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Histological Examination of Various Organs of Asian Seabass,
Lates calcarifer after an Oral Inactivated Vaccine against Vibrio harveyi
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ABSTRACT. Disease outbreaks and consequential losses are a challenge to the aquaculture industry. Di-
seases in aquaculture are caused by pathogenic agencies, such as bacteria, viruses, and parasites. The use
of vaccines is one approach for the control of infections in fish and in building immunity against them. The
goal of the present study was to create an effective oral vaccination against V. harveyi in order to ensure
the long-term viability of aquaculture operations in the Sultanate of Oman. At a commercial farm, the tar-
get bacterium was isolated from infected fish and identified from a pure strain. Bacteria were killed with
formalin and cleaned with saline several times. The vaccine was mixed with commercial feed to provide
an oral vaccination for fish. This vaccinated feed was given for four weeks, and the efficiency of vaccine
was determined by a challenge test, which involved injecting live same species of bacteria into healthy fish.
Histology samples were taken when the experiment was completed. Multivitamins and vaccination therapy
helped the fish to develop faster and to survive for extended periods of time without any organ damages.
The control fish, on the other hand, demonstrated an incapacity to resist bacteria and died as a result, with
external and internal organ damage. Despite the positive findings of this study, more research is required.

Keyworbps: Oman, Vibrio harveyi, Vaccine, Histology

ol S Lpasall Sl gl ol sy Al loa) A jidelial Lyaad Silud (e Lele o i La g (al aY) (585 Ui 1doMs)
Alaasl) 5 saall Aail<e 8 Cladl i) saa) lalall) aadt ) aay clbalall g il g il 5 Ly i€l Jie 4ol el dy 55
g5y llee 4l jaiul Jlaa dal (e 7 harveyi s Jlsd (5 b andai Say) s Eoadl 134 (e Ciag) OIS Laaia deliall ol
O gale o yal) 5 A liadl) @l (e Adagiall Ly il J e ot dojladde ) 3o 8 glae Al 8 doyshall o) e )
Calall 138 sllae) a5 e (5 sad aeda 5 gl ladall wa ~ LAl Jada a5 ol ) il aladit s Lgadain s Ly il 5 padi a8 48 4D
Aal o Al @llaull 8 doall adl el oia el g3 cganill JLiial DA (e LAl 3L 2 gt ai g calnd Ay )i 3aa) ilall
sl ad o oladl g e yuf IS sl e @il asaail) 3ke 5 Banaiall ol inalidll chne b Ay jal) JlaiS) aie da sl cilie
il g Ly Sl A slie e Ui pa8 are o Sall ellaud & gl e saldali (e slae W) 8 cali gl 50 a3 (e ALy oda il
Cradl e 2y he ) Aala @il )l sd gl A el il e ae N e A dalall g A jlal) eliac Y ol a1 A

doeadY) ole ¢ &) ¢ o) gl yrad] :deand ) SloIS)

'Department of Marine Science and Fisheries, Sultan Qaboos University, Oman
*Department of Animal and Vetenery Science, Sultan Qaboos University, Oman
3Bluewaters LLC, Fisheries Development Oman, Oman

*Corresponding author: (E-mail:ghyoon@squ.edu.om)

[oxeIel



Introduction

quaculture is one of the fastest growing

food production industries, with a 5.8%

annual growth rate between 2008 and
2020 (FAO, 2021). Sustainability in aquaculture
is limited due to environmental concerns.
There are many environmental impacts from
aquaculture inputs and resources in many
aspects including energy, feed, and water (Waite
et al., 2014). However, mass mortality is one of
the main problems facing in aquaculture sector
(Kjorsvik et al., 2011). The occurrence of high
mortality varies, it may be due to the environment,
diseases and water quality, but the main cause of
death is diseases, and especially what causes the
highest rate of death in aquaculture is diseases
caused by bacterial infection (Vadstein et al.,
2013).

Economic losses and losses of fish re-
sources in aquaculture are the most prominent
negative consequences of disease outbreaks
(Arijo et al., 2005). Therefore, it is necessary to
find ways to control diseases in the aquaculture
sector, examples of these methods optimization
of feed, good sanitation, introduction of specific
pathogen free (SPF) brood stock, improvement
husbandry techniques, water quality and deve-
lopment immune capacity of fish (Grisez et al.,
2005). Strategies are needed to increase immu-
nity in fish. These strategies designed to be on
relation with etiological agent or what called
by opportunistic bacteria and early immune lo-
gical response. A strategy is used that aims to
increase the immunity of fish and increase re-
sistance against pathogens known as immune
stimulation (IE), and it is done by adding com-
pounds or factors that contribute to increasing
the immune response of the fish (Barman et al.,
2013). Macrophages are increased by adding
the immune stimulant agent (IA) that leads to
an increase in the numbers of macrophages and
the activation of their functions (Sakai, 1999).
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Vaccination is the most effective strategy to in-
crease the immune response in fish (Gudding
and Van Muiswinkel, 2013; Gudding and Goo-
drich, 2014). Many kinds of vaccines have been
used in salmon fish farms in Norway, which has
been observed in a decrease in the mortality rate
of fish and a decrease in the use of antibiotics
(Gudding, 2014). The first approach to develo-
ping the vaccine is to use completely inactivated
cells and this method is considered more viable
due to its safety and efficacy for cultured fish
(Toranzo et al., 1997). The vaccine can be deli-
vered by injection, by mixing the vaccine with
the food, or by immersion, placing the fish in a
bath of vaccine for a certain period (Grisez et al.,
2005).

