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Vibriosis causes a major setback in the marine aquaculture industry. In controlling vibriosis, vaccination of the broodstock could
help in transferring the initial immunity to the fry and perhaps giving immunity to them during the culture period. Tis study
determines the efcacy of three live-attenuated Vibrio harveyi vaccine (LAVh) derivatives on zebrafsh broodstock in providing
immunological protection to their ofspring against pathogenic Vibrio spp. Zebrafsh were vaccinated intraperitoneally with full
efective dose (ED80) and monitored for 14weeks. On week 6, the specimens were intraperitoneally (i.p.) challenged with
pathogenic 107 CFU/ml of Vibrio spp., and subsequently another batch was left to spawn. Tereafter, the antibody level of larvae
was monitored for 4 weeks post-hatching. Groups of juvenile zebrafsh were given booster vaccination via immersion
(1× 107 CFU/mL) with vaccines similar to their predecessor. Te fsh were sampled weekly for four weeks to determine their
antibody profle and pro-infammatory gene expression. Finally, at week 3, the juvenile fsh were challenged with pathogenic
strains of Vibrio spp. Results of antibody profling in the adult zebrafsh model indicated that freeze-dried and stale LAVh delivers
a longer immunological protective duration, while the FKVh vaccination group failed to provide immunological protection
against V. alginolyticus. However, the gene expression of pro-infammatory interleukin 1β (IL-1β) in the FKVh vaccinated group
was elevated longer than that in the freeze-dried LAVh vaccinated group. Nevertheless, the relative percent survival (RPS) of both
vaccination groups against pathogenicVibrio spp. displayed 100% immunity. Overall, the freeze-dried LAVh vaccine was found to
confer maternal immune protection for its ofspring, provide a long duration of immunological protection and cross-protection
coverage against pathogenic Vibrio spp., and have a longer shelf life. It is proposed to be commercially available for farmers to
protect against Vibrio spp. infection.

1. Introduction

Vibriosis causes deadly hemorrhagic septicaemia towards its
infecting host. It is identifed as one of the main aquaculture
problems in marine aquaculture production [1] in many

countries like Malaysia, the Philippines, Vietnam, and China
[2–5]. It is a rod-shaped, Gram-negative bacterium and
tends to propagate signifcantly in marine and estuaries of
warm climate environments with a high dependency on
salinity for its survival [6]. In Malaysia and neighboring
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tropical countries, cases of outbreaks are frequent in a va-
riety of caged cultured groupers (Epinephelus sp.), Asian
seabass (Lates calcarifer), and snappers (Lutjanus sp.) [7].

Clinical signs featured in teleost have been described as
skin darkening, lethargy, anorexia [8], loss of scale [5], le-
sions of necrotic muscle fbers, multifocal necrosis in the
renal tubular, and hepatocytes of kidney and liver, re-
spectively [2]. From the year 2000 until 2003, China saw
a massive loss of cage-cultured yellow croaker (Pseudo-
sciaena crocea) with mortalities leading between 30% and
40%, and the highest was recorded at 80% mortality [9].
Vibriosis also afects the crustacean farming industry where
de Souza Valente and Wan [10] had reported that the
production loss due to acute hepatopancreatic necrosis
disease (AHPND) caused by Vibrio infection costed around
USD 44 billion between 2010 and 2016 in Mexico, China,
Tailand, Vietnam, and Malaysia combined.

Disease outbreaks in fsh larvae could be due to un-
developed immunity in its gastrointestinal tract while having
a pH that is not low enough to inhibit pathogenicVibrio spp.
[11]. A study showed the tendency of pathogenic Vibrio spp.
to infltrate and infect young fshes (<200 g) stocked in open-
net cages, with mortality up to 40% [5]. A common practice
for fsh farmers to counter the outbreak of vibriosis is by
using antibiotics [12]. However, the utilization of antibiotics
has also encouraged the development of resistance in
pathogens by selectively pressuring them into a horizontal
transfer of resistance genes to the diferent organisms [3, 12].

Vaccination is convenient for use in open and closed
culture water as they target a specifc antigen inside the host
without causing harm to other benefcial microorganisms
[13]. Vaccination intends to imitate a natural cascade of
efects caused by foreign material entering a host, where the
vaccines activate both the innate and adaptive immune
system by producing antibodies from memory cells and
establishing lasting protection [14]. A unique way of de-
veloping protection against disease is via the transfer of
maternal immunity towards the larvae [15]. Te quality and
quantity of immune factors transferred to the ofspring are
signifcantly afected during vitellogenesis. Female fsh not
exposed to antigens cannot produce specifc antibodies
against those pathogens, thus limiting the transfer of
immunity [16].

Studies showed that a live-attenuated vaccine could
increase antibody production and reduce the time required
for revaccination as the protective period is prolonged
compared with the conventional killed vaccine [17]. In
addition, equipping the vaccine with a freeze-drying tech-
nique helps preserve its shelf life and ease access to remote
and isolated hatcheries [18]. Te capability of the live-
attenuated Vibrio harveyi (LAVh) vaccine to promote rel-
evant immunity response favors not only the adult fsh and
its overall health but also the health conditions of its of-
spring. A healthy maternal transferred immunity from the
broodstock to fsh embryos is essential for the survival of its
ofspring against microbial infections [19]. With a history of
repeated vaccination, broodstock would reinforce the ma-
ternal immunity delivered towards the ofspring to have
a protective immune response for their defense [20].

Tis study aimed to determine the antibody profles of
zebrafsh and their ofspring following vaccination with
LAVh and FKVh vaccines. Besides, this study also observed
the protective efcacy of the ofspring and vaccinated juv-
enile zebrafsh post-challenge with diferent Vibrio spp. as
well as the innate immune-related gene profling of juvenile
zebrafsh at post-vaccination.

2. Materials and Methods

2.1. Experimental Fish. Adult zebrafsh (Danio rerio) (length
of 2.9± 0.1 cm; weight of 0.20± 0.5 g) were brought from
Sanwa Aquatics Sdn. Bhd., Kuala Lumpur, Malaysia.
However, the zebrafsh larvae and juvenile fsh were ac-
quired from vaccinated adults in this study. All fsh were
maintained and cultured at Aquatic Animal Health and
Terapeutics Laboratory, Institute of Bioscience, Universiti
Putra Malaysia, Malaysia. Approval for bacterial use and the
fsh host was recognized in accordance with the guideline
stipulated by the Department of Biosafety, the Ministry of
Natural Resource and Environment, Malaysia, with approval
no. JBK(S) 602-1/2/136(6). All approaches performed in
studies involving animals were in accordance with the
ethical standards of the Institutional Animal Care and Use
Committee (IACUC), Universiti Putra Malaysia (UPM),
under approval no. UPM/IACUC/AUPR059/2016.

