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Introduction
Vaccination has had a major impact on control and prevention 

of infectious diseases in aquaculture Brudeseth, et al. [1] despite 
that there are many infectious diseases for which the development 
of an effective vaccine has been difficult to achieve. The vaccine 
development has had a transition from this conventional method 
of using whole pathogen to using only the required protein and 
peptide antigens which have reduced the unwanted side effects, but 
the immunogenicity of these antigens has gone down drastically 
Smith, et al. [2]. To enhance the immunogenicity of vaccines, use 
of adjuvants and efficient delivery systems are very essential 
Petrovsky and Aguliar, [3]; Corradin and Giudice, [4]; Evensen 
[5]. ecent research has been focused on the use of nanoparticles 
(NP’s) as adjuvants and efficient delivery systems in fish vaccine 
development. Nanoparticles are known to exhibit interesting 
properties different from their parent material which includes 
increased relative surface area and quantum size effects. These 
characteristics of nanoparticles are of great importance in terms 
of application in medical field Yildirimir et al. [6]. Due to their 
nano size, nanoparticles can be taken up by cellular endocytosis 
mechanism Zaman et al. [7]; Zhao et al. [8] which facilitate the 
cellular uptake of antigens and increase the ability of antigen 
presentation Oyewumi et al. [9]; Kim et al. [10]; Shaalan et al. [11]. 
Studies have demonstrated that application of nanotechnology 
increases solubility, stability, targeting, biocompatibility and 
permeability of vaccines Frohlich [12]; You et al. [13]; Doll et al. 
[14]; Lai et al. [15]. Nanovaccines, thus developed are made of 
nanoparticles formulated with antigens either encapsulated within 
or adsorbed on to the surface against which an immune response  

 
is desired Gregory et al. [16]; Zaman et al. [7]. The advantages of 
nanovaccines include protection of antigens by encapsulation 
from degradation, site specific delivery of antigens, enhanced 
bioavailability and reduced side effects Zolnik et al. [17]; Gregory 
et al. [16]; Zaman et al. [7]. This review presents an overview of 
various nanoparticle-based fish vaccines.

Nano-adjuvants and Delivery Systems 
Nanoparticles in vaccine development can be grouped according 

to their action, either as an efficient mode of delivery system or an 
adjuvant. Nanoparticles which function as delivery systems will 
deliver the antigen to targeted immune cells while protecting it and 
immune potentiating adjuvant nanoparticles will activate a specific 
pathway which helps in efficient antigen uptake and processing 
Hølvold et al. [18]; Tafalla et al. [19]. Further, the nanoparticles 
can be classified as biodegradable or non-biodegradable based on 
their properties to get decomposed in biological system. In general, 
the other forms of nanoparticles used in vaccine studies include 
virus-like particles (VPL’s), nanoliposomes, immunostimulating 
complexes (ISCOMs), nanoemulsions and metal nanoparticles 
Gregory et al. [16]; Zhao et al. [8]; Shaalan et al. [11]. Table 1 
provides the details of types of nanoparticles applied in vaccine 
research with their merits and demerits. The type of nanoparticles 
used in developing fish vaccines have been restricted mainly 
to polymeric nanoparticles, nanoliposomes, carbon nanotubes, 
calcium phosphate, ISCOMs and the application of other forms 
of nanoparticles need to be explored. The present status of 
nanoparticle-based fish vaccines is summarized in Table 2.
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Table 1: Merits and demerits of nanoparticles.

Type of nanoparticles Merits Demerits

Polymeric nanoparticles
Better immunogenicity can be obtained by easy modification 

of surface properties, biodegradable and targeted antigen 
delivery

Low aqueous solubility and synthesis require use of 
organic solvents, low antigen loading, premature release of 

antigens, insufficient antigen protection

Inorganic nanoparticles Easy to modify, less chances of premature release and better 
protection of adsorbed antigens Low aqueous solubility and low biodegradability

Nanoliposomes
Possess intrinsic adjuvant properties, accommodates both 
hydrophilic and lipophilic antigens and relatively stable in 

gastrointestinal fluids when modified

Low mucus penetration, limited antigen loading and poor 
gastrointestinal stability of naked liposomes.

ISCOMS Easy to encapsulate and built in adjuvant property of Quil A Do not form depot and difficult to incorporate hydrophilic 
antigens

Virus like particles Possess self-adjuvant properties, mimics original virus and 
high gastrointestinal stability Lack of reproducibility

Nanoemulsions Possess self-adjuvant properties, encapsulates both hydrophil-
ic and lipophilic antigens 

Premature release of antigens and poor gastrointestinal 
stability

Table 2: Experimental approaches in nanoparticle-based fish vaccine delivery.

