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Abstract

Vibrio alginolyticus causes severe health problems in marine fish production each year.
Among various therapeutic strategies, vaccination is the most economic, efficient and
environmentally-friendly approach against microbial infections. Evaluation of formalin-
killed Vibrio alginolyticus vaccine aquired from native isolates was carried out using a total
of 200 Asian seabass juveniles (55+6.43 g), which were divided among three groups,
including (1) control (non-vaccinated), (I1) vaccinated with killed V. alginolyticus and (I11)
killed vaccine with oral booster. Fish were vaccinated intraperitoneally. Blood samples were
taken from fish in each group at three, five, and eight weeks after immunization to assess the
antibody levels against V. alginolyticus infection. The efficacy of the killed vaccine was
appraised five weeks after the start of the initial vaccination by challenging with twofold
LDso (3.66x10°%) equivalent of the live suspension of V. alginolyticus through intraperitoneal
injection. The results of ELISA showed that there were not any significant differences in
antibody response among different groups before vaccination (p>0.05). Also, the mean
antibody titer of the group immunized killed-V. alginolyticus with oral booster was
significantly higher than the other groups five weeks after the vaccination. The vaccined fish
demonstrated higher survival rates than the control with relative percent survival (RPS) of
84.62 and 76.92%, respectively. It is concluded that vaccination could be an effective method
to protect farmed Asian sea bass against vibriosis caused by pathogenic V. alginolyticus.
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Introduction

Diseases, especially bacterial one, will
be a major challenge for expanding
aquaculture in the most pioneering
countries.  According to available
records, more than 50 marine fish
species are susceptible to infection
caused by various species of Vibrio
(Woo and Gregory, 2014). Vibriosis
mainly causes bacterial septicemia and
major economic losses, especially in
various marine fish species (Chin et al.,
2020). There are eight important species
in the Vibrionaceae family that cause
vibriosis in cultured marine fish, such as
V. alginolyticus, V. anguillarum, V.
parahaemolyticus, and V. harveyi
(Haenen et al., 2014; Bellos et al., 2015;
Liu et al., 2018; Nehlah et al., 2017). V.
alginolyticus which is the most common
pathogenic marine Vibrio species was
formerly regarded as biotype 2 of V.
parahaemolyticus (Damir et al., 2013;
Sadok et al., 2013). The first cases of V.
alginolyticus infection in farmed marine
fish were reported in Mediterranean
countries (Mohamad et al., 2019). Then,
the outbreaks of V. alginolyticus
infection was also reported in Asian
countries (Rameshkumar et al., 2017).
Cultured marine fish such as Cobia
(Rachycentron canadum), silver
seabream (Pagrus auratus), brown
spotted grouper (Epinephelus
chlorostigma), mullet Mugilidae sp.,
turbot (Scophthalmus Maximus), large
yellow croaker (Larimichthys crocea),
and Asian seabass were infected by V.
alginolyticus (Krupesha Sharma et al.,
2012; Austin and Austin, 2016). Also,
Abdallah et al. (2009) showed that this