2.1.1. Adult Fish. Adult zebrafsh (n� 525) were acclima-
tized for 7 days and screened for any bacterial and parasite
infections before being used for vaccination trial and
challenge study. Fish were placed in 70 L tanks of un-
chlorinated water with 24 h of aeration and salinity of less
than 0.5 ppt. Feed was given two times a day at 0800 h and
1700 h. Te water exchange was conducted once a week at
25%. Te fsh were stationed inside a closed environment
with an average water temperature of 23°C and 12 :12 h of
light : dark using an automated fuorescence lamp system.
Adult fsh were fed with commercial micro-pellets (Sanyu
Ichiban, Malaysia; crude protein 35%, crude fat 4%, crude
fber 3%, and moisture 10%) ad libitum once a day. During
the vaccination trial and challenge test, fsh were placed in
25 L tanks with 24 h aeration.

2.1.2. Fish Larvae. Spawning fsh eggs was done artifcially
using a mesh-covered container to collect the eggs [21]. Te
eggs in the container were sifted out and maintained in the
same condition as the adult in a 1 L plastic tank with 24 h of
aeration, and the larvae were maintained in this condition
after hatching. Larvae (n� 225) were fed with fne-crushed,
commercial feed (Sanyu Ichiban, Malaysia; crude protein
35%, crude fat 4%, crude fber 3%, and moisture 10%) ad
libitum once a day.

2.1.3. Juvenile Fish. Juvenile fsh (n� 135) were raised from
eggs spawned by vaccinated adult zebrafsh. Te fsh fry age
was 28 days post-hatching (dph) and was maintained in
groups according to the vaccination group of their
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predecessor. Tey were maintained in the same condition as
the adult zebrafsh in 1 L plastic tanks with 24 h aeration and
fed with commercial feed twice a day at 0800 h and 1700 h.
Te water exchange was conducted once a week at 25%.
Juvenile fsh were fed with commercial micro-pellets (Sanyu
Ichiban, Malaysia; crude protein 35%, crude fat 4%, crude
fber 3%, and moisture 10%) ad libitum once a day.

2.2. Bacterial Strains and Culturing Conditions.
Pathogenic strains of V. alginolyticus (Strain VA2; GenBank
KJ930426.1), V. parahaemolyticus (Strain FORC_008; GenBank
CP009983.1), andV. harveyi (Strain VH1; GenBank KT266880.1)
were isolated and identifed from diseased groupers [22] (Sup-
plementary Table 1). All bacterial strains, including live-attenuated
V. harveyi (LAVh) (Strain MVH-vhs; GenBank EU344975.1)
vaccine [23], were maintained at the Aquatic Animal Health and
Terapeutics Laboratory, Institute of Bioscience, Universiti Putra
Malaysia. Bacterial identifcation was carried out using PCR
(Supplementary Table 2) and sent for DNA sequencing at First
BASE Laboratories Sdn. Bhd., Selangor, Malaysia.

Te bacteria were cultured on thiosulfate-citrate-bile
salt-sucrose agar (TCBS; Oxoid, Hampshire, UK) and in-
cubated at 30°C for 12 h. Five colonies were selected and
transferred into 10mL tryptic soy broth (TSB; Oxoid) with
1.5% NaCl (w/v).Tey were then incubated at 30°C, 150 rpm
for 12 h. Bacterial cultures were spun down at 8000 g for
10min at 4°C, and the supernatant was discarded.Te pellets
were washed three times with 10mL sterile 0.01M phos-
phate bufer saline (PBS) before resuspending with 10mL
sterile 0.01M PBS.

To determine the bacterial concentration, 100 µL of
diluted working culture from each dilution factor of 100 to
10− 7 was transferred onto TCBS agar with 1.5% NaCl (w/v)
and spread using a glass spreader [24] before being in-
cubated. Te bacterial colonies formed on the plates were
then counted using the plate count technique following the
equation for the colony-forming unit (CFUmL− 1). Once the
total bacterial concentration had been established, the
working culture was diluted to the desired concentration
needed throughout the study [25].

2.3. Vaccine Preparation. Live-attenuated V. harveyi vaccine
was prepared based on previous study [22]. In brief, by
utilizing the combined broth-membrane fltration mating
method and mixing both the pathogenic V. harveyi strain
Vh1 with a recombinant E. coli SM10λpir that harbors the
mutagenesis plasmid, positive colonies with presence of
chloramphenicol resistant gene (CmR) and vhs gene (vhs)
with deleted catalytic triad were screened, sub-cultured, and
later designated as live-attenuated Vibrio harveyi strain
MVH-vhs (LAVh) vaccine. Te live-attenuated V. harveyi
vaccine was further divided into three groups; fresh, stale,
and freeze-dried live-attenuated vaccine (Table 1).

2.3.1. Fresh and Stale Live-Attenuated V. harveyi Vaccine.
Preparation of fresh and stale live-attenuated LAVh vaccine
follows the previously described methods in Section 2.2. In

short, prior to use, the LAVh vaccine was incubated in
tryptic soy broth (TSB) with 1.5% NaCl (w/v) at 30°C,
150 rpm for 12 h. Te vaccines are designated as fresh LAVh
due to them being inoculated within 24 h post-incubation.
Vaccines that were prepared after 24 h and stored at 4°C
before use were designated as stale LAVh vaccines.

2.3.2. Freeze-Dried V. harveyi Vaccine. Te freeze-dried
LAVh vaccine has undergone a freeze-drying process and
represents the option for a vaccine with longer shelf life.
However, in the fnal phase of the vaccine preparation, the
bacterial suspension was spun down at 8000 × g for
10minutes at 4°C (Eppendorf, Hamburg, Germany), and the
supernatant was discarded. Te bacterial pellets were mixed
in PBS with 15% sucrose and 15% skimmed milk. Te
opened end of the centrifuge tube was covered with paraflm,
and small holes were poked with a sterile wooden toothpick.
Tis is to ensure the contents of the centrifuge tube are
thoroughly dried and to avoid spillage. Te centrifuge cap is
gently placed without damaging the paraflm and stored in
a 4°C fridge for 24 h [26]. Te vaccines were later transferred
to a − 30°C biomedical freezer (Sanyo, Osaka, Japan) for 24 h
before fnally being stored in a − 80°C ultra-low temperature
(ULT) freezer until further processing. Before the samples
were placed in the freeze-drying glass jars, the caps were
taken of, leaving only the paraflm coat as a barrier to stop
any samples from coming out of the centrifuge tubes. Te
freeze-drying process was conducted for 12 h following the
protocol established using the Freeze Dry System Freezone
12 (Labconco, Kansas, USA).

