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ABSTRACT. A total of 449 samples including 385 seafood and 64 water samples in the Mekong
Delta of Vietnam collected in 2015 and 2016 were examined. Of 385 seafood samples, 332 (86.2%)
samples were contaminated with Vibrio parahaemolyticus and 25 (6.5%) samples were pathogenic
V. parahaemolyticus carrying tdh and/or trh genes. The tdh gene positive V. parahaemolyticus
strains were detected in 22 (5.7%) samples and trh gene positive V. parahaemolyticus strains were
found in 5 (1.3%) samples. Of 25 pathogenic V. parahaemolyticus strains, two strains harbored

both tdh and trh genes and the other 23 strains carried either tdh or trh gene. Of 64 water

samples at aquaculture farms, 50 (78.1%) samples were contaminated with V. parahaemolyticus.

J. Vet. Med. Sci. No tdh gene positive V. parahaemolyticus strains were detected; meanwhile, trh gene

80(11): 1737-1742, 2018 positive V. parahaemolyticus strain was detected in 1 (1.6%) sample. Twenty-six pathogenic V.
parahaemolyticus strains isolated were classified into 6 types of O antigen, in which the serotype
03:K6 was detected in 4 strains. All pathogenic strains were group-specific PCR negative except
for 4 03:K6 strains. The result of antimicrobial susceptibility test indicated that pathogenic strains
showed high resistance rates to streptomycin (84.6%), ampicillin (57.7%) and sulfisoxazole (57.7%).
These findings can be used for understanding microbiological risk of seafood in the Mekong Delta,
Vietnam.
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Vibrio parahaemolyticus, a gram-negative halophilic bacterium, is a vital agent of food poisoning in human [6]. The infection
of this pathogen in human has been reported worldwide [16] and most reported cases link to seafood consumption [7, 18].
Thermostable direct hemolysin (TDH) encoded #dh gene and TDH-related hemolysin encoded #74 gene are considered to be the
most important virulent factors of human pathogenic V. parahaemolyticus [18]. In Vietnam, the infection of V. parahaemolyticus
in human has been reported since 1983 [12]. The outbreak of V. parahaemolyticus with the predominance of pandemic O3:K6
strain from 1997 to 1999 was reported in Nha Trang in the middle region of Vietnam [4, 24]. Tai et al. [22] reported that V.
parahaemolyticus was isolated at 8.3% from acute diarrheal patients in the South of Vietnam in 2010 and ¢dh or trh gene carrying
strains dominated 41.7% of these V. parahaemolyticus infections. A few information on human pathogenic V. parahaemolyticus
in environment has been published [22, 23] although human V. parahaemolyticus infection has been reported in Vietnam. In this
century, a large volume of seafood and seafood products are produced in the Mekong Delta, the South of Vietnam. However, the
information on prevalence of V. parahaemolyticus in this area has been not fully understood. In an effort to understand the risk of
V. parahaemolyticus infection in Vietnam, particularly in the Mekong Delta, our objectives were to investigate prevalence of V.
parahaemolyticus in seafood and water environment in the Mekong Delta and clarify some characteristics of this bacterium such as
harboring virulent genes and serotype, harboring pandemic trait and antimicrobial resistance of virulent strains.

MATERIALS AND METHODS

Sample collection
A total of 449 samples including 385 seafood samples and 64 water samples were collected. Of 385 seafood samples, 330
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retail samples including 298 shellfish samples [white hard clam (Meretrix lyrata), blood cockle (Anadara granosa), mud clam
(Geloina coaxans), hakf-crenate ark (4dnadara subcrenata) and antique ark (Anadara antiquata)] and 32 shrimp samples [banana
shrimp (Penaeus merguiensis) and greasyback shrimp (Metapenaeus ensis)] were purchased from wet markets in Can Tho city and
Tra Vinh province in the Mekong Delta in 2015 and 2016 and 55 farming samples including 16 clam samples [white hard clam
(Meretrix Iyrata)] and 39 shrimp samples [white leg shrimp (Litopenaeus vannamei) and black tiger shrimp (Penaeus monodon)]
were collected at 2 clam farms and 39 shrimp ponds, respectively, in Tra Vinh province in 2016. Of 64 water samples, 22 and 42
samples were collected at 2 clam farms and 42 shrimp ponds, respectively, in Tra Vinh province in 2016. All samples were kept
separately in sterile plastic bags placed in polystyrene foam boxes with ice and analyzed immediately as arrival at laboratory.

