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Abstract 
A wealth of genomic and proteomic information on microorganisms and parasites, together with recent 
advances in adjuvant and delivery systems, is being harnessed to develop nanovaccines against infectious 
and parasitic diseases. The use of nanoparticles in vaccine formulations allows not only improved antigen 
stability and immunogenicity but also targeted delivery and slow release. However, so far, nanoparticles 
have not proved capable of surmounting most of the barriers like toxicity issues, clearance from 
biological system, DNA instability and differences in expression systems. Nevertheless, advances in 
nanoparticle engineering and understanding of nanoparticle characteristics, is creating new opportunities 
for the development of nanovaccines as antigen delivery system. This Review focuses on recent progress 
in development of nanoparticle based antigen delivery vehicles, their use in different diseases, major 
bottlenecks and challenges to realizing the potential of nanoparticles.   
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1. Introduction 
The practice of immunization began with the variolation against small pox in China and India 
and since then, the whole living organism being used was reduced to mere nanoparticles or 
subunits [1]. Though the means of practicing immunization overwhelmingly changed as the 
insights into biotechnology and immunology grew, the basic concepts are same. Even today 
vaccination is meant to expose the host to a simplified molecular identity (antigen) along with 
a immunostimulant (adjuvant) that replaces the inherent immunostimulation of a pathogen’s 
infection with a less dangerous sustained response [2]. One of the most important drawbacks of 
subunit vaccines and synthetic antigens is the quantum of immune response elicited is far less 
than live or attenuated vaccines [3]. Incorporation of novel adjuvants and/or use of alternative 
delivery systems have shown promise in augmenting the immunogenicity of subunit vaccines 
and controlling many dreaded diseases [4]. 
The purpose of vaccination with any formulation is to emulate the innate and adaptive 
responses of the immune system to infection [5]. Antigen-presenting cells particularly, dendritic 
cells serve as a link between the innate and adaptive immune responses [6]. Toll-like receptors 
(TLR) present on the surface of APCs act as pattern recognition receptors and thus act as 
“molecular guards”. On recognition of a foreign PAMP (pathogen associated molecular 
patterns) by TLR plethora of cellular responses are initiated like maturation of antigen 
presenting cells, redistribution of MHC molecules from intracellular compartments to the cell 
surface, secretion of cytokines and chemokines and cytoskeleton reorganization [7]. 
A successful adjuvant needs to targets the antigen to antigen-presenting cells by formation of 
multimolecular aggregates, or by binding antigen to a cell-surface receptor on APCs and direct 
antigen presentation by MHC class I or MHC class II pathways while at the same time 
avoiding lasting damage to the host [8, 9]. There is no denial of the fact that conventional whole 
cell live or attenuated vaccines are generally better immunogens than subunit vaccines and to 
redress this challenge of molecular mimicry, next generation vaccines incorporating 
nanoparticles are the new ventures [10]. The use of nanotechnology in vaccinology, in 
particular, has been increasing exponentially in the pasr decade, leading to the birth of the 
“nanovaccinology” [11]. Since the impetus for use of nanoparticles kept growing, they have 
been as delivery vehicles or for improvisation of antigen processing as immunostimulant 
adjuvant [12]. 
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Nanoparticles either enclose the antigen within itself or 
project it onto their surface. The beneficial effects of 
encapsulating the antigen are sustained life of short live or 
rapidly degrading antigens and increased outreach of the 
localized immune response [13]. Conjugation of antigens onto 
nanoparticles can allow presentation of the immunogen to the 
immune systems possibly in the similar way that it would be 
presented by the pathogen, thereby provoking a similar 
response [14]. Moreover the recent advances in biotechnology 
and designing have led to synthesis of nanoparticles that led 
to site directed delivery of antigens hence increasing 
specificity manifolds [15]. Also being explored is the potential 
for nanoparticles to deliver vaccines through non-traditional 
methods such as topical, inhalation, or optical delivery as well 
as combining several antigens to the same particle to realize 
the dream of one vaccine for many diseases [16]. The power of 
nanoscale engineering can be vividly appreciated in the 
pathogen like particles that have emerged over years as tools 
of vaccine delivery. Different classes of pathogen like 
particles include synthetic particulate systems, virus-like 
particles and bacterial outer membrane vesicles. 
 
