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Abstract. This study investigates the characteristics of Vibrio strains isolated from shrimp pond water
in Hue City, focusing on their biochemical properties, antibiotic resistance, extracellular enzyme
production, hemolytic activity, and toxin-encoding genes. Five Gram-negative, oxidase- and catalase-
positive, motile bacterial strains forming colonies on TCBS and CHROMagar™ Vibrio were selected
and designated as V06, V16, V17, V25, and V29. The analysis of their 165 rRNA sequences revealed
98.78 t0 99.99% similarity with four Vibrio species: V. parahaemolyticus, V. alginolyticus, V. azureus, and V.
sinaloensis. All isolates exhibited multidrug resistance to at least four antibiotics. Notably, all strains
exhibited 100% resistance to vancomyecin, penicillin, and ampicillin. Hemolytic activity varied among
the strains, in which V06 displayed beta-hemolysis; V17 and V29 showed alpha-hemolysis, while V16
and V25 exhibited indeterminate hemolytic activity on blood agar. Additionally, all strains
demonstrated the ability to produce extracellular proteases and lipases, which have been formerly
demonstrated to be related to virulence in Vibrio species. The molecular analysis revealed the presence
of toxR and tlh genes in all strains; however, no frh, tdh, pirA, or pirB genes were detected. These
findings suggest that the isolated Vibrio strains possess numerous virulence-associated traits, including
enzyme production, the presence of foxR and tlh genes, hemolytic activity, and significant antibiotic
resistance, which may enhance their pathogenic potential in aquaculture environments.

Keywords: Vibrio spp., 165 rRNA sequence, antibiotic resistance, extracellular enzyme, hemolytic
activity, toxin-encoding gene

1 Introduction

The genus Vibrio includes a diverse group of more
than 100 Gram-negative, motile, curved-shaped
recognised species that are primarily found in
Vibrio
comprises both non-pathogenic and pathogenic

marine and estuarine environments [1].

species that present considerable risks to human
health,

ecosystems [2]. In aquaculture, numerous Vibrio

aquaculture industries, and marine

species, including V.  parahaemolyticus, V.

alginolyticus, V. harveyi, and V. woulnificus, are
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considered opportunistic bacteria that pose a
significant threat because of their pathogenicity in
fish and shellfish [3]. Vibrio-related diseases cause
significant economic losses globally, with vibriosis
outbreaks, leading to high mortality rates in

cultured species [4].

The economic impact of Vibrio-related
infections is exacerbated by the increasing
prevalence of these diseases as water
temperatures rise because of climate change [3].
Rising sea surface temperatures create favourable

conditions for Vibrio species, expanding their
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geographic range and seasonal prevalence. This
has led to a remarkable increase in cases of Vibrio
infections over the world [5]. The prevalence of
pathogenic Vibrio bacteria in aquaculture has been
increasing in Vietnam, particularly in the Mekong
Delta, a key region for seafood production [6].
Notably, V. parahaemolyticus, which causes acute
hepatopancreatic necrosis disease (AHPND) in
shrimp, accounts for 78.1% of the bacterial isolates
obtained from water samples in the region, with
some strains exhibiting multidrug resistance and
virulence factors, including tdh and trh genes [6,
7]. Nowadays, multidrug-resistant Vibrio strains
are increasingly prevalent, with resistance
observed against commonly used antibiotics, such
as ampicillin, amoxicillin, and erythromycin,
among others [8-10]. The emergence of such
resistant  pathogens not only threatens
aquaculture productivity but also poses risks to
public health through the contamination of
seafood [11]. The pathogenicity of Vibrio is
influenced by various virulence factors, including
hemolytic activity, production of extracellular
enzymes, and the presence of specific toxin-
encoding genes such as toxR, tlh, tdh, trh, pirA, and
pirB, which encode various toxins and regulatory
proteins critical for the expression of pathogenic
characteristics in Vibrio strains [12-14]. Hemolytic
activity, a hallmark of virulence in Vibrio, involves
the lysis of red blood cells [15]. For example, in V.
parahaemolyticus, ~ hemolysin  contributes  to
cytotoxicity, and it is regarded as a primary virulence
factor in infections [16]. Additionally, extracellular
enzymes from Vibrio, such as proteases, lipases,
and DNases, enhance pathogenicity by degrading
host tissues and facilitating bacterial invasion [17].
Therefore, understanding these characteristics is
essential for developing effective management
strategies to mitigate the impact of Vibrio

infections in aquaculture.
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2 Materials and methods