Enrichment culture and V. parahaemolyticus isolation

For seafood samples, a 25 g portion of seafood was mixed with 225 m/ of Alkaline Peptone Water (APW, Nissui Co., Ltd.,
Tokyo, Japan) in sterile stomacher bag to form homogenate solution. For water samples, a 100 m/ volume of water was mixed
well with 100 m/ of 2 times high concentrate APW. The mixture was incubated at 37°C for 18 hr. After that, a loopful of
enrichment culture was inoculated on thiosulfate-citrate-bile salts-sucrose (TCBS) agar (Nissui) and CHROMagar Vibrio (CV) agar
(CHROMagar Microbiology, Paris, France) and incubated at 37°C for 18 hr. After incubation, green colonies on TCBS agar and
violet colonies on CV agar were picked up and subjected to biochemical tests. The strains showing glucose fermentation without
gas production, lysine-positive, mobility-positive, indole-positive, oxidase-positive, VP- negative, no growth without NaCl and
growth from 3 to 8% NaCl were identified as V. parahaemolyticus. The V. parahaemolyticus identified was confirmed by species-
specific toxR gene detection using PCR method following protocol described by Kim ez al. [13].

DNA extraction
DNA of V. parahaemolyticus strains was extracted using the boiling method as described previously [10].

Pathogenic gene detection

tdh gene: Loop-mediated isothermal amplification assay was applied to detect tdh gene using a Loopamp DNA amplification kit
(Eiken Chemical Co., Ltd., Tokyo, Japan) as described by Yamazaki et al. [25]. The incubation was carried out in a Loop realtime
tubidimeter (Realoop-30, Eiken Chemical) at 65°C for 60 min, following by 80°C for 2 min. A reaction was considered positive as
the turbidity reached 0.1 within 60 min.

trh gene: PCR assay for trh gene examination was performed using the protocol described previously [2]. PCR amplified
products were checked in 1.5% agarose gels by electrophoresis. After that, the gel was stained with ethidium bromide (0.5 mg/m/)
and photographed under a UV transilluminator.

Serotyping
V. parahaemolyticus strains harboring tdh and/or trh genes isolated in this study were serotyped using commercial antisera test
kit (Denka Seiken, Tokyo, Japan) following manufacturer’s instructions.

Pandemic trait detection
Group-specific PCR (GS-PCR) was carried out to find pandemic strains using protocol described by Matsumoto et al. [15].

Antimicrobial resistance examination

The antimicrobial susceptibility test was done using the disk diffusion method following the guideline of Clinical and Laboratory
Standard Institute (CLSI) [5]. Nine antimicrobial agents were used in this study including ampicillin (10 xg), chloramphenicol
(30 ug), gentamycin (10 ug), kanamycin (30 xg), nalidixic acid (30 ug), ofloxacin (10 ug), oxytetracycline (30 ug), streptomycin
(10 ug) and sulfisoxazole (250 ug). The density of bacteria was adjusted to reach the turbidity of 0.5 McFarland standard. After
that, bacteria were lawn on Muller Hilton agar (Benton, Dickinson and Co., Sparks, MD, U.S.A.) supplemented 3% NaCl plates.
Antimicrobial disks (Benton, Dickinson and Co.) were then placed on agar plates and these agar plates were incubated at 37°C for
18 hr.

RESULTS

Prevalence of V. parahaemolyticus in seafood and water samples in the Mekong Delta

Seafood samples: The prevalence of V. parahaemolyticus in seafood samples obtained from wet markets and clam and shrimp
farms was summarized in Table 1. V. parahaemolyticus strains were isolated in 288 of 330 (87.3%) samples from retail shops and
in 44 of 55 (80.0%) samples from farms. Of 330 retail seafood samples, tdh and/or trh gene positive V. parahaemolyticus strains
were detected in 24 (7.3%) samples. The tdh gene positive V. parahaemolyticus strains were detected in 22 (6.7%) samples and
trh gene positive V. parahaemolyticus strains were found in 4 (1.2%) samples. Of 24 pathogenic V. parahaemolyticus strains,
two strains harbored both tdh and trh genes and the other 22 strains carried either #dh or trh gene. Regarding to farming seafood
samples, none of tdh gene positive V. parahaemolyticus strains was isolated; meanwhile, trh gene positive V. parahaemolyticus
was found in 1 (1.8%) sample. Of farming seafood samples examined, the 77 gene positive strain was detected only in the clam
sample, dominating 6.3% clam samples collected. No pathogenic V. parahaemolyticus strains were detected in shrimp samples
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Table 1. Prevalence of V. parahaemolyticus in seafood samples in the Mekong Delta, Vietnam