The present study was designed to deve-
lop an ineffective vaccine against Vibrio harveyi
and study its efficacy on Asian seabass, Lates
calcarifer for sustainable of aquaculture in the
Sultanate of Oman. In this study, the immune
response of host fish and its ability to survive
after the challenge test was also investigated.

Materials and Methods
Sampling

More than 30 sick Asian seabass, L. calcarifer
were sampled from aquaculture farm at Sultan
Qaboos University, Oman and measured weight
and length prior to diagnosis of fish.

Isolated Bacteria

Bacteria were isolated and cultured in TSA
(Tryptone soya agar, Sigma). Then bacteria were
identified by DNA sequence. A portion of pure
colony of bacteria (500 mg) was transferred from
plates to sample tubes. 3ml of CTAB extraction
buffer was added and 5 ul protease k added and
placed at 55 °C for 12 hours. The samples were
cooled to RT and added 5 ul RNase (10mg/ml).
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Then, the samples were incubated at 37 °C for
30 minutes. PCI (25:24:1) was added in equal
volume and centrifuged at 12000 rpm for 10
minutes. Next, supernatant was transferred to
a new Eppendorf tube. Equal volume of chilled
isopropanol was added and centrifuged at 12000
rpm for 10 minutes. Discarded supernatant and
washed pellet with 70% ethanol. Then, pellet
was dried and re-suspended in 70 ul autoclaved
distilled water. Finally, samples were placed at
4 °C for short term. The genome of all isolated
bacteria was extracted. The polymerase chain
reaction (PCR) was done for all samples by ma-
king a several copies of DNA segments. Then,
the target 16S rRNA gene was amplified to de-
termine the DNA sequence.

Vaccine Processing

When bacteria species was identified, a pure
strain of bacteria was cultured to produce nee-
ded amount of bacteria. After that, cultured V.
harveyi cells were collected from all petri di-
shes and placed in 10% formalin. The mixture of
bacteria and formalin was located in a magnetic
stirrer for 2 hours to fix bacteria and killed them
at the same time. Then, the bacteria in formalin
were centrifuged with 3000 rpm for 1-2 minutes.
The two-layers were formed; the first layer was
formalin and the second one was bacteria. The
first layer was carefully removed. Saline water
was added and again centrifuged with 3000 rpm
for 60 seconds for washing bacteria. This pro-
cess was repeated 3 times to remove formalin.
To confirm that all bacteria were dead, 0.5 ml
from the solution was taken and spread on a new
petri dish. It was placed in an incubator for 24
hours. No colonies indicated that all bacteria
were dead. The density of bacteria in the vaccine
was measured by using a spectrophotometer in
620 nm wavelengths. The density of vaccine was
maintained between 4x10° -5x10°. After that the
vaccine was placed in the freezer until used.
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Preparing the Oral Vaccine

After the vaccine was prepared, we mixed it
with feed to make the oral vaccine. 3 treatments
were used in this experiment. The vaccine with
feed was prepared by adding 5 ml of vaccine to
10 g of feed. The second treatment was made
by mixing 10 grams of feed with 2.5ml of vac-
cine and 2.5ml of the multivitamin. A volume of
2.5 ml of the vaccine was mixed with 2.5 ml of
frankincense solution and 10 g of feed to prepare
treatment. Also, the feed for control was mixed
with only PBS. After that, the feed was put to
dry for 48 hours.

Histology

After the 2 weeks of feeding trial, samples were
taken from the vaccinated fish and the control
fish. Then, the fish was dissected and shapes
of the organs were compared for all fishes. The
organs were separated and they were placed in
10% buffered formalin for 24 hours to fix. Af-
ter 24 hours, the organs were cut and the tissue
was placed in cassettes. Next, the cassettes were
placed in water/ alcohol mixture of different
alcohol concentrations to dehydrate. Finally, the
cassettes were placed in 100% alcohol and then
in xylene. The dehydrated samples were placed
into melted paraffin. The tissues were embed-
ding into paraffin blocks and sectioned. The 5
micrometre sections of representative tissues
were stained with hematoxylin and eosin. Final-

ly, they were mounted in DPX mountant.

Results

The external appearance and condition of the
vaccinated fish after feeding trial was signifi-
cantly different from the control one. The scale
and colour were natural in the vaccinated fish.
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On the other hand, the scale and colour was lost
in the control fish. In addition, the control fish
had pale color compared to the vaccinated fish.
The tails of the control fish were rusted and lost
their natural colors. Whilst, the appearance of
the tail of the fish from vaccinated group did not
show any signs of abnormality (Figure 1).

