardiotoxicity [14]. V. 
parahaemolyticus strains that carry the tdh gene have 
been shown to induce complete hemolysis on 
Wagatsuma agar, which is referred to as the Kanagawa 
phenomenon (KP) [15]. TRH is encoded by the trh 
gene, which has 70% homology with the tdh gene. 
Similar to TDH, TRH exhibits hemolytic activity. The 
tlh gene, which encodes TLH, is a species-specific 
marker for V. parahaemolyticus identification by 
molecular detection methods [16]. TLH causes blood 
cell lysis and has phospholipase activity [17]. The 
majority of V. parahaemolyticus clinical strains carry 
the tdh and/or trh gene(s). In contrast, the prevalence of 
tdh and/or trh gene(s) among V. parahaemolyticus 
environmental strains were reported in 1–10%, 
depending on geographic area, sample source, and 
detection method [14]. Between 2006 to 2010, 51.3–
73.6% of V. parahaemolyticus isolated from 776 
patients in Southern Thailand were tdh+ trh− and 
group-specific polymerase chain reaction (PCR) 
positive pandemic strains [18]. The occurrence of tdh 
and trh genes among V. parahaemolyticus isolated from 
raw retail oysters in Thailand was 5.8% and 0.8%, 
respectively [19].  

In general, mild cases of V. parahaemolyticus 
infection do not require treatment with antibiotic 
therapy. In cases with severe or prolonged illness, the 
recommended antibiotics for treatment are 
cephalosporins, tetracyclines, and fluoroquinolones 
(e.g., ciprofloxacin) [20]; however, antimicrobial 
susceptibility testing should be done prior to selecting a 
medication. In the past few decades, several studies 
have reported the emergence of antibiotic-resistant V. 

parahaemolyticus due to overuse and abuse of 
antibiotics in humans, agriculture, and aquaculture [20-
22]. Therefore, antimicrobial susceptibility testing of V. 
parahaemolyticus isolates from clinical and 
environmental samples should be performed to monitor 
changes in bacterial resistance to antimicrobial agents, 
particularly those used for first-line treatment of 
infections [22]. 

In Thailand, a number of studies have previously 
investigated the molecular characteristics, 
epidemiological data, and pathogenicity of V. 
parahaemolyticus strains in humans, marine bivalves, 
and the environment [10,18,23]. To further advance 
understanding in this area, we determined the 
prevalence of the toxin genes, serotypes, and 
antimicrobial susceptibility of V. parahaemolyticus 
from clinical and oyster isolates collected in 2010 and 
2012 in Thailand.  

 
Methodology 
Bacterial strains 

The current study investigated 77 V. 
parahaemolyticus clinical isolates collected during 
outbreaks in 2010 (n = 56) and 2012 (n = 21), and 224 
V. parahaemolyticus isolates from oysters collected in 
Thailand during April–May 2010. The oysters were 
collected from oyster farms in Kanchanadit, Surat 
Thani province, and Ang Sila, Chonburi province. 
Reference strains for this study included V. 
parahaemolyticus ATCC17802, V. parahaemolyticus 
AQ4613, and V. parahaemolyticus AQ902. The isolates 
were kept in Luria Bertani (LB) broth containing 1% 
sodium chloride (NaCl) and 60% glycerol at −80 °C, in 
the microbiology laboratory, Faculty of Medical 
Technology, Rangsit University.  

This study did not use medical records or archived 
specimens. Specimens were not collected for this study, 
and the microbial strains were obtained from 
microbiological laboratories. The study was approved 
by the Ethics Review Board of Rangsit University 
(RSEC 04/53). The board waived the need for consent 
because patients’ data were completely anonymous. 

