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Background: Vibrio species are of particular concern due to their association with
gastroenteritis after consuming raw seafood. This study aimed to assess the preva-
lence of Vibrio species and the frequency of virulence genes in Vibrio isolates from
the Persian Gulf seafood.

Materials & Methods: In this descriptive cross-sectional study, 118 samples of ma-
rine fish, shrimp, salted fish, and salted shrimp were collected from seafood mar-
kets along the southeastern coast of Iran. The collected samples were enriched in
alkaline peptone water and then cultured on thiosulfate citrate bile salt sucrose
agar medium. Vibrio species were identified using multiplex polymerase chain reac-
tion (PCR) targeting the sodB, flaE, and hsp genes. Additionally, the virulence genes
toxR, trh, and tdh were identified through PCR.

Findings: A total of 68 Vibrio isolates were collected from 118 samples, including
48 (70%) V. parahaemolyticus isolates, 14 (20%) V. cholera isolates, and six (9%) V.
vulnificus isolates. No isolates of V. mimicus were found. Among the isolates, the Tdh
and toxR genes were detected in 16 (23%) and 35 (51%) cases, respectively. Addi-
tionally, 12 (18%) isolates contained both genes. The Trh gene was not detected in
any of the samples.

Conclusion: The seafood market in southeastern Iran serves as a crucial hub for
distributing marine products to other provinces. The presence of Vibrio species,
particularly V. parahaemolyticus, along with their virulence factors in these marine
products may pose a risk of infection to consumers. This underscores the impor-
tance of proper handling practices when preparing seafood.
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Genetic Characterization of Vibrio in Seafood

Introduction

Vibrio species are curved, Gram-negative,
halophilic bacteria with over 100 species, of
which 13 species are known to cause human
infections 1. Important species of this genus
include V. parahaemolyticus, V. cholerae, and
V. vulnificus '?. Since their recognition in
1950, these bacteria have caused sporadic
and widespread gastroenteritis outbreaks
worldwide Bl V. cholera is a common cause
of acute diarrheal disease in developed and
developing countries, particularly affecting
vulnerable populations lacking access to
sanitary water sources. Between 2011 and
2020, a diarrhea outbreak caused by this
bacterium occurred in India, resulting in
565 reported cases . V. vulnificus and V.
parahaemolyticus are also associated with
gastrointestinal infections, mainly due to
the consumption of contaminated food,
especially raw or undercooked seafood ™.
V. parahaemolyticus produces virulence
factors that are crucial for its pathogenesis,
including thermostable direct hemolysin
(TDH). This heat-stable, pore-forming toxin
is composed of 156 amino acids and found in
48% of environmental isolates, suggesting
its potential role in bacterial adaptation
to various environmental conditions. The
cytotoxic mechanism of TDH differs from
its hemolytic activity; it increases the
concentration of calciumionsintheintestinal
epithelium, opens chloride channels, and
enhances the secretion of chloride ions
in intestinal cells ). Immunologically and
genetically, TDH is similar to a heat-labile
toxin known as TDH-related hemolysin
(TRH). TRH functions by forming pores in
the membranes of host cells, leading to cell
lysis and death. This pore-forming activity
disrupts cellular integrity, allowing the
bacteria to invade tissues and evade the
host immune response. Also, TRH enhances
the overall virulence of V. parahaemolyticus
by promoting adhesion to intestinal
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epithelial cells and facilitating invasion.
This is particularly associated with severe
gastroenteritis cases, as strains expressing
TRH tend to exhibit higher pathogenic
potential compared to those that do not
express TRH [,

The transmembrane regulatory protein
(toxR) [ acts as a regulatory factor for
virulence genes and biofilm formation,
which are essential for the survival of
V. parahaemolyticus in environmental
conditions . A low incidence of TDH has
been found in V. mimicus isolates from
environmental sources, suggesting thatother
factors may contribute to the pathogenesis
of this species °l. These factors include toxR
(19 a V. mimicus-specific hemolysin (vmh),
and a heat-stable toxin (st), which have been
detected in V. mimicus .

