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Abstract

Vibrio alginolyticus is an opportunistic fish pathogen
with a potential to cause septicemia and often
associated with other Vibrio infections, particularly
Vibrio parahaemolyticus, and can pose a significant
threat to aquatic health. This study investigated the
biochemical and phylogenetic characteristics of V.
alginolyticus isolated from various aquaculture farms,
focusing on its prevalence, hemolysin genes, genetic
relatedness, and antibiotic susceptibility. Out of 92
brackish water aquaculture farm samples, 16 isolates
were biochemically confirmed as V. alginolyticus,
with 12 subsequently confirmed by polymerase
chain reaction targeting collagenase gene. Molecular
analysis of the thermolabile hemolysin gene (tlh) via
specific PCR amplified a 450 bp fragment in 8
isolates, confirming the presence of the tih gene.
Pulsed Field Gel Electrophoresis (PFGE) typing
differentiated tlh-positive and tlh-negative V.
alginolyticus isolates with 92% genetic similarity. The
isolates exhibited proteolytic, lipolytic, and lecithi-
nase activities. Notably, the isolates showed inter-
mediate resistance to most of the tested antibiotics,
indicating exposure to antimicrobial agents. This
study provides evidence of the presence of similar
phylogenetical isolates of V. alginolyticus and V.
parahaemolyticus in aquatic environments. Further-
more, this study emphasizes the importance of
expanding surveillance programs by incorporating
strain-specific characterization to better understand
and control vibriosis in aquaculture.
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Introduction

The members of the genus Vibrio are the most
important food-borne and aquatic pathogens which
are responsible for illness in humans and cause large
scale mortalities in the aquaculture sector (Feldhusen,
2000). Next to V. parahaemolyticus, V. alginolyticus has
the potential to cause disease in marine aquaculture
industry, especially in shellfish and crustaceans (Liu
et al., 2016). V. alginolyticus is a Gram-
negative marine bacterium having zoonotic poten-
tial for animals and humans. Previously it was
assembled and termed as V. parahaemolyticus biotype
2 due to their common morphological and pheno-
typical reactions (Deng et al,, 2016). The ability to
ferment sucrose by V. alginolyticus is the major
difference in the biochemical reaction between V.
parahaemolyticus and V. alginolyticus. Therefore, the
application of PCR is necessary for the confirmation
and identification of the species V. alginolyticus, as
there is a chance of cross-reaction with V.
parahaemolyticus while screening for genes encoding
the hemolysin (Di Pinto, Ciccarese, Tantillo, Catalano,
& Forte, 2005). Even though this organism stands
next to V. parahaemolyticus in terms of intensity of
virulence, their occurrence may cause considerable
economic loss in aquaculture (Takemura, Chein, &
Polz, 2014).

In the international trade of marine fishes, screening
of Vibrio species has become a criterion of microbio-
logical testing. Even though Vibrio species are a
common inhabitant of aquatic environment, some
species are emerging as pathogens which can cause
up to more than 50% mortality of all clinical cases
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(Bisharat et al.,, 1999; Daniels & Shafaie, 2000).
Several reports are available which shows V.
alginolyticus associated with infections in humans.
(Levine, Griffin, & Gulf Coast Vibrio Working
Group, 1993; Gomez, Fajardo, Patifio, & Arias, 2003;
Aguirre Guzman, Ruiz, & Ascencio, 2004). The
virulent strains of V. alginolyticus are considered as
an emerging strain that carry the trh gene that is
homologous to that in V. parahaemolyticus. However,
many strains of Vibrio alginolyticus are avirulent and
can be used as probiotic strains (Marhual et al.,
2012). There exists wide variation among strains that
differs between harmful and beneficial strains which
paves way to control infection. The tlh gene is
considered a species-specific marker in V.
parahaemolyticus and the pathogenic strains possess
either or both trh and tdh genes (Bej et al.,, 1999).
Yanez et al. (2015) reported tlh amplicon in V.
aliginolyticus isolated from shellfish samples from
Antofagasta, which showed 81% similarity with tlh
gene of V. parahaemolyticus.

In view of the above facts the present study aimed
to isolate V. alginolyticus from different aquaculture
farms to study the biochemical characteristics,
thereby to determine their prevalence in fish and
aquaculture farm environment. Further, the study
aimed to understand the phylogenetic similarities
between V. parahaemolyticus and V. alginolyticus by
investigating the presence and variation of species
and pathogenic specific gene fragments among
them. The antibiotic susceptibility and genetic
relatedness of the species were also taken under
study.