bacterium could induce acute infection
in European sea bass (Dicentrarchus
labrax) and gilthead seabream (Sparus
aurata). Among different strategies for
controlling various bacterial infectious
diseases in aquaculture industry,
vaccination is considered as an
increasingly  promising and  cost-
effective method (Toranzo et al., 2009;
Hamod et al., 2012; Cao et al., 2018).
Vaccines are used in the aquaculture
industry to reduce antibiotics usage,
stimulate the fish's immune system to
produce antibodies, and protect them
against infectious diseases (Osman et
al., 2009). Vibrio vaccine is one of the
most successful methods of disease
prevention in the modern aquaculture
(Gudding and Van Muiswinkel, 2013).
The first attempts to produce effective
vaccines against fish vibriosis date back
to0 1991 and the first vaccine prepared for
V.(Listonella) anguillarum was reported
in 1998 (Miccoli et al., 2019). In-vitro
studies reported that V. alginolyticus
vaccines are  mainly included
formaldehyde-killed,  subunit, live-
attenuated, and naked DNA vaccines
(Cao et al., 2018). In Iran, Ajdari et al.
(2019) studied the evaluation of
virulence factors in V. harveyi isolates
from L. calcarifer and the protective
effect of these bacterial isolates.
Effective  routes for  vaccine
administration in fish include oral,
immersion, dip or bath, anal intubation,
and injection (Li et al., 2015). During
the past decade, Asian seabass has been
considered as leading marine fish
species for developing marine cage
culture, especially in the Southern coasts
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of Iran. This species has several
advantages for culture in tropical and
sub-tropical regions, such as high
fecundity, fast growth rate, high
tolerance to environmental conditions,
particularly water salinity and high
temperature, and desirable feed
conversion ratio (Mozanzadeh et al.,
2021). This species is reported to be
susceptible to vibriosis (Silva et al.,
2014) due to skin abrasions that often
exacerbate bacterial infection (Liu et al.,
2015). This study describes the efficacy
of the V. alginolyticus formaldehyde-
killed vaccine in controlling vibriosis
caused by V. alginolyticus infection in
Asian seabass, L. calcarifer.

Materials and methods

Bacterial strain and growth condition
A local pathogenic V. alginolyticus
isolate strain IR-Vac-V. a-2020 (NCBI
accession number: MW654505) was
used in this study. It was isolated from
some infected cultured marine fish
species, including L. calcarifer,
common grouper (Epinephelus
coioides), yellowfin seabream
(Acanthopagrus arabicus), Sobaity
Seabream (Sparidentex hasta) from
South of Iran, Khuzestan province and
its virulent  characteristics by
biochemical and molecular methods was
carry out (Ahangarzadeh et al., 2022). V.
alginolyticus  stock  culture  was
preserved at -80°C in 20% (V/V)
glycerol-tryptic soy broth.

! Phosphate-Buffered Saline

Preparation of killed whole-cell vaccine
For the inactivated vaccines preparation,
bacteria from frozen glycerol stocks
were recovered on tryptic soy agar
(TSA) for 24 h at 30°C and single colony
of each strain was inoculated into TSB
containing sodium chloride (3% NaCl)
and incubated for 15-18 h (overnight) at
30°C (overnight) with shaking. The
bacterial suspension was harvested and
centrifuged at 5000xg at 4°C for 10 min
and washed three times with PBS!. The
bacterial cell count was done using
microplate reader at 600 nm, and a final
concentration was adjusted on 10%°
colony forming units (CFU) /mL in PBS.
The cells were killed by 18 h incubation
with 0.5% formalin in phosphate-
buffered saline (PBS) at 4°C and were
washed with sterile PBS three times by
centrifuging at 5000x g at 4°C for 10
min to ensure the formalin was entirely
removed (Li et al., 2015). The pellets
were re-suspended in sterile PBS to 10'°
CFU/ mL and maintained at 4°C until
used (Liu et al., 2015; Nehlah et al.,
2017; Aly et al., 2021). Then, the
inactivated bacteria suspension was
homogenized with equal volumes of
Freund incomplete adjuvant
(Baharafshan, Iran) (Habeeb et al.,
2007).

Sterility test

This test was done by cultivation of a
prepared vaccine on TSA & TCBS
medium, which was then incubated at
37°C for 24 h and examined for bacterial
growth (Bahnasawy et al., 2019).
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Safety test

This test was performed according to
Bahnasawy et al. (2019) by
intraperitoneally inoculation of fish with
the prepared vaccine and their
monitoring for two weeks to ensure that
there was no infection occurred.
Experimental designed and vaccination
strategy