No. of No. of human pathogenic V. parahaemolyticus
Origin Samples e ot V. parahaemolyticus positive samples (%)
samples o
positive samples (%) tdh gene trh gene Total
Retail shops ~ Molluscan shellfish
White hard clam 87 79 (90.8) 10 (11.5) 2(2.3) 11 (12.6)
Blood cockle 85 80 (94.1) 5(5.9) 1(1.2) 5(5.9)¥
Mud clam 60 51(85.0) 4(6.7) 1(1.7) 5(8.3)
Antique ark 40 32 (80.0) 1(2.5) 0(0.0) 1(2.5)
Hakf-crenate ark 26 18 (69.2) 2(7.7) 0(0.0) 2(7.7)
Subtotal 298 260 (87.2) 22 (7.4) 4(1.3) 24 (8.0)
Shrimp
Banana shrimp 28 25 (89.3) 0(0.0) 0(0.0) 0(0.0)
Greasyback shrimp 4 3(75.0) 0(0.0) 0(0.0) 0(0.0)
Subtotal 32 28 (87.5) 0(0.0) 0(0.0) 0(0.0)
Subtotal 330 288 (87.3) 22 (6.7) 4(1.2) 24 (7.3)
Farms Molluscan shellfish
White hard clam 16 16 (100) 0(0.0) 1(6.3) 1(6.3)
Shrimp
White leg shrimp 35 25(71.4) 0(0.0) 0(0.0) 0(0.0)
Black tiger shrimp 4 3(75.0) 0(0.0) 0(0.0) 0(0.0)
Subtotal 39 28 (71.8) 0(0.0) 0(0.0) 0(0.0)
Subtotal 55 44 (80.0) 0(0.0) 1(1.8) 1(1.8)
Total 385 332 (86.2) 22 (5.7) 5(1.3) 25(6.5)

a) One V. parahaemolyticus strain harbored both tdh and trh genes.

Table 2. Prevalence of V. parahaemolyticus in water samples in the Mekong Delta, Vietnam

No. of No. of human pathogenic
Water samples ::;’pcl); V. pqrahaemolyticus V. parahaemolyticus positive samples (%)
positive samples (%) tdh gene trh gene

Molluscan shellfish farms

White hard clam 22 17 (77.3) 0(0.0) 1(4.5)
Shrimp ponds

White leg shrimp 38 30(78.9) 0(0.0) 0(0.0)

Black tiger 4 3(75.0) 0(0.0) 0(0.0)

shrimp

Subtotal 42 33 (78.6) 0(0.0) 0(0.0)
Total 64 50 (78.1) 0(0.0) 1(1.6)

including in retail shops and in shrimp ponds. All /dh and/or trh gene carrying strains isolated was foxR gene positive (Table 3).
Water samples: Of 64 water samples collected at clam farms and shrimp ponds, 50 (78.1%) samples were V. parahaemolyticus
positive (Table 2). No ¢dh gene positive V. parahaemolyticus was isolated from all samples although only 1 (1.6%) sample harbored
trh gene positive V. parahaemolyticus (Table 2). This trh gene positive strain was isolated from clam farming environment,

accounting for 4.5% samples collected at this area. The #74 gene positive strain was also ftoxR gene positive (Table 3).

Serotypes and pandemic trait

The serotypes and pandemic trait of pathogenic V. parahaemolyticus strains obtained in this study were shown in Table 3. The
pathogenic strains were classified into 6 O serogroups and generated 13 serotypes. Notably, all of 4 O3:K6 strains harboring tdh
gene from retail shellfish samples showed GS-PCR positive. The pandemic trait was only found in O3:K6 strains, but not in the
others.