Virus like particles (VLPs) 
For the success of any nanoparticle based vaccine approach, 
the foremost and utmost important characteristics to be taken 
care of are the ease of production, cost effectiveness and 
ability to stimulate strong immune response. VLPs have been 
among the first studied nanoparticle based systems that are in 
concordance with the basic desired features of a vaccine 
delivery system. Typically in the size range of 20-150nm, 
VLPs consists of a self-assembled viral envelope, generated 
from a single protein to form a multimeric complex 
displaying a high density of epitopes [17]. VLPs are non-
replicating and non-infectious particles that can neither 
integrate into host genome nor undergo any recombination 
with host or any defective virus. This has tremendous impact 
on the safety value of VLPs being used as delivery agents. 
VLPs can be engineered to express additional proteins either 
by fusing these proteins to the particle or by expressing 
multiple antigens. Using this approach, VLPs can be 
generated which provide protection not only against the virus 
of origin but also against heterologous antigens. Moreover, 
polysaccharides antigens or haptens can be chemically 
coupled onto the viral surface to produce bioconjugate VLPs 
[18]. Vaccine formulations based of VLP technique have 
already come in market. First VLP-based Recobivax HB was 
approved in 1986 against hepatitis B. Recently, two more 
VLP-based vaccines against HPV have been approved in 
United States, Cervarix in 2009 and Gardasil in 2006 [19]. 
Many others VLP-based vaccines are approved for veterinary 
use or in clinical trials, demonstrating the versatility of VLPs 
and their future in vaccine development. GlaxoSmithK- line’s 
malaria vaccine called Mosquirix, the antigen is delivered via 
hepatitis B capsid VLP. Phase 3 trials have yielded 
encouraging results and provided protection against the 
parasite [20]. 
 
Biocompatible particulate based vaccines 
Subunit vaccines are poorly immunogenic as compared to live 
or attenuated vaccines. The very basic idea of pathogen like 
particles is to mimic the physiochemical characteristics of a 
natural pathogen avoiding the deleterious effect on the host 
but enhancing antigen delivery to the immune system. 
Pathogen like particles (PLP) carriers can be formulated using 
nanoparticles obtained from polylactic acid (PLA) and poly 

lactic-co-glycolic acid (PLGA), that are safe and 
biocompatible, liposomes and even simple lipid emulsions [21, 

22]. Antigens are then either incorporated inside the core or 
onto the surface of these particles. The meticulous ability to 
target the antigen presenting cells (APCs) and generate co-
stimulatory signals renders the particulate antigens as one of 
best antigen delivery vehicles [23]. Furthermore by altering the 
physiochemical characters of the synthetic particles they can 
cater special needs of different vaccine formulations. 
 
Liposomes 
Liposomes are self-assembling particles consisting of a 
phospholipid bilayer shell with an aqueous core [24]. Based on 
the design of phospholipid bilayers, liposomes can be 
unilameller or multilameller, consisting of single or multiple 
concentric lipid shells separated by water layers. As a 
consequence, liposomes can be tailored to incorporate both 
hydrophilic antigens into the aqueous core as well as 
hydrophobic antigens within the phospholipid bilayers. 
Although preparation of liposomes is highly sophisticated 
procedure it can be summarized explaining the reverse phase 
evaporation process. Typically most of the methods are based 
on a reverse phase evaporation process in which an organic 
solvent such as chloroform or methanol is used for dissolving 
phospholipids (such as monophosphoryl lipid A or 
phosphatidylcholine). Water is then added, along with the 
antigen, and the solvent is evaporated resulting in large 
unilameller vesicles [25]. Alternatively, liposomes can form in 
water by introducing a high energy input such as sonication, 
or nitrogen gas under high pressure. The another method for 
preparing unilameller vesicles without subjection antigens to 
high energy, which can sometimes be destructive, is by 
dissolving lipids in a detergent with a high critical micelle 
concentration, such as octylglucoside. The solution then 
dialyzed against a buffer containing the antigen which results 
in the formation of liposomes. In any of these methods, 
cholesterol can be added to provide additional stability. 
Various other approaches to encapsulate antigens inside 
liposomes include repeat freeze thaw cycles [25], a pH 
gradient, or an ammonium sulphate method with antigen 
encapsulation rates varying between 25 and 72% [26]. 
 