V. parahaemolyticus could survive at
temperatures of 45 to 50 °C and proliferate
significantly at seawater temperatures of 14
to 19 °C. This ability helps explain the spread
of this pathogen during the summer and
autumn months 2.

Objectives: Since the southeastern Iranian
fish market is one of the major seafood
distribution centers across the country, and
contamination ofits productswithfoodborne
pathogens has a great impact on community
health, the present study was conducted to
assess the prevalence of clinically-important
Vibrio species and the frequency of tdh, toxR,
and trh genes in Vibrio isolates from the
Persian Gulf seafood in southeastern Iran.

Materials and Methods

Sample collection: This descriptive cross-
sectional study was conducted between
November 2019 and March 2020. A total of
118 seafood samples were collected from
seafood markets in the southeastern port
areas of the Persian Gulf in Iran using simple
random sampling. The samples included
shrimp (n=7), salted shrimp (n=7), pelagic
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fish (n=15), benthic fish (n=83), and salted
fish (n=6). All samples were promptly
transferred to the laboratory in an ice box to
ensure their freshness.

Enrichment and isolation: After removing
the fish scales and fins, the skin was steril-
ized using alcohol and a flame. The muscles
above the lateral line were then carefully
excised. Shrimps were washed thoroughly
and sterilized with alcohol and a flame, af-
ter which the carapace was aseptically re-
moved to expose the flesh. Approximately
10 g of each sample was transferred into al-
kaline peptone water (Merck, Germany) and
incubated at 37 °C for 6 hours. Following
incubation, the samples were cultured on
thiosulfate citrate bile salt sucrose agar me-
dium (Conda Pronadisa, Spain) ™% and sub-
sequently subjected to biochemical tests, in-
cluding Gram staining, oxidase, urease, and
Kligler iron agar tests ['*16. Bacteria other
than Vibrio species were excluded from the
study. The standard strain V. parahaemolyt-
icus ATCC 17802, obtained from the Irani-
an Genetic and Biological Resources Center,
served as a positive control .
Identification of Vibrio species and
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virulence genes: Presumptive colonies
were subjected to PCR (polymerase chain
reaction) testing to confirm Vibrio spp.
Bacterial DNA was extracted by boiling
method at 95 °C for 10 min ™. Vibrio
species were identified using multiplex PCR
targeting sodB for V. cholerae and V. mimicus,
flaE for V. parahaemolyticus, and hsp for V.
vulnificus 1'%, Multiplex PCR was performed
in a final volume of 25 plL, consisting of
12.5 pL of Master Mix (SinaClon, Iran)
containing 2U Taq polymerase 10X PCR
buffer, 1.5 mM MgCl, 1 mM dNTP, 0.5 uL
of each 10 pmol primer pair (Table 1), 3
uL of template DNA, and 7.5 pL of distilled
water. PCR amplification reactions were
performed on a thermal cycler (SensoQuest
lab thermocycler, Germany) under the
following conditions: an initial denaturation
step at 95 °C for 5 min; followed by30 cycles
of denaturation at 94 °C for 30 s, primer
annealing at59 °C for 30 s, and extension
at 72 °C for 50 s; and a final extension step
at 72 °C for 5 min. Eventually, PCR products
were detected using 1.8% agarose gel
electrophoresis, visualized with safe stain
(SinaClon, Iran), and illuminated with UV

Table 1) Primer sequences used to detect Vibrio species and their virulence genes

