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Aquaculture, the cultivation of fish, crustaceans, mollusks, and aquatic plants, is 

essential for global food security and economic growth, yet it faces persistent challenges 

in disease management, growth optimization, and immune enhancement. Traditional 

methods often fall short, driving the need for innovative solutions. Viral vectors, 

originally developed in molecular biology, are emerging as transformative tools in 

aquaculture, offering the ability to deliver beneficial genes into aquatic organisms to 

address these challenges. By enabling precise genetic modifications, viral vectors 

provide targeted solutions for combating diseases, promoting faster growth, and 

strengthening immunity in farmed species. This innovation not only improves health 

and productivity but also aligns with the industry’s push towards sustainability and 

efficiency. However, integrating viral vector technology into aquaculture involves 

navigating technical and regulatory hurdles. Despite these challenges, their potential to 

revolutionize the field is undeniable, offering a promising approach to ensure the 

industry’s long-term viability while meeting the rising global demand for sustainable 

seafood. 

 

 

 
 

Introduction 

Aquaculture, the farming of aquatic species such as fish, 

crustaceans, mollusks, and plants, is essential for addressing 

global food security and fostering economic growth. With nearly 

half of the world's seafood supply now originating from 

aquaculture, this sector is vital for meeting the rising demand for 

sustainable and nutritious food sources (FAO, 2021). However, 

the industry continues to face persistent challenges, including 

frequent disease outbreaks, suboptimal growth rates, and the 

vulnerability of aquatic organisms to changing environmental 

conditions. While traditional methods like antibiotics, 

vaccination, and selective breeding have contributed to 

addressing these issues, their limitations often necessitate 

innovative solutions to ensure sustainable development and 

higher productivity. 

One promising innovation is the use of viral vectors, which 

are engineered viruses designed to deliver specific genetic 

material into host cells. Initially developed for human gene 

therapy, viral vectors have shown great potential in 

 

 

improving the health and resilience of aquatic species by 
introducing targeted genetic modifications (Kay et al., 2001). 

These tools are particularly effective in combating diseases, 

a significant barrier to aquaculture growth. By delivering genes 

that encode antimicrobial peptides or immune-boosting proteins, 

viral vectors can significantly enhance the immune response of 

farmed species, reducing mortality and decreasing the need for 

antibiotics, thereby mitigating the risk of antimicrobial resistance 

(Chinchar et al., 2011; Lilley et al., 2017). Furthermore, viral 

vectors can enhance growth rates and feed efficiency by 

introducing genes that regulate metabolic functions, while also 

improving stress tolerance, which helps aquatic organisms thrive 

under fluctuating environmental conditions (Elisabetta et al., 

2018; Warnock et al., 2011). This advanced approach holds the 

potential to transform aquaculture into a more sustainable and 

productive industry. 

 
 

 

* Corresponding author. 

E-mail address: algaprakash@gmail.com (Santhiyagu Prakash). 

 

Received 13 December 2024; Received in revised form 27 January 2025; Accepted 30 January 2025 

Available online 20 Feb, 2025 

This is an open access article under the terms of the https://creativecommons.org/licenses/by/4.0/ License, which permits use and distribution in any medium, 

provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made. 

© 2025 Chronicle of Aquatic Science. 

http://www.chronicleofaquaticscience.in/
mailto:algaprakash@gmail.com


Volume 3, Issue 1 

Chronicle of Aquatic Science 

P
ag

e1
6

 

Fundamentals of Viral Vectors 

Viral vectors are specialized tools engineered from 

viruses to deliver genetic material into cells with high precision and 

efficiency (Fig.1). By capitalizing on the natural ability of viruses 

to enter host cells, these vectors have become invaluable in gene 

delivery applications across fields such as medicine, agriculture, 

and aquaculture (Kay et al., 2001). To ensure safety, pathogenic 

components responsible for replication and virulence are removed 

or rendered inactive, transforming the virus into a safe and effective 

delivery vehicle. This modification allows viral vectors to transport 

and integrate desired genetic material into target cells without the 

risks associated with their natural infectious properties. 

Furthermore, their design emphasizes efficiency and specificity 

through the optimization of viral capsids or envelopes for effective 

interaction with target cell receptors, enabling precise delivery with 

minimal off-target effects (Verma and Weitzman, 2005). 

Different viral vectors are chosen based on their unique 

properties and application requirements. Adenoviral vectors, for 

instance, are well-suited for short-term gene delivery due to their 

ability to infect both dividing and non-dividing cells, while 

lentiviral vectors integrate into the host genome, providing stable, 

long-term genetic expression (Nayerossadat et al., 2012). Despite 

their advantages, viral vectors face challenges such as immune 

responses, toxicity, and regulatory hurdles. To overcome these 

limitations, focuses on developing non-immunogenic capsids, 

improving stability, and enhancing biosafety protocols. These 

advancements have expanded the potential of viral vectors to 

address challenges in aquaculture, where they show promise for 

improving disease resistance, promoting growth, and increasing 

stress tolerance in aquatic species, paving the way for sustainable 

and efficient farming practices (Alkhalil and Sleiman, 2020). 