 
Bacterial identification 

All isolates were identified as V. parahaemolyticus 
using conventional biochemical tests according to the 
United States Federal Drug Agency (USFDA) 
Bacteriological Analytical Manual [24]. These tests 
included oxidase, triple sugar iron agar, motility, 
arginine dihydrolase, ornithine, and lysine 
decarboxylase, Voges-Proskauer, Simmon’s citrate 
test, arabinose, lactose, and mannitol fermentation. 
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Urea agar was used to determine the ability of the 
bacteria to produce urease. Nutrient broths with 0%, 
2%, 6%, 8%, and 10% NaCl were used for salt tolerance 
testing. V. parahaemolyticus was confirmed using PCR 
assay and amplification of the 368 bp fragment of the 
toxR gene [25,26]. This gene is crucial to V. 
parahaemolyticus virulence and is well conserved 
across strains.  

 
Serotyping 

V. parahaemolyticus was characterized using a 
commercial V. parahaemolyticus antisera test kit 
(Denka Seiken, Tokyo, Japan). The isolates were grown 
overnight on LB agar plates (BD Difco, Franklin Lakes, 
USA) containing 3% NaCl. Cell suspensions that were 
autoclaved at 121 °C for 30 minutes were used for O 
grouping, and non-autoclaved suspensions were used 
for K antigen typing. O grouping and K typing were 
performed using the slide agglutination method 
according to the manufacturer’s instructions. 

 
Detection of TDH by KP test 

The KP test was used to determine TDH production 
based on a previously reported protocol [27]. V. 
parahaemolyticus isolates were cultured on Wagatsuma 
agar medium that contained 3 g of yeast extract, 10 g of 
peptone, 70 g of NaCl, 5 g of K2HPO4, 10 g of mannitol, 
0.001 g of crystal violet, 15 g of agar, 1 L of distilled 
water, and 50 mL of sheep/human anticoagulated 
blood. KP tests were scored as positive for V. 
parahaemolyticus isolates that displayed a distinctive 
halo around colonies due to β-hemolysis after an 
overnight incubation at 37 °C. V. parahaemolyticus 
strains AQ4613 and ATCC17802 were used as positive 
and negative controls, respectively.  
Detection of toxin genes by multiplex PCR 

The optimized boiling method was used to extract 
the genomic DNA of V. parahaemolyticus for PCR 
assay [26]. The virulence genes tlh, tdh, and trh were 
detected using multiplex PCR in previous reports [28-
30]. V. parahaemolyticus AQ902 strain (tlh+, tdh+, and 
trh+) was used as the positive control. The details of the 
oligonucleotide primers, sizes of PCR amplified 
products, and PCR conditions are presented in 
Supplementary Table 1. MyCycler Thermal Cycler 
(BiORAD, Hercules, USA) was used for PCR. The 
PCR mix contained 5 μL of 1X PCR buffer, 1.5 mM 
MgCl2, 0.2 mM of dNTPs, 0.25 µM of each primer, 0.5 
U of i-Taq DNA polymerase (iNtRON Biotechnology, 
Inc., Gyeonggi-do, South Korea), 1 μL of DNA 
template, and DNase-free H2O to a final volume of 25 
μL. Five microliter samples of PCR products were 

separated using 1.5% agarose gel electrophoresis with a 
100 bp DNA ladder (Promega, Madison, USA) and 
visualized on a UV trans-illuminator. 

 
Antimicrobial susceptibility testing 

Antimicrobial susceptibility testing was conducted 
using the agar disk diffusion method according to the 
Clinical and Laboratory Standards Institute (CLSI) 
guidelines [31]. Thirteen different antibiotic disks 
(Oxoid, Hampshire, UK) were used for the tests: 
ampicillin (10 µg), cephalothin (30 µg), ceftriaxone (30 
µg), gentamicin (10 µg), streptomycin (10 µg), 
amikacin (30 µg), kanamycin (30 µg), erythromycin (15 
µg), tetracycline (30 µg), nalidixic acid (30 µg), 
ciprofloxacin (5 µg), trimethoprim-sulfamethoxazole 
(1.25/23.75 µg), and chloramphenicol (30 µg). 
Staphylococcus aureus ATCC25923 and Escherichia 
coli ATCC25922 were used as reference strains for 
quality control of the assay. 

