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ABSTRACT 

Worldwide immunization can save millions of peoples to lives year by using the vaccines. The subunit of antigen components is manufactured 

which can stimulate the immune system by providing specific immunity against specific diseases. Subunit vaccines have many advantages like as 

high safety profile but having limited ability to provide immunogenicity. These traditional subunit vaccines activate only innate immunity, 

encourage cell-mediated transport of antigen to lymphoid tissues. Newly nano-adjuvants based vaccines carrier systems like liposomes, virosome, 

micelles, polymeric particles, protein, and peptides are developed by using various substances like viral proteins, polymer and polystyrene having 

immanent adjuvanticity and also provide exalted capability in manufacturing subunit vaccines. It has chromospheres substances that have various 

properties such as targeted, anti-damaging and caliber to lead immune reactions towards Th1 and Th2 route, which is an important feature for 

humoral as well as cellular immunity. The whole thing based on the carrier system, the role of nano-adjuvants, its pharmacokinetics and 

distribution in the body system. It has the ability to provide antigen-specific immunity to both systemic as well as mucosal by different vaccination 

passage. Also, the nano-adjuvants based vaccine suggested that direct targeting of antigen to improve the vaccine potency without sacrificing safety.  
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INTRODUCTION 

The most adequate means of controlling infectious disease-related 

illness and death is the vaccination. The World Health Organization 

(WHO) estimated that over 2.5 million child deaths each year 

worldwide has been prevented by vaccination [1]. A vaccine is a 

biological preparation that improves immunity to a particular 

disease. The traditional types of vaccines contain either dead or live-

attenuated microorganisms, inactivated toxins (Toxoid), protein 

subunits, or polysaccharide antigens or conjugates. Several 

innovative vaccines are in the development stage, such as 

recombinant vector and DNA vaccines [2, 3]. WHO given data of 

illness averted cost and averted deaths of people in every year 

presented in fig. 1. 

 

 

Fig. 1: Estimated economic impact of vaccinations in middle-income countries [According to Bulletin of WHO, Vol: 98, 2020] 

 

These agents resemble a disease-causing microorganism and 

stimulate the body’s immune system to recognize the agent as a 

foreign substance, destroy it, and "remember" it. Therefore, the 

immune system can more easily challenge these microorganisms upon 

subsequent encounters. Appropriate vaccine administration/delivery 

are the key challenges to ensure successful vaccination. Most of the 

vaccines are administered via the subcutaneous (SC) or intramuscular 

(IM) routes [4, 5]. Hypodermic injections are associated with pain and 

distress that might lead to patient compliance and require highly 

trained personnel for administration. They are associated with a risk 

of disease transmission due to the possibility of needle-stick injuries 

or re-use of contaminated needles [1, 6]. Presence of dendritic cells 

(DCs) at the administration site that takes up the antigen process it 

and presents it to T lymphocytes in the draining lymphoid organs, 

whereas subcutaneous fat and muscle tissue contain relatively few 

DCs. the dermis and the epidermis are densely populated by 

different subsets of DCs. Consequently, antigen delivery by 

hypodermic injection will bypass the skin’s immune cells leading to 

less efficient vaccination. For this reason, the skin represents an 

ideal site for vaccine delivery [1, 7, 8]. Experts in the field describe 

recent innovations in the design, evaluation, and use of novel 

vaccine delivery devices and systems. In particular, they describe 

novel polymeric micro-needle systems for the delivery of DNA 

vaccines.  
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The literature analysis of vaccine and nanoadjuvants carrier system 

carried out by surveying related peer-reviewed research articles 

from several online bibliography sources such as Scopus, Amazon, 

Google Scholar, Mendeley, Scienceopen, Springerlink, Research gate, 

Pubmed, and Shodhganga. Literature search libraries of the Vaccine-

World Health Organization (WHO), the council for scientist and 

industrial research (CSIR) and Vaccines and Vaccine Manufacturing 

Institutes were also available. The web search strategy included 

keywords such as vaccine, adjuvant, nanoadjuvant, nanocarrier, 

immune system, nanovaccine, etc. I also performed a quantitative 

article review in the year of 1980-2020, based on the descriptions 

and abstracts, database records and other sources. Only certain 

studies that documented the application of nanoadjuvant and 

vaccine were included. In this review, articles discuss the delivery of 

vaccines with the help of a nano-adjuvants carrier system. The 

development of vaccine nano-adjuvants and the emerging area of 

nano-adjuvants based therapies are also discussed in detail [9, 10]. 

