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has helped to formulate efficient 
vaccine delivery systems that protects 
the encapsulated antigen from the 
hostile gastrointestinal environment 
and maintain sustained release that 
helps to induce the immunostimulatory 
properties of the vaccine (Akagi et al. 
2012, Kim et al. 2014).

Nanoparticle systems also possess 
adjuvant properties that can enhance 
the efficacy of the antigens. An ideal 
vaccine carrier is expected to protect 
the structural integrity of the antigen 
and effectively deliver it to the desired 

mucosal surface in order to produce sufficient mucosal, humoral and 
cellular responses. Due to their very small size, nanoparticles enter 
living cells through cellular endocytosis (Treuel et al. 2013, Liang et 
al. 2014). 

Nanotechnology presents an opportunity to design particles 
with different composition, surface properties, shapes and sizes. 
Nanotechnology is the study and application of extremely small 
things (about 1 to 100 nanometers), and it is used across all the other 
science fields, such as chemistry, biology, physics, materials science, 
and engineering. 

New-generation vaccines thus produced are generally safe but 
they are often less immunogenic and need an adjuvant or delivery 
system to enhance immunity (Vinay et al. 2013). Nanoparticles 
can be used as adjuvants and also as delivery systems in vaccines. 
Nanoparticles such as dendrimers, polymeric nanoparticles, metallic 
nanoparticles, magnetic nanoparticles and quantum dots have 
emerged as effective vaccine adjuvants. 

Injection vaccination is very effective but not practical and eco-
nomical for aquaculture species. Oral or immersion vaccines are best 
suited for mass vaccination. Nanotechnology can be applied to develop 
fish vaccines for mass vaccination – incorporated in feed or through 
immersion – making application of these vaccines relevant to field con-
ditions. The use of nanotechnology in vaccinology has increased in the 
last decade, leading to a new field of science called nanovaccinology.

Nanoparticles 
Nanoparticles can be grouped into several categories based on 

their functional properties, shape and size. Further, nanoparticle based 
oral delivery system are categorized as polymeric nanoparticles, 
inorganic nanoparticles, nanoliposomes, immunostimulating 
complexes, virus-like particles, and nanoemulsions. There are merits 
and demerits in using each of these nanoparticles for developing 
vaccines (Table 1). 

The production intensity of 
aquaculture production systems is 
increasing and this intensification 
is leading to increased prevalence 
of diseases. Poor health 
management in aquaculture costs 
roughly US$ 50 billion annually 
(Rather et al. 2011). In aquaculture, 
the possibility of occurrence 
of disease is unpredictable. 
Emerging or existing diseases 
may lead to severe economic 
losses in aquaculture. Diseases in 
aquaculture have a direct impact 
on the livelihood of millions of people as well as food security. 

Disease prevention is a main issue to have sustainable 
aquaculture. Indiscriminate use of antibiotics leads to the 
development of antibiotic-resistance in many bacterial species and 
the accumulation of antibiotics causes pollution (Karunasagar et al. 
1994). 

Fortunately for several species in aquaculture, vaccination 
can provide protection against pathogens present in the water. 
Vaccination is one of the best health management practices in 
aquaculture and has helped control several major diseases in 
aquaculture. Historically it is based on the principle of “isolate, 
inactivate and inject” (Liang et al. 2014).

 In brief, a vaccine is a preparation of a weakened or inactivated 
pathogen such as a bacteria or virus or of a portion of the pathogen’s 
structure produced using recombinant DNA technology. Upon 
administration, the vaccine stimulates antibody production or 
cellular immunity against the pathogen but is incapable of causing 
severe infection, thereby reducing the risk of disease outbreak. 

Nanovaccines
Nanovaccines are vaccines designed with a suitable 

nanoparticle with an antigen or group of antigens. They are 
emerging as a new class of vaccines that directly targets the 
infection site in the body by using the body’s immune system and 
prevents infections and diseases from spreading. 