Polymeric nanoparticles 
A portfolio of synthetic polymers are used to prepare 
nanoparticles, viz. poly d, l-lactide-co-glycolide (PLG), poly 
d, l-lactic-coglycolic acid (PLGA), poly g-glutamic acid (g-
PGA), polyethylene glycol (PEG), and polystyrene [27]. These 
polymeric nanoparticles entrap antigen for delivery to certain 
cells or sustain antigen release by virtue of their slow 
biodegradation rate. PLGA has been used to carry antigen 
derived from various pathogens including Plasmodium vivax 
with mono-phosphoryl lipid A as adjuvant, hepatitis B virus 
(HBV), Bacillus anthracis, and model antigens such as 
ovalbumin and tetanus toxoid [28]. 
The most commonly used poly α-hydroxy acids for preparing 
polymeric nanoparticles are either PLGA or PLA which are 
often synthesized using a double emulsion-solvent 
evaporation technique [29]. Firstly, to obtain a primary 
emulsion, a polymer of choice is dissolved in an organic 
solvent like ethyl acetate, or methylene chloride followed by 
the addition of the antigen, which is then vortexed. The 
addition of emulsifying agents like polyvinyl alcohol or 
polyvinyl pyrrolidine, to this primary emusion forms water-
in-oil-in-water emulsion. This results in the polymer 
precipitating around the antigen. The solution is then left to 
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allow solvent evaporation and then dried to prevent 
degradation of the polymer due to water- catalyzed ester 
hydrolysis [30]. The use of this method is limited since antigen 
entrapment efficiency is low and there is a possibility of 
protein denaturation at the oil-water interface. The addition of 
stabilizers such as surfactants or sugars, including trehalose 
and sucrose, provide stability against denaturation by keeping 
the protein hydrated in its native state. An alternative method 
for ensuring stability of protein makes use of poly 
(aminoacids) such as poly(γ-glutamicacid) (γ-PGA), poly(ε-
lysine), poly(L-arginine), or poly(L-histidine) which do not 
require an emulsion step in their synthesis. These amphiphilic 
copolymers self-assemble via hydrophobic interactions to 
form polymeric structures consisting of a hydrophobic core 
and a hydrophilic outer shell. Moreover, γ-linked glutamic 
acids in γ-PGA are not easily recognized by common 
proteases resulting in added stability. 
Natural polymers based on polysaccharide have also been 
used to prepare nanoparticle adjuvants, such as alginate, 
pullulan, inulin, and chitosan. In particular, chitosan based 
nanoparticles have been widely studied due to physico-
chemical properties viz. biodegradability, nontoxic nature and 
ability to be easily modified into desired shapes and sizes. 
These nanoparticles have been used in various vaccines 
including HBV vaccines, Newcastle disease vaccines and 
DNA vaccines. Inulin, a well-known activator of complement 
via the alternative pathway, serves as an efficient adjuvant. 
Nanoparticle adjuvants developed from inulin, such as 
AdvaxTM, have shown enhancement of immune response in 
vaccines against various viruses including influenza and 
hepatitis B [31]. Chitosan nanogels have been frequently used 
in antigen delivery, such as Clostridium botulinum type-A 
neurotoxin subunit antigen Hc for an adjuvant free intranasal 
vaccine, and recombinant NcPDI antigen for Neospora 
caninum vaccination [32]. 
 