Antimicrobial resistance

Most of the pathogenic V. parahaemolyticus strains isolated in this study showed resistance to streptomycin (84.6%), ampicillin
(57.7%) and sulfisoxazole (57.7%) (Table 4). Of 26 pathogenic strains, 5 (19.2%) and 20 (76.9%) strains showed resistance against
one and more than one antimicrobial agents, respectively; while only 1 strain showed no resistance to antimicrobial agents (Table 5).
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Table 3. Characteristics of human pathogenic V. parahaemolyticus strains Table 4. Antimicrobial resistance of human

isolated from seafood and water samples in the Mekong Delta, Vietnam pathogenic V. parahaemolyticus (n=26)

Serotype Origin tdh gene  trh gene foxR gene GS-PCR Antimicrobial agents  No. of resistant strains (%)

Ol:Kl1 Retail shellfish - + + - Streptomycin 22 (84.6)

01:K32 Retail shellfish + - + - Ampicillin 15 (57.7)

O1:Ky Retail shellfish + + + - Sulfisoxazole 15(57.7)

O1:Kyr Retail shellfish + + + - Kanamycin 2(7.7)

Ol:Kyr Retail shellfish + - + - Chloramphenicol 0(0.0)

02: Ky Retail shellfish + - + - Gen.ta.m.ycin. 0(0.0)

02:Kyrp Retail shellfish + - + - Nalidixic acid 0(0.0)

02:Kyrp Retail shellfish + - + - Oxfloxacin 0(0.0)

03K6 Retail shellfish T - T T Oxytetracycline 0000

03:K6 Retail shellfish + - + +

03:K6 Retail shellfish + - + +

03:K6 Retail shellfish + - + + Table 5. Resistant patterns of human patho-

03:K7 Retail shellfish + _ + _ genic V. parahaemolyticus strains against

03:K7 Retail shellfish + - - - 9 antimicrobial agents

03:Kyr Retail shellfish + - + - Resistant patterns No. of strains

03:Kyr Clam at clam farm - + + - KM-AMP-SEX-STM? 1

04:K29 Retail shellfish + - + - KM-AMP-STM 1

04:K34 Retail shellfish + - + - AMP-SFX-STM 6

04:K42 Retail shellfish + - + - SFX-STM 6

04:K42 Retail shellfish + - + - AMP- STM 4

04:K42 Retail shellfish + - + - AMP-SFX 2

O04:Kyr Retail shellfish + - + - STM 4

04:Kyr Retail shellfish + - + - AMP 1

O04:Kyr Retail shellfish + - + - No resistance 1

05:K47 Retail shellfish - + - Total 26

O8:Kyr Water at clam farm - + - a) KM: Kanamycin; AMP: Ampicillin; SFX:

a) Untypeable. Sulfisoxazole; STM: Streptomycin.

DISCUSSIONS

The pathogenicity of V. parahaemolyticus causing foodborne illness in human is usually associated with #dh and #rh genes [18].
The contamination of this pathogen has been reported in seafood samples in some Southeast Asian countries such as Thailand [3,
17], Malaysia [2, 17, 19] and Indonesia [17]. However, few information on the prevalence of this pathogen in environment in the
Mekong Delta has been reported. In this study, tdh and trh gene positive V. parahaemolyticus was isolated from retail shellfish and
shellfish farms. This is the first report on the detection of human pathogenic V. parahaemolyticus in food in the Mekong Delta,
Vietnam.

The human pathogenic V. parahaemolyticus is usually detected relatively at a high rate in molluscan shellfish samples. The tdh
gene positive V. parahaemolyticus was detected from molluscan shelfish at 12% in Thailand [3], 11.1% in Malaysia and 9.1% in
Indonesia [17]. It is known that molluscan shellfish are filter feeders and can accumulate pathogenic V. parahaemolyticus in their
guts, providing high prevalence of this pathogenic bacterium compared to other species such as shrimp and fish [17, 20]. Therefore,
the prevalence rate of pathogenic V. parahaemolyticus in shellfish samples seems to be higher than that in shrimp in this study.
Moreover, many of retail shops in this study were located near the coast in the Mekong Delta. Shellfish from those shops were
usually sold immediately after they were harvested at the coast. Therefore, prevalence of pathogenic V. parahaemolyticus in retail
shellfish seems to reflect that in the environment in this coastal area in this study although ¢dh gene positive V. parahaemolyticus
was not detected from farming shellfish and environment samples.