Role of adjuvants in the vaccine system 

In the 21st century, vaccines are facing major population-related 
challenges. As such, the prevention of these infectious disease 
adjuvants had been used. Nowadays, a successful vaccine has not 
been possible using traditional technologies. It is minimizing the 
poor immunogenicity of the vaccine by using purified sub-unit 
antigen as well as increase the duration of action. Some of the 
vaccines require additional adjuvants for improving the quality of 
immune response. By improving the adjuvant immune response in 
the large population where reduced prototypical vaccine response, 
such as elderly and infants. To the initiation of the signal of the 
innate immune system, the type of adaptive immune response to 
delivered antigen by the choice of adjuvants for the activation of the 
specific T cell response [3]. The normal immune system generation 
process is presented in fig. 2. Development of the nano-adjuvants 
which contain more than one immune stimulatory molecules like the 
development of malaria vaccine. 

 

 

Fig. 2: Schematic representation of immune system mechanism [15] 

 

In mid-1980, a suitable antigen was recognized by vaccine 

development. Aluminum is used as adjuvants that fail to provide and 

pre-clinical and human challenges studies were regulated. Also, 

explain different combinations of immune-stimulatory molecules. In 

the mid-1990, other than aluminum the use of first vaccine Hepatitis 

A was licensed which use a virosome as an adjuvant system. 

Aspherical phospholipid layered structure of the virosome and 

component can be varied to direct and uptake and intact with innate 

immune response. In the last 20 y, six more adjuvant has been 

included in the licensed vaccine. The most customary administered 

adjuvant is aluminum. It is used in oil in water emulsion, in which 

oils are improved reactogenicity in the compression of frond’s 

adjuvants. The oil in water emulsion is the example of the squalene, 

which is naturally and metabolized oil. These types of emulsion 

induce a humoral and cellular immune response. For the 

enhancement of T cell immune response, some of the adjuvants is 

used in combination. For example, Pandemic influenza vaccine 

H5N1, which improve the immunogenicity in human. Without 

adjuvant influenza vaccine shows lower immunogenicity. By the 

compression of the non-adjuvants and adjuvants H5N1 Pandemic 

influenza vaccine-induced and increased the immunogenicity in all 

age groups and antigen sparing, allowing increased supply and 

cross-reactive immunity sub-clade variants. Due to the addition of 

adjuvants provide the benefits and confirmed the H5N1 experience 

[3, 11]. 

Pandemic influenza vaccine is entitled advancement; new adjuvants 

have developed the vaccine against some challenging pathogens 

such as HPV (Human papillomavirus). By the immune system, the 

undetected HPV, it is required that the high amount of the antibody 

levels for achieving the optimum concentration in the cervix, where 

the infection is done. Enhancement of antibodies with the aluminum 

adjuvant formulation that, has been inducing the HPV specific 

antibodies by the HPV-16/18-ASO4-Adjuvant vaccine. HPV-16/18-

ASO4 vaccine is licensed during the use in the conclusive 

demonstration efficacy. Show in the poor vaccination in the 

population by the improve immune response. For example, 

compression with the healthy individual patient are less tend to 

respond to the aluminum-adjuvant hepatitis B vaccine, but in the 

case of the acute hepatitis B vaccine, more risk occurs. Licensed 

ASO4 adjuvants for the Hepatitis B vaccine show the higher and 

more duration antibody response is compared to the aluminum 

adjuvants hepatitis B vaccine, at the last stage of the renal disease 

increase the cellular response in the patients [2, 12]. 