Inorganic nanoparticles 
Apart from biodegradable materials, non-degradable 
nanoparticles are also being investigated for vaccine delivery 
[33]. Gold, carbon, and silica are widely used as nanodelivery 
vehicles which either encapsulate the antigen or covalently 
attach it to the surface. The uniformity in the shape and size is 
the most essential factor for maintaining antigen loading 
consistency. Generally 2-50nm size range is used however 
using chloroauric acid as the starting solution; the gold is 
reduced to forms spherical particles of either 10-20nm or 2nm 
in diameter depending on whether a mild or strong reducing 
agent is used. Other types of gold nanoparticles have been 
used as carriers for antigens derived from other viruses such 
as Influenza and Foot and Mouth disease, or as a DNA 
vaccine adjuvant for human immunodeficiency virus (HIV) 
[34]. Carbon nanoparticles are another commonly studied 
composition for drug and vaccine delivery. They are known 
for their good biocompatibility and can be synthesized into a 
variety of nanotubes and mesoporous spheres. The diameter 
of carbon nanotubes (CNTs) used as carriers is generally 0.8-
2 nm with a length of 100-1000 nm, while the size of 
mesoporous carbon spheres is around 500 nm. Multiple 
copies of protein and peptide antigens can be conjugated on to 
CNTs for delivery and have enhanced the level of IgG 
response. Mesoporous carbon nanoparticles have been studied 
for application as an oral vaccine adjuvant [35]. One of the 
most promising inorganic materials for nanoparticle based 
delivery system is silica. Silica-based nanoparticles (SiNPs) 
are biocompatible and have excellent properties as 

nanocarriers for various applications, such as selective tumor 
targeting [36], real-time multimodal imaging, and vaccine 
delivery. The abundant surface silanol groups are beneficial in 
terms of introducing additional functionality, such as cell 
recognition, absorption of specific biomolecules, 
improvement of interaction with cells, and enhancement of 
cellular uptake [37, 38]. Calcium phosphate nanoparticles can be 
created by mixing calcium chloride, sodium citrate and 
dibasic sodium phosphate under specific conditions. They are 
non-toxic and can be formed into a size of 50-100 nm. These 
nanoparticles are useful adjuvants for DNA vaccines and 
mucosal immunity, and show excellent biocompatibility. 
 
ISCOMS 
Colloidal saponin cage like particles containing micelles of 
around 40nm can be used as self-adjuvanting vaccine delivery 
systems and are collectively known as ISCOMs. Two types of 
ISCOMs have been described, both of which consist of 
cholesterol, phospholipid (typically either phosphatidyl 
ethanol amine or phosphatidylcholine) and saponin (most 
often QuilA from the tree Quillaia saponaria) [39]. Classically, 
ISCOMs have been used to entrap viral envelope proteins 
such as from Herpes simplex virus type1, Hepatitis, and 
Influenza [40-42]. However, proteins from a range of bacteria 
and parasites including Escherichia coli, Brucella aborus, and 
Plasmodium falciparum have also been used to assemble 
ISCOMs. Complexes without viral proteins are also used and 
are often referred to as ISCOM matrices. ISCOMs are self-
assembling at an optimal ratio of 1:1:5 (phospholipid: 
cholesterol: saponin) for matrices or 1:1:5:0.1/1 for classical 
ISCOM forming in the presence of a non-ionic detergent, 
which is then removed using dialysis or ultracentrifugation. 
The resulting complex is a pentagonal dodecahedron 
arrangement of micelles containing saponin and lipid held 
together by hydrophobic interactions and stabilized through 
its negative surface charge [43]. 
 
Nano sized emulsions 
Over the years, oil-in-water or water-in-oil types have 
emerged as excellent adjuvants for vaccine delivery. The 
droplet size varies from 50 nm to 600 nm, carrying antigens 
inside their core for efficient vaccine delivery or simply 
mixed with the antigen. One commonly used emulsion is 
MF59TM, an oil-in-water emulsion which has been licensed 
as a safe and potent vaccine adjuvant in over 20 countries [44]. 
It has been widely studied for use in influenza vaccines. 
Another is MontanideTM, a large family of both oil-in water 
and water-in-oil emulsions, including ISA 50 V, 51, 201, 206 
and 720. Montanide ISA 51 and 720 have been used in 
Malaria vaccines [45]. Montanide ISA 201 and 206 have been 
used in foot-and-mouth disease vaccines. 
 