 
Detection of β-lactamase enzymes  

β-lactamase detection was performed using the 
commercially available cefinase discs test kit (BD BBL, 
Franklin Lakes, USA). The cefinase discs are 
impregnated with nitrocefin, a chromogenic 
cephalosporin. When β-lactamase hydrolyzes the amide 
bond in the β-lactam ring of this compound, the color 
rapidly changes from yellow to red, indicating bacterial 
production of this enzyme in significant amounts. The 
bacteria used as positive and negative controls were 
Staphylococcus aureus ATCC29213 and Escherichia 
coli ATCC25922, respectively.  

Figure 1. Detection of virulence associated with gene in V. 
parahaemolyticus strains by multiplex PCR, electrophoresed on 
1.5% (w/v) agarose gel. 

Lane M, 100-base pair plus ladder (Promega, Madison, USA); Lanes 1, 2, 
4–7, 9–15, and 17–22 (tlh+/tdh+/trh−); Lanes 3 and 8 (tlh+/tdh−/trh−); 
Lane 16, (tlh+/tdh+/trh+); Lane 23, V. parahaemolyticus AQ902 as the 
positive control containing the tlh (450 bp), tdh (382 bp), and trh (276 bp) 
genes; Lane 24, negative control. 
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Statistical analysis 
Chi square or Fisher’s exact test were used to 

analyze the relationship between antimicrobial 
susceptibility, serogroup, and year of isolation, as well 
as the association between the toxin genes and bacterial 
sources. The results were considered statistically 
significant if the p value was less than 0.05. SPSS 
version 21 software (IBM SPSS Inc., NY) was used for 
all statistical analyses. 

 
Results 

V. parahaemolyticus was confirmed in 301 isolates 
from clinical specimens and oysters using PCR assay to 
detect the toxR gene. Multiplex PCR was used to 
successfully amplify the toxin genes of 224 oyster and 
56 clinical V. parahaemolyticus isolates in 2010 (Figure 
1). The tlh gene (280, 100.0%) was the most common 
toxin gene, followed by tdh (48, 17.1%), and trh (3, 
1.1%). The prevalence of tdh and trh genes was 
significantly higher in clinical isolates than in oyster 
isolates (p < 0.001 and p < 0.05, respectively; Table 1). 
The tdh+/trh− genotype was found to be significantly 
dominant in clinical isolates (p < 0.001), while the 
tdh−/trh− genotype was more commonly present in 
oyster isolates (p < 0.001). We also detected KP in 280 
V. parahaemolyticus isolates using Wagatsuma agar. 
KP-positive isolates were found significantly more 
frequently in clinical isolates than in the other group (p 
< 0.001; Table 1). 

Among the 77 clinical isolates of V. 
parahaemolyticus in 2010 and 2012, 26 different 
serotypes were identified (Figure 2). There was no 
statistically significant correlation between frequencies 
of V. parahaemolyticus serotypes and year of isolation. 
The serotype O3:K6 was predominantly found in both 
the 2010 (18/56 strains, 32.1%) and the 2012 (11/21 
strains, 52.4%) outbreaks. The serotypes O1:K25, 
O4:K9, and O5:KUT were found among isolates in 

2010. Two of the eight serogroup O strains for which 
the K antigens could not be typed were O1 (O1:KUT), 
two were O3 (O3:KUT), one was O4 (O4:KUT), and 
three were O5 (O5:KUT). The non-typeable strains for 
O and K antigens (OUT:KUT) in 2012 (7/21 strains, 
33.3%) were slightly increased from 2010 (3/56 strains, 
5.4%). The serotypes O4:K12 and OUT:K19 were 
found only in 2012. 