Two hundred Asian sea bass (55+6.43
g), were obtained from the South of Iran,
Bushehr province. The experimental fish
were acclimatized for two weeks before
the experiments. The fish were divided
randomly into three groups with 60 fish
per group with three repetitions (20 fish
per repetition). The fish were kept in
300-1 tanks supplied with aerated
seawater and fed three times a day with
a commercial pelleted diet. Throughout
the experimental period, temperature
was kept at 28+2°C, and salinity was
maintained at 432 ppt. Three
experimental groups including 1) control
(n=60) without vaccine and injected by
PBS, Il) fish (n=60) immunized by
killed V. alginolyticus vaccine with
adjuvant (FKC) and IIl) fish (n=60)
immunized by killed V. alginolyticus
vaccine with adjuvant and oral booster
(10° CFU/g of feed) (FKC+Booster). In
vaccine treated groups (group Il and I11),
fish were injected by intraperitoneally at
a dose of 0.1 mlffish. For oral
vaccination as booster in Il group, fish
were fed with pellets coated with
formalin killed whole-cell vaccine for 7
days from the third-week of post-
injection vaccination, then they were fed

with the control diet (Li et al., 2015; Aly
etal., 2021).

Fish sampling

Fish were anesthetized using 2-
Phenoxyethanol (300 ppm). Before and
after vaccination (three, five, and eight
weeks), blood samples were obtained
from the caudal vein of nine fish per
group. After clotting the blood overnight
at 4°C, serum samples were collected by
centrifugation at 3500x g for 10 min.
Sera were stored at -80°C until further
analysis (Li et al., 2015; Bahnasawy et
al., 2019).

Preparation of rabbit anti-Asian sea
bass immunoglobulin

Purified Asian sea bass immunoglobulin
M (IgM) was prepared with ammonium
sulphate. Two adult male rabbits were
immunized with 1 mL of Asian sea bass
Ig in 50% Freund's complete adjuvant
intramuscularly. The second injection
was carried out after 14 days, in the same
manner, using Freund's incomplete
adjuvant. Negative control was injected
using PBS. Blood was obtained from the
ear marginal vein two weeks after the
second immunization, and antisera were
collected (Kalbasi et al., 2000).

Development of ELISA for titration of
antibodies

The specific immune response after
vaccination with V. alginolyticus
formaldehyde-killed  vaccine  was
evaluated using the indirect-ELISA
(enzyme-linked immunosorbent assay)
to determine the IgM antibody levels
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against V. alginolyticus according to
Firdaus-Nawi et al. (2013).

ELISA plate (Nunc, Denmark) was
covered with 100 pL sonicated V.
alginolyticus formaldehyde-killed (100
ug/mL) antigen diluted (1:60) in coating
buffer (carbonate bicarbonate with
pH=9.6) for 18 h at 4°C. Then the plates
were washed three times with PBS
Tween-20 (washing solution) and the
reaction was blocked with blocking
buffer, PBST+5% Skim milk for 2 h at
room temperature (25°C). Then, the
wells were washed three times with the
washing solution. Serum diluted with
PBST+0.1% Skim milk to 1:100 was
added into the wells and incubated for 1
h at room temperature, and the wells
were washed four times with the
washing solution. The plates were

incubated for 1 h at room temperature
with Rabbit anti-sea bass IgM diluted
with PBST +0.1% Skim milk to 1:300,
and the wells were washed four times
with the washing solution. Mouse anti-
rabbit 1gG conjugate diluted with
PBST+0.1% Skim milk was added. The
plates were incubated for 1 h at 25°C.
After being washed four times (with the
washing solution substrate solution
(Tetramethyl benzidine with H.O2) was
added and left to react for 15 min at
25°C. The enzyme reaction was stopped
by adding 50 p of 2N H2SOs. The
absorbance at 450 nm was measured
with an automated microplate reader.
The OD values were transformed to S/P
ratio based on the results on serum
samples for both the negative and
positive controls in duplicate using the
following equation:

S/P (%) = (OD of sample — OD of negative control)/ (OD of positive control — OD of
negative control) x 100. (El-Jakee et al., 2008; Jung and Rautenschlein, 2020).