Materials and Methods

A total of 92 samples (fish -42, shrimp -30, water -
12 and farm sediment -8) were collected from
brackish water aquaculture ponds, and hatcheries in
and around Cochin, Kerala, India. The isolation and
biochemical of Vibrio sp. were carried out as per the
BAM protocol for Vibrios (FDA, 2004) with slight
modification. Briefly, all the presumptive isolates
from Thiosulfate Citrate Bile Salt Sucrose (TCBS)
agar plates were streaked onto Chromogenic Vibrio
(CV) agar (Himedia, India) and cream white
coloured colonies were selected for further bio-
chemical identification. Gram negative isolates
showing positive reaction to oxidase, catalase, lysine
decarboxylation, ornithine decarboxylation, D man-
nose fermentation and mannitol fermentation, voges
proskauer test and salt tolerance upto 10% NaCl,
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negative reaction to arginine decarboxylation, lac-
tose, arabinose and cellobiose fermentation, with no
growth at 0% salt were selected for further
characterization.

Molecular level confirmation was carried out by
PCR using species- specific genes with primers
targeting the collagenase gene (Di Pinto et al., 2005).
DNA lysate from V. alginolyticus ATCC 17749 was
used as the positive control.

Amplification of hemolysin genes such as tlh, trh,
and tdh genes in V. alginolyticus isolates was screened
by employing specific primers as described by Bej
et al. (1999). V. parahaemolyticus ATCC17802 was
used as a reference strain for the amplification of
tlh and trh gene and V. parahaemolyticus O3:K6 strain
(NICED, Kolkata) was used as positive control for
tdh gene.

Molecularly confirmed isolates were checked for the
secretion of extracellular products such as protease,
lipase, hemolysin, lecithinase, (Nakazawa, Yamada,
& Ishibashi, 1987; Esselmann & Liu, 1961) activities
on trypticase soya agar (TSA) media supplemented
with 1% NaCl containing, 1% (w/v) skim milk, 1%
(v/v) Tween 80, 5% Sheep red blood cells and 1%
(v/v) egg yolk emulsion, respectively. Agar plates
were then observed for zone formation by incubat-
ing at 35 + 2°C for 2-3 days.

PFGE was carried out as per the pulse net procedure
for performing PFGE of V. cholerae and V.
parahaemolyticus (Parsons et al., 2007). The identified
V. alginolyticus isolates were inoculated into Luria
Bertani broth supplemented with 2% NaCl and kept
overnight at 35 + 2°C. The freshly grown culture was
centrifuged at 10,000 rpm for 3 min and the pellet
was dissolved in 1X phosphate buffered saline (PBS)
and the optical density (OD,,) was adjusted to 0.8
to 1.0. The agarose plugs were prepared in
disposable plug molds (Amersham Biosciences,
USA) by mixing and transferring 1% agarose with
an equal volume of bacterial cell suspension
containing 20 ul proteinase K (20 mg ml') to
disposable plug molds. The plugs were allowed to
set for 20-30 min. After the set time, plugs were
carefully removed using spatula and transferred to
the cell lysis buffer. Then, the plugs were washed
initially with preheated double distilled water and
then with TE buffer for 4-5 times each for 10-15
minutes interval in a shaking water bath of
temperature 54-55°C. The washed plugs were cut
into small slices of size 2 - 2.5 mm. The restriction
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digestion was done using 10 U of Notl restriction
enzyme for 4 h at 37 °C. Then the plugs were
removed from the digestion solution and inserted
into 1% agarose gel carefully without formation of
any air bubbles and sealed with melted agarose. The
gel was taken to electrophoresis system (CHEFF
MAPPER, Bio-rad Laboratories, USA) and run for
18 h. Gel images were captured in a Gel documen-
tation system (Bio-Rad, USA).

The PFGE gel photographs were analysed using
Bionumerics 7.6 (Applied Maths, New York) soft-
ware to determine the level of similarities between
the PFGE patterns. The dendrogram was con-
structed using UPGMA (unweighted pair group
mean analysis) based on Sorensen-Dice similarity
coefficient with 1% tolerance level.