Nanoparticle a Pathogen b Species Vaccine 
route c

Vaccine formulations 
with nanoparticles Reference

Chitosan VHSV Danio rerio IP

NPrgpG
pICrgpG
CSrgpG

NpiV

Kavaliauskis et al. 
[44]

Chitosan TRBIV Scophthalmus maximus Oral pDNA-CS-NPs Zheng, et al. [50]

Chitosan ISAV Salmo salar Oral
NP-V

NP-Ad+NP-V
Aravena, et al. [25]

Chitosan/TPP Nodavirus Lates calcarifer Oral pFNCPE42-CS/TPP Vimal, et al. [46]

Chitosan Vibrio parahaemolyticus Acanthopagrus schlegelii Oral pEGFP-N2-OMPK Li, et al. (2013)

Chitosan/TPP Vibrio anguillarum Lates calcarifer Oral CS/TPP- pVAOMP-DNA Vimal, et al. [47]

Chitosan Vibrio anguillarum (Listonella) Lates calcarifer Oral Chitosan-pVAOMP38 Rajesh, et al. [45]

OCMCS-hyaluronic 
acid Aeromonas hydrophila Cyprinus carpio Oral

OCMCS/aerA-NPs
OCMCS-HA/aerA-NPs

Liu, et al. [50]

Alginate I. multifiliis Oncorhynchus mykiss Oral NP-gamma-irradiated 
trophont

Heidarieh, et al. 
(2015)

PLGA Aeromonas hydrophila Labeo rohita Oral
Np-rOmpW (HiAg) 8µg/g
Np-rOmpW (LoAg) 4µg/g

NPs
Dubey, et al. [35]

PMMMA-PLGA Streptococcus agalactiae Oreochromis niloticus Oral PTRBL/Trx-SIP Zhang, et al. [34]

PLGA,

PLA
Aeromonas hydrophila Labeo rohita IP

PLGA-Omp

PLA-Omp

Rauta and Nayak 
[33]

PLGA
IPNV

Salmo salar IP
PLGA nanoparticle-TA
PLGA nanoparticle-PT

Munang’andu, et 
al. [32]

PLGA IHNV Oncorhynchus mykiss Oral

(6 WPV)
Low dose PLGA-pCDNA-G
High dose PLGA-pCDNA-G

High dose PLGA
(10WPV)

Low dose PLGA-pCDNA-G
High dose PLGA-pCDNA-G

High dose PLGA

Adomako, et al. [30]
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PLGA,

PLA
- Salmo salar IP

PLGA-NP50L

PLGA-NP50H

PLGA-NP75H

PLA-NP100L

Fredriksen and Grip 
[31]

PLGA LCDV Paralichthys olivaceus Oral

pEGFP-N2-MCP

PLGA

PLGA- pEGFP-N2-MCP

Tian and Yu [29]

PLGA - Salmo salar IP

NP

NP/TNP-LPH

NP/ β glucan

NP/ TNP-LPH / β glucan

Fredriksen et al. 
[28]

Liposome Vibrio harveyi Epinephelus bruneus IP Liposome-V. harveyi Harikrishnan et al. 
[42]

Liposome KHV Cyprinus carpio Oral
Liposome-NKC03

Liposome-NKC03
Yasumoto et al. [49]

Liposome Aeromonas salmonicida Cyprinus carpio Oral Liposome-T1031 Irie et al. [43]

Carbon nanotubes GCRV Ctenopharyngon idellus

Bath

IM

Bath

IM

(0.2g-Fish)

SWCNTs-vp7 2.5mg L-1

SWCNTs-vp7 5mg L-1

SWCNTs-vp7 10mg L-1

SWCNTs-vp7 20mg L-1

SWCNTs-vp7 40mg L-1

SWCNTs-vp7 0.2µg

SWCNTs-vp7 0.4µg

SWCNTs-vp7 0.6µg

SWCNTs-vp7 0.8µg

SWCNTs-vp7 1.0µg

(25g-Fish)

SWCNTs-vp7 2.5mg L-1

SWCNTs-vp7 5mg L-1

SWCNTs-vp7 10mg L-1

SWCNTs-vp7 10mg L-1

SWCNTs-vp7 40mg L-1

SWCNTs-vp7 0.2µg

SWCNTs-vp7 0.4µg

SWCNTs-vp7 0.6µg

SWCNTs-vp7 0.8µg

SWCNTs-vp7 1.0µg

Zhu, et al. [52]
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Carbon nanotubes GCRV Ctenopharyngon idellus