 

How Viral Vectors Work 

Viral vectors are engineered viruses designed to deliver 

genetic material into target cells, leveraging their natural ability to 

infect cells with high precision and efficiency (Table.1). To ensure 

safety, these vectors are modified to remove pathogenic 

components, such as replication and virulence genes, while 

retaining their capacity to transfer therapeutic or experimental 

genes (Kay et al., 2001; Verma and Weitzman, 2005). The process 

begins with the vector attaching to specific receptors on the target 

cell surface, followed by entry through endocytosis or membrane 

fusion, depending on the vector type. Once inside, the viral genetic 

material is released into the cytoplasm or transported to the 

nucleus for integration into the host genome or episomal 

maintenance. Retroviral and lentiviral vectors integrate their 

payload into the genome, enabling long-term gene expression, 

while adenoviral vectors remain episomal, providing high-level 

but transient expression, ideal for short-term applications 

(Nayerossadat et al., 2012). Different vector types, such as 

adenoviral, lentiviral, and adeno-associated viral (AAV) vectors, 

are selected based on application-specific requirements like 

transgene expression, immunogenicity, and stability. For instance, 

AAV vectors are highly efficient and exhibit low immunogenicity, 

making them suitable for therapeutic uses (Daya and Berns, 2008). 

Advances in engineering, such as capsid modifications, have 

improved targeting specificity, reduced immune responses, and 

enhanced delivery efficiency, enabling applications in fields like 

gene therapy for genetic diseases and aquaculture, where they hold 

promise for enhancing disease resistance and productivity 

(Nayerossadat et al., 2012; Alkhalil and Sleiman, 2020). 

Uses and Therapeutic Effects 

Viral vectors are revolutionizing aquaculture by 

providing  innovative  solutions  to  challenges  like  disease 

management, growth enhancement, and environmental stress 

tolerance. These engineered viruses deliver specific genes into target 

cells with precision, enabling the introduction of traits that improve 

health and productivity. A significant application lies in combating 

diseases caused by pathogens such as viruses, bacteria, and parasites, 

which often lead to severe economic losses and high mortality rates in 

farmed species. Viral vectors can deliver genes encoding antimicrobial 

peptides or immune-boosting proteins, equipping aquatic organisms 

with enhanced defences against infections (Table.1). This approach 

reduces dependency on antibiotics, thereby minimizing the risks 

associated with antimicrobial resistance. Notable examples include the 

use of viral vectors to introduce genes that protect fish from viral 

hemorrhagic septicemia virus (VHSV) and bacterial kidney disease 

(BKD), demonstrating their potential in disease prevention (Kay et al., 

2001; Verma and Weitzman, 2005). 

In addition to disease resistance, viral vectors are being used 

to improve growth performance and feed efficiency by targeting 

metabolic pathways or promoting hormone production. These genetic 

modifications allow aquaculture systems to achieve higher 

productivity while reducing environmental impacts, such as the 

overuse of feed. Furthermore, viral vectors can enhance stress 

tolerance by introducing genes that help aquatic organisms adapt to 

environmental fluctuations, including changes in temperature or 

salinity. While challenges such as vector specificity and regulatory 

compliance remain, ongoing advancements in biotechnology are 

refining the safety and efficacy of viral vectors. These tools are rapidly 

becoming a cornerstone for sustainable aquaculture practices, 

ensuring both economic viability and environmental stewardship 

(Nayerossadat et al., 2012; Alkhalil and Sleiman, 2020). 

Table 1. Traditional and modern approaches to disease control 

measure in aquaculture 
 

Category 
Traditional 

Approaches 

Modern 

Approaches with 

Viral Vectors 

 

Reference 

 

 

Disease 

Prevention 

 

Biosecurity measures 

(quarantine, sanitation) 

Genetic modification 

of species for 

enhanced disease 

resistance 

 

 

Subasinghe et al., (2001) 

- Use of antibiotics and 

chemicals 

- Development of 

viral vector- based 

vaccines 

Cabello, (2006); Adams 

and Thompson, (2011) 

 

 

Vaccination 

- Inactivated or attenuated 
pathogen 

vaccines 

- DNA vaccines using 

viral vectors 

 

Brudeseth et al., (2013) 

 

- Subunit vaccines 

- RNA interference 

(RNAi) for gene 

silencing 

 

Santiago et al., (2020) 

 

 

Disease 

Treatment 

 

- Antibiotic treatments 

- Antiviral therapies 

using viral vectors to 

target 
specific pathogens 

 

Cabello, (2006); Tiwari et 

al., (2021) 

