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Abstract
Fish diseases are often caused either by bacteria, viruses, fungi, parasites, or a combination of these pathogens. Of these, 
bacterial fish diseases are considered to be a major problem in the aquaculture industry. Hence, the prevention of such 
diseases by proper vaccination is one of the integral strategies in fish health management, aimed at reducing the fish 
mortality rate in the aquaculture farms. Vaccination offers an effective yet low-cost solution to combat the risk of disease in 
fish farming. An appropriate vaccination regime to prevent bacterial diseases offers a solution against the harmful effects 
of antibiotic applications. This review discusses the role of live-attenuated vaccine in controlling bacterial diseases and 
the development of such vaccines and their vaccination strategy. The current achievements and potential applications of 
live-attenuated and combined vaccines are also highlighted. Vaccine development is concluded to be a demanding process, 
as it must satisfy the requirements of the aquaculture industry.
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Introduction

Aquaculture contributes significantly to the 
global production sector, particularly in meeting 
the increased demand for high-quality food. 
Approximately 44% of the total global fish production 
is contributed by aquaculture [1]. As reported by Food 
and Agriculture Organization [2], the majority of 
the fish produced by aquaculture is used for human 
consumption. Therefore, to meet the market demands, 
several difficulties need to be addressed by the aqua-
culture sector, including natural variables such as 
ecological impacts, poor water quality, and disease 
infestations [3-5]. The current strategy to increase 
aquaculture productivity is based on intensifica-
tion and increased commercialization of aquaculture 
products [6]. However, efforts for rapid intensification 
by aquaculture sectors may have adverse ramifica-
tions, such as disease outbreaks [7], which are a major 
impediment to the growth of aquaculture [8].

Disease outbreaks have socio-economic impacts 
since the cultures of many aquatic species sustain 
severe losses. There might be a loss of investment and 

consumer confidence, food shortage due to industry 
failure, or cessation of aquaculture operations [6]. 
Consequently, the production rate, income ability, 
power of employment, market access or market shares 
can be affected. Several cases of disease outbreaks, 
particularly in the Asia-Pacific region, have been 
reported. For instance, more than 30% of the total yield 
loss was estimated in China, India, and Vietnam, due to 
fish diseases [9]. In the Philippines, fish diseases have 
resulted in a 75% reduction in household income, and 
a 19.4% increase in debt [10]. Moreover, it has been 
reported the rainbow trout (Oncorhynchus mykiss) 
industry losing its sale for 29.1 million fish during 
2018, which 92% loss incurred, due to diseases [11].

Many factors contribute to the susceptibility of 
cultured fish to pathogens. In particular, the viability of 
pathogens inside the fish and in the water sources often 
increases the chances of infection [6]. A study by Albert 
and Ransangan [5] revealed that deterioration of water 
quality can increase the susceptibility of fish to infec-
tion and diseases such as vibriosis. They reported an 
increase in fish mortality during periods of high water 
temperature, which was consistent with high counts 
of Vibrio bacteria in the diseased fish, water column, 
and biofilm [5]. Furthermore, Bowater et al. [4] sug-
gested that pollutants, such as heavy metals, present 
in the environment may increase the hosts’ suscep-
tibility to disease. According to Shefat [12], bacterial 
diseases are most prevalent in farmed fish. Previous 
reports on bacterial fish diseases have suggested motile 
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aeromonad septicemia, edwardsiellosis, flexibacteriosis, 
columnaris, yersiniosis, and bacterial gill disease as the 
most common diseases [13]. The bacterial strains capa-
ble of predisposing the host to disease are referred to as 
primary pathogens, which are not always host-specific. 
Some bacterial strains, particularly those infecting 
already weakened or damaged hosts, are categorized as 
opportunistic pathogens [14].