Variable Primers Primer Sequences 2:;51(1;;;1 TeArzr]:Z?:liitrlll gre Reference
tdh-F 5-CCA CTA CCA CTC TCA TAT GC-3
tdh-R 5 -GGTACTAAATGGCTGACATC-3 221
T trh-F 5-GGC TCA AAA TGG TTA AGC G-3 o 58 °C 14
trh-R 5-CAT TTC CGC TCT CAT ATG C-3
toxR-F 5- GTC TTC TGA CGC AAT CGT TG-3
toxR-R 5 -ATA CGA GTG GTT GCT GTC ATG-3 368
V. cholerae Vc.sodB-F 5- AAGACCTCAACTGGCGGTA-3
Ve.sodB-R 5- GAAGTGTTAGTGATCGCCAGAGT-3 248
V. mimicus Vm.sodB-F 5- GAAG CAGCACTCACCGAT-3
Vm.sodB-R 5- GGTGAAGACTCATCAGCA-3 382 s
V. parahaemolyticus Vp.flaE-79F 5- GCAGCTGATCAAAACGTTGAGT-3 894 s9°C (16)
Vp.flaE-934R 5- ATTATCGATCGTGCCACTCAC-3
V. vulnificus Vv.hsp-326F 5-GTCTTAAAGCGGTTGCTGC3-
Vv.hsp-697R 5- CGCTTCAAGTGCTGGTAGAAG-3 0
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(ultraviolet) light. Additionally, toxR, trh, and
tdh virulence genes were identified by PCR
under the following conditions: an initial
denaturation at 95 °C for 5 min; followed by
20 cycles of denaturation at 94 °C for 1 min,
primer annealing at 58 °C for 1.5 min, and
extension at 72 °C for 1.5 min; and a final
extension at 72 °C for 7 min 4,

Findings

Sample collection: Overall, 118 seafood
samples were collected, including shrimp
(n=7), salted shrimp (n=7), pelagic fish
(n=15), benthic fish (n=83), and salted fish
(n=6). A total of 74 isolates were collected
from 118 samples (63%), including 48
smooth and green colonies (sucrose
negative) and 26 smooth and yellow (sucrose
positive) colonies. A total of 58% (68 of 118)
of the samples were contaminated with
Vibrio species. The contamination rates of
seafood samples with Vibrio species were as
follows: benthic fish 84% (57 of 68), pelagic
fish 13% (9 of 68), and shrimp 3% (2 of 68).
Neither salted fish nor salted shrimp showed

Table 2) Prevalence of Vibrio species and their viru-
lence genes in seafood samples

sodB  flaE Hsp

Sample/ tdh  toxR sodB o

Gene (Vc¥)  (Vm*)  (Vp*)

Shrimp:
n=7

1 2 0 0 2 0

Salted
shrimp: 0 0 0 0 0 0
n=7

Plagic
fish: 4 5 3 0 6 0
n=15

Bentic
fish: 11 28 11 0 40 6
n=83
Salted

fish: 0 0 0 0 0 0
n=6

Total:
118

*Vc: V. cholera, Vm: V. mimicus, Vp: V. parahaemolyticus, Vv:
V. vulnificus

16 35 14 0 48 6
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Ladder bp Vp.flaE
Vv.hsp

Ve.sodB

Vc.sodB  vp.flaE Ve.sodB

Ve.sodB

Vp.flaE

Figure 1) Detection of genes encoding Vibrio species
using multiplex PCR targeting sodB for V. cholerae
and V. mimicus, flaE for V. parahaemolyticus, and hsp
for V. vulnificus. Line 1: 100 bp DNA ladder, line 2 and
line 4: VcsodB (248 bp), line 3: VpflaE (897 bp) and
vesodB (248 bp), line 5: Vwhsp (410 bp), vesodB (248
bp), and vp flaE (894 bp), line 6: VpflaE (894 bp)

Figure 2) Detection of virulence genes toxR (368 bp)
and tdh (251 bp)

any contamination with Vibrio species (0%)
(Table 2).

Molecular identification: Molecular iden-
tification of isolates using PCR showed that
68 (58%) isolates belonged to Vibrio spe-
cies, including V. parahaemolyticus (n=48,
70%), V. cholera (n=14, 20%), V. vulnificus
(n=6, 9%), and V. mimicus (n=0, 0%). Also,
13 samples were contaminated with both V.
cholera and V. parahaemolyticus.