Antibiotic susceptibility of V. alginolyticus was
determined by disc diffusion method on Mueller
Hinton agar (MHA), supplemented with 1% NaCl
by following the guidelines of Clinical and Labora-
tory Standards Institute (Wayne, 2017). Briefly,
colonies of pure culture from nutrient agar were
selected and swabbed using a sterile cotton swab.
The colonies were then transferred to sterile 0.85%
PBS, and the turbidity was adjusted to the 0.5
McFarland standards. The PBS suspension was then
spread plated on MH agar. The inoculated plates are
allowed to dry for 2 to 3 min at room temperature.
The antibiotic discs (Himedia, India) used were
tetracycline (10 pg), ciprofloxacin (5 p1g), gentamicin
(10 pg), aztreonam (30 pg), ceftazidime (30 ug),
chloramphenicol (30 pg), co-trimoxazole (25 ug),
ampicillin (10 pg), cefotaxime (30 ug), cefpodoxime
(10 pg) and polymyxin (300 units). The discs were
dispensed onto well-labeled inoculated (MHA)
plates using disc dispenser. Then the plates were
incubated at 35 + 2°C for 24 h for measuring the zone
of inhibition. The test was carried out in duplicate.

Results and Discussion

A total of 92 samples were screened, and sucrose
positive colonies were detected from 86 samples.
The large yellow mucoid colonies (n=178) from
TCBS plates were selected as presumptive isolates
of V. alginolyticus. All the fish and shell fish samples
were positive for presumptive identification. Fur-
ther streaking to CV agar plates reduced the
presumptive isolates to 68, out of which only 16
isolates representing 16 samples were confirmed
biochemically as V. alginolyticus. All the confirmed
isolates formed colourless colonies on CV agar

plates. A total of 62.5% of the isolates showed salt
tolerance up to 10 % level of NaCl and other isolates
have shown salt tolerance up to 8% NaCl level.
Further all the confirmed isolates yielded character-
istic biochemical reactions.

The main difficulty faced by using conventional
medium (TCBS) for the isolation of pathogenic
Vibrio species is the low discrimination ability for the
differentiation of Vibrio species; as recommended by
standard NF ISO 8914:1991 and World Health
Organization. False negative and positive results
hampered the clear identification of Vibrio species.
Fabbro, Cataletto, and Negro, (2010) have stated the
accurate biochemical identification of environmen-
tal strains is often difficult compared to clinical
strains due to the ability of growth of other marine
microorganisms (Aeromonas sp., Pseudomonas sp.,
Flavobacterium sp., Pasteurella sp. and Agrobacterium
sp.) on TCBS agar. Sucrose fermenting bacteria such
as V. cholerae, V. furnissii and V. fluvialis also produce
yellow-colored colonies which lead to difficulty in
differentiating from V. alginolyticus colonies on
TCBS agar. CHROM agar Vibrio medium has been
used for the isolation of certain strains of Vibrios
especially V. parahaemolyticus, V. cholerae and V.
alginolyticus based on the P-glucosidase and f-
galactosidase activity (Yeung & Thorsen, 2016).
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Fig. 1. Detection of collagenase gene (732 bp), amplifica-
tion of trh gene (500bp), tih gene (450bp) in V.
alginolyticus isolates.

Top: Lane M: DNA ladder (100 bp plus), Lanel: V.
alginolyticus ATCC 17749; Lane 2-15: V. alginolyticus
isolates from different samples. Lane 16: V. parahaemolyticus
ATCC 17802; Lane 17: V. alginolyticus ATCC 17749; Lane
18: V. alginolyticus isolate

Bottom: Lane M: DNA ladder (100 bp plus), Lanel: V.
parahaemolyticus ATCC 17802; Lane 2-15: V. alginolyticus
isolates; Lane 16: V. alginolyticus ATCC 17749
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Several similarities in biochemical reaction exists in
both V. alginolyticus and V. parahaemolyticus. Studies
have shown that several phenotypical and molecular
characteristics of V. parahaemolyticus and V. alginolyticus
were similar with 99.8% identical which make
difficulty in differentiation of the isolates (Osorio &
Klose, 2000; Croci et al.,, 2007). However, in this
study, the biochemical characteristics of V. alginolyticus
isolates showed similar results prescribed by Bacte-
riological Analytical Manual for the isolation and
identification of Vibrios (FDA, 2004) except in the salt
tolerance test. In contrast to these results, Montieri,
Suffredini, Ciccozzi, and Croci (2010) reported sta-

Fig. 2. V. alginolyticus isolates showing different activities
on various media A) Lecithinase activity on
Trypticase soya agar with 1% (v/v) egg yolk; B)
Lipase activity on Trypticase soya agar with 1% (v/
v) Tween 80 C). Protease activity on Trypticase
soya agar with 1% (v/v) skimmed milk
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tistically no significant difference in the salt tolerance
test among V. alginolyticus isolates.