2.1 Strain isolation and 16S rRNA

identification

Sample collection and strain isolation

Water samples for Vibrio isolation were collected
from shrimp ponds along the coastal region and
the Tam Giang-Cau Hai lagoon system in Thua
Thien Hue Province. The samples were enriched
in Alkaline Peptone Water (Oxoid) and incubated
at 30 °C for 12 hours. Following enrichment, 100
uL of aliquots of diluted samples were inoculated
at 30 °C for next 24 hours on TCBS (Thiosulfate-
Citrate-Bile Salts-sucrose) agar (Himedia, India).
Colony morphology and pigmentation were also
assessed on CHROMagar™ Vibrio (Microbiology,
France) [11].

Biochemical characterisation

Colonies with distinct morphologies were selected
and subjected to preliminary identification by
using Gram staining, an oxidase test with oxidase
paper discs containing a 1% tetramethyl-p-
phenylenediamine  dihydrochloride
(Nam Khoa Biotek CO., Ltd), and a catalase test
with 3% H202. Additionally, these strains were

evaluated for

solution

various physiological
characteristics. Endospore-forming ability was
assessed with the Schaeffer-Fulton method using
malachite green [18]. Motility capacity was
recorded by using a soft agar medium composed
of Luria-Bertani (LB) broth (Himedia, India)
supplemented with 0.3% agar, while biofilm
formation was determined by using a Congo red
medium containing Brain heart infusion (BHI)
broth (Himedia, India), supplemented with
sucrose (50 g/L) and a Congo red dye (0.8 g/L) [19,
20].
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Molecular identification

Colonies tentatively identified as belonging to the
genus Vibrio were cultured in the LB medium
supplemented with 1% NaCl at pH 8.0 and
incubated at 30 °C for 14-16 hours to extract
genomic DNA. DNA extraction was conducted
with the HTOne™ Bacterial Genomic DNA
Extraction Kit (HT Biotechnology Company
Limited, Vietnam), following the protocol for
Gram-negative bacteria. The 16S rDNA region
was amplified with the primer pairs 165
rRNA_27F (5-AGA GIT TGA TCM TGG CTC
AG-3") and 165 rRNA_1492R (5-TAC GGY TAC
CTT GIT ACG ACT T-3') [21]. Amplified
products were electrophoresed on a 1% agarose
gel in the 1x TAE buffer for 40 minutes, stained
with ethidium bromide, and visualised by using a
UV transilluminator (DyNa Light). PCR products
were purified and sequenced with the Sanger
method at Macrogen (Korea). The resulting
sequences were edited and aligned by means of
Clone Manager 9.0 and ChromasPro software.
Sequence comparisons were conducted against
the NCBI gene database with the BLAST tool.
Phylogenetic analysis was performed by means of
IQ-TREE software with the Neighbor-Joining
method to infer evolutionary relationships among

species [22].

Extracellular enzyme activity

The  isolated Vibrio strains ~ were  cultured
overnight in the LB medium at 30 °C with shaking
at 200 rpm for 72 hours. The medium was
supplemented with 1% specific substrates to test
enzyme production: carboxymethyl cellulose
(CMC) for cellulase, starch for amylase, gelatin for
protease, and olive oil (emulsified in PBS, pH 9.0)
for lipase. After incubation, the cultures were
centrifuged at 6,000 x g for 15 minutes at 4 °C to
collect the supernatant. For assessing enzyme
activity, LB agar plates containing 1% of the

corresponding substrates were prepared. Wells
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with a diameter of 6 mm were punched into the
and 100 pL of the collected

supernatant was added to each well. The plates

agar plates,

were initially incubated at 4 °C for 60 minutes to
allow diffusion of the supernatant into the agar
and then transferred to an incubator at 30 °C and
24 hours. Substrate

degradation zones were visualised by adding a

maintained there for
1% Lugol’s iodine solution for cellulase, amylase,
and lipase activity, and a 10% mercuric chloride

(HgCl,) solution for protease activity [23, 24].