The tdh and toxR genes were detected in 16
(23%) and 35 (51%) isolates, respectively,
and 12 (18%) isolates harbored both genes (
Figure 1).In V. parahaemolyticus isolates, the
tdh and toxR genes were found in 14 (29%)
and 28 (58%) isolates, respectively, with 10
(21%) isolates carrying both genes (Figure
2). Among V. cholerae isolates, two (14%)
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and eight (57%) isolates harbored the tdh
and toxR genes, respectively, while one (7%)
isolate contained both genes. In V. vulnificus
isolates, one (17%) isolate carried the tdh
gene, two (33%) isolates harbored the toxR
gene, and one isolate (17%) contained both
genes. The trh and vmsodB genes were not
detected in any of the isolates.

Discussion

The present study highlights the prevalence
of Vibrio species, particularly V. parahaemo-
Iyticus, in seafood samples collected from the
southeastern port areas of the Persian Gulf
in Iran. Previous studies have revealed that
10.7% 8 to 22% 191 of Persian Gulf seafood
is contaminated with different Vibrio spe-
cies. However, this study found a significant
increase in contamination rate, with nearly
58% of the 118 samples tested positive for
Vibrio spp.

In the present study, the frequency of V.
parahaemolyticus among 68 Vibrio isolates
was 70%, which is higher than the reported
seafood contamination rate in Egypt (46%)
(201, This result is also higher than the results
of studies conducted on Persian Gulf seafood
contamination, ranging from 39% U to
41.8% 8, but lower than that reported in
a Malaysian study (85.7%) #2l. According
to the results, V. cholerae was detected in
14 (20%) isolates, while V. vulnificus was
identified in six (9%) isolates. Zangoei-
Fard and colleagues (2020) found that
10.67% of the seafood samples examined
were contaminated with Vibrio spp. Among
these contaminated samples, 41.77%
tested positive for V. parahaemolyticus,
indicating a high incidence of this bacterium.
Additionally, the prevalence rates of V
cholerae and V. vulnificus were reported to
be 18.98 and 13.92%, respectively 8], In the
present study, only six V. vulnificus isolates
were detected in seafood samples, which is
consistent with previous findings [18 23,
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Robert-Pillot et al. (2014) found that
34.70% of the seafood samples examined
were contaminated with Vibrio species.
Among which, 31.10% tested positive for V.
parahaemolyticus, with a higher prevalence.
Additionally, V. vulnificus was detected at
a rate of 12.60%, followed by V. cholerae at
0.6%. 4. In another study conducted by
Raissy et al. (2015) in Iran, the incidence
rates of various Vibrio species in fish and
shrimp samples from the Persian Gulf
were as follows: V. vulnificus 2.65%, V.
parahaemolyticus 3.53%, V. mimicus 1.76%,
and V. harveyi 11.50% [,

Food poisoning caused by Vibrio species is
linked to several virulence factors, including
hemolytic activity, cytotoxicity, and intestinal
toxicity. These factors could lead to serious
health complications such as gastroenteritis,
diarrhea, sepsis, and even death [?°l, Several
studies have documented the widespread
presence of virulence genesin environmental
isolates [2%27], In this study, the tdh and toxR
genes were present in 16 (22%) and 35
(47%) isolates, respectively. This indicates
the epidemiological importance of these
virulence genes in the transmission of
infections caused by Vibrio species. A study
conducted in Brazil found that the toxR
gene was present in all V. parahaemolyticus
isolates, but none of them carried the tdh
or trh gene ®. In a Chinese study, 9.90,
19.80, and 3.96% of V. parahaemolyticus
isolates were positive for the tdh, trh, and
both genes, respectively 1?81, while in another
study in Nigeria, 22 (32.8%) and 39 (58.2%)
V. parahaemolyticus isolates harbored the
tdh and trh toxin genes, respectively #°.. In
agreement with previous reports & 2%, trh
was not detected in this study. The presence
of the tdh and toxR virulence genes indicates
that these isolates are potentially diarrheal
isolates that have acquired the ability to
infect humans, causing economic losses in
the seafood industry in southern regions.