2.3.3. Formalin-Killed Vibrio harveyi Vaccine. Whole-cell
formalin-killed V. harveyi vaccine (FKVh) represents pos-
itive control in this study. Te bacterial broth culture was
spun down, and the pellet was washed three times with
0.01M of PBS. Te fnal pellet was mixed and suspended in
0.5% formalin (v/v) for 24 h at 4°C. Te following day, the
formalin suspension was centrifuged at 3000 × g and dis-
carded, and the bacterial pellet was then washed with 0.01M
PBS and spun down to eliminate any remaining residue of
formalin in the vaccine. Total mortality was determined by
inoculating 100 μL from the cell suspension onto a TCBS
agar and culturing for 16 h at 30°C. Te method was adapted
from Mohamad et al. [27] with minor modifcation.

2.4. Vaccination Regime. Tis experimental design for the
vaccination trial consists of three phases: the adult, larvae,
and juvenile phases. Te vaccination regime is displayed in
Figure 1.

2.4.1. Adult Phase. Adult zebrafsh were separated into fve
groups with triplicates (n� 35) (Table 2), and each group was
vaccinated with their vaccine’s corresponding efective
dosage (ED80–144 h) at 104 CFU/m, except for control group.
Te vaccination regime starts at week 0, with a booster
vaccination on week 2 and week 5. Each treatment group was
let to spawn on week 7.
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2.4.2. Larvae Phase. After spawning, the zebrafsh eggs and
larvae were maintained as previously described. Tey were
maintained until 28 days post-hatching (dph) until they are
considered juvenile zebrafsh.

2.4.3. Juvenile Phase. Te zebrafsh juveniles whose
broodstocks were fed with freeze-dried LAVh vaccines,
FKVh vaccines, and PBS-inoculated groups were selected for
further experiments. Tey were vaccinated by immersion
with 107 CFU/mL at week 0. Tis dose was selected as the
exact dosage needed to induce 50% mortality in the
LD50–144 h of Vibrio spp. infection in 21 dph zebrafsh fry.

Te freeze-dried LAVh vaccine was selected due to its
advantage over its other derivatives of LAVh vaccines in
terms of antibody production, longer shelf life, and ease of
use. FKVh acts as a positive control, while the PBS-
inoculated group is the negative control.

2.5. Blood Sampling. Ten adult fsh from each group were
anesthetized by four-second immersion in crushed ice water
with a temperature ranging between 1 and 3°C to prepare for
vaccination administration [28]. Te blood samples were
collected from each group biweekly for ELISA. Blood was
collected from a cut on the caudal fn using a capillary tube
and transferred into a gel and blood clot vacutainer [29].Te
vacutainer (Sterilizasyon Medikal, Istanbul, Turkey) was
then spun down at 750 g for 10min, and the separated
homogenate was collected and transferred before being
stored at − 30°C until further use.

2.6. Egg and Larvae Sample Preparation. Eggs and larvae
were maintained as previously described. A total of 20 larvae
from the broodstock of each vaccination group were col-
lected weekly (0 dph, 7 dph, 14 dph, 21 dph, and 28 dph) and
crushed using a hand-held pestle (Duran Wheaton Kimble
Life Science, Mainz, Germany) for ELISA. Homogenized
material was collected in a gel and blood clot vacutainer and
spun down at 750 g for 10minutes. Separated serum was
collected and transferred into a 1.2mL mini-centrifuge tube
(Biologix, Kansas, USA) before being stored at − 30°C until
further use.

2.7. Enzyme-Linked Immunosorbent Assay Analysis. Te
indirect ELISA method was used to determine the anti-
body level after vaccination, following Mohamad et al. [7].
Coating antigens of V. alginolyticus, V. parahaemolyticus,
and V. harveyi were prepared initially. Flat-bottomed
microtitre plates (6 wells, Sigma-Aldrich) were coated
per well with 100 μL of the prepared coating antigen and
kept at 4°C overnight before being washed with sterile
washing bufer (PBST consisting of PBS + 0.05% Tween
20) two times. After washing, each well was blocked by
adding 200 μL of 1% bovine serum albumin (PBS + 0.05%
Tween-20 + BSA, Sigma-Aldrich) to prevent non-specifc
binding and kept for 1 h at 25°C, and each well of the plates
was again washed thrice with PBST. Serum samples (1 :
300 serum in blocking bufer) were added in the well at
100 µL each well and incubated for 1 h at 25°C. After the
incubation period has been met, the wells were washed
thrice with PBST and 100 µL of primary antibody con-
sisting of 1 : 1000 mouse anti-zebrafsh IgM monoclonal
antibody (Aquatic Diagnostics Ltd., Scotland,
United Kingdom) was added to the wells and incubated
for 2 h at 25°C. Te plates were again washed thrice with
PBST, and 100 µL of secondary antibody of 1 : 1000 anti-
mouse-HRP (Aquatic Diagnostics Ltd., Scotland,
United Kingdom) was incubated for 1.5 h at 25°C. After
washing with PBST, 100 µL of TMB substrate solution
(Sigma-Aldrich, Inc., Missouri, USA) was added to the
reaction well to detect the bound conjugate for 30minutes
at 25°C in dark before the reaction was stopped with
100 µL of 0.16M sulphuric acid. Values were obtained by
measuring the absorbance using a Multiskan spectrum
microplate reader (Termo-Fisher Scientifc, Massachu-
setts, USA) with the OD at 450 nm.

2.8. Challenge Test. A total of 30 adult zebrafsh in triplicates
from each group were intraperitoneally challenged at week 6
with LD50–144 h pathogenic Vibrio spp. (V. alginolyticus,
1× 105 CFU/mL; V. parahaemolyticus, 1× 106 CFU/mL; and
V. harveyi 1× 106 CFU/mL), while the remaining batches
were left to spawn ((A) in Table 2). Tereafter, at the of-
spring level, the larvae were maintained until 28 dph, and 90
larvae from each group were challenged by immersion with
107 CFU/mL of pathogenic V. alginolyticus,

0 1 2 3 4 5 6 7 8 9 10 11 12

0 1 2 3 4

0 1 2 3

Week
Adult phase

Week
Larvae phase

Week
Juvenile phase

Vaccination
Key:

Challenge trial

Spawning

Figure 1: Vaccination and challenge trial.
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V. parahaemolyticus, and V. harveyi ((B) in Table 2). At the
same time, the remaining larvae were left to grow until the
juvenile stage. At week 3, after entering the juvenile stage
(28 dph), the fsh was challenged by immersion with
107 CFU/mL of pathogenic V. alginolyticus,
V. parahaemolyticus, andV. harveyi ((C) in Table 2). In every
challenged trial, the fsh were immersed in 11 ppt salinity for
10minutes before being placed back in their previous
container (<0.5 ppt), and this method was adapted from
Zhang et al. [30] with major modifcations. Tey were not
fed for 144 h (6 days) throughout the challenge test.