In cases of vibriosis in Malaysia, Vibrio harveyi 
was most frequently isolated, followed by Vibrio 
parahaemolyticus, Vibrio alginolyticus, and Vibrio 
anguillarum [5]. Vibrio species, including V. algino-
lyticus, V. harveyi, and V. parahaemolyticus, were also 
found to be the causative agents infecting large yel-
low croakers (Pseudosciaena crocea (Richardson)) in 
China [15]. Table-1 [13-19] summarizes some com-
mon fish bacterial diseases [13-17], their causative 
agents [13-17], the main hosts [13-17], and the com-
mercial vaccines available [18,19]. The table clearly 
shows that these bacteria are not host-specific, indi-
cating that cross infections can occur between fish 
infected with different pathogens, and that such dis-
eases are induced by several factors.
Disease Prevention in Aquaculture

A preventive approach is the best course of 
action to overcome disease outbreaks in aquaculture. 
Scientific research on health and environmental con-
straints of the hosts, the pathogenesis of diseases, and 
prevention strategies must be well addressed. To date, 
prevention and control of diseases rely on antibiotics 
and other chemicals for treatment. However, the use 
of antibiotics in the management of fish diseases is 
not recommended, due to their negative impacts on 
aquatic environments, such as the development of anti-
microbial drug resistance in pathogenic strains [3,20]. 
Instead of chemical disease control strategies, bio-
logical strategies can be applied. In addition, bios-
ecurity measures are important in preventing the 
occurrence of disease-causing agents in aquaculture. 
This includes stringent quarantine measures, egg dis-
infection, fish traffic control, water treatments, clean 
feed, and disposal of carcasses [1]. Biological control 
and prevention of infectious diseases in aquaculture 
are often achieved with the application of vaccines. 
However, the success rate of vaccination depends 
on the development of protective vaccines and their 
proper application [21].
Bacterial Fish Vaccine Usage in Aquaculture

Vaccines are a powerful tool, proven to provide 
an easy, and cost-effective preventive solution to 
fish diseases [6,16,22,23]. Vaccines, in addition 
to reducing antibiotic dependence and the sever-
ity of losses incurred due to diseases, are known 
to improve fish health, reduce disease outbreaks, 
and provide long-lasting protection against dis-
eases, while leaving no harmful residues in the 
product or the environment [6,16,22,23]. More 

importantly, vaccines do not have any side effects, 
in terms of inducing pathogen resistance, com-
pared to antibiotics [6,22,24]. However, once a dis-
ease outbreak occurs, the application of vaccines is 
pointless [22].

Vaccines play a significant role in inducing an 
immune response and increasing the resistance to 
diseases in the host’s system. The immune system of 
the host will remain sensitized and ready to respond 
to the pathogens encountered by the host [22]. In 
fish vaccine development, studies have focused 
on vaccine formulation, development of vaccina-
tion regimes, and the protective efficacy of these 
vaccines. Several types of vaccines, such as killed 
whole-cell [25-27], live-attenuated [28-34], DNA 
vaccine [35,36], subunits [37-39], anti-idiotypic [40], 
and toxoid vaccines [22], have already been devel-
oped. To date, most commercially available and 
authorized vaccines used in the aquaculture industry 
are killed whole-cell vaccines. Other types of vaccines 
are being developed, but they are still at the experi-
mental stage or under live animal clinical studies.
Killed whole-cell vaccines

The killed whole-cell vaccine, also known as 
bacterin, is a common type of bacterial vaccine. 
Bacterin and inactivated vaccines are commercially 
available and authorized to be used in the aquacul-
ture industry [41]. These vaccines are created using 
physical (heat) and chemical mutagenesis, usually 
with formalin or chloroform [42]. Adjuvants are often 
added to these vaccines, as immune potentiators or 
vaccine carriers [43], to increase the vaccine’s effi-
ciency of inducing a potent immune response [27,42]. 
Firdaus-Nawi et al. [44] demonstrated the increased 
effectiveness of killed whole-cell vaccines added with 
adjuvants. They found that the addition of incom-
plete Freund’s adjuvant (20% v/v) to a formalin-killed 
Streptococcus agalactiae vaccine resulted in 100% 
survival of red tilapia intraperitoneally (IP) challenged 
with S. agalactiae, compared to only 50% survival with 
non-adjuvanted vaccines [44]. Huang et al. [27] used 
two types of adjuvants, the ISA763A – a non-mineral 
oil emulsion formulated as a metabolizable adjuvant, 
and the AS-F – a mineral oil-based adjuvant which 
is not yet commercialized, in the formalin-inactivated 
whole-cell vaccine of Streptococcus iniae; intraperi-
toneal infection in vaccinated Epinephelus coioides 
resulted in 100% survival [27].
Live-attenuated vaccines