Summer 2025, Volume 11, Issue 3
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Comparison of various studies shows that
sample types, fishing seasons, ecological
conditions, and environmental pollution
significantly influence the frequency of
seafood contamination B3 Since the
minimum growth temperature for Vibrio
species is 5 °C, and given that the prevalence
of Vibrio spp. increases with increasing water
surface temperature [*> 3132 these bacteria
are expected to be isolated throughout the
year in the warm weather of the Persian Gulf
region.

A study indicated high levels of V
parahaemolyticus contamination in salted
shrimp 33l. However, in the present study, no
contamination was found in salted products.
Previous research ©* 3% has also reported
the absence of V. parahaemolyticus growth
in salted marine products. Increasing the
salt and glucose concentrations to more
than 2 and 0.015%, respectively, could
effectively prevent biofilm formation by V.
parahaemolyticus. This prevention occurs
through several mechanisms, including
osmotic stress, disruption of cell integrity,
interference with quorum sensing, and
alterations in metabolic pathways B4,

In the present study, the effect of seasonal
variations and water temperature on
the prevalence of Vibrio species was not
investigated. It is recommended to consider
this issue in future studies.

Conclusion

The isolation of Vibrio spp. and virulence
genes from 50% of seafood samples
highlights the necessity for further research
into how environmental conditions affect
the spread of Vibrio and the expression of
these virulence genes. It also emphasizes
the importance of tracking and identifying
pathogenic Vibrio clones associated with
the seafood supply chain. Continuous
surveillance is critical for monitoring and
early detection of pathogenic Vibrio in
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seafood products. Developing models that
predict environmental conditions favorable
for the growth of pathogenic Vibrio spp.
will be instrumental in designing effective
control programs to reduce the spread of
these bacteria.

Acknowledgements

This study was extracted from a master’s
thesis in microbiology at Shahid Ashrafi
Esfahani University (No: 1537617). We
would like to thank the Vice Chancellor
for Research of Hormozgan University of
Medical Sciences, the Molecular Medicine
Research Center, and the Infectious and
Tropical Diseases Research Center for their
technical support of this study.

Ethical permissions: None declared by
authors.

Authors’ contributions: Ak, HA: advisor,
writer, technical support. MG: sponsor,
conducting experiments, and data gathering.
Conflicts of interests: There are no conflicts
of interest.

Fundings: The master’s student and his
respective university funded the project.
Consent to participate: Not applicable.

References

1. Di Maro O, Proroga YT, Castellano S, Balestrieri
A, Capuano F Arletti E, et al. Detection of
pathogenic Vibrio spp. in foods: Polymerase chain
reaction-based screening strategy to rapidly
detect pathogenic Vibrio parahaemolyticus,
Vibrio cholerae, and Vibrio vulnificus in bivalve
mollusks and preliminary results. Ital ] Food Saf.
11653:(1)13;2024.

2. Kokashvili T, Whitehouse CA, Tskhvediani A, Grim
CJ, Elbakidze T, Mitaishvili N, et al. Occurrence and
diversity of clinically important Vibrio species in
the aquatic environment of Georgia. Front Public
Health. 3:232;2015.

3. Matsuda S, Hiyoshi H, Tandhavanant S, Kodama
T. Advances on Vibrio parahaemolyticus research
in the postgenomic era. Microbiol Immunol.
81-167:(3)64;2020.

4. Muzembo BA, Kitahara K, Debnath A, Ohno A,
Okamoto K, Miyoshi SI. Cholera outbreaks in
India, 2020-2011: A systematic review. Int ]

Summer 2025, Volume 11, Issue 3



211

10.

11.

12.

13.

14.

15.

16.

17.

Environ Res Public Health. 5738:(9)19;2022.
Li L, Meng H, Gu D, Li Y, Jia M. Molecular
mechanisms of Vibrio parahaemolyticus
pathogenesis. Microbiol Res. 51-222:43;2019.
Raghunath P. Roles of thermostable direct
hemolysin (TDH) and TDH-related hemolysin
(TRH) in Vibrio parahaemolyticus. Front
Microbiol. 5:805;2015.