All the serotype O3:K6 clinical isolates (18, 32.1%) 
carried the tdh gene, while some isolates of O1:K29, 
O1:K32, O1:KUT, O3:KUT, O4:K29, O5:K17, 
O11:K19, and OUT (8, 14.3%) did not have either the 
tdh or the trh gene (Table 2). Of the 46 KP-positive V. 
parahaemolyticus isolates, 45 carried tdh, including one 
strain that had both tdh and trh. In contrast, two strains 
that were KP negative carried tdh or trh. Two strains 
(3.6%) were positive for urease production and 
possessed the trh gene. Only one O1:KUT isolate tested 
positive for both the tdh and trh genes (Table 3). Two 
oyster isolates that contained the tdh or trh gene had 
O3:K6 and O4:K34 serotypes, respectively (Table 2).  

The antimicrobial susceptibility patterns of 301 V. 
parahaemolyticus isolates from clinical samples and 
oysters—77 clinical isolates (56 in 2010 and 21 in 
2012) and 224 oyster isolates in 2010—are listed in 
Table 3.  

Table 1. Distribution of virulence factors in clinical and oyster isolates of V. parahaemolyticus in Thailand in 2010. 
Virulence factors No. of isolates (%) p values 

Clinical (N = 56) Oyster (N = 224)  
Toxin gene    
tlh 56 (100) 224 (100)  
tdh 47 (83.9) 1 (0.5) < 0.001 
trh 2 (3.6) 1 (0.5) 0.042 
Toxin gene profiles    
tdh+, trh+ 1 (1.8) 0 (0.0)  
tdh+, trh- 46 (82.1) 1 (0.5) < 0.001 
tdh-, trh+ 1 (1.8) 1 (0.5) 0.287 
tdh-, trh- 8 (14.3) 222 (99.1) < 0.001 
Others    
KP a 46 (82.1) 1 (0.5) < 0.001 
Urease 2 (3.6) 2 (0.9) 0.130 
β - lactamase 54 (96.4) 205 b (95.8) 0.831 

a KP: Kanagawa phenomenon; b 214 oyster isolates were tested for β - lactamase production by cefinase test. 

Figure 2. Distribution of serotypes among clinical and 
environmental isolates of V. parahaemolyticus in 2010 and 2012. 
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Table 2. Serotypes and virulence factors of 280 clinical and oyster isolates of V. parahaemolyticus in Thailand in 2010. 
O serogroup Serotype No. of 

isolate (s) 
Virulence index 

tlh tdh trh KP a Urease β - lactamase 
V. parahaemolyticus isolated from human patients (N = 56) 
O1 O1:K25 3 + + - + - + 
 O1:K29 1 + - - - - + 
  1 + + - + - + 
 O1:K32 1 + - - - - + 
 O1:K43 1 + + - + - + 
 O1:K56 2 + + - + - + 
 O1:KUT 1 + + + + + + 
  1 + - - - - + 
O2 O2:K3 1 + + - + - + 
O3 O3:K6 18 + + - + - + 
 O3:K29 1 + + - + - + 
 O3:K43 1 + + - + - + 
 O3:KUT 1 + - - - - + 
  1 + - + - + + 
O4 O4:K4 1 + + - + - + 
 O4:K8 1 + + - + - + 
 O4:K9 4 + + - + - + 
  1 + + - + - - 
 O4:K11 1 + + - + - + 
 O4:K29 1 + - - - - + 
 O4:K36 1 + + - + - + 
 O4:K46 1 + + - + - + 
 O4:KUT 1 + + - + - + 
O5 O5:K17 1 + - - - - - 
 O5:K38 1 + + - + - + 
 O5:KUT 3 + + - + - + 
O11 O11:K19 1 + - - - - + 
  1 + + - - - + 
OUT  2 + + - + - + 
  1 + - - - - + 
V. parahaemolyticus isolated from oyster (N = 224) 
O3 O3:K6 1 + + - + - + 
O4 O4:K34 1 + - + - - + 
ND b ND 2 + - - - + + 
ND ND 201 + - - - - + 
ND ND 9 + - - - - - 
ND ND 10 + - - - - ND 
tlh: thermolabile haemolysin gene; tdh: thermostable direct haemolysin gene; trh: thermostable-related haemolysin gene; KP: Kanagawa phenomenon; +: 
positive; -: negative; ND: not done. 
 