Serotype 03:K6 is known to be the predominant serotype isolated from V. parahaemolyticus infection in human [16]. The
GS-PCR positive O3:K6 strain is indicated as the pandemic strain [15]. In this study, all of 4 O3:K6 strains detected in retail
shellfish samples showed GS-PCR positive. These results indicate that the pandemic V. parahaemolyticus strain is prevalent in the
environment in the Mekong Delta. Therefore, we should pay more attention on human V. parahaemolyticus infection in this region.

Pathogenic V. parahaemolyticus strains isolated in this study showed high resistance rates to streptomycin, ampicillin and
sulfisoxazole. Similar observations were reported elsewhere in Southeast Asian countries [1, 9, 14, 21]. However, Marlina et al.
[14] reported human pathogenic V. parahaemolyticus originated from Indonesia showed high resistance rates to tetracycline and
gentamycin, although our isolates showed no resistance to those antibiotics. Almost all pathogenic V. parahaemolyticus strains
examined in this study demonstrated multiple antimicrobial resistances. Other studies in some Southeast Asian countries also
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recorded similar results [1, 14]. In fact, several antimicrobial agents such as streptomycin, ampicillin and sulfisoxazone have been
frequently used in agriculture and aquaculture for the last some decades; therefore, the resistance of bacteria to those antimicrobial
agents could be facilitated by selective pressure [8, 11].

In conclusion, human pathogenic V. parahaemolyticus is prevalent in seafood relatively at high rate in the Mekong Delta
and the pandemic serotype O3:K6 distributed in this area. Furthermore, pathogenic V. parahaemolyticus isolated in this area
showed resistance to several antimicrobial agents and performed multidrug resistance. These findings can be used for monitoring
microbiological risk of seafood in the Mekong Delta.

CONFLICT OF INTEREST. No conflicts were declared.

ACKNOWLEDGMENT. The authors thank Dr. Ryoichi KUBO in Kanto Chemical Co., Inc. for supporting our research.

REFERENCES

1. Al-Othrubi, S. M. Y., Kqueen, C. Y., Mirhosseini, H., Hadi, Y. A. and Radu, S. 2014. Antibiotic resistance of Vibrio parahaemolyticus isolated from
cockles and shrimp seafood marketed in Selangor, Malaysia. Clin. Microbiol. 3: 1-7.

2. Bilung, L. M., Radu, S., Bahaman, A. R., Rahim, R. A., Napis, S., Ling, M. W. C. V., Tanil, G. B. and Nishibuchi, M. 2005. Detection of Vibrio
parahaemolyticus in cockle (Anadara granosa) by PCR. FEMS Microbiol. Lett. 252: 85-88. [Medline] [CrossRef]

3. Changchai, N. and Saunyjit, S. 2014. Occurrence of Vibrio parahaemolyticus and Vibrio vulnificus in retail raw oysters from the eastern coast of
Thailand. Southeast Asian J. Trop. Med. Public Health 45: 662—-669. [Medline]

4. Chowdhury, A., Ishibashi, M., Thiem, V. D., Tuyet, D. T. N., Tung, T. V., Chien, B. T., Seidlein Lv, L., Canh, D. G., Clemens, J., Trach, D. D. and
Nishibuchi, M. 2004. Emergence and serovar transition of Vibrio parahaemolyticus pandemic strains isolated during a diarrhea outbreak in Vietnam
between 1997 and 1999. Microbiol. Immunol. 48: 319-327. [Medline] [CrossRef]

5. CLSI. Performance standards for antimicrobial susceptibility testing, twenty-fourth informational supplement. 2014. CLSI document M100-S24.
Clinical and Laboratory Standards Institute, Wayne.

6. Daczkowska-Kozon, E. G., Dabrowski, W., Bednarczyk-Drag, A. and Szymczak, B. 2011. Safety aspects of seafood. pp. 127-140. In:
Environmental Effects on Seafood Availability, Safety, and Quality (Daczkowska-Kozon, E. G. and Sun Pan, B. eds.), Taylor and Francis Group,
LLC, Ames.