Provenzano D, Schuhmacher DA, Barker ]JL,
Klose KE. The virulence regulatory protein ToxR
mediates enhanced bile resistance in Vibrio
cholerae and other pathogenic Vibrio species.
Infect Immun. 7-1491:(3)68;2000.

Zhang Y, Hu L, Osei-Adjei G, Zhang Y, Yang W, Yin
Z, et al. Autoregulation of toxR and its regulatory
actions on major virulence gene loci in Vibrio
parahaemolyticus. Front Cell Infect Microbiol.
8:291;2018.

Lei S, Miyoshi Si, Kewei B, Nakamura M, Hiura M,
Tomochika Kij, et al. Presence of hemolysin genes
(vmh, tdh, and hlx) in isolates of Vibrio mimicus
determined by polymerase chain reaction. ]
Health Sci. 5-63:(1)46;2000.

Gxalo O, Digban TO, Igere BE, Olapade OA,
Okoh Al, Nwodo UU. Virulence and antibiotic
resistance characteristics of Vibrio isolates from
rustic environmental freshwaters. Front Cell
Infect Microbiol. 11:732001;2021.

Xiao Y, Huang Z, Yu K, Wang M, Gao H, Bai X, et
al. Distribution and molecular characteristics
of Vibrio species isolated from aquatic
environments in China, 2020. Microorganisms.
2007:(10)10;2022.

Wang D, Flint SH, Palmer ]S, Gagic D, Fletcher
GC, On SL. Global expansion of Vibrio
parahaemolyticus  threatens the seafood
industry: Perspective on controlling its biofilm
formation.  LWT. 113182:(513)158;2022.
Ibrahim HM, Amin RA, Eleiwa NZ, Ghanaym HR.
Vibrio species in fish and shell fish. Benha Vet
Med J. 54-246:(2)34;2018.

Ghenem L, Elhadi N. Isolation, molecular
characterization, and antibiotic resistance
patterns of Vibrio parahaemolyticus isolated
from coastal water in the eastern province of
Saudi Arabia. ] Water Health. 69-57:(1)16;2018.
Henigman U, Biasizzo M, Vadnjal S, Kirbi$ A,
Toplak I, Barlic-Maganja D. Detection of Vibrio
parahaemolyticus in Mediterranean mussels
(Mytilus galloprovincialis) in Slovenia. Acta Vet
Hung. 64-155:(2)59;2011.

Tarr CL, Patel JS, Puhr ND, Sowers EG, Bopp CA,
Strockbine NA. Identification of Vibrio isolates
by a multiplex PCR assay and rpoB sequence
determination. ] Clin Microbiol. -134:(1)45;2007
40.

Preeprem S, Aksonkird T, Nuidate T, Hajimasalaeh

Infection Epidemiology and Microbiology

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ghari M. et al.

W, Hajiwangoh Z, Mittraparp-arthorn P.
Characterization and genetic relationships of
Vibrio spp.isolated from seafood in retail markets,
Yala, Thailand. Trends Sci. 5962:(10)20;2023.
Zangoei-Fard S, Rahimi E, Shakerian A. Incidence
and phenotypic pattern of antibiotic resistance
of Vibrio species isolated from seafood samples
caught from the Persian Gulf. Egyp ] Vet Sci.
47-337:(3)51;2020.

Raissy M, Rahimi E, Azargun R, Moumeni M,
Rashedi M, Sohrabi H. Molecular detection of
Vibrio spp. in fish and shrimp from the Persian
Gulf. ] Food Biosci Technol. 52-49:(2)5;2015
Sadat A, El-Sherbiny H, Zakaria A, Ramadan H,
Awad A. Prevalence, antibiogram, and virulence
characterization of Vibrio isolates from fish and
shellfish in Egypt: A possible zoonotic hazard to
humans. ] Appl Microbiol. 98-485:(1)131;2021.
Rahimi E, Ameri M, Doosti A, Gholampour AR.
Occurrence of toxigenic Vibrio parahaemolyticus
strains in shrimp in Iran. Foodborne Pathog Dis.
11-1107:(9)7;2010.