Although oral vaccination is most preferred, it comes 
with numerous hurdles for effective delivery to immune cells. 
Firstly, an oral vaccine has to suffer exposure to acidic pH, 
proteolytic enzymes and bile salts, leading to its degradation in 
the gastrointestinal tract. Encapsulating antigenic materials using 
several polymeric and lipid-based nanoparticle carriers could be an 
effective approach because such particles can reduce degradation 
of antigens in the GI system (Nirmal et al. 2014). Nanotechnology 
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Polymeric nanoparticles have 
the capacity to encapsulate, 
adsorb or conjugate any foreign 
material within itself or on its 
surface. Nanoparticles used in 
vaccine development usually 
range from 2-1000 nm. There are 
synthetic and natural polymers 
that are biocompatible and usually 
biodegradable, an essential property in safe vaccine development. 
Poly (d, l-lactide-co-glycolide) (PLG), Poly (d, l-lactide-coglycolic 
acid) (PLGA), Poly (g-glutamic acid) (g-PGA), Poly (ethylene 
glycol) (PEG), Polystyrene are some of the synthetic polymeric 
nanoparticles. Chitosan and inulin are natural polymeric 
nanoparticles. (Liang et al. 2014, Nirmal et al. 2014).

Inorganic nanoparticles are potential oral vaccine carriers due 
to their attractive physical and chemical properties. Nanoparticles 
used in vaccine development usually range from 2-1000 nm. These 
nanoparticles are biocompatible, however not biodegradable. The 
advantages of inorganic nanoparticles are the rigidity and controlled 
synthesis (Liang et al. 2014), better colloidal stability, higher antigen 
encapsulation and better targeted delivery. Gold nanoparticles, 
Carbon nanotubes (CNT’s), Silica nanoparticles (SiNP’s) and 
calcium phosphate nanoparticles are examples of inorganic 
nanoparticles.

Nanoliposomes have been well 
documented for their diverse ability 
to deliver various hydrophilic and 
lipophilic antigens. These are formed 
by nontoxic and biodegradable 
self-assembled structures of 
phospholipids consisting of an 
internal aqueous core entrapped by a 
lipid bilayer. The size usually ranges 

from 100-400 nm. Liposome-polycation-DNA nanoparticles (LPD) 
and Interbilayer-crosslinked multilamellar vesicles (ICMVs) are 
some of the liposome nanoparticle formulations.

Immunostimulating complexes (ISCOMs) are self-assembling 
spherical cage-like structured particulate complexes, formed by 
saponin adjuvant Quil A, phospholipids, cholesterol and antigens. 
Immunostimulating complex used in vaccine development usually 
are 40 nm. ISCOMATRIX is a common immunostimulating 
complex lacking antigen.

Virus like particles are self-assembling nanoparticles, formed 
by biocompatible capsid proteins. They are the ideal nanovaccines 
because they lack the infectious nucleic acid but have the evolved 
structure of the virus to induce immunity. Nanoparticles used in 
vaccine development usually range from 20-800 nm.

TABLE 1.  Merits and demerits of nanoparticles.

NANOPARTICLE SYSTEM  MERITS DEMERITS

Polymeric nanoparticles

Inorganic nanoparticles

Nanoliposomes

ISCOMS

Virus-like particles 

Nanoemulsions

• Better immunogenicity can be obtained 
 by easy modification of surface properties
• Biodegradable and targeted antigen 
 delivery

• Easy to modify, less chances of premature 
 release and better protection of adsorbed 
 antigens

• Possess intrinsic adjuvant properties 
• Accommodates both hydrophilic and 
 lipophilic antigens 
• Relatively stable in gastrointestinal fluids 
 when modified

• Easy to encapsulate
• Built-in adjuvant property of Quil A

• Possess self-adjuvant properties
• Mimics original virus and high 
 gastrointestinal stability

• Possess self-adjuvant properties 
• Encapsulates both hydrophilic and 
 lipophilic antigens 

• Low aqueous solubility and synthesis 
 require use of organic solvents
• Low antigen loading 
• Premature release of antigens
• Insufficient antigen protection
• Low aqueous solubility and low 
 biodegradability