Pathogenic challenge

The efficacy of V. alginolyticus
formalin-killed vaccine was determined
by the relative percent survival (RPS)
through the challenge test with the
virulent strain of V. alginolyticus five
weeks after vaccination. A fresh 24 h
bacterial culture of a virulent V.
alginolyticus was used for the
experimental challenge. For evaluation
of vaccine potency, fishes in each
experimental group were inoculated
with 0.1 ml of an overnight culture of
Virulence V. alginolyticus suspended in

PBS at a concentration of approximately
twice the lethal dose via intraperitoneal
injection five weeks after vaccination
(Setyaningsih et al., 2020). Each
symptom and  mortalities  were
monitored daily for two weeks after the
challenge in all experiments. To confirm
the disease, from the dead fish, was
sampled for re-isolation of bacteria (Li et
al., 2015; Nehlah et al., 2017,
Bahnasawy et al., 2019).

The survival rates and the protection
of Asian sea bass vaccinated with
vaccine preparations were evaluated
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according to the following formula
described by Amend (1981):

RPS = [I - (% mortality in vaccinated fish/ % mortality in control fish)] x 100

Statistics

One-way analysis of variance (ANOVA)
by Duncan’s post hoc test was carried
out to compare numerical data among
groups. All data were presented as
Meant SE in which the significant
differences were determined at p<0.05.

Results

Sterility and safety test

The wvaccine safety and sterility
assessments showed that no bacteria

100 -

Cumulative mortality (%)
th
(=]

T T T T 1T T 1T T T T T

grew on the cultured plates after 48 h
incubation, and fish did not show any
disease symptoms during the two-week
post-vaccination indicating safety of
vaccines.

Protection against pathogenic challenge
The cumulative mortality of control and
vaccinated groups in two weeks after
challenge with virulent V. alginolyticus
isolate was shown in Figure 1.

=== cont(+V.algino)
FKC (+V.algino)
=== FK C+booster (+V.algino)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days post challenge

Figure 1: Cumulative mortality of different groups with the pathogenic strain of V. alginolyticus via

ip route.

The mortality rate in control group was
86.66+3.33% (mean+ SE). In contrast,
the mean mortality rate in groups Il and
Il were 13.33+3.33% and 20.0+5.77%,
respectively. As a result, the highest and
lowest mortality percentages were
recorded in the control and the formalin-

killed (FKC) vaccine with the oral
booster, respectively (Fig. 2).

Fish vaccinated with V. alginolyticus
vaccines (FKC and FKC+ booster)
displayed a better survival rate than
control non- vaccinated fish groups with
RPS of 76.92+6.66 and 84.62+3.84%,
respectively.
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100

Mortality (%)
2

Cont

FKC FK C+oral booster

Exprimental group

Figure 2: Mortalities percentage (Mean+SE) in control and vaccinated groups, following
experimental infection with V. alginolyticus. Different letters indicate significant

differences between treatments (p<0.05).

The survival of the treatment groups was
significantly higher than the control
(p<0.05). Fish wvaccinated by the
intraperitoneal method by FKC without
booster exhibited a satisfactory survival

100

70

RPS (%)
3

30

20

10

(76.92%), while better protections were
achieved in the trials of fish vaccinated
under the intraperitoneal with oral
booster regime (survival rate= 84.62%)

(Fig. 3).

FK C+oral booster

Exprimental group

Figure 3: Survival percentage (Mean+ SE) in experimental groups challenged with virulent V.
alginolyticus isolate. Different letters indicate significant differences between treatments

(p<0.05).
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The specific immune response in Asian
sea bass was evaluated by measuring
serum antibody titer using the ELISA
three times, including before and four-
and eight-weeks post-vaccination. There
was no significant difference in antibody
response among groups before treatment
(p>0.05).

The highest antibody titers against V.
alginolyticus were observed five weeks
after vaccination in both FKC
(126.43+5.53) and FKC+oral booster
(96.74+2.88) groups, and the lowest
antibody titer was detected three weeks
after vaccination.