Antibiotic sensitivity testing

The antibiotic resistance of the isolate was
evaluated with the Kirby-Bauer disk diffusion
method, following the Clinical and Laboratory
Standards Institute (CLSI) guidelines 63 [25]. The
strains were cultured overnight in the Muller-
Hinton medium (Oxoid) at 30 °C and
standardised to 1.5 x 108 CFU/mL with sterile
saline. 100 pL of the bacterial culture was spread
onto the entire surface of a Muller-Hinton Agar
(MHA) plate (Oxoid). The antibiotic disks
containing doxycycline 30 pg, florfenicol 30 ug,
chloramphenicol 30 ug, levofloxacin 5 pug,
ofloxacin 5 ug, gentamicin 10 pg, erythromycin 15
ug, clindamycin 2 pg, tetracycline 30 pg,
ampicillin 10 pg, azithromycin 15 pg, penicillin
10U, streptomycin 10 pg, kanamycin 30 pg, and
vancomycin 30 ug (Nam Khoa Biotek CO., Ltd)
were aseptically placed on the agar surface with
sterile forceps. Then the MHA plates were
incubated at 30 °C for 24 hours. After incubation,
the diameter of the inhibition zones around each
antibiotic disk was determined. Bacterial
sensitivity to antibiotics was categorised as
sensitive (S), intermediate (I), or resistant (R),

following CLSI63 guidelines [26].

Hemolytic activity assay

The isolated Vibrio strains were cultured on the LB

agar plates supplemented with 5% sterilised
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sheep blood and incubated at 30 °C for 24-48
hours. Hemolytic activity was assessed through
the appearance of transparent zones surrounding
the bacterial colonies (indicative of 3-hemolysis)
or green discolouration of the colonies (indicative
of a-hemolysis). The positive control included in

the assay was Staphylococcus aureus FS8300 [27].

Detection of toxin-encoding genes

To determine the presence of toxin genes, namely
toxR (toxin Regulator), tdh (thermostable direct
hemolysin), trh (thermostable-related hemolysin),
tlh (thermolabile hemolysin), pirA (Primosome
Assembly Protein A), and pirB (Primosome
Assembly Protein B) in the isolated Vibrio strains,
we performed the PCR amplification with specific

primers designed to detect Vibrio toxin-encoding

genes (Table 1). Initially, bacterial cell suspensions
were prepared in a lysis buffer. These suspensions
underwent heating at 95 °C to facilitate cell lysis.
Following this step, the samples were centrifuged
at 16,000 x g for 5 minutes to separate the lysate
from cellular debris. The lysate was used as a
template for PCR amplification, which began with
an initial denaturation step at 95 °C for 5 minutes,
followed by 35 cycles consisting of denaturation at
95 °C for 30 seconds, an annealing step at 55 °C for
20 seconds, and an extension step at 72 °C for

1 minute.

Subsequently, the PCR products were
analysed by means of electrophoresis on a 1.5%
agarose gel at a voltage of 120 V and a current of
300 mA to visualise the presence of the target

toxin genes [28].

Table 1. Sequence of primers used for detecting Vibrio toxin-encoding genes

Nucleotide
sequences
5' 5 3/

Target Genes Primer names

Annealing Amplicon size

temp. (°C) (bp) References

GTCTTCTGACG

toxR-F CAATCGTTG

toxR
ATACGAGTGG

foxR-R TTGCTGTCATG

63 367 [29, 30]

GTAAAGGTCT
CTGACTTTTGG
AC

tdh-F

tdh
TGGAATAGAA

CCTTCATCTTC
ACC

tdh-R

[31, 32]
55 500

TTGGCTTCGAT
ATTTTCAGTAT
CT

trh-F

trh
CATAACAAAC

ATATGCCCAT
TTCC

trh-R

(31, 32]
55 269

AAAGCGGATT
ATGCAGAAGC
ACTG

tlh-F

tih
GCTACTTTCTA

GCATTTTCTCT
GC

tih-R

60 450 [30]
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Nucleotide

A li Ampli i
Target Genes Primer names sequences nnea :ng mp-icon size References
s oy temp. (°C) (bp)
5 -3
TGACTATTCTC
pirA-F ACGATTGGAC
pirA TG 55 284 [31]
AR CACGACTAGC
P GCCATTGTTA
TGACTAACGA
pirB-F ATACGTTGTA
AC
pirB 55 1316 [32]
CTACTTTTCTG
pirB-R TACCAAATTC

A

2.2 Data analysis

The data were measured in triplicate and
analysed by using R version 4.2.1 (2022-06-23).