IM

Bath

SWCNTs-pEGFP-vp5 1µg

SWCNTs-pEGFP-vp5 2.5µg

SWCNTs-pEGFP-vp5 5µg

SWCNTs-pEGFP-vp5 
1mgL-1

SWCNTspEGFP-vp5 10mg 
L-1

SWCNTs-pEGFP-vp5 20mg 
L-1

Wang, et al. [51]

Carbon nanotubes GCRV Ctenopharyngon idellus IM
SWCNTs-pcDNA-vp7 1µg
SWCNTs-pcDNA-vp7 5µg

SWCNTs-pcDNA-vp7 10µg
Zhu, et al. [51]

Calcium phos-
phate Aeromonas hydrophila Labeo rohita IP SP-CaNP Behera and Swain 

[40]

ISCOMs Aeromonas hydrophila Anguillia anguillia IP MOMP-ISCOMs Dong et al. [41]
a PLGA: Poly (Lactic-Co-Glycolic Acid), OCMCS: Oleoyl-carboxymethy-chitosan, PMMMA: Poly [(methyl methacrylate)-co-(methy-
lacrylate)-co- (methacrylic acid)], PLA: Poly (Lactic- Acid), ISCOMs: Immunostimulating Complexes.
b VHSV: Viral hemorrhagic septecemia virus. TRBIV: Turbot reddish body iridovirus, GCRC: Grass carp reovirus, ISAV: Infectious 
salmon anemia virus, IPNV: Infectious pancreatic necrosis virus, IHNV: Infectious hematopoietic necrosis virus, LCDV: Lymphocys-
tis disease virus, KHV: Koi herpes virus. 
c IM: Intramuscular, IP: Intraperitoneal

Inorganic Nanoparticles
Inorganic nanoparticles are used in vaccine research both 

as adjuvants and potential vaccine delivery systems due to their 
attractive physical and chemical properties Sahdev et al. [20]; 
Zhao et al. [8]. There are several inorganic nanoparticles based on 
carbon, calcium phosphate, gold, silver, silicate, aluminium, titanium 
etc., among which carbon nanotubes and calcium phosphate are 
evaluated as vaccine delivery systems in fish vaccines. The inorganic 
nanoparticles have good adjuvant properties and stabilities but they 
have certain limitations in their chemistry and physical properties. 
Due to their varied chemistry polymeric nanoparticles are the 
widely used nanoparticles in vaccine research. Till date the most 
explored nanoparticles in fish vaccine studies are the polymeric 
PLGA and chitosan for administration of viral as well as bacterial 
antigens.

Polymeric Nanoparticles
The most preferred nanoparticles in vaccine research are 

the polymeric nanoparticles due to their biodegradable nature, 
biocompatibility and diverse chemical properties. Polymeric 
nanoparticles have the capacity to conjugate or encapsulate any 
antigens within itself or on their surface Marasini et al. [21]; 
Sahdev et al. [20]. There are several polymeric nanoparticles which 
can be grouped based on their origin as: Naturally derived and 
synthetically derived polymers.

Naturally Derived Polymers
Chitosan is a naturally derived biodegradable polymer and 

is extracted from various chitinous materials mainly from the 

exoskeleton of crustaceans and hence it can be earmarked as 
a green nanoparticle. It is highly abundant, biodegradable and 
biocompatible, making it an attractive candidate for vaccine 
delivery Sahdev et al. [20]. Hyaluronic acid (HA) is a natural 
polymer composed of D-glucuronic acid and N-Acetyl-D-
glucosamine and is a component of cartilaginous tissue Sahdev et 
al. [20]; Smith et al. [2]. It also plays an important role in immune 
response by modulating leukocyte trafficking Mummert, [22]; 
Sahdev et al. [20]. It is biocompatible, biodegradable, hydrophilic 
and due to high abundance in nature and makes it as one of the 
attractive candidate nanoparticles for vaccine delivery Sahdev et al. 
[20]; Smith et al. [22]. Alginate is an extract of naturally available 
brown algae and also it can be found as a polysaccharide in some 
bacteria. It is made of repeated units of unbranched polyanionic 
polysaccharides α-L-guluronic acid and β-D-mannuronic acid Ji et 
al. [23]. It is biodegradable, biocompatible, non-toxic, acid resistant, 
mucoadhesive and most suited for oral vaccine delivery Wee and 
Gombotz, [24]; Aravena et al. [25]. 