Besides killed vaccines, live-attenuated vaccines 
are under strong consideration to be commercialized 
as fish vaccines due to their advantages. Scientific 
studies are being increasingly focused on live-atten-
uated vaccines due to several reasons, such as the 
virulence factors displayed on the surface, ease of 
culturing, cheap production, and clear genetic back-
ground [45]. Furthermore, live-attenuated vaccines 
can induce cell-mediated and humoral antibodies, in 
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addition to mucosal immunity [46]. Therefore, they 
stimulate greater adaptive immune protection in fish, 
compared to that induced by inactivated bacterins or 
subunit vaccines [47]. Live-attenuated vaccines carry 
native antigenic structures that are normally expressed 
by pathogens in vivo. This causes a self-limiting infec-
tion that mimics, on a smaller scale, the real infection 
induced following natural exposure [48]. Immune 
responses stimulated by such “mimic” infections 
closely resemble those detected in a normal infection. 
The antigens produced during a live infection may 
respond differently than those administered in the 
form of subunit vaccines [49].

Live-attenuated vaccines offer a prolonged and 
unaltered antigen presentation, which stimulates 
humoral and cell-mediated immune responses [47]. 
They are incapable of producing clinical disease; 
however, they can colonize appropriate sites and stim-
ulate secretory responses [49]. Furthermore, they do 
not require adjuvants, and only single or few doses 
are needed during vaccination [50]. Attenuation was 
traditionally achieved through the induction of ran-
dom mutation(s) by serial passage of the virulent 
strain in specific antibiotics [41,51,52], or on labo-
ratory media [32]. In contrast, the modern attenua-
tion strategy uses genetic modification techniques, 
such as random transposon recombination or allelic 
exchange replacement [47]. The latter technique has 
gained much interest as it offers more stable and defi-
nite attenuation, compared to the techniques typically 
used for killed whole-cell vaccines.
Potential of Live-attenuated Vaccine in 
Aquaculture
Live-attenuated vaccine using traditional attenuation 
strategy

A live-attenuated vaccine using selective double 
resistance to rifampin-streptomycin was developed 
against V. anguillarum strain VAN1000 [51]. It was 
tested on juvenile rainbow trout (O. mykiss), where 
it was shown to provide good homologous protec-
tion against V. anguillarum, but only slight protection 
against Aeromonas salmonicida. A live vaccine con-
taining Arthrobacter spp. has also been successfully 
demonstrated to cross-protect against Renibacterium 
salmoninarum, a pathogen that causes bacterial kid-
ney disease in salmonids [41,52]. It has been licensed 
for use on salmonids in North America and Chile [41].

Hu et al. [53] successfully attenuated a mutant, 
designated as strain T4DM, using a selection of rifam-
picin resistance from a virulent V. harveyi strain, T4D. 
The mutant strain T4DM was able to induce effective 
cross-species protection against both V. harveyi and 
V. alginolyticus, when used as a live immersion vaccine. 
Live-attenuated strains developed through repeated 
in vitro passage have also been shown to provide sig-
nificant immune protection. Li et al. [32] developed the 
attenuated S. agalactiae YM001, through 840 continu-
ous in vitro passages. Tilapia vaccinated with this strain 

(1.0×108 CFU/fish of S. agalactiae YM001) exhibited 
96.88% (injection), 67.22% (immersion), and 71.81% 
(oral) relative percentage survival (RPS), 15  days 
post-vaccination. Furthermore, the hosts challenged 
after 30  days showed an RPS of 93.61% (injection), 
60.56% (immersion), and 53.16 % (oral) [32].
Live-attenuated vaccine using genetic engineering 
strategy

Recent advances in molecular biology, immu-
nology, and genetic engineering have offered 
exceptional technological developments in the 
fields of pathogenesis and recombinant DNA. 
Molecular biology and immunology further reveal 
information relating to the identification and char-
acterization of pathogens and their pathogenicity 
[54]. Genetic engineering has made the construc-
tion of precise attenuated vaccines possible. Site-
directed mutagenesis (SDM) is a reliable strategy 
to obtain a well-defined deletion, insertion, or addi-
tion in targeted genes [55]. Thus, directed attenua-
tion can be achieved through insertion, deletion, or 
disruption in the metabolic pathway(s) or virulence 
gene(s) responsible for pathogenicity [46,56,57]. 
Live-attenuated vaccines developed using this new 
approach is remarkably potential and more efficient 
than bacterins in eliciting a protective immune 
response [31].