 
 
 
 
Table 3. Antimicrobial susceptibility patterns of 301 clinical and oyster isolates of V. parahaemolyticus in Thailand. 

Amp TE CIP CRO SXT C CN No. of isolates (%) 
       Clinical in 2010 Clinical in 2012 Oyster in 2010 
       (N = 56) (N = 21) (N = 224) 

R S S S S S S 36 (64.3) 12 (57.1) 154 (68.8) 
I S S S S S S 18 (32.1) 4 (19.1) 61 (27.2) 
S S S S S S S 1 (1.8) 2 (9.5) 5 (2.2) 
S R S S S S R 0 (0.0) 3 (14.3) 0 (0.0) 
R S S S S S I 0 (0.0) 1 (4.7) 2 (0.9) 
R S I S S S S 0 (0.0) 2 (9.5) 0 (0.0) 
I S I S S S I 0 (0.0) 1 (4.7) 0 (0.0) 
R I I S S S I 0 (0.0) 0 (0.0) 1 (0.4) 
R S S I S S S 0 (0.0) 0 (0.0) 1 (0.4) 

Amp: ampicillin; TE: tetracycline; CIP: ciprofloxacin; CRO: ceftriaxone; SXT: trimethoprim-sulfamethoxazole; C: chloramphenicol; CN: gentamicin. 
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Our study found nine different microbial 
susceptibility patterns. The most common pattern 
among clinical and oyster isolates was A, which 
indicated resistance to ampicillin only. Among the V. 
parahaemolyticus isolates from clinical specimens in 
2010, 54 were non-susceptible (resistant or 
intermediate) to ampicillin and positive for β-lactamase 
production (96.4%), while two isolates that were β-
lactamase negative were susceptible to ampicillin. A 
total of 205 V. parahaemolyticus isolates from oysters 
produced β-lactamase and were non-susceptible to 
ampicillin. There was no statistically significant 
difference in the frequency of β-lactamase-producing 
strains in clinical isolates versus oyster isolates (Table 
1). The antimicrobial susceptibility patterns D to I were 
associated with resistance or intermediate resistance to 
other antimicrobial agents, with the exceptions of 
trimethoprim-sulfamethoxazole and chloramphenicol. 

We compared the proportion of antimicrobial 
susceptibility of V. parahaemolyticus isolates from 
clinical specimens between 2010 and 2012. Among the 
66 isolates tested, 100% were susceptible to 
ceftriaxone, trimethoprim-sulfamethoxazole, and 
chloramphenicol. Conversely, ampicillin resistance 
was common among these V. parahaemolyticus strains 
(44, 66.7%). Forty-three isolates (65.2%) showed 
intermediate erythromycin susceptibility. We compared 
the percentage of clinical isolates susceptible to 
antimicrobial agents between 2010 and 2012. 
Interestingly, the rates for susceptibility to cephalothin, 
streptomycin, amikacin, and kanamycin among V. 
parahaemolyticus isolated in 2012 were significantly 
lower than those isolated in 2010 (p < 0.0001; Figure 

3), and the same pattern was seen for erythromycin (p = 
0.001). 