Synthetically Derived Polymers
Poly (Lactic-Co-Glycolic Acid) (PLGA) is a synthetic copolymer 

of lactic acid and poly glycolic acid. It is a very commonly used 
delivery system in biomedical research. The use of PLGA is 
approved by US-FDA and European Medicine Agency (EMA) due to 
its biocompatibility, non-toxicity and highly biodegradable nature. 
Upon administration it undergoes hydrolysis and release glycolic 
and lactic acids which are eventually removed from body by citric 
acid cycle Panyam and Labhasetwar [26]; Sahdev et al. [20]; Ji et 
al. [23]. Poly (Lactic-Co-Glycolic Acid) is also used as an adjuvant, 
alternative to alum for prolonging the in-vivo antigenic exposure 
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time Toita et al. [27]; Smith et al. [2]. It is in general used for the 
controlled release of nucleic acids, proteins and peptides and 
hence it is the most explored nanoparticle for the delivery of fish 
vaccines Fredriksen et al. [28]; Tian and Yu [29]; Adomako et al. 
[30]; Fredriksen and Grip [31]; Munang’andu et al. [32]; Rauta 
and Nayak, [33]; Zhang et al. [34]; Dubey et al. [35]. Poly (lactic 
acid) (PLA) is a synthetic polymer comprising of repeated lactide 
monomers that degrades into biocompatible lactic acid. It is less 
degradable compared to PLGA and hence has a limited usage as a 
vaccine delivery system Smith et al. [2]. 

Lipid Based Biomolecular Nanoparticles
Several biomolecule-based nano-formulations are used 

extensively in vaccine research such as liposomes, ISCOMs, micelles 
and virus-like particles. Among these, liposomes and ISCOMs are 
used for fish vaccine delivery Kim et al. [10]. Nanoliposomes have 
been well documented for their diverse ability to deliver various 
hydrophilic and hydrophobic antigens as they possess hydrophilic 
head and hydrophobic tail Ji et al. [24]; Smith et al. [2]. These are 
formed by non-toxic and biodegradable self-assembled structures of 
phospholipids consisting of an internal aqueous core entrapped by a 
lipid bilayer Zhao et al. [8]. Surface modification of liposomes is easy, 
and it can increase the immunogenicity to enhance both humoral 
and cell-mediated immunity Kim et al. [10]. Immuno-stimulating 
complexes (ISCOMs) are self-assembled cage like structures usually 
of 40 nanometer size and consisting of cholesterols, phospholipids 
and Quil A saponin. The cage like structures helps in entrapping 
the antigens or adjuvants. Immuno stimulating complexes are good 
antigen carriers and they themselves are very efficient adjuvants as 
they are formed of saponin Marasini et al. [21]. Immuno stimulating 
complexes are researched for more than 3 decades now and are 
restricted to veterinary use due to the mild toxic effects having 
hemolytic properties Sjolander et al. [36]. 

Biosafety Concerns of Nanoparticle Toxicity 
While the nanoparticles have shown the undisputable potential 

for their wide range of applications, the very nature which make 
them interesting might have negative effects as well Elsaesser 
and Howard [37]; Gregory et al. [38]; Zellner [39]. Since, they can 
cross the blood brain barrier (BBB), the applications have to be 
made carefully as it may cause serious troubles Yildirimir et al. [6]. 
The evaluation of nanoparticle toxicity is not easy and cannot be 
predicted based on the toxicity profile of their parent material as 
they exhibit different properties and are also taken up by cells in an 
entirely different way as compared to their parent materials. Recent 
study focused on understanding the mechanism of nanoparticle 
toxicity suggests the toxicity may range from cell necrosis to 
reactive oxygen species (ROS) induced apoptosis Elsaesser and 
Howard [37]. 

Conclusion and Future Prospects
In the last decade there has been a remarkable advancement 

in nanotechnology and its application in biomedicine especially in 
vaccine delivery [38-45]. Nanovaccines developed for aquacultured 

species has a fair share in this advancement. Nanoparticles have 
shown to enhance the immunogenicity of weak antigens and they 
provide many advantages over conventional adjuvant approaches 
like having better release kinetics, stability and targeted delivery. 
Given the nature of aquaculture the most preferred route of 
vaccination is oral delivery as it is not practical to inject every fish 
unlike other terrestrial species [45-50]. Nanoparticles provide 
an opportunity to design vaccines which have gastrointestinal 
stability, a major requirement for oral vaccines [51,52]. 
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