Ma et al. [28] successfully developed a two-strain 
polyvalent live-attenuated vaccine through genetic 
engineering and molecular biology, instead of the tra-
ditional serial passage technique. The strains, desig-
nated as MVAV6203 (deletion of aromatic amino acid 
and folic acid synthesis gene, ΔaroC) and MVAV6204 
(deletion of aromatic amino acid and folic acid synthe-
sis gene and siderophore anguibactin, ΔaroCΔangE), 
were developed from the V. anguillarum strain 
MVM425. The results revealed a 100% protection 
in Epinephelus spp. and Paralichthys spp. against V. 
anguillarum and V. alginolyticus infections, after being 
vaccinated with the two attenuated strains through 
intraperitoneal and immersion routes [28]. This indi-
cated that the deletion of the target gene prevented the 
synthesis of an aromatic acid, folic acid, and sidero-
phore anguibactin, thus reducing the strains’ ability to 
colonize in nature and also in the fish body [28].

In another study, flounders (Paralichthys 
olivaceus) vaccinated with 107 CFU/ml attenuated 
strain ΔaroAΔesrB exhibited 100% RPS against 
107 CFU/ml Edwardsiella tarda [32]. This implies 
that live-attenuated vaccines can stimulate a cell-me-
diated immune response, while non-living vaccines 
cannot. Mou et al. demonstrated that isocitrate dehy-
drogenase mutation in V. anguillarum resulted in vir-
ulence attenuation and subsequent protection in rain-
bow trout (O. mykiss) [58]. Insertional mutagenesis in 
isocitrate dehydrogenase (icd) gene of V. anguillarum 
M93Sm successfully inhibited the synthesis of α-keto-
glutarate in V. anguillarum (XM420) icd mutant. After 
2 weeks of immersion with icd mutant in 1.5% salt 
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solutions at a dose of 4×106 CFU/ml, 90% survival 
was recorded in O. mykiss, compared to 30% survival 
of fish immersed in its parental strain. It was found 
the icd mutant showed strong attenuation in virulence, 
resulting in a decrease in growth yield, when compar-
ing to the wild type, due to its inability to synthesize 
α-ketoglutarate, an important component for central 
metabolism of the pathogen [58].

Mohd-Aris et al. [34] successfully developed 
a V. harveyi mutant by protease deletion, as a can-
didate live-attenuated vaccine against vibriosis in 
Epinephelus fuscoguttatus. They employed SDM and 
allelic exchange replacement techniques to genet-
ically attenuate the V. harveyi strain MVh-vhs. The 
MVh-vhs strain was shown to be safe when tested 
in the host, suggesting that the attenuation of viru-
lence-associated protease MVh-vhs decreases the vir-
ulence properties. However, further IP vaccination 
of E. fuscoguttatus with a single dose of the attenu-
ated strain at 105 CFU/fish showed 52% RPS after 
being challenged with 108 CFU/fish of the parental 
strain [34]. This suggests that the administration dos-
age during vaccination, may improve the protective 
efficacy of the MVh-vhs strain. Higher survival was 
observed in Artemia salina larvae incubated with 
107 CFU/mL of the live-attenuated strain MVh-vhs, 
6  h post-incubation. Furthermore, A. salina larvae 
incubated with MVh-vhs (109 CFU/mL) showed a 
higher survival rate when challenged with pathogenic 
V. harveyi (Vh1), V. alginolyticus (VA2), and V. para-
haemolyticus (FORC_008), 24 h after incubation [59].
Combined live-attenuated vaccines

A combined live-attenuated vaccine utilizes a 
“ghost” or vector to harbor foreign materials obtained 

from the pathogen, to express and evoke the host’s 
immune system [60]. The primary advantage of 
live-attenuated vectors is their ability to deliver 
multiple antigens, of different species, in a single 
dose. Other advantages include the mimicry of natu-
ral infection, intrinsic adjuvant characteristics, and the 
possibility of being administered through the muco-
sal route, rather than the more laborious intraperito-
neal route [56]. In addition, combined vaccines can 
achieve high expression of antigens, due to the plas-
mid-mediated expression system. Table-2 [31,61-64] 
summarizes recent studies related to combined 
live-attenuation [61-64]. Goa et al. [31] described 
the capability of a combined vaccine, consisting of 
live-attenuated E. tarda WED and V. anguillarum 
MVAV6203, to evoke better immune-mediated 
protection in turbot (Scophthalmus maximus) and 
zebrafish (Danio rerio) against E. tarda EIB202 
and V. anguillarum MVM425, with the activation 
of toll-like receptors and Class  I and Class  II major 
histocompatibility complexes.
Constraints that Limit the Potential of Live 
Vaccines
Risks in the protective efficacy of live vaccines