The rapid advancement of the development of the vaccine is shown 

by the understanding and potential role of the adjuvants. In a large 

population, the development of the new targeted adjuvants vaccine 

is challenging for pathogens such as dengue fever, cytomegalovirus 

infection, virus, HIV, Lung cancer and melanoma in malignancies. 

Immediate improvement in the antigen and adjuvants design, the 

remaining gaps knowledge in our understanding of the immune 

system; such as simultaneous contribution in the adaptive and 

innate response against individual’s pathogens. Some of the 

biological tools, such as vaccinosis, transcriptomia, and epigenetics, 

are contributing to our understanding of vaccination and immunity. 

With the help of the mode of action of the adjuvants evaluate the 

safety and efficiency of new adjuvants [7, 13, 14]. 

Adjuvants approved for human vaccine 

Aluminium salts (Alum) 

By the utilization of the suspension of alum precipitated Diphtheria 

toxoid, submit the data regarding the aluminum compound in 1962. 
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Aluminum salt is mostly used in the human vaccine. For stimulating the 

Th2 immunity, these adjuvants are used till more than 80 y, in the 

commercial vaccination. In the human vaccine such as hepatitis A virus 

(HAV), Human papillomavirus (HPV), hepatitis B virus (HBV), 

diphtheria, and meningococcal, the component of alum are mostly used. 

In the alum some advantages such as long-lasting antibody titer, 

high augmentation, antigen stabilization, and high safety record. 

However, adjuvants (alum) have not the capacity to screening the 

cytotoxic T cell and which vaccine containing alum adjuvants can-

not be sterilized by frozen or lyophilized and filtration. Some 

adjuvants are very effective but these are not used because these are 

toxic. The mechanism of action is not well identified but these are 

used (widely) in the licensed human vaccine. In 1925, Glenny gives 

the mechanism of alum, which is well known as “depot effect,” and 

the depot is observed at the injection site where continuously 

releasing the antigen. Some controversy in the depot formation and 

the recent studies find out that the alum adjuvant is not required in 

the depot formation [3, 15]. 

MF59 and adjuvant system 03 (AS03) 

In Europe, MF59 approved for the H1N1 influenza vaccine and the 

H5N1 pandemic influenza vaccine. With the help of the dendritic 

cells (DCs), these adjuvants are activated CD4 T cells and uptake by 

the MF59. It produced high antibody titers by the MF59 with the 

balance IgG1: IgG2a responses. The evaluation of the MF59 with 

human immunodeficiency virus (HIV) and cytomegalovirus (CMV) 

vaccine are under clinical trials. Squalene oil is present in both MF59 

and ASO3, and they have different compositions. Alpha-tocopherol 

has been present in the ASO3, which is responsible for the non-

specific activation of the immune system in mice [2].  

Monophosphoryl lipid A (MPL) and adjuvant system04 (AS04) 

ASO4 adjuvants vaccine is licensed for human use. This adjuvant used 

in the HBV vaccine (Fendrix) for Haemodialized patients and the HPV 

vaccine (Cerarix) for papillomavirus. MPL adjuvants are used for 

cancer. This adjuvant interacts with TLR4 and activates innate 

immunity. It leads to the activation of NF-κB signaling and the 

production of pro-inflammatory cytokines and chemokines. CCL2 and 

CCL3 (chemokines) enroll monocytes and macrophages and at the 

injection site activate the dendritic cells (CDs). After the maturation 

and migration to the lymph nodes, stimulate the cell-mediated 

immunity (CMI) by the interaction with the T cells by the DCs. Finally, 

it triggers the adjuvant effect on antigen-presenting cells (APCs). 

Transmembrane signaling protein contains the toll-like receptor 

(TCR), comprising the pattern recognition receptor (PPR). These 

adjuvants are already licensed for a human vaccine. Immune 

stimulatory adjuvants TLR (agonist) which activate TLRs. Based on 

the use of the TLR agonist, some advancement in the design of 

adjuvants. Salmonella Minnesota R595 strain produces the 

chemically detoxified derivatives, which are the antagonist of the 

TLR4 agonist [7]. Generation of Th1 immune response increases by 

increasing the production of pro-inflammatory cytokines such as IL-

2 and IFN-γ, with the help of increasing the MPL [16, 17]. 