3 Results and discussion

3.1 Strain isolation and 16S rRNA

identification

The Vibrio species were isolated from brackish
water samples collected from shrimp ponds. Five
bacterial strains were isolated by using selective
media-Thiosulfate-Citrate-Bile Salts-Sucrose
(TCBS) agar and CHROMagar™ Vibrio. The
selected isolates formed green colonies (V16, V25,
and V29 strains) and yellow colonies (V06 and
V17 strains) on TCBS agar. For CHROMagar™
Vibrio, strains V06 and V17 developed purple
colonies, V16 and V29 strains showed white
colonies, while V25 colonies were light green. The
analysis of cellular morphology and key
biochemical characteristics resulted in five gram-
negative strains with short rod-shaped or vibrio-
motile, oxidase-

like cells, catalase-positive,

positive, biofilm-forming, and non-spore-forming.
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These characteristics indicated that the isolates
belonged to the genus Vibrio. These strains were
designated as V06, V16, V17, V25, and V29 and
selected for further evaluation. The colonies and
cellular features of the isolated strains are

illustrated in Fig. 1.

The BLAST results for the 16S rRNA
amplification products of the isolates are
presented in Table 2. All isolates showed an E-
value of 0.0, highlighting significant matches with
their respective top-hit strains. The percent
identity (Pct) values are all above 98%, confirming
similarity to the identified genetic species.
Notably, the query cover is either 99 or 100%,
which means that nearly the entire sequence of
the isolates aligns with the reference strains in the
database [33]. In this study, five isolated strains
showed alignment with different Vibrio species.
Specifically, V06, V16, and V17 strains were
matched to V. parahaemolyticus, V. sinaloensis, and
V. azureus with 99.32, 98.78, and 99.16% identity,
respectively. Notably, the remaining two isolates,
V25 and V29, were matched to the same species
(V. alginolyticus), suggesting these might be

closely related or the same strain.
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Fig. 1. Colony morphology on TCBS agar (A), CHROMagar™ Vibrio (B), and cell morphology under Light microscop
of isolated strains (C) (Strain V06 (1); Strain V16 (2); Strain V17 (3); Strain V25 (4); Strain V29 (5))

Table 2. BLAST results for isolated strains

Registered Genbank

Strain BLAST results Accession Number
P Top-hit taxon Top-hit strain E-value Pct (%) Query cover
Vo6 | Vibrio parahaemolyticus | ATCC 17802 0.0 99.32 100 PQ422922
Vi1e Vibrio sinaloensis CAIM 797 0.0 98.78 99 PQ422917
V17 | Vibrio azureus NBRC 104587 0.0 99.16 100 PQ422918
V25 | Vibrio alginolyticus NBRC 15630 0.0 99.30 100 PQ422919
V29 | Vibrio alginolyticus NBRC 15630 0.0 99.66 99 PQ422920
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Vibrio sp. V16

e V. sinaloensis CAIM 695

i V. sinaloensis CAIM 797

V. harveyi NCIMB1280

V. owensii strain DY05

V. neocaledonicus NC470

V. alginolyticus ATCC 17749
Vibrio sp. V17

V. azureus LC2

V. parahaemolyticus NBRC 12711
V. parahaemolyticus ATCC 17802
Vibrio spp. V06

V. alginolyticus NBRC 15630
Vibrio sp. V29

Vibrio sp. V25

Fig. 2. Phylogenetic tree of five Vibrio isolated strains

Additionally, the phylogenetic positions
and evolutionary relationships of five Vibrio
strains (V06, V16, V17, V25, and V29) were
analysed and depicted in Fig. 2. Strain V16 was
positioned near V. anguillarum NCIMB 6 and V.
CAIM 695,

evolutionary relationship with these species.