Self-assembling protein systems 
Self-assembling proteins can be tailored to act like virus like 
particle and ensemble the viral or bacterial protein unto itself. 
The antigen is genetically fused with the self-assembling 
protein and self-assembly leads either to packaging of protein 
inside the vault or projection on the surface of self-assembling 
protein. Ferritin is a protein that can self-assemble into nearly-
spherical 10 nm structure. It has emerged as nanoparticle 
based vaccine carrier for influenza virus haemagglutinin (HA) 
[46]. Vault nanoparticles have been used to enclose the major 
outer membrane protein of Chlamydia muridarum for studies 
of mucosal immunity [47]. 
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Outer membrane vesicles 
Outer membrane vesicles (OMVs), first report has come 
almost 50 years ago, are naturally occurring proteoliposomes 
that obtained from Gram-negative bacteria. These vesicles are 
50-250 nm condensing electron dense material, corresponding 
to bacterial periplasm, inside a single lipid bilayer. The 
growing consensus about OMVs containing a variety of 
immunoactive virulence factors, led researchers to exploit this 
potential of OMVs in use in vaccines [48]. OMVs were found 
to elicit protective humoral and mucosal immune responses, 
independent of adjuvants or pathogenic components, against 
the bacterium from which they were isolated. Apart from their 
ability to stimulate an effective immune response, OMVs 
have additional advantages that make them viable vaccine 
candidates.  
a) Like synthetic nanoparticle vaccines, they are classified 

as acellular, making them attractive replacements for 
inactivated pathogen or live attenuated vaccines.  

b) OMVs are able to present protein antigens in their native 
conformations, which is hypothesized to be important for 
effective antibody production. 

c) Bacterial vesicles have been shown to be stable after 
long-term storage at 58ºC, which is an essential aspect of 
commercial viability. 

 
It is generally accepted that protective antibodies are 
generated against one or a few dominant antigens located on 
the vesicle membrane surface. Therefore, to explore the 
application of this vesicle against pathogenic bacteria, wild 
type OMVs were reengineered at the genetic and molecular 
level. The most crucial breakthrough in adapting OMVs into 
generalized PLP vaccines has come from their recent 
adaptation into heterologous antigen carriers. In this regard, 
the ability to remodel the outer surface of Escherichia coli-
derived OMVs with a variety of recombinant antigens served 
as an important first step. Shortly thereafter, it was 
demonstrated that recombinant antigens displayed on 
engineered OMVs derived from hyper-vesiculating E. coli 
were capable of eliciting strong antibody titers in immunized 
mice [49].  
The use of OMVs as vaccines is not without challenges. 
Lipopolysaccharide (LPS) being a major component of 
OMVs, is an area of concern considering the potential issue of 
residual endotoxicity. Even though research has shown that 
LPS in a membrane, such as is found in OMVs, is 100 times 
less toxic than purified LPS, there is still ample motivation to 
adapt OMV production protocols to further detoxify OMV 
LPS. For example, detergent extraction is a popular method 
for isolating OMVs because it decreases LPS content. Other 
methods involve structurally modifying the toxic lipid A to 
less harmful derivatives by genetically modifying the OMV 
producing host strain. Specific examples include introducing 
exogenous genes, such as pagL, or mutating/deleting 
endogenous genes, such as msbB. 
 
Conjugation of nanoparticle and antigen: interphase 
interactions 
Antigens can be delivered to the immune cells by 
nanoparticles as a part of the delivery system i.e. the co-
ingestion of antigen and nanoparticle by the immune cell, or 
they can act as a transient delivery system, i.e. protecting the 
antigen and then release it at the desired location [50]. For 
nanoparticles to function as a delivery system, an association 
of antigen and nanoparticle is typically necessary. Over the 
years, nanoparticles based on silica, gold, and calcium 

phosphate, have been studied thoroughly for use as a delivery 
system and have thus been engineered to promote antigen 
attachment [51]. Attachment of antigen has been achieved 
through simple physical adsorption or more complex 
methods, such as chemical conjugation or encapsulation. 
Basic principle behind the adsorption of antigen onto a 
nanoparticle is generally charge or hydrophobic interaction 
[52]. Hence the interaction between nanoparticle and antigen 
being relatively weak, it may lead to in vivo rapid dissociation 
of antigen and nanoparticle. However, encapsulation and 
chemical conjugation offer stronger interaction between 
nanoparticle and antigen. In encapsulation, antigens are mixed 
with nanoparticle precursors during synthesis, resulting in the 
encapsulation of antigen, when the precursors particulate into 
a nanoparticle. The antigen is released only when the 
nanoparticle has been decomposed in vivo or inside the cell. 
On the other hand, for chemical conjugation, the antigen is 
chemically cross-linked to the surface of a nanoparticles [53]. 
The antigen is taken up by the cell together with the 
nanoparticle and is then released inside the cell. In soft matter 
nanoparticle delivery system, such as those based on ISCOM, 
VLPs, ISCOMATRIXTM, or liposomes, binding of antigen is 
acquired through chemical conjugation, adsorption, 
encapsulation, or fusion at DNA level. 
 