140 -

120 H

100 1
E3

S/P (%)

20 Aa Aa

1 []

Statistical analysis showed that fish
vaccinated with V. alginolyticus
formalin-killed (FKC) vaccine and
FKC+ oral booster had significantly
higher antibody titer than control fish at
all three sampling times (p<0.05). Fish
vaccinated with FKC and oral booster
displayed the highest antibody levels
(126.43+5.53)  five  weeks after
vaccination (p<0.05). However, there
were no significant differences between
the two vaccinated groups (FKC &
FKC+ oral booster) five weeks after
vaccination (p>0.05) (Fig. 4).

Df

E cont(+V.algino)
OFKC (+V.algino)
B FKC+booster (+V.algino)

Aa

week 3 week 5

week 8

Time after vaccination (week)

Figure 4: Serum ELAISA antibody titer (S/P %) of Asian sea bass against V. alginolyticus (meanSE)
in three, five and eight weeks after vaccination. The Capital letters in the same color
columns show a significant difference within each week (p<0.05), and the small letters in
the same color columns show a significant difference between weeks (p<0.05).

Discussion

Vaccination has become a routine
method for preventing the fish diseases
in intensive mariculture and has become
safe and cost-effective for fish disease

prevention compared to the other
therapeutic strategies (Gudding, 2014;
Aly etal., 2021). Researchers report that
formalin-killed vaccines are currently
the most popular vaccines used in
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cultured fish and provide a robust
protection against vibriosis in many
marine fish species (Colquhoun and
Lillehaug, 2014; Lillehaug, 2014). To
our best knowledge, there are no
previous reports of vibrio vaccines in
Asian sea bass in Iran.

The RPS is an important index to
evaluate the immune effect of vaccines.
This study showed that L. calcarifer
vaccinated with the FKC+oral booster
exhibited better protection (84.62%)
than the FKC vaccine (76.92%) after
challenge test. The present study results
agreed with Li et al. (2015), who
reported that formalin-killed whole-cell
bacteria provided 80% protection
against V. alginolyticus in silver sea
bream three weeks after the vaccination.

Also, Nehlah et al. (2017) were
developed vaccines based on the
conserved antigens of Vibrio sp., namely
outer membrane protein K (OmpK) and
outer membrane protein W (OmpW) in
hybrid grouper juvenile. They reported
that RPS was 100% in rOmpK and it was
63% in rOmpW group.

Furthermore, vaccination of zebrafish
with a live attenuated vaccine of V.
alginolyticus provided a protection
about 71.2% (Zhou et al., 2020). Similar
to the present study, Bahnasawy et al.
(2019) showed that the level of
protection after challenge with virulent
V. alginolyticus in sea bream by formalin
vaccine was 91.66%, while it was
83.33% in vaccinated fish groups
produced by heat-killed vaccine.
Therefore, higher values of RLP! were

! Relative Level of Protection

reported in formalin vaccinated fish than
in fish vaccinated by heat-killed. Also,
the challenge with V. alginolyticus
isolate at four weeks after vaccination of
fish with DNA vaccine containing flaA
gene of this virulent isolate showed that
the vaccine's protection rate is 88%
(Liang et al., 2011). Aly et al. (2021), in
the efficiency of Monovalent and
Polyvalent V. alginolyticus and V.
parahaemolyticus vaccines on
protection in Gilthead sea bream, against
vibriosis, showed that fish vaccinated
with the V. alginolyticus monovalent
vaccine displayed RPS of 100% and the
RPS for the polyvalent vaccinated fish
groups were 91.7% against virulent V.
alginolyticus, and these results were also
supported by Li et al. (2015). Also, Pang
et al. (2018) reported more than 70%
survival rate in orange-spotted grouper
vaccinated IP with V. alginolyticus FKC.
Previous studies confirmed these results
by defining a promising and excellent
vaccine that provides relative percent
survival of about 70% and 80%,
respectively (Chettri et al., 2015).
Similarly, Remer Villumsen et al.
(2015) reported 78-80% survival, and
Fredriksen et al. (2013) reported 77.5%
survival following fish vaccination.
Improving survival and increasing the
survival rate after vaccination is
beneficial to farmers as increases
production (Mohamad et al., 2021). The
researchers suggested that RLP provided
more than 60% of acceptable protection
(Chettri et al., 2015), so the FKC and
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FKC+oral booster vaccines used in this
study are excellent vaccines.