The internal organs of the vaccinated and
the control fishes were different in their color
and shape. All the internal organs of the vacci-
nated fish were normal in appearance but those
from the control, unvaccinated fish, were cloudy,
bloody and difficult to separate. The brain of the
vaccinated fish showed that clean, tight and one
complete mass whilst, the brain from control fish
had separated parts and there were some erosion
and loss of parts (Figure 2). Figure 3 illustrates
histology of the heart in the vaccinated fish. The
heart in the vaccinated fish appears as a com-

Figure 1. External appearance of vaccinated and
control fish after orally vaccinated. Vaccinated
fish showed clean and clear body color (up) while
controlled fish showed whitish and rusted tails
(down).
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Figure 2. The brain of the vaccinated fish dis-
played no damage and appeared in one mass (up),
while histology of the brain from fish receiving
the oral vaccinated appeared abnormal and was
separating (down).

Figure 3. Histology of heart in vaccinated fish
vaccinated and control fish after orally vaccinated
(up). The heart of vaccinated fish appeared as a
complete organ without any erosion but the histo-
logy of heart in control fish showed with gaps and
ruptures (down).

plete organ without any erosion. However, the
heart of the control fish appeared with gaps and
ruptures or erosion from the inside. Also, some
of the outer parts were missing or corroded in the
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core of the control fish. Figure 4 shows the liver
of the vaccinated fish. In the vaccinated group,
the liver appeared as one mass and there was no
erosion or deficiency in any part of it. The tis-
sue of the liver appears to be clear without any
scratches or damages. However, the liver in the
control fish had many parts that were missing. In
addition, the erosion in the liver was very high
and the color was dark comparing with the liver
in the vaccinated fish.

Figure 4. The liver appeared of vaccinated fish as
one mass and there is no erosion or deficiency in
any part (up). However, there are many parts were
missing in liver of control fish. The erosion of li-
ver was very high and the color was dark (down).

Discussion

V. harveyi is one of the causative diseases in
aquaculture organisms of vertebrates and in-
vertebrates, it also infects freshwater fish. In-
fections with V. harveyi have been detected in
farmed barramundi fish in Malaysia and the Phi-
lippines. According to the study, symptoms of
V. harveyi infections varied from scale drop to
muscle necrosis in farmed barramundi, L. calca-
rifer in Vietnam. The external symptoms of in-
fection were the loss of scales in fish, erosion of
fins, and the appearance of skin wounds, because
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the bacteria erodes the skin of the fish (Dong et
al., 2017). Similar symptoms were found in our
study.

The current study indicated a big diffe-
rence between the tissues of the organs of the
vaccinated fish and the control fish. After the
challenge test, the vaccinated fish was able to
overcome the bacterial infection due to the pre-
sence of immunity against the pathogen. This
immunity was established after the fish were
given an inactivated vaccine against V. harveyi
bacteria, so the fish were able to resist and fight
the bacteria, which reduced the damage to the in-
ternal organs, as well as the external appearance
of the fish. Moreover, the vaccinated fish sur-
vived for a longer time after the challenge test. In
contrast, the control fish showed the exact oppo-
site, as after the challenge test the fish died after
24 hours and showed all symptoms of infection
with V. harveyi. The brain in the control fish had
many damages, including separation of parts,
congestion of the blood. However, the brain ap-
peared in a healthy condition in the vaccinated
fish. This could be explained by the fact that he
control fish could not fight the bacteria com-
pared to the vaccinated fish after being infected
with V. harveyi. Heart tissues in the control fish
shows necrosis caused by V. harveyi attacking
the fish's organs. The presence of immunity in
the vaccinated fish means that the bacteria do
not attack the fish organs. Thus, the heart of the
vaccinated fish is healthy and without any necro-
sis or damage. As for the intestine, it was clear
in all its parts and the villi were present in the
vaccinated fish. Similar findings were obtained
in the study of the villi in the uninfected fish
(Stephens et al., 2006). As for the control fish,
the intestine was greatly eroded to the extent
that the villi were not present on its wall. This
is due to the bacteria that attacked the intestine
and led to the erosion and necrosis of the villi in

the intestine. The liver in the fish infected with V/
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harveyi after challenge test showed the presence
of fluid congestion, and focal necrosis in the li-
ver tissues. This is because the control fish could
not resist the bacteria (Mohamad et al., 2019). In

opposite, in the vaccinated fish, the liver did not

suffer any necrosis.

Conclusion

Bacterial diseases are a major problem of aqua-
culture sector in the world. In order to solve this
problem the immune system in fishes need to be
improved. Vaccine is one of the strategies that
is used to improve immune stimulation in fishes
against bacterial diseases. The development of
an ineffective vaccine against V. harveyi and its
efficacy on barramundi fish used in aquaculture
projects in the Sultanate of Oman was the ob-
jective of this study. Our data suggested that the
immune response of fishes and their ability to
V. har-

veyi was improved by the vaccination. The study

survive after the challenge test against

demonstrates high potential of vaccines to fight
bacterial infections in aquaculture in the Sulta-

nate of Oman.
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