sinaloensis indicating a close
Similarly, strain V17 was closely related to V.
azureus LC2, which demonstrated that this strain
was closely related evolutionarily to V. azureus.
Strain V06 was located adjacent to two V.
parahaemolyticus strains (NBRC 12711 and ATCC
17802), strongly suggesting that it belongs to the
V. parahaemolyticus species. Strains V25 and V29
were closely positioned on the phylogenetic tree,
highlighting a close evolutionary relationship.
Additionally, both strains exhibited a clear
phylogenetic association with V. alginolyticus.
Despite their similarities, the colony colours on
CHROMagar™ Vibrio differed. Therefore, further
analysis is required to identify strain V25

accurately.
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3.2  Extracellular enzyme activity

The amylase-producing ability of Vibrio, especially
V. parahaemolyticus, has also been previously
reported, with the maximum activity observed at
the end of the exponential growth phase [34, 35].
Recent studies reported cellulolytic activity in V.
xiamenensis and V. alginolyticus isolated from
mangrove soil samples, suggesting potential for
cellulase production in this genus [36]. However,
in this study, none of the strains exhibited
amylase or cellulase activity. Conversely, the
results of the extracellular enzyme production of
the isolated strains indicated that all of them were
capable of producing protease and lipase. The
activities of extracellular protease and lipase are

illustrated in Fig. 3.

Strain V25 exhibited

production, as indicated by its minimal gelatin

limited protease

degradation activity. In contrast, strains V06 and
V29 demonstrated protease activity by producing
substrate degradation zones with a diameter of 18
mm. Notably, strains V16 and V17 exhibited
significantly higher protease production, with
degradation zone diameters of 19 mm and 22 mm,

respectively.
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Fig. 3. Extracellular enzyme activity of isolated Vibrio strains: Protease activity (A); Lipase activity (B)

The production of protease by Vibrio
species is a critical component of their pathogenic
mechanisms [37-39]. The protease from V. cholerae
exhibited cytotoxic effects on human intestinal
cells, resulting in cell detachment and death [40].
In contrast, proteases secreted by
V. parahaemolyticus and V. alginolyticus facilitated
bacterial spread by degrading structural proteins
like collagen, thereby contributing to infections,
including wound infections and gastroenteritis in
humans [41]. Previous studies reported that
proteases produced by V. parahaemolyticus,
including Vibrio High Virulent Protein-2 (VHVP-
2), played a critical role in the pathogenicity of
shrimp diseases. These enzymes degraded host
tissues, leading to hepatopancreatic atrophy and
high mortality rates in shrimp. In cases of
Translucent Post-Larvae Disease (TPD), protein
fragments with molecular weights exceeding 100
kDa have been recognised as the key virulence
factors. These exhibited fragments of lethality
comparable with live bacterial infections, leading
to histopathological changes in  the
hepatopancreas and midgut of shrimp post-larvae

[42].

The proteases produced by Vibrio species
contribute to their pathogenicity through several

mechanisms. These include the degradation of
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host proteins, which disrupt cellular structures
and lead to tissue damage or cell death [39].
Additionally, proteases facilitate immune evasion
by degrading immune-related proteins, thereby
defense

impairing host mechanisms  [43].

Furthermore, proteolysis provides essential
nutrients for bacterial growth, supporting the
survival and proliferation of Vibrio pathogens

within the host environment [44].

examined Vibrio strains
exhibited high lipase activity. The diameters of

the lipase substrate degradation zones produced

Similarly, all

by the cell-free supernatants of strains V06, V29,
and V25 were recorded as 23, 24, and 28 mm,
respectively. Notably, the remaining two strains,
V16 and V17, demonstrated exceptionally high
lipase capacity, with degradation zone diameters

of 34 and 33 mm, respectively.