 
Discussion 

Consumption of seafood contaminated with V. 
parahaemolyticus is a major cause of gastroenteritis. 
This Gram-negative bacterium thrives in salt conditions 
and is distributed throughout temperate and tropical 
regions worldwide. V. parahaemolyticus is often found 
in coastal areas, seawater, sediments, and marine 
animals, especially shrimp, shellfish, crabs, and fish 
[32]. Thai people prefer to consume raw or 
undercooked oysters, which carries a risk of seafood 
poisoning due to V. parahaemolyticus. We 
characterized the distribution of toxin gene profiles of 
V. parahaemolyticus isolates from clinical specimens 
and oysters. More than 80% of the clinical isolates 
harbored only the tdh gene, and only a few carried the 
trh gene, as has been reported in other countries [10,33-
34]. Among the tdh-positive isolates in this study, only 
one did not show KP, implying that KP is not a sensitive 
indicator for differentiating pathogenic and non-
pathogenic V. parahaemolyticus strains [35]. In 
addition, we found that only one of the clinical isolates 
had the tdh+/trh+ genotype, which was consistently 
observed among clinical and cockle isolates in Thailand 
[6]. The oyster isolates in the present study exhibited 
the tdh−/trh− genotype in a significantly higher 
proportion, as was also reported previously in the 
United States [33]. One isolate from oyster contained 
the tdh gene and another exhibited the trh gene, 
indicating the risk of consuming raw or undercooked 
oysters. According to the USFDA, consuming 10,000 
V. parahaemolyticus cells in a serving of oysters, or 
around 50 cells/g of oysters, can cause illness. 
Intervention strategies to reduce or decontaminate the 
number of V. parahaemolyticus in raw oysters are 
required. Various techniques for decontamination of V. 
parahaemolyticus without sacrificing the flavor or 
nutritional value of raw oysters have been developed. 
These techniques include physical methods (icing, 
immediate refrigeration, freezing, depuration, relaying 
and transplanting, irradiation, and high-pressure 
processing) and chemical methods (use of natural 
antimicrobial agents) [4]. Our findings of a low 
prevalence of V. parahaemolyticus (tdh+ or trh+) in 
oyster isolates were consistent with previous reports on 
environmental isolates [36–39]. The tdh−/trh− 
genotype was found in 14.3% clinical isolates, and 
these strains could possibly contain other virulence-
associated genes such as type III secretion systems 1 
and 2 (vscC2, vopB2, vscS2, vopC, vopA genes etc.) 

Figure 3. Antimicrobial susceptibility among clinical isolates of 
V. parahaemolyticus. 

Significant differences in the percentage of susceptibility between 2010 
and 2012 strains: *p = 0.001 and **p < 0.0001. AMP: ampicillin; KF: 
cephalothin; CRO: ceftriaxone; CN: gentamicin; S: streptomycin; AK: 
amikacin; K: kanamycin; E: erythromycin; E: tetracycline; NA: nalidixic 
acid; CIP: ciprofloxacin; SXT: trimethoprim-sulfamethoxazole; C: 
chloramphenicol. 
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[1,35]. Therefore, other virulence factors of V. 
parahaemolyticus should be investigated to better 
understand the exact mechanism of infection and host-
pathogen interactions.  

Our findings showed that 3.6% of the clinical 
isolates that produced urease also carried the trh gene, 
confirming that the urease-positive phenotype is 
significantly correlated with the presence of the trh 
gene, which is considered a typical virulence indicator 
for V. parahaemolyticus [8,40]. One trh-positive oyster 
isolate failed to produce urease; this isolate may not 
have expressed the gene for enzyme production under 
our experimental conditions. The trh gene was not 
found in two urease-positive oyster isolates, which was 
similar to the results of Kongrueng et al. [41], who 
reported that the trh gene was not involved in urease 
production among trh-positive V. parahaemolyticus.  

Our study found a high level of serotype diversity 
(26 serotypes), with O3:K6 (29/77, 37.7%) being the 
most common, followed by OUT:KUT (10/77, 13.0%), 
and O4:K9 (5/77, 6.5%). In contrast to the clinical 
isolates from 2012 (five serotypes), the clinical isolates 
from 2010 were extremely diverse, with 24 different 
types identified. The serotype O4:K9 was not found in 
2012, and O4:K12 and OUT:K19 appeared only in this 
year. The changes in serotypes of V. parahaemolyticus 
occur due to a frequent recombination event between 
the O and K antigen encoding gene clusters [42]. In 
addition, the difference of the serotypes present in V. 
parahaemolyticus in any region may be associated with 
differences in environmental parameters, such as 
temperature and acidification [43]. Among the oyster 
isolates, one isolate of tdh-positive was serotype 
O3:K6, which was the dominant serotype found among 
the clinical isolates. The serotype O4:K34 trh-positive 
was found only in one oyster isolate. Consistently, the 
serotypes O3:K6 and O4:K34 were previously reported 
from oyster isolates in the United States [33] and 
seafood isolates in China [44].  