2.9. Relative Percent Survival. Te relative percent survival is
to determine the protective efcacy of a vaccine against
pathogenic bacterial species. Te calculation method and
formula were adapted from Reed and Muench [31].

Cumulative percent survival� (total number
of fishmor tality/total number of fish) × 100
Relative percent survival� 1 − (average CPM in the
treatment group/average CPM in the control group)

×100

2.10. Quantitative Polymerase Chain Reaction. Te expres-
sion of the immune-related genes was only analyzed in vac-
cinated juvenile zebrafsh groups (5 homogenized whole fsh
samples/group) using SYBR-based quantitative real-time PCR
(qPCR) assay [32]. In brief, the reaction was performed in
a 20μL reaction containing 1000ng of cDNA, 10μL of
2× SYBR Green PCR master mix (Qiagen, Gmbh, Hilder,
Germany), 1.4µL of each forward and reverse primers of
immune-related genes (TNF-α, IL-1β, IL-8, and β-actin; Ta-
ble 3), and nuclease-free water adjusted to the fnal volume of
20μL.Te reactions were performed in a real-time PCR Rotor-
Gene Q machine (Qiagen) in triplicates. At the end of each
cycle, the melting curve analysis of the PCR products was
performed at 65°C to 95°C with 0.5°C per 5 s increment to
determine that only specifc PCR products were acquired and
there were no primer dimers [33]. Te relative expression of
each immune-relative gene was determined by comparing it
with the expression level of the β-actin gene as the house-
keeping gene using the Livak method, 2− ΔΔCT method.

2.11. Data Analysis. Te antibody level during the vaccination
regime for adults, ofspring, and vaccinated juvenile zebrafsh
was analyzed usingANOVA followingTukey’sHSD formultiple
comparisons [34]. All statistical analyses were performed via
IBMSPSS Statistics ® version 25.0 (SPSS Inc., Chicago, IL, USA).Te graph of antibody level was plotted using GraphPad Prism 7
(Graphpad Software Inc., San Diego, CA, USA). Values were
considered signifcantly diferent at p< 0.05.

3. Results

3.1. Antibody Profling of Vaccinated Adult Zebrafsh. Te
antibody profling of adult zebrafsh was categorized into
antibody levels against V. alginolyticus, V. parahaemolyticus,
and V. harveyi.

3.1.1. Antibody Level of Vaccinated Adult Zebrafsh against
V. alginolyticus. Initial vaccination of zebrafsh at week
0 induced the production of antibodies against V. alginoly-
ticus with a signifcant diference (p< 0.05) compared with
the control group. By week 2, after the second booster
vaccination, all vaccination groups had their antibodies
elevated before slightly decreasing as they reached week 4.
After the third booster vaccination on week 5, the expression
of antibody levels within the vaccinated groups was steadily
increased but gradually decreased after their peak until week
12 (Figure 2(a)).

Te initial progression of antibody levels in the freeze-
dried LAVh vaccinated group was signifcantly diferent
(p< 0.05) against antibody levels of the control and stale
LAVh vaccinated group. However, the antibody level that
had initially gained momentum after the second booster
vaccination in week 2 had dropped in week 4. After the third
booster vaccination at week 5, the antibody gradually in-
creased until week 8, when it peaked and was signifcantly
diferent from that of fresh LAVh and formalin-killed
V. harveyi vaccine (FKVh (whole cell)) antibody level. Af-
ter week 8, the antibody level gradually decreased but
remained signifcantly diferent than that of the control
group’s antibody level.

Upon the initial vaccination of stale LAVh in zebrafsh,
the antibody was observed to have remained sustained until
after the second booster vaccination on week 2. From here
on, the antibody level had increased before slightly de-
creasing to week 5. Upon the third booster vaccination on
week 5, the antibody level had boosted signifcantly
(p< 0.05) until it reached its peak point at week 10 and
gradually decreased by week 12. Te antibody of zebrafsh
from the control group against V. alginolyticus was constant
from week 0 until week 12, with a slight decrease on week 8.

Zebrafsh vaccinated with fresh LAVh displayed an in-
crease in antibody levels after the initial and second booster
vaccinations. Teir antibody level had slightly dropped
before the third booster vaccination at week 5 before the
antibody peaked and was signifcantly (p< 0.05) elevated on
week 6. By week 8, the antibody level had dropped signif-
icantly (p< 0.05) compared with other vaccination groups
and expressed the same antibody level against
V. alginolyticus as that of the control group from week 10 to
week 12.

Formalin-killed V. harveyi vaccine (FKVh (whole cell))
expressed antibody levels after the initial vaccination on
week 0 and continued to express antibody levels on week 2
and week 5 before their booster vaccination administration.
However, the expressed antibody level had increased slightly
and peaked at around week 6 until week 8 before decreasing
again to the same antibody level as that of the control group
at week 12 in a continuous manner.

3.1.2. Antibody Level of Vaccinated Adult Zebrafsh against
V. parahaemolyticus. Zebrafsh vaccinated with freeze-dried
LAVh had a signifcant (p< 0.05) antibody expression
against V. parahaemolyticus at week 0 before the initial
vaccination of the zebrafsh group. Te antibody level had
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increased until the second booster vaccination on week 2
before decreasing sharply on week 4. By week 5, the third
booster vaccination was administered, and the antibody level
was seen to have increased until it peaked in week 8 before
gradually decreasing until week 12 (Figure 2(b)).

Expression of antibody level in stale LAVh vaccinated
zebrafsh group after the initial vaccination on week 0 in-
creased until week 2. From there, the antibody level had
slightly decreased before the third booster vaccination on
week 5. After week 6, the antibody level jumped signifcantly
(p< 0.05) at week 8 and peaked at week 10. Te antibody
level was still signifcantly higher (p< 0.05) compared with
the other treatment groups when the antibody level started

to decrease until week 12. Te antibody level of the control
group against V. parahaemolyticus remained constant
throughout the experiment, with a slight elevation of an-
tibodies around week 10 until week 12.

Zebrafsh vaccinated with fresh LAVh display a constant
increase in antibody levels against V. parahaemolyticus from
the initial vaccination on week 0, continuously throughout
the second and third booster vaccination on week 2 and
week 5.Te antibody level was signifcantly higher (p< 0.05)
than other treatment groups on week 4 and peaked at week 6
before the antibody level dropped signifcantly (p< 0.05) on
week 8. Antibody level was signifcantly lower (p< 0.05)
than that of the control group between week 10 and week 12.

Table 3: Primers designed to detect targeted innate immune-related genes.