7. Daniels, N. A., Ray, B., Easton, A., Marano, N., Kahn, E., McShan, A. L. 2nd., Del Rosario, L., Baldwin, T., Kingsley, M. A., Puhr, N. D., Wells, J.
G. and Angulo, F. J. 2000. Emergence of a new Vibrio parahaemolyticus serotype in raw oysters: A prevention quandary. JAMA 284: 1541-1545.
[Medline] [CrossRef]

8. Done, H. Y., Venkatesan, A. K. and Halden, R. U. 2015. Does the recent growth of aquaculture create antibiotic resistance threats; Different from
those associated with land animal production in agriculture? A4PS J. 17: 513-524. [Medline] [CrossRef]

9. Elmahdi, S., DaSilva, L. V. and Parveen, S. 2016. Antibiotic resistance of Vibrio parahaemolyticus and Vibrio vulnificus in various countries: A
review. Food Microbiol. 57: 128—134. [Medline] [CrossRef]

10. Hara-Kudo, Y., Sugiyama, K., Nishibuchi, M., Chowdhury, A., Yatsuyanagi, J., Ohtomo, Y., Saito, A., Nagano, H., Nishina, T., Nakagawa, H.,
Konuma, H., Miyahara, M. and Kumagai, S. 2003. Prevalence of pandemic thermostable direct hemolysin-producing Vibrio parahaemolyticus
03:K6 in seafood and the coastal environment in Japan. Appl. Environ. Microbiol. 69: 3883-3891. [Medline] [CrossRef]

11. Hernandez Serrano, P. 2005. Responsible use of antibiotics in aquaculture. FAO Fisheries Technical Paper No. 469. Rome, FAO. 97p.

12. Islam, L., Khan, M. S. I. and Matin, M. A. 1985. Annotated bibliography of Asian literature on diarrhoeal diseases. J. Diarrhoeal Dis. Res. 3:
226-265.

13. Kim, Y. B., Okuda, J., Matsumoto, C., Takahashi, N., Hashimoto, S. and Nishibuchi, M. 1999. Identification of Vibrio parahaemolyticus strains at
the species level by PCR targeted to the toxR gene. J. Clin. Microbiol. 37: 1173—-1177. [Medline]

14. Marlina, R., Radu, S., Kqueen, C. Y., Napis, S., Zakaria, Z., Mutalib, S. A. and Nishibuchi, M. 2007. Detection of #tdh and th genes in Vibrio
parahaemolyticus isolated from Corbicula moltkiana prime in West Sumatera, Indonesia. Southeast Asian J. Trop. Med. Public Health 38: 349-355.
[Medline]

15. Matsumoto, C., Okuda, J., Ishibashi, M., Iwanaga, M., Garg, P., Rammamurthy, T., Wong, H. C., Depaola, A., Kim, Y. B., Albert, M. J. and
Nishibuchi, M. 2000. Pandemic spread of an O3:K6 clone of Vibrio parahaemolyticus and emergence of related strains evidenced by arbitrarily
primed PCR and toxRS sequence analyses. J. Clin. Microbiol. 38: 578-585. [Medline]

16. Nair, G. B., Ramamurthy, T., Bhattacharya, S. K., Dutta, B., Takeda, Y. and Sack, D. A. 2007. Global dissemination of Vibrio parahaemolyticus
serotype O3:K6 and its serovariants. Clin. Microbiol. Rev. 20: 39-48. [Medline] [CrossRef]

17. Nakaguchi, Y. 2013. Contamination by Vibrio parahaemolyticus and its virulent strains in seafood marketed in Thailand, Vietnam, Malaysia, and
Indonesia. Trop. Med. Health 41: 95-102. [Medline] [CrossRef]

18. Nelapati, S., Nelapati, K. and Chinnam, B. K. 2012. Vibrio parahaemolyticus-An emerging foodborne pathogen-A review. Vet. World 5: 48-62.
[CrossRef]

19. New, C. Y., Kantilal, H. K., Tan, M. T. H., Nakaguchi, Y., Nishibuchi, M. and Son, R. 2014. Consumption of raw oysters: A risk factor for Vibrio
parahaemolyticus infection. Int. Food Res. J. 21: 2459-2472.