Despite the remarkable advantages of live 
vaccines, a few disadvantages have been discerned. 
Although attenuation strategies produce attenuated 
isolates, the isolates only persist for a short duration, 
between 24 and 72 h, and fail to stimulate adequate 
immunity in young fish [46]. Live vaccines also have 
the risk of producing low-grade infections when the 
vaccine agents replicate in the hosts. They may even 
result in systemic symptoms, displaying some fea-
tures of the original infection [65].

Table-2: Combined live‑attenuated vaccine of Vibrio spp.

Bacterial vector Method of 
combined vaccine

Protection 
against

Research findings References

Avirulent Vibrio 
anguillarum (MVAV6203)

Inoculation of 
Pseudomonas 
syringae (ICMP3023) 
inaV gene

Vibrio anguillarum 
and Pseudomonas 
syringae

The expression of foreign antigen 
in vector was expressed both in 
cytoplasms an OMP of vector

[61]

Avirulent Vibrio 
anguillarum (MVAV6203)

Inoculation of 
Edwardsiella tarda 
pUTatgap plasmid

Vibrio anguillarum 
and Edwardsiella 
tarda 

Survival of 80% and 67% 
when challenged with Vibrio 
anguillarum and Edwardsiella 
tarda, respectively, in 
turbot (Scophthalmus maximus)

[62]

Avirulent Vibrio 
anguillarum (MVAV6203) 
and Edwardsiella 
tarda (WED)

Polyvalent live 
attenuated vaccine

Vibrio anguillarum 
and Edwardsiella 
tarda 

Survival of 90% and 70% 
when challenged with Vibrio 
anguillarum and Edwardsiella 
tarda, respectively, in 
zebrafish (Danio rerio)

[31]

Avirulent Vibrio 
anguillarum (MVAV6203)

Inoculation of 
Aeromonas 
hydrophila (LSA34) 
GAPDH strain AV/
pN‑gapA

Vibrio anguillarum 
and Aeromonas 
hydrophila

Survival of 87% and 67% 
when challenged with Vibrio 
anguillarum and Aeromonas 
hydrophila, respectively, in 
turbot (Scophthalmus maximus)

[63]

Avirulent Vibrio 
anguillarum (MVAV6203)

Inoculation of 
Edwardsiella 
tarda (EIB202) EseB 
OMP

Vibrio anguillarum 
and Edwardsiella 
tarda

Survival of 100% and 0% 
when challenged with Vibrio 
anguillarum and Edwardsiella 
tarda, respectively, in 
zebrafish (Danio rerio)

[64]
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Stability and maintenance of live vaccines
Compared to killed vaccines, live vaccines are 

less stable and have a shorter shelf life. This may be 
due to the nature of live cells, which are easily affected 
by environmental factors, for example, susceptibility 
to damages or destructions by high temperatures due to 
heat-labile characteristics [50]. It is important to pro-
vide a cold or refrigerated environment (2-8°C) during 
handling, storage, and distribution of live vaccines, 
to ensure stability throughout their designated shelf 
life [66]. This leads to higher operational and handling 
costs, thus adding to the total expenses for vaccination.
Commercialization process and legislation hurdles

In addition to operational and handling costs, 
extensive research, such as risk assessments and clin-
ical testing of live-attenuated bacteria, requires huge 
investments before vaccine registration [67]. All 
costs incurred during the development of live vac-
cines greatly influence their market price [50]. As a 
result, most live vaccines are still at the research stage. 
Another issue with live vaccines is the regulatory hur-
dles in vaccine registration [57]. The procedure from 
research to obtaining a valid license for this type of 
vaccine is rather long and often exorbitant. Moreover, 
legislation on the control and administration of vac-
cines varies greatly from country to country [68]. For 
example, in the EU, the USA, and Japan, a licensed 
vaccine is required to be included while importing 
aquaculture products [69]. Therefore, tedious regula-
tory hurdles cannot be neglected. Concerns related to 
costing, budgeting, stable formulation, fill-finish step, 
and economical production are some of the limitations 
in the application of live vaccines, especially if the 
vaccine is targeted for use by aquaculture practitioners 
or farmers in developed countries [66,70].
Stability in virulence attenuation properties