Primers Functions Primer sequence (5′-3′) Tm (°C) Accession number

TNF-α Regulation of the recruitment of immune cells GCGCTTTTCTGAATCCTACG 60 AY427649AAGTGCTGTGGTCGTGTCTG

IL-1β Mediator of key infammatory response CGCTCCACATCTCGTACTCA 60 BC098597ATACGCGGTGCTGATAAACC

IL-8 Attracts and activates neutrophils in the infammation area
CTCGGACTGAAGGTGACTCC

60 HF674400.1AAGCTGTTTACTGCACATGTT
GT

β-Actin A housekeeping gene ACCACGGCCGAAAGAGAAAT 60 NM_131031.2ATGTCCACGTCGCACTTCAT
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Figure 2: Antibody level of adult zebrafsh from vaccination group following challenge with pathogenic V. alginolyticus (a),
V. parahaemolyticus (b), and V. harveyi (c). Diferent letters represent statistically signifcant diferences between treatments (p< 0.05).
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Vaccination of zebrafsh with the FKVh vaccine
expressed a continuous smooth expression of antibody levels
as compared with treatment groups from the derivatives of
LAVh vaccines. A slight drop in antibody level was detected
from week 2 until week 5 before increasing again before
administering booster vaccination. Te antibody level
peaked on week 8 before decreasing gradually until week 12.

3.1.3. Antibody Level of Vaccinated Adult Zebrafsh against
V. harveyi. Expression of antibody levels against V. harveyi in
freeze-dried vaccinated zebrafsh group indicated a smooth
increase of antibody level from the initial vaccination until the
second booster vaccination on week 2. Tere was a slight
decrease in antibodies by week 4, before the antibody level then
increased after the third booster vaccination on week 5 and
peaked on week 6.Tere was a signifcant diference (p< 0.05)
in antibody level on week 6 compared to the other treatment
groups except against stale LAVh.Te antibody level of freeze-
dried vaccinated zebrafsh then gradually decreased until week
12 while being signifcantly higher (p< 0.05) than fresh LAVh
and FKVh vaccinated groups (Figure 2(c)).

Stale LAVh vaccinated zebrafsh had shown antibody
levels againstV. harveyi to be on par with that of freeze-dried
vaccine expression of antibody. Tis vaccine, however,
peaked on week 10, a week later than the freeze-dried
vaccine, and gradually decreased until week 12. Te ex-
pression of antibodies in the control group remained con-
stant until week 12.

Te antibody level of the fresh LAVh vaccinated
zebrafsh group showed a continual increase in antibodies
from the initial vaccination on week 0 to the second and
third booster vaccination on weeks 2 and week 5. Fresh
LAVh group peaked on week 6 before gradually decreasing
its antibody expression at the same level as the control group
from week 10 until week 12.

FKVh antibody level expression decreased after the initial
vaccination on week 0. Tis trend continued after the second
booster vaccination before increasing again prior to the third
booster vaccination on week 5. Te antibody level peaked in-
between week 8 and week 10 before decreasing at week 12.

3.2. Antibody Profling of Ofspring from Vaccinated
Zebrafsh. Te antibody profling of zebrafsh ofspring
from vaccinated adult zebrafsh was categorized into anti-
body levels againstV. alginolyticus,V. parahaemolyticus, and
V. harveyi.

3.2.1. Antibody Level of Zebrafsh Fry from Vaccinated Adult
against V. alginolyticus. Te antibody level of freeze-dried
LAVh vaccinated ofspring against V. alginolyticus decreased
after the egg hatched and continued throughout the larval stage
and the early juvenile I stage until week 2 post-fertilized. Te
antibody level then signifcantly increased (p< 0.05) and
peaked at week 3 before decreasing at week 4 (Figure 3(a)).

In ofspring of stale LAVh vaccinated zebrafsh, the antibody
level began to increase as early as week 1 in the larvae stage.Te
trend continued until it peaked inweek 3 and decreased again by

week 4. Te control group’s ofspring showed no elevation of
antibody levels throughout the 4-week study period. Te of-
spring from fresh LAVh treatment groups display the same
antibody level as that of ofspring of the freeze-dried LAVh
treatment group.Te antibody level started to increase only after
week 3; however, the antibody level peaked in week 4.

Te same can be said for observing ofspring of the FKVh
treatment group.Te antibody started to rise only after week
3 when the ofspring were in the juvenile I stage. Te an-
tibody level of this treatment group also peaked on week 3
and decreased slightly by week 4.

3.2.2. Antibody Level of Zebrafsh Fry from Vaccinated Adult
against V. parahaemolyticus. Te antibody level of ofspring
of freeze-dried LAVh vaccinated zebrafsh displayed an
increase of antibody expression as early as week 1 against
V. parahaemolyticus. Te antibody level slightly dropped by
week 2 before increasing and peaked at week 3. Tere was
a signifcant diference (p< 0.05) in the antibody expressed
by freeze-dried treatment groups as compared with fresh
LAVh and FKVh treatment groups; however, there was no
signifcant diference (p< 0.05) against the treatment group
of stale LAVh group (Figure 3(b)).

Te antibody level of ofspring from stale LAVh-
vaccinated zebrafsh displayed the same trend as that of
the freeze-dried LAVh ofspring. Te ofspring from the
control group displayed a slight increase in antibody levels
against V. parahaemolyticus on weeks 1 and 3; however, the
antibody level decreased throughout the study period.
Antibody level from fresh LAVh-vaccinated zebrafsh of-
spring followed the trend of its other LAVh derivative
groups; however, the antibody level continues to increase
after week 3, coming into week 4.

Expression of antibody levels by ofspring from the
FKVh treatment group peaked at week 3; however, it did not
show a signifcant diference against that of the fresh and
control groups within the same period. Te low expression
indicates that the antibody level in the ofspring of the FKVh
group against V. parahaemolyticus was negligible.

3.2.3. Antibody Level of Zebrafsh Fry from Vaccinated Adult
against V. harveyi. Te antibody level against V. harveyi in
freeze-dried LAVh ofspring of vaccinated zebrafsh dis-
played a continuous increase in antibody level from week
0 and peaked at week 3. Te antibody level then dropped at
week 4 (Figure 3(c)). Tis is also true for the expression of
antibodies of ofspring from the stale LAVh treatment.

In the antibody level of ofspring from the fresh LAVh
treatment group, the antibody level against V. harveyi in-
creased gradually until week 4 and displayed a signifcant
diference (p< 0.05) against the other treatment groups
within that period (week 4). However, there was a signifcant
increase (p< 0.05) of antibody levels in the control group
against V. harveyi in the initial period of week 1, and the
antibody level then continued to drop from week 2 until
week 4. Te antibody level of ofspring from the FKVh
treatment group gradually increased from week 0 until it
peaked at week 3 and decreased by week 4.
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3.3. Antibody Profling of Vaccinated Juvenile Zebrafsh.
Te antibody profling of immerse vaccinated zebrafsh fry
from maternal vaccinated adult zebrafsh was categorized
into antibody levels against V. alginolyticus,
V. parahaemolyticus, and V. harveyi.