20. Potasman, I, Paz, A. and Odeh, M. 2002. Infectious outbreaks associated with bivalve shellfish consumption: a worldwide perspective. Clin. Infect.
Dis. 35: 921-928. [Medline] [CrossRef]

21. Serichantalergs, O., Bhuiyan, N. A., Nair, G. B., Chivaratanond, O., Srijan, A., Bodhidatta, L., Anuras, S. and Mason, C. J. 2007. The dominance of
pandemic serovars of Vibrio parahaemolyticus in expatriates and sporadic cases of diarrhoea in Thailand, and a new emergent serovar (O3 : K46)
with pandemic traits. J. Med. Microbiol. 56: 608—613. [Medline] [CrossRef]

22. Tai, D. T.,, Thuy, A. V., Nhi, N. T. N., Ngoc, N. T. K. and Lan, N. T. P. 2011. Virulence and antimicrobial resistance characteristics of Vibrio
parahaemolyticus isolated from environment, food and clinical samples in the South of Vietnam, 2010. BMC Proc. 5: 94. [CrossRef]

23. Tra, V. T., Meng, L., Pichpol, D., Pham, N. H., Baumann, M., Alter, T. and Huehn, S. 2016. Prevalence and antimicrobial resistance of Vibrio spp. in
retail shrimps in Vietnam. Berl. Munch. Tierarztl. Wochenschr. 129: 48-51. [Medline]

doi: 10.1292/jvms.18-0241 1741


http://www.ncbi.nlm.nih.gov/pubmed/16216442?dopt=Abstract
http://dx.doi.org/10.1016/j.femsle.2005.08.053
http://www.ncbi.nlm.nih.gov/pubmed/24974651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15107543?dopt=Abstract
http://dx.doi.org/10.1111/j.1348-0421.2004.tb03513.x
http://www.ncbi.nlm.nih.gov/pubmed/11000648?dopt=Abstract
http://dx.doi.org/10.1001/jama.284.12.1541
http://www.ncbi.nlm.nih.gov/pubmed/25700799?dopt=Abstract
http://dx.doi.org/10.1208/s12248-015-9722-z
http://www.ncbi.nlm.nih.gov/pubmed/27052711?dopt=Abstract
http://dx.doi.org/10.1016/j.fm.2016.02.008
http://www.ncbi.nlm.nih.gov/pubmed/12839757?dopt=Abstract
http://dx.doi.org/10.1128/AEM.69.7.3883-3891.2003
http://www.ncbi.nlm.nih.gov/pubmed/10074546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17539286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10655349?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17223622?dopt=Abstract
http://dx.doi.org/10.1128/CMR.00025-06
http://www.ncbi.nlm.nih.gov/pubmed/24155650?dopt=Abstract
http://dx.doi.org/10.2149/tmh.2011-06
http://dx.doi.org/10.5455/vetworld.2012.48-63
http://www.ncbi.nlm.nih.gov/pubmed/12355378?dopt=Abstract
http://dx.doi.org/10.1086/342330
http://www.ncbi.nlm.nih.gov/pubmed/17446282?dopt=Abstract
http://dx.doi.org/10.1099/jmm.0.47006-0
http://dx.doi.org/10.1186/1753-6561-5-s1-p94
http://www.ncbi.nlm.nih.gov/pubmed/26904896?dopt=Abstract

The Journal of

Veterinary

Medical

Science T.H. T. TRAN ET AL.

24. Tuyet, D. T., Thiem, V. D., Von Seidlein, L., Chowdhury, A., Park, E., Canh, D. G., Chien, B. T., Van Tung, T., Naficy, A., Rao, M. R., Ali, M., Lee,
H., Sy, T. H., Nichibuchi, M., Clemens, J. and Trach, D. D. 2002. Clinical, epidemiological, and socioeconomic analysis of an outbreak of Vibrio
parahaemolyticus in Khanh Hoa Province, Vietnam. J. Infect. Dis. 186: 1615-1620. [Medline] [CrossRef]

25. Yamazaki, W., Kumeda, Y., Misawa, N., Nakaguchi, Y. and Nishibuchi, M. 2010. Development of a loop-mediated isothermal amplification assay
for sensitive and rapid detection of the ¢dh and trh genes of Vibrio parahaemolyticus and related Vibrio species. Appl. Environ. Microbiol. 76:
820-828. [Medline] [CrossRef]

doi: 10.1292/jvms.18-0241 1742


http://www.ncbi.nlm.nih.gov/pubmed/12447738?dopt=Abstract
http://dx.doi.org/10.1086/345731
http://www.ncbi.nlm.nih.gov/pubmed/19966027?dopt=Abstract
http://dx.doi.org/10.1128/AEM.02284-09