Specifically, lipase production by V.
parahaemolyticus has been implicated in the
pathogenicity of shrimp diseases, particularly
Acute Hepatopancreatic Necrosis Disease and
Translucent Post-Larvae Disease. V.
parahaemolyticus has been reported to secrete
extracellular lipase through the Type 2 Secretion
System (T2SS), which plays a critical role in its
pathogenicity by degrading host tissues [42]. This

enzymatic activity contributes to hepatopancreatic
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atrophy and tissue damage in shrimp, hallmarks
of Acute Hepatopancreatic Necrosis Disease.
Similar to proteases, lipases from Vibrio species
nutrient immune

facilitate acquisition and

evasion, enhancing bacterial survival and
dissemination within the host [45]. In the present
study, all isolated strains demonstrated the ability
to produce extracellular proteases and lipases.
While these

contribute to the pathogenicity of Vibrio species,

enzymes are hypothesised to
further research is required to elucidate the
precise relationship between their enzymatic

activity and virulence.

3.3  Antibiotic sensitivity patterns

The antibiotic susceptibility profiles of the tested
Vibrio strains revealed significant variability, with
most strains exhibiting resistance to antibiotics
such as vancomycin, penicillin, streptomycin,
ampicillin, and chloramphenicol. In contrast,
intermediate sensitivity was frequently noted for
gentamicin and azithromycin. However, broad-
spectrum antibiotics, including florfenicol and
tetracyclines  (doxycycline and tetracycline),
maintained efficacy against the majority of these
Vibrio Notably, five Vibrio

demonstrated multidrug resistance to at least four

strains. strains

antibiotics (Fig. 4).

All strains consistently showed resistant
profiles to vancomycin, penicillin, and ampicillin.
The observed vancomycin resistance in this study
aligned with that reported in previous studies,
which  delineated the
of Vibrio species,

intrinsic ~ resistance
caused by their cell wall
composition and the absence of target binding
antibiotic  [46].

Additionally, resistance to beta-lactam antibiotics,

sites for this glycopeptide

such as penicillin and ampicillin, has been

recorded as being related to the production of

beta-lactamases in these bacteria [47].
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V06 V16 V17 V25 V29
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Fig. 4. Heat map showing the antibiotic sensitivity
patterns of isolated Vibrio strains

Most indicated resistance to
streptomycin and chloramphenicol, except for
strain V25 and strain V17.

Streptomycin resistance is widespread among

strains

intermediate

aquatic bacteria, due to aminoglycoside-modifying
enzymes, while chloramphenicol resistance in
Vibrio is often attributed to cat genes encoding
chloramphenicol
Notably, all the Vibrio strains in this study were

susceptible to florfenicol, which is an effective

acetyltransferase  [48,  49].

antibiotic against many aquatic pathogens and is
widely used in aquaculture [4]. Numerous studies
have documented the antibiotic resistance of Vibrio.
Among the 315 Vibrio strains isolated in Southwest
Nigeria, the resistance rates to erythromycin,
sulfamethoxazole, and tetracycline were 95, 94,
and 75%, respectively [50]. V. parahaemolyticus and
V. aglinolyticus isolated from fish and shrimp
farming in Northern Vietnam exhibited a high
rate, exceeding 69.77%, of resistance to
oxytetracycline, streptomycin, amoxicillin, and
Another
parahaemolyticus isolated from the Mekong Delta,
Vietnam,

cephalexin,

ampicillin ~ [8]. example is V.

which is resistant to amoxicillin,
sulfadiazine sodium, and
Most

vulnificus and V. parahaemolyticus isolated from the

erythromycin [51]. recently, V.
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Chesapeake Bay showed resistance patterns to

third-generation cephalosporins, tetracyclines,
sulfamethoxazole-trimethoprim, and
aminoglycosides [52]. Globally, there is an
increase in antibiotic resistance, which is

facilitated by mobile genetic elements and

horizontal gene transfer, exacerbated by
environmental factors such as pollution and

climate change [53].

In this study, strain V29, which showed
99.66% similarity to V. alginolyticus, exhibited the
highest multi-antibiotic resistance among the five
Vibrio species. It is resistant to eight of the fifteen
antibiotics tested, namely penicillin, ampicillin,
streptomycin, clindamycin, gentamicin,
kanamycin, erythromycin, and vancomycin (Fig.
5). These findings highlight the increasing concern
Vibrio
aquaculture and emphasise the importance of

of  multidrug-resistant strains  in

monitoring  antibiotic use and exploring

alternative biocontrol strategies in this field study.