3.3.1. Antibody Level of Vaccinated Zebrafsh Fry from
Vaccinated Adults against V. alginolyticus. Initial immerse
vaccination of 28 days post-hatching (dph) freeze-dried
LAVh ofspring from freeze-dried vaccinated adults
revealed an increase in antibody expression after 2 weeks
againstV. alginolyticus antigen. At week 2, the antibody level
of freeze-dried vaccinated fry had peaked and was signif-
cantly higher (p< 0.05) than that of the control group
(Figure 4(a)).

Te antibody expressed by 28 dph fry from the formalin-
killed V. harveyi vaccination group displayed the same
antibody expression as the freeze-dried vaccination group.
Its peak was seen on week 2 and showed no signifcant
diference (p< 0.05) with antibodies from freeze-dried
vaccinated fry throughout this study.

3.3.2. Antibody Level of Vaccinated Zebrafsh Fry from
Vaccinated Adults against V. parahaemolyticus.
Vaccination of freeze-dried LAVh vaccine by immersion in
the maternal ofspring of the freeze-dried LAVh vaccinated
group displayed signifcantly higher (p< 0.05) antibody
expression against V. parahaemolyticus (Figure 4(b)). Te
vaccination of ofspring from the maternal FKVh vaccinated
group did not display a signifcant diference (p< 0.05) in
antibody levels against other treatment groups and the
control group from week 0 until week 1 and week 3. At week
2, this group showed no signifcant diference (p< 0.05)
against the antibody level of the freeze-dried LAVh group
vaccinated ofspring.

3.3.3. Antibody Level of Vaccinated Zebrafsh Fry from
Vaccinated Adults against V. harveyi. Interestingly, the
antibody level of both freeze-dried vaccinated fry and that of
FKVh vaccinated fry had higher antibody levels in the initial
stage of vaccination at week 0 as compared with the control
group (Figure 4(c)). However, the antibody level had then
dropped to the same level as the control group and showed
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Figure 3: Antibody level of zebrafsh fry from vaccination group following challenge with pathogenic V. alginolyticus (a),
V. parahaemolyticus (b), and V. harveyi (c). Diferent letters represent statistically signifcant diferences between treatments (p< 0.05).
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no signifcant diference between all treatment groups from
week 1 until week 3.

3.4. Challenge Test. Te results of the challenge test are
categorized into three compartments: the challenge test of
adult zebrafsh, the challenge test of ofspring from vacci-
nated zebrafsh, and the challenge test of vaccinated
zebrafsh juveniles.

3.4.1. Challenge Test for Ofspring from Vaccinated Zebrafsh.
Upon challenge test using the doses for larvae LD50–144 of
a pathogenic strain of Vibrio spp. against adult zebrafsh
and ofspring from treatment groups of vaccinated adults,
the relative percent survival of these ofspring was
measured.

Adult zebrafsh vaccinated with derivatives of LAVh
vaccine managed to present highest RPS values when
challenged against LD50–144 h of V. harveyi (Table 4). Stale
LAVh, however, displayed lowest RPS value at 29.8% when
challenged against V. alginolyticus. FKVh vaccine displayed
a low RPS value in adult zebrafsh challenge.

On the other hand, the challenge test against the
pathogenic strain of V. parahaemolyticus of all treatment
groups showed that ofspring from the FKVh treatment

group had the lowest RPS value at 68.10%. When challenged
against the pathogenic strain of V. harveyi, the ofspring
from the fresh LAVh treatment group displayed the lowest
relative percent survival (57.45%) among the other treat-
ment groups (Table 5).

3.4.2. Challenge Test for Vaccinated Juvenile Zebrafsh.
All zebrafsh fry vaccinated with freeze-dried LAVh and
FKVh survived the study and showed no clinical signs of
infection against all three pathogenic strains of Vibro spp.
(Table 6). Tere was no signifcant diference between
treatment groups (p< 0.05).

3.5. Expression of Innate Immunity Post-Vaccination. Te
expression of innate immune genes post-vaccination of
immersed vaccinated zebrafsh fry frommaternal vaccinated
adult zebrafsh were categorized into their respective genes
of interleukin-1 beta (IL-1β), interleukin-8 (IL-8), and tu-
mor necrotic factor-alpha (TNF-α). Overall results indicated
that fry of freeze-dried LAVh and FKVh vaccinated group
showed high expression of innate immune-related gene
during the initial post-vaccination period which sub-
sequently decreased afterward.
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Figure 4: Antibody profling of vaccinated zebrafsh fry from vaccinated broodstock against antigens from V. alginolyticus (a),
V. parahaemolyticus (b), and V. harveyi (c). Diferent letters represent statistically signifcant diferences between treatments (p< 0.05).
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3.5.1. Expression of Interleukin-1 Beta (IL-1β). Te expres-
sion of IL-1β from immerse-vaccinated freeze-dried LAVh
zebrafsh fry showed high expression at week 0 before
vaccination. During week 1 and week 2, the expression of IL-
1β had decreased to a level lower than the expression of the
control group. However, in week 3, the expression of the IL-
1β gene increased slightly (Figure 5(a)). Zebrafsh fry vac-
cinated by immersion with FKVh vaccine displayed high
expression of IL-1β at week 0 and continued until week 1.
However, this gene’s expression decreased to a lower level
than that of the control group on week 2 and week 3. No
signifcant diferences were detected between treatment
groups within each sampling week throughout the study
period.

3.5.2. Expression of Interleukin-8 (IL-8). Zebrafsh fry vac-
cinated with freeze-dried LAVh vaccine displayed high IL-8
gene expression at week 0 following immerse vaccination.
Te gene expression had dropped sharply by week 1, below
the expression levels of the control group. However, it in-
creased slightly until week 3 (Figure 5(b)). FKVh displayed
a higher expression of IL-8; however, there was no signif-
icant diference (p< 0.05) between the treatment groups in
each sampling week throughout the study period; the ex-
pression, later on, decreased as the study progressed.

3.5.3. Expression of Tumor Necrotic Factor-Alpha (TNF-α).
Before the vaccination of freeze-dried vaccines of zebrafsh
fry via immersion, high expression of TNF-α was detected
on week 0. On week 1, the expression dropped signifcantly
(p> 0.05) compared with FKVh-vaccinated zebrafsh fry.
However, in week 2, the expression of TNF-α increased
slightly before decreasing again in week 3 (Figure 5(c)).
TNF-α expression from zebrafsh fry of the FKVh vaccinated
group showed a high expression value in the early period of
the study, week 0. Te expression decreased by week 1 and
continued until week 3 in a gradual state.

4. Discussion

Live-attenuated bacterial vaccines can provide a higher
immunological protective barrier against intracellular
pathogens while inducing better immuno-responses towards
the host than conventional killed vaccines [35]. Additionally,
live-attenuated bacterial vaccines can provide a higher
function by providing both homologous and heterologous
protection across multiple species of bacteria by displaying
similar antigen-recognizing outer membrane protein
(OMP) of other species expressed on its surface [36].