Interaction of nanoparticle with Antigen presenting cells 
(APC) 
The effectiveness of nanoparticles to deliver the antigen to 
APC’s is the centre of interest in commitment towards 
development of nanovaccines. As specialized APCs 
efficiently uptake and process antigen, dendritic cells (DCs) 
and macrophages are often targeted in vaccine design. The 
parameters that play significant role in antigen uptake are 
size, charge and shape of nanoparticles. Generally, 
nanoparticles having a comparable size to pathogens can be 
easily recognized and are taken up efficiently by APCs for 
induction of immune response. DCs preferentially uptake 
virus-sized particles (20-200 nm) while macrophages 
preferentially uptake larger particles (0.5-5 μm) [54]. Smaller 
particles (20-200 nm) get easy access to DCs residing in 
lymph nodes by exploiting interstitial circulation to access the 
lymphatic system, whereas larger particles (0.5-2 mm) remain 
at the injection site and are taken up by peripheral DCs and 
tissue-resident macrophages [21]. Moreover, there is a strong 
correlation between the mode of particle uptake and the size 
of the particles. Particles with smaller diameters (<200 nm) 
are taken up primarily via receptor-mediated endocytosis, 
while particles with larger diameters (>500 nm) are 
traditionally taken up by phagocytosis or macropinocytosis 
[55]. 
Surface charge is another important parameter that defines the 
role of nanoparticles in the activation of immune response. 
Cationic nanoparticles electrostatically interact with the 
anionic cell membranes, thereby induce higher APC uptake 
[56]. Liposomes and nanoscale lipid emulsions formed from 
cationic lipids (such as Novartis’ MF591 and 
GlaxoSmithKline’s AS031) have been shown to enhance 
immunity; the positively-charged liposomes more easily 
interact with the negatively charged cell surface of DCs [57]. 
Similar results have been observed by constructing 
nanoparticles using cationic polymers. More sophisticated 
approaches towards specifically targeting DCs encompass the 
conjugation of antibodies specific for certain externalized 
membrane targets, such as the endocytic receptor DEC205, to 
the surface of nanoparticles.  
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Particle shape also plays an equally important role in the 
interaction between nanoparticles and APCs. For big particles 
(>1μm), particle shape plays a dominant role in phagocytosis 
by macrophages as the uptake of particles is dependent on the 
local shape at the interface between particles and APCs [58]. 
Worm-like particles with high aspect ratios (>20) exhibited 
negligible phagocytosis compared to spherical particles [59]. 
On the other hand, spherical gold nanoparticles (AuNPs) (40 
nm) were more effective in generating high antibody titer than 
other shapes (cube and rod) or reduced size, even though the 
rods (40 nm × 10 nm) were more efficient in APC uptake than 
the spherical and cubic AuNPs [60]. Hydrophobicity has been 
added as another parameter that affects immune response for 
example higher immune response was observed for 
hydrophobic particles than hydrophilic ones [61]. 
Maturation of vaccine-stimulated DCs, requires not only 
antigen presentation, but also the presence of co-stimulatory 
molecules. These molecules bind to pattern recognition 
receptors (such as Toll-like receptors), invoking DC 
activation and maturation when delivered in conjunction with 
the appropriate antigen [62]. Thus such components can be 
used to modify particle based vaccines in order to mimic 
stimulatory signals present on pathogens. Inclusion of these 
co-stimulatory molecules leads to activation of both cellular 
and humoral immune responses. TLRs are the well studied 
class of co-stimulatory receptors, and numerous synthetic 
TLR ligands have been identified and incorporated into 
nanoparticle vaccines. For example, CpG oligodeoxynucleo- 
tides (CpG-ODNs), which engage TLR-9, were shown to 
protect against West Nile encephalitis when co-delivered in a 
nanoparticle vector [62]. Similarly, poly I:C, a synthetic 
analogue of dsRNA, has been incorporated into nanoparticle-
based vaccines as a TLR-3 agonist, mimicking viral 
pathogens. Lipid A, an endotoxic component of Gram-
negative bacteria, has been incorporated into liposomes and 
serves as a strong adjuvant and TLR-4 binder [21]. 
 