In the current study, the majority (> 90%) of clinical 
and oyster isolates of V. parahaemolyticus collected in 
2010 were susceptible to all antimicrobial agents, 
except for ampicillin. This finding is consistent with 
reports from Thailand [10] and China [45]. Our findings 
revealed no significant difference between the isolation 
sources and antimicrobial susceptibility patterns. 
Among the ampicillin non-susceptible isolates, more 
than 95% produced β-lactamase. In addition, one 
clinical and 10 oyster isolates did not produce β-
lactamase but were resistant to ampicillin, which 
suggests that V. parahaemolyticus may have other 

resistance mechanisms, such as decreased drug uptake, 
drug target modification, or drug efflux [46].  

We monitored the antimicrobial agent susceptibility 
of V. parahaemolyticus isolates from clinical specimens 
in 2012. We observed that more than 90% of V. 
parahaemolyticus isolates were still resistant to 
ampicillin. This finding indicates that ampicillin may be 
not suitable for treating V. parahaemolyticus infections. 
Moreover, we found that the clinical isolates in 2012 
were significantly resistant to cephalosporin 
(cephalothin), aminoglycosides (streptomycin, 
amikacin, kanamycin), and macrolide (erythromycin), 
in agreement with a study in Chile [47]. The 
percentages of isolates susceptible to gentamicin 
(90.5%) and amikacin (33.3%) in this study were 
relatively low compared with a report from China, at 
97.5% and 98%, respectively [45]. However, 95.2% of 
clinical isolates were susceptible to tetracycline and 
ciprofloxacin, suggesting that the current treatment 
options for V. parahaemolyticus infection are effective. 

The limitation of this study is that the V. 
parahaemolyticus isolates were fairly old; the new 
strains from clinical setting and oysters should be 
further collected and analyzed. 

 
Conclusions 

We found that two oyster isolates carried the tdh or 
trh gene, implying that toxin genes in V. 
parahaemolyticus from seafood and the environment 
should be monitored. Most V. parahaemolyticus 
isolates from clinical setting and oysters were found to 
be resistant to ampicillin due to β-lactamase production. 
In addition, some of the clinical isolates were initially 
found to be resistant to several antibiotics, hence the 
antimicrobial susceptibility test of organisms isolated 
from humans and the environment should be 
continually determined for monitoring the spread of 
antimicrobial resistance. However, tetracycline and 
ciprofloxacin are still suitable for treatment of the 
patients infected with V. parahaemolyticus.  
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Annex – Supplementary Items 
 
Supplementary Table 1. Oligonucleotide primers and PCR conditions used for detection of the virulence genes of V. parahaemolyticus. 
Target gene Primer sequences (5' - 3') PCR conditions Product size (bp) References 

toxR F- GTCTTCTGACGCAATCGTTG 94 °C, 60 s; 63 °C, 90 s; 376 [25] 
R- ATACGAGTGGTTGCTGTCATG 72 °C, 90 s (30 cycles)  

tlh F-AAAGCGGATTATGCAGAAGCACTG 94 °C, 60 s; 51 °C, 60 s; 450 [28] 
R-GCTACTTTCTAGCATTTTCTCTGC 72 °C, 60 s (30 cycles)  

tdh F-GTACCGATATTTTGCAAA  382 [30] 
R- ATGTTGAAGCTGTACTTGA   

trh F- CTCTACTTTGCTTTCAGT  276 [29] 
R- TACCGTTATATAGGCGCTTA   
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