Immunization 

Oral immunization of vaccines is mostly applied for the intestines, 
which have several complications and decades. Now a day, a very 
little mucosal or intestinal vaccine is available in the market. Oral or 
mucosal vaccine is the easiest technique for immunization, which is 
completely preventing any mucosal infection. Here, present the 
various approaches and technologies for oral immunization [18]. 
Most of the human pathogens enter the body through mucosal 
surfaces. It is necessary for the development of vaccines, adjuvants 
or delivery systems, which is effective for mucosal immunization 
with highly desirable. Most of the vaccines available today are given 
parenterally due to the problems in achieving effective mucosal 
immunization [8]. The major problems in developing effective 
mucosal vaccines include. 

1) Instability of the antigen when administered by orally such as 

unfavorable conditions of pH, presence of bile salts and enzymes 

such as proteases. 

2) Induction of tolerance for soluble antigens delivered in mucosal 

surfaces. 

3) The inefficiency of uptake of antigens by mucosal surfaces. 

4) Interference by maternal antibodies obtained through 

breastfeeding.  

In recent years, biodegradable polymer microspheres have been 

used for effective mucosal immunization in animals [19, 20].  

Bio-distribution of nano-adjuvant  

Lymphatic vs cell-mediated transport for vaccine and nano-

adjuvant delivery to lymph nodes 

B and T cells recirculate through the spleen, lymph nodes (LNs) and 

antibiotics. It has been accessible to those organs that physically to 

generate an immune response. For this purpose, the nano-adjuvant 

plays an important role. Vaccine transactions to LNs can be 

mediated by lymphatic drainage or immune cell-mediated 

transportation from an injection site. The adjuvant first generation 

(aluminum salts, aluminum, MF59), works by promoting cell 

migration to intramuscular injection sites. Then, the antigen vaccine 

is internalized and carried by neutrophils, monocytes, and DCs into 

the draining of T-cell responses [21-23]. The T-cell response is 

supported by antigenic nano-adjuvants. The intramuscular injection 

place also drains antigen; Since MF59 is not associated directly with 

antigens, not all antigens are stored at the alum injection site, MF59 

can also promote antigen retention in LNs which probably supports 

B cell-mediated reactions [24, 25]. 

The intramuscular path is long-supported as these nano-adjuvants 

can cause important reactions in the injection site by administration 

with alum or oil in water emulsions. Other locations, such as 

subcutaneous, have promoting solid, safe and best humoral 

reactions for many vaccines and nano-adjuvants [26].  

However, in the majority of cases, APC trafficking LNs vaccines have 

been shown to account for small populations (e. g. 0.1–5% of the 

total LNs). Thus, in traditional muscle-draining LNs, a minute 

amount of antigen is typically detected. It has limited strength of the 

immune response in ways that could be of importance for 

intracellular pathogens [17, 27]. 

Alternatively, a route like subcutaneous or intradermal injection is 

effective and in combination with formulation to minimize the 

injection site reactions. There are now several methods that allow 

vaccines to build up from these locations in elevated concentrations 

in LNs and to reach a majority of DCs in nodes. Particularly, 

molecular weight and its measurement are directly related to the 

lymphatic drainage system. But for big macromolecules, transport is 

extremely ineffective in the basement membrane and tight 

interconnections of the endothelial cells [28, 29]. 

Thus, lymph uptake and molecular weight are virtually linear up to 

about 45 kDa. Over which proteins are almost 100 percent 

trafficking in animals and human beings. This relation between 

molecular dimension and absorption of the lymph describes by low-

molecular adjuvants. Examples such as imidazoquinolines have 

elevated systemic exposure or inflammatory toxicity after 

parenteral injections. Efficient lymphoid tissue trafficking is only an 

early phase; LNs must also capture vaccine products later on. A 

second path to systemic exposure to antigens and nano-adjuvants is 

the material that flows across the lens into systemic circulation by 

the thoracic pipeline. Study of tiny (30 nm in diameter) PEGylated 

polymer particles, which achieve higher levels in the blood similar to 

intradermal injection in mice [21, 22, 25]. 