Another limitation of using a live vaccine is the 
possibility of back-mutation and reversion to its vir-
ulent phenotype [8,67,68] which may occur due to 
changes in the bacteria, or compromising conditions 
in the host. The attenuated strains might be well tol-
erated by healthy individuals, but some may induce 
auto-immune responses, causing local inflammation 
and other adverse reactions [71]. Thus, a strategy to 
reduce virulence reversion during live vaccine devel-
opment is to attenuate multiple genes instead of a 
single gene [57]. Furthermore, there is a risk of intro-
ducing pathogenic strains from live-attenuated agents 
into the aquatic environment, which might become a 
pathogenic source for other species [72]. Immersion 
vaccination has been preferred by most fish farmers to 
date [73], as the processing and vaccine application is 
easier. However, developments in vaccine production 
and processing technologies, storage, and delivery 
methods are required.
Negative public perception

All vaccines, including live vaccines, carry some 
risk, even when they present an excellent track record 

in terms of safety in human and veterinary use [57]. 
The long-term challenge for live vaccines is to infuse 
understanding and shape public perception [65]. Live 
vaccines are often the subject of unsubstantiated accu-
sations by anti-vaccine movements; they are faced 
with public resistance and voiced against strongly as 
they are genetically modified [57,65]. Therefore, it is 
necessary to properly design, in addition to conduct-
ing efficacy and other related tests to gather essential 
data to refute false claims raised by the public. Safety 
aspects must be prioritized to diminish the undesirable 
impacts of live vaccines. This approach will greatly 
help to rectify and fortify public trust toward vaccina-
tion, which is important for the aquaculture sector, to 
exploit the benefits of live vaccines [65].
Safety issues and environmental release

There is also a risk for this type of vaccine to 
spread from a vaccinated to an unvaccinated individ-
ual, due to the release of the pathogen in the envi-
ronment, or exposure to non-target animals [50,57]. 
For example, a worst-case scenario would be where 
water samples treated with attenuated strains are acci-
dentally released into the open environment during 
disposal. Under these circumstances, safety of the 
environment and the residing population is jeopar-
dized, as the attenuated strain can cause infections 
in the human population [46]. The potential risk of 
admission and transmission needs to be scrutinized, 
especially by the person in charge of the vaccination 
process. Thus, the evaluation of the potential impact of 
environmental release and the risk of horizontal gene 
transfer is highly critical [50]. It is crucial to moni-
tor the biosafety aspects of the attenuated vaccines 
applied in aquaculture. As proposed by Ma et al. [28], 
the genetic background of the mutation must be clear, 
a double deletion should be considered to eliminate 
the reversion of virulence characteristics, and the 
attenuation should be definite, so that the environmen-
tal safety and controllability of the vaccine are feasi-
ble, and the possibility of exposing the pathogen to the 
environment can be minimized.
Conclusion and Future Prospects

Vaccination strategy is an integral part of com-
prehensive fish health management. It is the best pre-
ventive strategy to combat the spread of fish diseases 
by inducing defense mechanisms against the risk 
of bacterial disease outbreaks. Hence, fundamental 
knowledge of diseases and pathogen profiles, in addi-
tion to the basic economic background of operational 
costs, is an essential requirement in the design of 
suitable vaccination strategies. There are promising 
indicators that live vaccines have great potential to 
be further exploited as alternative vaccines. However, 
each presumable benefit and implication must be 
carefully assessed when designing a new candidate 
live vaccine. In spite of the potential problems and 
undesired ramifications, the holistic advantages still 
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outweigh the disadvantages, thus, endeavoring to 
develop new live vaccines is a worthy investment. It 
is strongly suggested that all possible limitations must 
be critically addressed before employing live-attenu-
ated vaccines in aquaculture sectors. Overall market 
demand, integration of suitable vaccination regimes, 
and good disease management unequivocally facili-
tate improvement in fish survival rates, further boost-
ing the production of the aquaculture industry.
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