PCR assay was conducted to determine the species-
specific collagenase gene in biochemically con-
firmed V. alginolyticus (n=16) resulting in the
amplification of the expected amplicon size of 737
bp in 12 isolates (Fig. 1). The variation in collagenase
sequences of different Vibrio species such as V.
parahaemolyticus, V. alginolyticus and V. cholerae were
utilized for developing genetic markers for species
discrimination (Di Pinto et al., 2005). The collage-
nase activity was found in V. alginolyticus and has
very low neurotoxic activity compared to other
bacterial enzymes. It appears to play a vital role in
tenderization of meat as well as wound healing
(Takeuchi et al., 1992).

Fig. 3. Dendrogram and PFGE banding pattern of Not1-
digested chromosomal DNA of V. alginolyticus
isolates
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Hemolysin genes such as tlh, trh and tdh genes are
known for V. parahaemolyticus as specific and
pathogenic specific markers and are widely used for
the surveillance of these bacteria from both environ-
mental and clinical sources (Bej et al., 1999). The
presence of tlh gene in V. alginolyticus can be
expected due to the several phenotypical similarities
of both V. parahaemolyticus and V. alginolyticus
strains. Reports have been shown that tlh gene is
widespread among Vibrios such as V. alginolyticus, V.
harveyi, V. fischeri, V. proteolyticus etc (Wang, Liu, Ma,
Rui, & Zhang, 2007).

A total of 12 V. alginolyticus isolates were screened
for tlh gene and the gene was detected in 8 isolates
(Fig. 1). Among them, one isolate was positive for
trh gene in which amplicon size is above than the
expected size of 500 bp. The amplification of tlh gene
in Vibrio species may lead the inadequacy of the
species-specific marker of V. parahaemolyticus in the
event of surveillance of epidemiological investiga-
tions (Wang et al., 2007). In addition to this, several
virulence related genes of V. cholerae and V.
parahaemolyticus were reported in other Vibrionaceae
family especially in V. alginolyticus, V. mimicus, V.
diabolicus etc., (Klein, Pipes, & Lovell, 2018). Wang
et al. (2007) reported that the tlh probe for V.
parahaemolyticus lacks specificity due to its highly
homologous nature to the hemolysin genes of V.
vulnificus (voh). This poses a significant concern
when the sample becomes contaminated with other
Vibrio species or when enrichment PCR is performed
without selective enrichment and identification of
the specific Vibrio species. This could lead to
inaccurate conclusions and highlights the impor-
tance of proper sampling, selective enrichment, and
identification techniques to ensure accurate results.

Exoenzyme activity on V. alginolyticus isolates
showed clear zone formation in all the isolates in
lecithinase, lipase and caseinase specific media
while blood agar plates did not exhibit any zone
formation in all tested isolates (Fig. 2). These
exoenzymes are factors that possess pathogenicity to
species.

In the present study, exoenzyme activity of V.
alginolyticus was observed for the lecithinase, lipase
and caseinase production. The result of this study
suggests that the V. alginolyticus showed the
production of lecithinase on egg yolk agar in 2-3
days. The zones around the organism were preceded
by a zone of clearing of media which might have

been due to its proteolytic activity. Lipase media and
skim milk agar media also showed a zone of
clearance in their respective media due to the
production of lipase and caseinase by V. alginolyticus.
The clearance zone around the colonies indicated
that the isolates were slow producers of lecithinase
(2 mm), lipase (below 2 mm) and protease (below
3 mm) production. Bunpa, Sermwittayawong, and
Vuddhakul, (2016) studied 17 V. alginolyticus isolates
obtained from environments, diseased fish and
shrimp for the production of exoenzymes and
reported that all of the isolates showed gelatinase,
lecithinase and caseinase activities, while 75% of
them possessed amylase and lipase activities.
Interestingly, hemolytic activity was not shown by
any of the isolates. It might be due to the absence
of tdh activity in the isolates as several studies have
shown that tdh controls various biological activities
such as cytotoxic and hemolytic activity in Vibrio
species (Wang, Hu, Deng, & Gooneratne, 2021).
These extracellular enzymes were proposed to act
as virulence factors for fish and other marine
organisms by allowing the Vibrio species to adhere
to the epithelial cells of the host, to evade the first
barrier of natural defense and to colonise all internal
organs.