- Chemical treatments (e.g., 

formalin, 
malachite green) 

- CRISPR/Cas9 for 

targeted 
genome editing 

 

Tiwari et al., (2021) 

 

 

Early Detection 

- Visual inspections and 

histopathology 

- Molecular 

diagnostics (PCR, 
qPCR) 

 

OIE, (2019) 

 

- Immunoassays (ELISA) 
- Real-time 

monitoring using 
biosensors 

Adams and Thompson, 

(2011) 

 

 

Environmental 

Control 

Water quality management 

(filtration, 
aeration) 

- Bioremediation 

using genetically 
modified organisms 

Bondad-Reantaso et al., 

(2005) 

 

- Physical barriers to 

prevent pathogen entry 

- Integrated multi- 

trophic aquaculture 

(IMTA) systems 
with biosecurity 

 

Subasinghe et al., (2001) 

 

 

Growth 

Enhancement 

 

- Use of feed additives 

(Probiotics, Prebiotics) 

- Gene editing for 

growth hormone 

regulation using 
viral vectors 

 

Santiago et al., (2020) 

 

- Selective breeding 

programs 

- Enhanced feed 

conversion efficiency 

through genetic 

modifications 

Tiwari et al., (2021) 
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Structural 

proteins 

Viral vectors 

Packaging 

Construct 

Vector Genome 

Growth Promotion via Viral Vector Technologies 

Viral vector technologies are transforming aquaculture 

by introducing precise genetic tools that enhance growth, optimize 

productivity, and improve resilience in aquatic species. These 

engineered viruses are designed to deliver specific genes regulating 

growth hormones and metabolic pathways, resulting in substantial 

improvements in growth rates and feed efficiency. Unlike 

conventional methods such as chemical additives or dietary 

supplements, viral vectors provide a long-lasting and sustainable 

solution. By incorporating genes like insulin-like growth factor 

(IGF) or growth hormone, they significantly increase biomass 

production while reducing feed costs and the environmental impact 

of farming practices (Kay et al., 2001; Verma and Weitzman, 2005). 

Furthermore, viral vectors enhance the ability of aquatic species to 

cope with environmental stressors, such as temperature changes, 

salinity fluctuations, and oxygen limitations. By delivering stress- 

tolerance genes, these vectors ensure that organisms maintain 

optimal metabolic activity even under challenging conditions, 

promoting consistent growth and survival. However, achieving 

widespread adoption requires overcoming challenges like precise 

gene targeting, minimizing immune responses, and addressing 

complex regulatory frameworks. Ongoing advancements in vector 

engineering and biotechnology are gradually resolving these issues, 

making viral vectors a key component of sustainable aquaculture 

practices capable of meeting the growing global demand for seafood 

while safeguarding environmental health (Nayerossadat et al., 2012; 

Alkhalil and Sleiman, 2020). 

 

Figure 1. Scheme for viruses converting into a vector 

 

Challenges and Future Directions in Viral Vector Use in 

Aquaculture Practice 

Viral vectors are a promising innovation in aquaculture, 

offering solutions for disease management, growth enhancement, 

and stress resilience in aquatic species. However, their widespread 

application is hindered by challenges such as achieving species- 

specific targeting to prevent unintended effects on non-target 

organisms and ecosystems, and addressing immune responses that 

may neutralize the vectors or trigger adverse reactions. Advances in 

non-immunogenic capsid design and precise delivery mechanisms 

are essential to overcoming these issues (Kay et al., 2001; Verma 

and Weitzman, 2005). Additionally, environmental factors like 

temperature variations, salinity, and water dynamics affect vector 

stability, necessitating the development of robust and durable 

delivery platforms. Economic and regulatory barriers further limit 

adoption, as high production costs and varying global regulations 

create significant obstacles. Future innovations, such as integrating 

viral vectors with gene-editing tools like CRISPR-Cas systems, and 

developing hybrid systems that combine viral and non-viral 

delivery technologies, could enhance precision, efficiency, and 

scalability. Collaborative efforts among researchers, policymakers, 

and industry stakeholders are crucial to refining these technologies and 

addressing ethical and practical challenges, paving the way for viral 

vectors to become a sustainable and transformative tool in aquaculture 

practices (Nayerossadat et al., 2012; Alkhalil and Sleiman, 2020). 

 

Conclusion 

Viral vector technologies hold transformative potential for 

aquaculture, offering innovative solutions to persistent challenges. 

While issues such as immune responses, environmental stability, and 

regulatory compliance must be resolved, ongoing research and 

technological advancements promise to overcome these barriers. The 

integration of viral vectors into aquaculture practices could lead to 

more sustainable, productive, and resilient systems, addressing the 

growing demand for seafood while safeguarding environmental 

integrity. With continued investment in research and development, 

viral vectors are poised to become a cornerstone of modern 

aquaculture, benefiting both industry and global food security. 
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