Fate of nanoparticles inside biological system 
The fate of the nanoparticles in vivo depends on the design of 
nanoparticles that inturn requires a thorough understanding of 
the interaction of nanoparticles with biological systems. 
Physicochemical properties of nanoparticles, including size, 
shape, surface charge and hydrophobicity influence the 
interaction of nanoparticles with plasma proteins and immune 
cells [64]. This interplay of physicochemical characteristics as 
well as morphology of vascular endothelial is crucial in the 
distribution of nanoparticles in various organs and tissues of 
the body.  
The lymph node (LN) is an ideal organ for vaccine delivery 
since vital cells of the immune system, B and T cells, reside 
there. For eliciting an effective immune response it is 
mandatory that the antigen should reach the lymph node 
either by direct drainage or by migration of well-armed 
peripheral APCs [65]. Size of nanoparticles has a direct relation 
with its distribution to the LN. Like nanoparticles with a size 
range of 10-100 nm can penetrate the extracellular matrix 
easily and travel to the LNs where they are taken up by 
resident DCs for activation of immune response [66]. Particles 
of larger size (>100 nm) linger at the administration point and 
are subsequently endocytosed by local APCs, while smaller 
particles (<10 nm) get drained to the blood capillaries [67]. 
Moreover distribution of nanoparticles also depends on other 
parameters like the route of administration, biological 
environment to which nanoparticles are exposed and 
nanoparticle clearance from the body.  

Design of nanoparticle vaccines also needs to consider 
nanoparticle sequestration from the body. Accumulation of 
nanoparticles in different organs and tissues can take place if 
nanoparticles are not degraded or excreted from the body. 
Renal clearance through the kidneys can excrete nanoparticles 
smaller than 8 nm [68]. Surface charge also plays an important 
role in determining renal clearance of nanoparticles. Many 
workers have documented that for same sized particles, ease 
of renal clearance follows the order of positively charged < 
neutral < negatively charged [69]. This may be attributed to the 
presence of negatively-charged membrane of glomerular 
capillary. On the other hand,earance though liver allows 
excretion of nanoparticle larger than 200 nm [70]. Surface 
charge also plays role in biliary clearance with an increase in 
surface charges showing increased distribution of 
nanoparticles in the liver. Furthermore, a study reported shape 
dependent distribution of nanoparticles where short rod 
nanoparticles were predominantly found in the liver, while 
long rods were found in the spleen. Short rod nanoparticles 
were excreted at a faster rate than longer ones [71]. 
 
Hurdles in the use of nanoparticles 
The limitations of NPs for the delivery of vaccines range from 
concerns over the toxicity of the particles, to difficulties in 
producing the materials and presenting antigens in their native 
form. 
1. The production of suitable NPs can have some technical 

challenges. For example, although insect cell lines are 
widely used to express VLPs, but they are unable to 
glycosylate proteins in the same way as mammalian cells 
[72]. 

2. One of the greatest obstacles with liposome delivery 
systems is their instability [73]. One of the ways by which 
this has been overcome is by modifying the surface with 
a hydrophilic polymer, such as glycol (e.g., glycol 
chitosan, polyethylene glycol).  

3. The scale-up of production of sterile polymeric particles 
has also been problematic, though this has been 
overcome by scaled-up spray-drying techniques. 

4. An ongoing concern with the introduction of NPs into 
biological systems has been their potential toxicity. As 
such the materials would be otherwise non toxic but 
conversion to nanoparticle form or chemical reactions 
during production or interactions inside the biological 
system may render them unsafe [74]. 

5. In its naturally occurring mineral state titanium dioxide is 
biologically inert, however, when administered as a NP 
smaller than 20 nm in diameter it causes an inflammatory 
reaction in animals and humans [75]. 