All 12 isolates of V. alginolyticus were typed with
Notl restriction enzyme with a high degree of
genetic similarity (92%) and were divided into two
pulse types A and B (Figure 3). Further, the pulse
type A is subdivided into 5 subtypes A1, A2, A3,
A4 and A5. The pulse type B is subdivided into 8
subtypes (B1, B2, B3, B4, B5, B6, B7, and BS8). The
isolates obtained from the same sampling location
subtype B3 and B4 showed a unique pattern of 98%
similarity in PFGE typing. All tlh positive isolates
(n=8) formed unique pulse type B revealing the
definite relationship between pulse types and the
hemolysin gene of V. alginolyticus. All V. alginolyticus
isolates lacking tlh gene forms pulse type A (A1, A2,
A3 to A5). The standard culture of V. alginolyticus
ATCC 17749 forms pulse subtype A4. However, the
PFGE types and antibiotic resistance pattern didn’t
show any definite relationship.

PFGE is recognized as a gold standard of subtyping
of food borne pathogens due to its sensitivity,
specificity and reproducibility (de Boer, & Beumer,
1999). In this study, PFGE results showed a unique
fingerprinting pattern for differentiating isolates of
V. alginolyticus in terms of the hemolysin gene (tlh
gene). The high level of genetic similarity in this
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study may be due to the same geographic location
in which the samples are drawn, implying closeness
of the sampling locations (Mironova, Afanasey,
Basov, Urbanovich, & Balakhonov, 2014). The
identical banding pattern noted among the isolates
such as Al and A2, A4 and A5, B3 and B4, B6, B7,
and B8 indicates that these isolates were closely
related and may have originated from a single clone.
Ren et al. (2013) examined the distribution and
virulence gene detection in V. alginolyticus from
different sources of mariculture systems and showed
extensive genomic diversity and identical PFGE
typing patterns in pathogenic isolates. However, a
good correlation between PFGE clones and antimi-
crobial susceptibilities in different enteric patho-
genic bacteria was reported previously by many
workers (Liu et al., 2009; Du et al., 2018; Yang et al.,
2019). Hence, it can be concluded that PFGE typing
successfully differentiated tlh positive V. alginolyticus
from tlh negative V. alginolyticus isolates from
seafood.

The results of antibiotic resistance pattern showed
that all isolates were sensitive to tetracycline and
chloramphenicol (Table 1). Intermediate resistance
was observed against ciprofloxacin (83.3%),
aztreonam (8.3%), polymyxin (16.6%), ceftazidime
(33%), cefpodoxime (16.6%), and cefotaxime (8.3%).
Resistance to co-trimoxazole was shown by 16.6%
of isolates. Resistance to ampicillin was found to be
100%. The gentamicin was associated with 50% of
intermediate resistance, while the rest of the isolates
were completely susceptible.

In this study, most isolates showed intermediate
resistance that explains the isolates were exposed to
antimicrobial agents. All the isolates were resistant
to ampicillin and the intermediate resistance to most
of the antibiotics tested showed the overuse of
antibiotics in aquaculture operations for the treat-
ment of diseases as well as for the growth
promotion of fishes (Kang et al., 2016). Antibiotics
resistant microorganisms are ecologically very im-
portant and this character is acquired either through
the mutation or through the horizontal gene transfer
mechanism. From the earlier studies, it was found
that R-plasmid is responsible for antibiotics resis-
tance character. Lee, Ab Mutalib, Law, Wong, and
Letchumanan, (2018) reported that R-plasmids are
widely distributed in Vibrios including V. alginolyticus
and are responsible for the carrying of transferable
drug resistance in these bacteria. They suggested
that antibiotic resistant V. alginolyticus may survive
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better than sensitive organisms in surface water. The
resistance of bacteria to antibiotics is attributed to
the enzymatic destruction of antibiotic and the
impermeability of the cell wall. Antibiotic suscep-
tibility profiling helps to evaluate the efficiency of
drugs used against various bacterial species that
helps to correct strategic and tactic use of chemo-
therapy against bacterial infections (Larsen & Faird,
1980).

Conclusion

The present study concluded the prevalence of tih
positive V. alginolyticus was high (66%) compared to
total V. alginolyticus (13.4%) from different brackish
water aquaculture fish and farm samples PFGE
typing showed a clear discrimination among tlh
positive and tlh negative isolates. This indicates the
inaccuracy of the epidemiological surveillance pro-
gram of qualitative identification of V.
parahaemolyticus using tlh gene. Hence, it will be
considered as a serious concern especially in case
of rapid detection by using direct enrichment PCR
assay by targeting tlh gene.
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