Tan CW, Rukayadi Y, Hasan H, Thung TY, Lee
E, Rollon WD, et al. Prevalence and antibiotic
resistance patterns of Vibrio parahaemolyticus
isolated fromdifferenttypesofseafoodinSelangor,
Malaysia. Saudi | Biol Sci. 8-1602:(6)27;2020.
Thongkao K, Sudjaroen Y. Vibrio harveyi, V.
parahaemolyticus, and V. vulnificus detection in
Thai shellfishes by the triplex PCR method. Ann
Trop Med Public Health. 417:(2)10;2017.
Robert-Pillot A, Copin S, Himber C, Gay M, Quilici
ML. Occurrence of the three major Vibrio species
pathogenic for human in seafood products
consumed in France using real-time PCR. Int ]
Food Microbiol. 81-189:75;2014.

Canellas AL, Lopes IR, Mello MP, Paranhos R, de
Oliveira BF, Laport MS. Vibrio species in an urban
tropical estuary: Antimicrobial susceptibility,
interaction with environmental parameters, and
possible publichealth outcomes. Microorganisms.
1007:(5)9;2021.

Hasan NA, Grim CJ, Lipp EK, Rivera IN, Chun
], Haley BJ, et al. Deep-sea hydrothermal vent
bacteria related to human pathogenic Vibrio
species. Proc Natl Acad Sci. 21)112;2015):E-2813
9.

Klein SL, Gutierrez West CK, Mejia DM, Lovell CR.
Genes similar to the Vibrio parahaemolyticus
virulence-related genes tdh, tlh, and vscC2
occur in other Vibrionaceae species isolated
from a pristine estuary. Appl Environ Microbiol.
602-595:(2)80;2014.

Li Y, Xie T, Pang R, Wu Q, Zhang ], Lei T, et al.
Food-borne Vibrio parahaemolyticus in China:
prevalence, antibiotic susceptibility, and genetic
characterization. Front Microbiol. 1670:11;2020.

Summer 2025, Volume 11, Issue 3



Genetic Characterization of Vibrio in Seafood

29. Beshiru A, Igbinosa EO. Surveillance of Vibrio
parahaemolyticus pathogens recovered from
ready-to-eat foods. Sci Rep. 4186 :(1)13;2023.

30. Brumfield KD, Usmani M, Chen KM, Gangwar M,
Jutla AS, Huq A, et al. Environmental parameters
associated with incidence and transmission
of pathogenic Vibrio spp. Environ Microbiol.
40-7314 :(12)23;2021.

31. Sampaio A, Silva V, Poeta P, Aonofriesei F. Vibrio
spp-: Life Strategies, Ecology, and Risks in a
Changing Environment. Diversity. 97:(2)14;2022.

32. Di Pinto A, Terio V, Di Pinto P, Colao V, Tantillo G.
Detection of Vibrio parahaemolyticus in shellfish
using polymerase chain reaction-enzyme-linked
immunosorbent assay. Lett Appl Microbiol.
8-494 :(6)54;2012

Infection Epidemiology and Microbiology

33.

34.

35.

212

Yang Z, Jiao X, Zhou X, Cao G, Fang W, Gu R.
Isolation and molecular characterization of Vibrio
parahaemolyticus from fresh, low-temperature
preserved, dried, and salted seafood products
in two coastal areas of eastern China. Inter Food
Microbiol. 85-279 :(3)125;2008.

Brauge T, Mougin ], Ells T, Midelet G. Sources and
contamination routes of seafood with human
pathogenic Vibrio spp.: A Farm-to-Fork approach.
Compr Rev Food Sci Food Saf. 1)23;2024):
e13283.

Kalburge SS, Whitaker WB, Boyd EF. High-
salt preadaptation of Vibrio parahaemolyticus
enhances survival in response to lethal
environmental stresses. ] Food Protec.
53-246 :(2)77;2014.

Summer 2025, Volume 11, Issue 3