Tis study conducted LAVh derivative vaccination of
adult zebrafsh according to the efective dose of 80% sur-
vival (ED80–144 h) of the vaccine when challenged against the
median lethal dose (LD50–144 h) of pathogenic Vibrio spp. as
a baseline. Te vaccination of adult zebrafsh using the
ED80–144 h of LAVh derivatives was established as a reference
to determine the transfer of maternal immunity in zebrafsh
fry by using a predetermined and justifed vaccination dose.

Te vaccination points for adult zebrafsh were estab-
lished to desire the phase at which the gonad was developing.
Nisaa et al. [37] stated that gonad development during
vaccination impacts antibody accumulation in fsh eggs and
seeds. Vaccination in the second stage of gonad development
would yield higher antibodies compared to later stages in
tilapia (Oreochromis niloticus).

Maternal immunity is the transfer of antibodies and
immune-related material from the progenitor parent to their
ofspring. Fish larvae depend highly on their maternal-
derived immune materials and nutrient composition for
their development. Akbary et al. [38] highlighted the high
mortality in fsh fry recorded globally due to outbreaks of
microbial pathogens, hence the importance of maternally
derived immunity for the survival of ofspring in the early
stage before hatching [19].

Multiple studies were conducted on diferent fsh spe-
cies, both commercially and model species, to highlight the
protective efciency of maternal immune transfer. Sukenda
et al. [39] recorded that vaccination of broodstock increased
the survival of ofspring against 107 CFU/mL Streptococcus
agalactiae by 95% on 7 days post-hatching (dph) as
compared with 56% survival after 28 dph with the same
bacterial dose. Another study on larvae of sea bream from
vaccinated broodstock concluded that there was a signif-
cant increase in anti-protease activity and high total an-
tibody level after spawning compared with larvae from
unvaccinated broodfsh [40]. Tese studies indicated the
efectiveness of vaccinating broodfsh to confer higher
survival for their ofspring by increasing the transfer of
maternally derived antibodies to counter microbial threats
in the early stage of fsh fry. As a side note, Ye et al. [41]
conducted a study in vaccinating adult zebrafsh with live-
attenuated V. anguillarumMVM425, which resulted in the
enhancement of myelopoiesis development in their
ofspring.

A successful upbringing of fsh fry largely coincides with
the broodstock’s overall health and an environment that is
supportive of the survival of the fsh fry [11].Te vaccination
of broodstock to confer the transfer of maternal immunity
helps increase the survival rate of fsh fry against disease
infection. Tis measure ensures reliable and sustainable fsh
fry production for the aquaculture industry.

In adult zebrafsh, stale antibody level was seen to have
peaked at the later stage of the vaccination profle as
compared with fresh and freeze-dried LAVh. Fresh LAVh
was the earliest vaccine to peak and drop signifcantly,
continuing onwards. Te increase in antibody buildup could
be linked to the age of the inoculated bacterium. Older
bacterium expresses a higher array of outer membrane
protein (OMP) than younger ones. Tis increases the
binding competence of the produced antibodies in the host
against invading antigens. Te peaking of antibody levels in
adult zebrafsh determined that the freeze-dried and stale
LAVh vaccine delivers a longer immunological protective
duration than fresh LAVh.

It had also been noted that the expression of antibody
levels against the antigen of V. harveyi in adult zebrafsh
showed a smoother expression of antibody level than the
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sudden spikes of that from antibody level expression against
V. alginolyticus and V. parahaemolyticus. Tere was no
explanation for this condition that the authors were aware of
at the time of this writing. Despite that, it is suggested that
due to the use of the same species of the bacterium as
a vaccine candidate (V. harveyi), the antibodies produced
were more compatible to attach with the pathogenic strain of
V. harveyi, hence the smoother expression of antibody level.
However, in comparison with other strains of pathogenic
Vibrio spp., it is suggested that the antibodies bind more
coarsely to the displayed antigens of V. alginolyticus and
V. parahaemolyticus. Tis could be because of the diference
in compatibility between the antibodies and the invading
pathogen.

As stated earlier, the lower antibody production of fresh
live-attenuated V. harveyi (LAVh) vaccine as compared to
stale and freeze-dried LAVh. Terefore, a more extended
incubation period is suggested to promote additional
multiplication and higher bacterial maturity. Winslow and
Walker [42] described that the early phase of bacterial
culture consisted of rapid multiplication of cell with high
metabolic activity but low resistance to environmental
conditions. In the later phase, the culture contained more
developed bacteria. Tis resulted in more matured pathogen
recognition proteins, which in turn increased the marker
expressed on macrophages as well as afnity of antibodies.
Vaccination with the live-attenuated vaccine is presumed to
have promoted myelopoiesis development while regulating
cells to mature into macrophages [41].

During the initial stage of zebrafsh fry, the antibody level
started to increase gradually, suggesting the accomplishment
of maternal immunity transfer to the larvae from their
immunized parents. Ofspring of the fresh LAVh vaccinated

group had a more extended peaked antibody level than the
other vaccination groups.

Other studies, such as Hanif et al. [40], recorded that
antibodies in the larvae of sea bream (Sparus aurata) were
reported to decrease gradually until the eighth day post-
hatching (dph) before increasing again. It was thought to be
because of the absorption of egg yolks and natural protein
catabolism in fsh larvae during this period. Zebrafsh egg
yolk had been completely absorbed by the fourth dph;
moreover, during this period, the thymus of zebrafsh fry
was recorded to have been developed as an organ; it is then
followed by rapid growth and replication until the 3rd week
post-hatching (wph) and organized into a thymic cortex
[43]; this can be seen with the striking increase of antibody
on the third wph. Zapata et al. [43] then highlighted that
despite having distinguished the lymphoid organs, other
factors would determine the immunocompetence of the fsh;
it is noted that full maturity of immunological competence
can only be observed later, despite having noticeable Tand B
lymphocytes much earlier. Adams [44] later wrote that in
regard to B cell responses, the number of antibodies pro-
duced does not correlate with the level of protection that can
be conferred to the host.

Te relative percent survival in ofspring of the FKVh
vaccinated adult zebrafsh had failed to increase the antibody
of ofspring against V. alginolyticus. It was suggested that the
maternal transfer of immune-related material was limited in
the FKVh vaccination group as compared to that of LAVh
derivatives.