6. Gold is generally regarded as an inert material, safe, and 
is used routinely for medical implants, however, on the 
contrary gold NPs with a diameter of 1.4 nm act very 
distinctly and have been shown to penetrate cells and 
nuclear membranes and bind irreversibly in the major 
grooves of DNA causing instability [76].  

7. Other toxicity concerns associated with NP is the 
accumulation within cells, particularly with continuous 
exposure or long- term use [77].  

 
Scope of nanovaccines in parasitology 
a) A prototypic malaria vaccine based on a highly versatile 

self-assembling polypeptide nanoparticle (SAPN) 
platform that can repetitively display a B cell 
immunodominant repeat epitope (DPPPPNPN) 2D of the 
malaria parasite Plasmodium berghei circumsporozoite 
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protein has been developed. SAPN platform not only 
functions to deliver an ordered repetitive array of B cell 
peptide epitopes but operates as a classical 
immunological carrier to provide cognate help to the P4c-
Mal-specific B cells [78]. 

b) A candidate malaria antigen, VMP001, was conjugated to 
the lipid membrane of the nanoparticles, and an 
immunostimulatory molecule, monophosphoryl lipid A 
(MPLA), was incorporated into it, creating nanoparticle 
vaccine VMP001-NPs. Vaccination with VMP001-NPs 
promoted germinal center formation and elicited durable 
antigen-specific antibodies compared to vaccines 
composed of soluble protein mixed with MPLA. 
Antibodies raised by NP vaccinations also exhibited 
enhanced avidity and affinity towards the domains within 
the circumsporozoite protein implicated in protection and 
was able to agglutinate live P. vivax sporozoites. These 
results demonstrate that these VMP001-NPs are 
promising vaccines candidates that may elicit protective 
immunity against P. vivax sporozoites [79]. 

c) Cationic solid–lipid nanoparticle (cSLN) formulation was 
used to administer a DNA vaccine harbouring the L. 
donovani A2 antigen along with Leishmania infantum 
cysteine proteinases [CPA and CPB without its unusual 
C-terminal extension (CPB_CTE)] which led to induction 
of specific Th1 and Th2 clones, indicating a mixed 
immune response and the production of IFN-γ and IL-10, 
although IFN-γ was much higher than IL-10 [80]. 

d) The vaccination of mice with nanogel encapsulated 
recombinant NcPDI (recNcPDI) protein and challenge 
infection with Neospora caninum tachyzoites improved 
survival of intraperitoneal vaccinated mice [32]. 

e) Chitosan nanoparticles loaded with plasmid DNA 
encoding Rho1-GTPase protein of Schistosoma mansoni, 
showed that oral immunization was not able to induce 
high levels of specific antibodies but induced high levels 
of the modulatory cytokine IL-10. Mice immunized only 
with chitosan nanoparticles presented 47% of protection 
against parasite infection, suggesting an important role of 
chitosan in inducing a protective immune response 
against schistosomiasis [81]. 

f) Chickens immunized subcutaneously with an Eimeria 
recombinant profilin protein plus MontanideTM ISA 70 
VG (ISA70) or MontanideTM ISA 71 VG (ISA 71) water-
in-oil adjuvants, showed higher levels of transcripts 
encoding interferon-γ, interleukin (IL)-2, IL-10, and IL-
17A [82]. 

 
Conclusion 
Recent insights in the role of innate immune system, as a base 
for adaptive immune response to vaccines, have catered 
overwhelming support in favour of adjuvants. Adjuvants have 
been used for more than a century now to aid a strong 
immune response. The use of nanoparticles as vaccine carriers 
improves antigen stability and immunogenicity, along with 
targeted delivery and slow release of antigen. Despite this 
only a few adjuvants have been licensed to human use. over 
the past decade nanoscale size(<1000nm) materials such as 
virus-like particles, liposomes, ISCOMs, polymeric, and non-
degradable nanospheres have emerged as potential delivery 
vehicles for vaccine antigens that not only stabilize vaccine 
antigens but also elicit stronger immune responses. 
Nanoparticle based vaccines are advantageous concerning the 
route of delivery. Unlike traditional approached they can be 
administered through nasal and mucosal routes. However, 

there are tough challenges to tackle regarding in vivo behavior 
of nanoparticles, antigen release and biodegradability issues 
before they can be put to human or animal use. 
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