The present study results showed that
the fish had a specific antibody titer
against V. alginolyticus  before
vaccination, possibly due to the constant
presence of this bacteria in aquatic
environments.  These results are
consistent with those of Ajdari et al.
(2019) and Ahangarzadeh et al. (2015).
Similarly, Crosbie and Nowak (2004)
reported that the Asian sea bass fish had
a specific antibody titer against V.
harveyi before vaccination. Crosbie and
Nowak (2004) explained that the natural
antibody against bacterial pathogens is
produced due to contact of normal fish
with these bacteria present in the fish
environment. High levels of natural
antibodies against bacterial pathogens
are usually produced due to the constant
of the fish with these pathogens, which
are normally present in water and reside
in the intestinal tract of fish. The present
study results showed that the FKC+oral
booster vaccine augmented significant
antibody production in Asian sea bass
vaccinated against V. alginolyticus.

The results also showed that the
antibody titer of V. alginolyticus had the
highest value in all vaccinated groups at
five weeks, then at eight weeks, and the
lowest at three  weeks after
immunization. Likewise, Ajdari et al.
(2019) demonstrated that vaccination of
Asian sea bass with IP administration of
V. harveyi vaccine increased the S/P (%)
of antibody titer at four weeks as well as
Halimi et al. (2019) showed similar
results for antibody titer against L.

garvieae after vaccination by chitosan-
alginate coated oral vaccine enhanced on
days 20 and 40 in rainbow trout.

Similar results have been reported in
Gilthead Seabream vaccinated with
monovalent and  polyvalent V.
alginolyticus and V. parahaemolyticus
vaccines showing the antibody titers in
two, four, and eight weeks after
vaccination in the vaccinated groups
were significantly different from the
control (Aly et al., 2021). The antibody
titers against V. alginolyticus showed the
highest rate in the monovalent vaccine in
four weeks compared to two and eight
weeks after vaccination (Li et al., 2015;
Aly et al., 2021), in the protective
evaluation of different vaccinating
modalities against V. alginolyticus in
Silver sea bream, showed that the
vaccinated groups were significantly
different from the control group in all
vaccination methods. However, the
highest level of specific antibody titer
was observed in LPS-vaccinated fish,
and then relevant higher values of
agglutinating antibody titer were found
in the fish vaccinated with FKC.

In agreement with the findings of the
present study, in a study to evaluate the
protection of the recombinant V.
alginolyticus vaccine, it was found that
the highest level of antibody titer was
released four weeks after vaccination
and then began to decrease in the
juvenile hybrid grouper that was
vaccinated with the recombinant V.
alginolyticus vaccine (Nehlah et al.,
2017).
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In general, the immune response to
vaccination depends on the
physiological condition of the fish, the
bacterial species from which the
vaccines are made, the methods of
vaccination, and the dosage of vaccine
(Lillehaug, 2014). Similar to the
previous findings, injection method via
IP was the most common and effective
means of fish vaccination. Vaccination
is an effective effort to protect farmed
sea bass against vibriosis caused by
pathogenic V. alginolyticus, which is
consistent with the study by Li et al.
(2015). These findings suggest that at
least a single injection seems necessary
to achieve effective protection against
vibriosis (Li et al., 2015).

In conclusion, the results of the
present study showed that V.
alginolyticus formalin-killed vaccine
prepared from pathogenic native isolates
could provide acceptable protection and
good antibody titer against V.
alginolyticus in Asian sea bass fish.
Furthermore, IP injections of formalin-
inactivated whole-cell bacterins could
offer effective protection with oral
vaccination in Asian seabass.
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