3.4 Hemolytic activity

The hemolytic activity of hemolysin proteins
refers to their ability to lyse red blood cells.
Hemolysins are considered virulence factors for
many Vibrio species, facilitating tissue invasion,
immune evasion, and the manifestation of disease
symptoms through their pore-forming capabilities
[16, 54]. In this study, we evaluated the hemolytic

activity of the isolated Vibrio strains, and the
results are presented in Fig. 6. Among the five
strains analysed, strain V06 exhibited beta-
hemolytic activity, indicating a higher potential
for pathogenicity. In contrast, strains V17 and V29
demonstrated alpha-hemolytic activity,
suggesting moderate virulence. The remaining
two strains showed minimal hemolytic activity.
Vibrio species are known to exhibit both alpha and
beta hemolysis, notably V. parahaemolyticus and V.
alginolyticus. Interestingly, V. parahaemolyticus
isolated from tissue infections predominantly
displayed alpha hemolytic reactions, whereas
strains from sea fish typically exhibited beta
hemolysis, often associated with the presence of
the thermostable direct hemolysin (tdh) gene [15,

55].

In contrast to our findings for strain V29, V.
alginolyticus isolated from Alaskan oysters
linked
thermostable direct hemolysin-related hemolysin
(trh) gene [56]. Recent studies have shown that V.
alginolyticus can exhibit both alpha and beta
hemolysis [57]. Strains V16 and V25 exhibited

non-specific hemolytic activity, which may be

possessed an alpha-hemolysin to a

attributed to the production of other virulence
factors contributing to their hemolytic activity.
Therefore, further investigation is necessary to
elucidate the factors involved in the hemolytic

activity and virulence of these strains.

Fig. 5. Antibiotic susceptibility of isolated V. alginolyticus strain V29

Ge: Gentamicin 10 pg; Kn: Kanamycin 30 pg; Sm: Streptomycin 10 pg; Er: Erythromycin 15 pg; Az: Azithromycin 15

ug; Dx: Doxycycline 30 pg; Te: Tetracycline 30 ug; Va: Vancomycin 30 pg; Lv: Levofloxacin 5 ug; Of: Ofloxacin 5 ug;

Pn: Penicillin 10 UI; Am: Ampicillin 10 pg; Le: Clindamyecin 2 pg; Fl: Florfenicol 30 pg; Cl: Chloramphenicol 30 pg
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Fig. 6. Hemolytic phenotype of isolated Vibrio strains
Strain V06 (A); Strain V16 (B); Strain V17 (C); Strain V25 (D); Strain V19 (E); S. aureus SF8300 (F)

3.5 Presence of toxin-encoding genes

The results of the assessment of the presence of
toxR, tdh, trh, tlh, pirA, and pirB genes in the
investigated Vibrio strains (Table 3 and Fig. 7)
revealed a consistent genetic profile across all
(VO6, V16, V17, V25, and V29).
Specifically, the toxR gene (367 bp) was detected

isolates

in all strains, indicating the presence of the toxin
regulator gene, which plays a critical role in
regulating toxin production and other virulence-
associated functions in Vibrio [58]. ToxR is a
DNA-binding protein that

regulates the transcription of virulence genes in V.

transmembrane

cholerae, such as those encoding cholera toxin and
toxin-coregulated pilus, by controlling the
expression of foxT, which is a direct activator of

these virulence factors [59].

In the case of V. parahaemolyticus, toxR

regulates  multiple  virulence  phenotypes,
including enterotoxicity and cytotoxicity, by
acting on genes like T35S51 and Vp-PAIL ToxR-
carrying Vibrio species can cause disease in
shrimp. The most recent study on Penaeus

monodon in Peninsular Malaysia demonstrated

DOI: 10.26459 /hueunijns.v134i1D.7699

that V. parahaemolyticus isolates carrying the foxR

genes were pathogenic. In an immersion
challenge test, V. parahaemolyticus caused
significant mortality in shrimp exhibiting

symptoms such as a pale hepatopancreas, empty
guts, and histopathological damage like the loss
of hepatopancreatic tubule
hemocytic infiltration [60]. This highlights the role

of the toxR gene in controlling pathogenic

structure and

mechanisms across Vibrio species [27, 61].