• Low mucus penetration
• Limited antigen loading
• Poor gastrointestinal stability of 
 naked liposomes

• Do not form depot
• Difficult to incorporate hydrophilic 
 antigens
• Lack of reproducibility 
 Premature release of antigens and poor 
 gastrointestinal stability

The most investigated nanoparticles in fish 
vaccine research are polymeric chitosan and 
PLGA nanoparticles. Chitosan nanoparticles 
have been used for the development of fish 
vaccines, for example the inactivated virus 
vaccine against infectious salmon anemia 
virus (ISAV) that incorporates the DNA 

coding for ISAV replicase as an adjuvant. 
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Nanoemulsion is an isotropic system of two immiscible liquids 
(water and oil), which stabilizes with the addition of an appropriate 
amount of surfactant. Nanoemulsions usually range from 20-200 
nm. They can exist as water in oil or oil in water forms and carry 
vaccine in their core or can just simply be mixed with antigens for 
delivery. MF59, Montanide and Tailorable nano-sized emulsion 
(TNE) are some of the emulsion-based nanoparticles.

The most investigated nanoparticles in fish vaccine research 
up to now are polymeric chitosan and PLGA nanoparticles 
(Mohamed et al. 2016). Chitosan nanoparticles have been used 
for the development of fish vaccines, for example the inactivated 
virus vaccine against infectious salmon anemia virus (ISAV) that 
incorporates the DNA coding for ISAV replicase as an adjuvant 
(Andrea et al. 2015). Another oral DNA vaccine was developed 
by loading the outer membrane protein K (ompK) gene of Vibrio 
parahaemolyticus onto chitosan nanoparticles. This recombinant 
nanovaccine elicited a protective immune response in black sea 
bream Acanthopagrus schlegelii against V. parahaemolyticus (Li 
et al. 2013). 

The efficacy of PLGA nanoparticles as a DNA vaccine carrier 
and adjuvant has been reported (Wang et al. 1999, Tinsley et al. 
2000, Holvold et al.2014). Examples include:

•  An oral DNA vaccine in Japanese flounder Paralichthys 
olivaceus against lymphocystis disease virus (LCDV) (Tian et al. 
2008, Tian et al. 2011). 

•  An orally administered DNA vaccine was used to 
immunize rainbow trout against infectious hematopoietic necrosis 
virus, and an immune response was observed (Adomako et al. 
2012). 

•  Oral delivery of liposome nanoparticle based Carp Herpes 
Virus-3, A. hydrophila, A. salmonicida, was attempted (Irie et al. 
2005, Yasumoto et al. 2006a, 2006b, Miyazaki et al. 2008). 

•  Oral administration with PMMMA-PLGA/Trx-SIP 
nanoparticles stimulated robust immunity in tilapia, an animal with 
a relatively simple immune system (Lei et al. 2015). 

•  An oral DNA vaccine based on chitosan nanoparticles has 
been developed against reddish body iridovirus recently (Zheng et 
al. 2016). 

•  An oral DNA vaccine against Vibrio anguillarum in 
Asian sea bass Lates calcarifer was developed using chitosan 
and chitosan/tripoly phosphate nanoparticles. The nanovaccine 
conferred only moderate protection against the pathogen (Rajesh et 
al. 2008, Vimal et al. 2012). 

•  The effectiveness of recombinant DNA-chitosan 
nanoparticles in providing protection against white spot syndrome 
virus (WSSV) in shrimp was investigated. When administered 
orally, the vaccine enhanced shrimp immunity, providing a 
protective response against WSSV (Rajesh et al. 2009, Vimal et al. 
2013).

Conclusion
Nanoparticle-based vaccines have tremendous advantages and 

applicability as fish vaccines. The article has mentioned several 
research attempts and success stories in eliciting good immune 
response in aquaculture species. However, nanovaccine research in 
aquaculture health management is in its infancy and more research 

and development is required. Nanoparticle-based vaccines represents 
a potential option for injection-free, mass vaccination in aquaculture. 
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Nanoparticle-based vaccines have tremendous advantages and applicability as fish vaccines. 
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