Freeze-dried LAVh vaccine demonstrated reliable an-
tibody expression in adult zebrafsh with an ED80–144 h of
1× 104 CFU/mL. Freeze drying of live-attenuated (LAVh)
vaccine increased the vaccine’s shelf life while retaining its
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Figure 5: Gene expression of innate immune-related genes of (a) IL-1β, (b) IL-8, and (c) TNF-α from whole fsh fry for 28 days post-
vaccination. Asterisks (∗) indicate the signifcance of diferences (p< 0.05) between the vaccination groups of the targeted gene during the
same period.
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ability to mimic natural pathogens. By deploying the exact
vaccine derivative for immerse vaccination dose at
1× 107 CFU/mL, immersion vaccination is a more suitable
method to be utilized as the fsh fry is small in size and comes
in a large group. Te immersion would be hard to tackle
compared to intraperitoneal vaccination, which is laborious
and time intensive.

Guo et al. [45] previously stated that bacterial dose of
107CFU/mL is usually required to induce innate immunity
in zebrafsh larvae via immersion. Teir suggestion was
based on a compilation of studies conducted on the immune
responses of zebrafsh larvae from bacterial infection
[46–49].

Initially, the antibody level of fry from vaccinated
broodstock from freeze-dried LAVh and FKVh vaccines was
elevated compared to the control. Te capability of mater-
nally transferred immunity to confer protection is essential
to help their ofspring during their initial days in their hostile
environment.

In weeks following the initial vaccination, the antibody
level then leveled out. Tis can be seen at week 3 post-
vaccination; the antibody level of both freeze-dried LAVh
and FKVh vaccination group and their control counterpart
showed no signifcant diference in terms of antibody de-
tection via absorbance analysis.

It is proposed that a more extended study duration on
the antibody profling of vaccinated fry of two (2) months
would indicate the peaking point of antibody levels and the
downtrend of the antibody. From here, providing a booster
vaccination for the fry can be suggested to increase the
antibody level and prolong immunological protection
against Vibrio spp. infection.

Teoretically, when a foreign material enters the external
barrier of the host, it will cause infammation of the entry site
due to the recruitment and responses of non-specifc in-
fammatory responses such as the macrophage, neutrophil,
and dendritic cells. Te robust and immediate action of the
immune cells is mediated by pro-infammatory cytokines
such as pro-infammatory interleukin (-1α, -1β, -2,-6, -7, -12,
and -15), the tumor necrosis factor-α (TNF-α), and the
interferon-c (IFNc) [50, 51].

Vaccination of freeze-dried LAVh and FKVh vaccine
manages to trigger the expression of pro-infammatory
genes during the initial week; the expression of genes
then drops in the weeks following as the immune system has
triggered the adaptive immunity and advances to deploy
their humoral stage with the inclusion of developing anti-
bodies. Interestingly, genes related to innate immunity re-
cruitment were highly expressed during the initial
vaccination week, as can be seen for cytokine IL-1β com-
pared with TNF-α, which was moderately expressed.

It is worth mentioning that a study using Edwardsiella
tarda exposed to zebrafsh larvae also stimulated the same
amount of IL-1β and TNF-α [46] as this study. Tese results,
however, difer from another study by Oehlers et al. [52] by
using zebrafsh larvae exposed to Listonella anguillarum,
which resulted in a strong expression of IL-1β and TNF-α.
Both these cytokines were described as working to coincide
with each other to mediate the pro-infammatory responses

[51]. However, Hasegawa et al. [53] stated that prolonging
the expression of pro-infammatory cytokines has detri-
mental efects on the host due to the ongoing recruitment of
macrophages and neutrophils.

High expression of IL-1β in freeze-dried LAVh vacci-
nated fry on week 0 indicated that the vaccine had promoted
the recruitment of innate phagocytes to the site and carried
on with the immunity-cascading efects. Compared with
FKVh, the expression of IL-1β continued until week 1,
suggesting that the FKVh vaccine still requires the re-
cruitment of innate cells to the site of infection. It is sug-
gested that high expression but the short duration of pro-
infammatory genes is required in the early phase of in-
fection to promote more immune cells to the infected site
vigorously. A long duration of pro-infammatory expression
suggests that the vaccine is weak at promoting the incursion
of immune cells to the site of interest.

In the case of cytokine IL-1β, prolonged exposure has
been cited for causing epidermal damage to surrounding
cells cascading into apoptosis. Although unlikely to happen
in healthy fsh as the macrophages can efciently attenuate
the cytokines, fsh that are immuno-suppressed or immuno-
compromised have a high chance of this occurring. TNF-α
was suggested to function as an inhibitor to activate the
endothelium in response to the agitation of foreign material
rather than direct action on the leukocytes [52]; in other
terms, they attract neutrophils [54]. However, Pan et al. [55]
reported that upon infection with Vibrio vulnifcus, both
grouper (Epinephelus coioides) and zebrafsh exhibited an
over-expression of immune genes (TNF-α, il-6), which may
contribute to endotoxemic shock and increases the mortality
rate of the fshes. Hence, a high expression of TNF-α does
not indicate a reliable and competent immune response.

Secretion of the IL-8 cytokine by macrophages is vital to
the progression and reaction of innate immunity [56]. Tey
are hardly detectable when healthy fsh have no stimulant
compared to other mediated stimulants such as TNF-α, IL-
1β, and other cellular stress [57], although their primary
function is to recruit and guide neutrophils to the targeted
site of infection [58]. Te freeze-dried LAVh and FKVh
vaccines are assumed to have been cleared by week 2 due to
the signifcant drop in IL-8 expression (Figure 5(a)). Te
drop of IL-8 can also signify that the foreign material has
been cleared from the host, and the neutrophils have dis-
persed to other lymphoid organs.

Te relative survival rate of both vaccination groups was
on par with each other. Tey could equally confer complete
protection against multiple strains of Vibrio spp. Never-
theless, a deep understanding of the innate immune re-
sponse has to be taken into account, as this could have dire
consequences due to the overexpression of pro-
infammatory cytokines of the host during inoculation.

5. Conclusion

Te application of LAVh to delivering maternal immunity
from broodstock to fsh fry for their survival during the
hatchery and nursery phases has been established. Te
application, in turn, would help increase the output of the
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relevant parties in tackling the supply shortage. Te use of
freeze-dried LAVh vaccine to confer maternal immune
protection for its ofspring is desired because it has better
cross-protection coverage against V. alginolyticus,
V. parahaemolyticus, and V. harveyi as compared with the
FKVh vaccine. Although zebrafsh were not the intended
species for the vaccine, they play a major role in de-
termining the early response of antibodies from the
maternal transfer. Immersion with 1 × 107 CFU/mL of
freeze-dried LAVh was able to induce good immunity
response and full protection towards their host when
challenged with multiple strains of pathogenic Vibrio spp.
Vaccination of fsh fry is important to maintain the im-
mune protection brought down by their parent. Although
the maternal transfer of immunity manages to confer
some protection for the ofspring, it is limited and only
provides protection for a limited period, hence the need
for a booster vaccination for the fsh fry.
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