Similarly, the tlh gene (450 bp) encoding
thermolabile hemolysin was also present in all
isolates. This gene is commonly associated with
Vibrio

recognised as

pathogenicity [62]. The th gene is

a molecular marker for V.
parahaemolyticus and is expressed in both clinical
and environmental strains [12]. This gene also
encodes a hemolysin capable of lysing red blood
cells and demonstrating lecithin-dependent
phospholipase activity, which is integral to its
negative impacts on human infections and
cytotoxicity [63]. Furthermore, its expression is
markedly upregulated under conditions that
mimic intestinal

infection, reinforcing its

association with pathogenicity [12].
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Table 3. Presence of toxin-encoding genes in isolated Vibrio strains, indicated as positive (+) or negative (-)

Gene Amplicon Voe Vie V17 V25 V29
size (bp)

toxR 367 + + + + +
tdh 500 - - - - -
trh 269 - - - - -
tih 450 + + + + +
pirA 284 - - - - -
pirB 1316 - - - - -
16S rDNA ~1500 + + + + +

toxR tdh
Vo6 V17 V25 V29 V06 V17 V25

'----- -

tdh tih
V29  Voe V17 V25 V29 V06

vi7

V29 Vo8 V17

V25 Va5

MITE2 L1020 0201028182110 2

V29

tdh
vié

toxR
%0

16S rRNA
V06 V16 V17 V25 v29

Fig. 7. Gel electrophoresis showing the presence of toxin-encoding genes of Vibrio strains
(16S rRNA was used as a control)

In contrast, the tdh (500 bp) and trh (269 bp)
genes, which are related to thermostable direct
hemolysin and thermostable-related hemolysin,
respectively, were absent in all the investigated
strains. Additionally, the replication-associated
genes pirA (284 bp) and pirB (1316 bp) were not
observed in any of the isolates. These findings
suggest that in this study, while the Vibrio strains
possessed potential pathogenicity because of the
presence of toxR and tlh, they lacked virulence
factors associated with thermostable hemolysins
(tdh and trh). These results indicated that their
pathogenic potential may be mediated through

mechanisms independent of these specific toxins.

In a previous study conducted in Hue City,
Vietnam, the presence of toxin genes in Vibrio

68

spp., which were isolated from AHPND shrimp
and hemorrhagic fishes, was evaluated. The
findings revealed that the key toxin genes
identified tih.
Specifically, 14 out of 54 isolates from shrimp

included pirA», pirB», and
were found to carry the pirA» and pirB» genes,
while 18 out of 66 isolates from fish harbored the
tlh gene. Notably, none of the strains contained

the tdh or trh genes [13, 64].

Another study analysing the existence of
toxin genes in Vibrio isolates associated with
hemorrhagic disease in red drum (Sciaenops
ocellatus) indicated that the majority of the isolates
were found to carry the tlh gene, while the tdh and
trh genes were not detected [65]. These results
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underscore the predominance of the tlh gene in

these strains and its potential role in pathogenesis.

4 Conclusion

This study characterises Vibrio strains from
Vietnamese  shrimp  aquaculture  through
biochemical and molecular analyses. The five
bacterial strains isolated in this study exhibited
genetic similarity exceeding 98.78% to four Vibrio
species, namely V.  parahaemolyticus, V.
alginolyticus, V. azureus, and V. sinaloensis, with the
latter two representing novel regional findings
requiring genomic confirmation. All strains
exhibited  multidrug  resistance, including
universal resistance to vancomycin, penicillin, and
ampicillin, highlighting antimicrobial misuse
concerns. Phenotypic analyses revealed hemolytic
activity and extracellular protease and lipase
production in most isolates, indicating pathogenic
potential, though amylase and cellulase activity
was absent. Molecular profiling identified
conserved toxR and t/h genes across all strains, but
the absence of tdh, trh, pirA, and pirB defined a
unique virulence signature. Collectively, these
findings provide important insights into the
pathogenicity, resistance patterns, and molecular
characteristics of Vibrio strains in shrimp farming,
underscoring the necessity for continuous
surveillance and improved disease management

strategies.
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