Targeting antigen-presenting cells in lymphoid organ 

Antigens or nano-adjuvants have intended to help the accumulation 

of LNs by targeting immune cells or endogenously protein. For 

instance, changes to oligonucleotide nano-adjuvants or peptide 

antigens with lipid tails intended to bind albumin have shown to 

support significantly increases the absorption of LNs. Binding to 

albumin prevented the dissemination into the blood of the low-

molecular-weight vaccine components. The efficiently trafficked 
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them to the lymph nodes leading to accumulation in multiple DCs 

subsets that are residents in LNs. The improved accumulation of LNs 

resulted in a significant increase in immunogenicity relative to 

soluble antigen [30, 31]. 

DCs themselves are a heterogeneous collection of the cells consisting 

of many phenotypes with distinct immune response functions. For 

example, CD-11b+D CDs play a significant role in priming CD-4+T 

cells. The more effective antigens acquired from the extracellular 

environment are in the mice (CD-141+CC-1+CAD-1+DC in humans). 

Another approach to improving LNs absorption and vaccination 

efficacy is targeted at particular DCs subsets through the operation 

of vaccines with DC-binding ligands [32]. 

When the antibodies combined with antigens, nanoparticles (nano-

adjuvants) and lentiviral vectors have to increase the LNs 

accumulation. The immunogenicity has been shown to improve 

vaccines that target the DEC-205 (CD205) or other cell surface 

molecules. These vaccines promote both the humoral and cellular 

immunity in humans. Thus, DEC-205 antibodies serve as proof of the 

many DCs targeting agents for vaccine administration that are being 

studied. However, the best way to achieve a vaccine is effectively 

targeted to deliver a specific subset of DCs is the involvement of 

nano-adjuvants in formulations [33, 34]. 

Adjuvant effector properties and pharmacokinetic 

The formulation strategies to improve the delivery of nano-adjuvant 

loaded vaccines to LNs can often reduce the distribution as well as 

systemic toxicity. Some of the micelle-shaped lipids or aggregates 

that interact with proteins or reorganize based on the composition 

of the environmental solution and produce poorly defined products. 

The integration of these amphiphiles in the synthetic or 

multilamellar liposome bilayers allows, however, the generation of 

stable adjuvant nanoparticles with well-defined in vivo bio-

distribution characteristics [16, 30, 35, 36]. 

The AS01B/E adjuvant formula from GlaxoSmithKline, consisting of 

liposomes have monophosphoryl lipid A. The plants based Capone 

QS-21, is a proven liposomal adjuvant in many clinical studies, 

especially in malaria. The encapsulation of small molecular nano-

adjuvants in nanoparticles or liposomes in polymers has shown that 

systemic exposure to those compounds that are eliminated [37]. 

SMIPs (tiny molecule immune potentiator) TLR7 agonists with 

aluminum binding phosphate groups were lately produced. When 

blended with alum, become linked to the adjuvant, concentrating on 

their action in LNs, muscle and muscle drain. Direct changes to the 

tiny molecules have also been used to change additive 

pharmacokinetics. The systemic distribution or toxicity of aluminum 

binding SMIPs was considerably less than the non-aluminum 

binding parents. While at the same time showing much greater 

efficacy for the promotion of humoral immunity in mice [38, 39]. 

Programming pharmacokinetics of nano-adjuvant and vaccine 

Nano-adjuvant artificial vs natural immunizations 

Chronic infections cause continuously elevated concentrations, such 

as IL-1,IL-6, TNF-α, case-1, and type-IFN, which lead to serious 

immune-response defects. In comparison, most viruses infectious 

are frequently removed for seven days during "acute" bacterial 

diseases. But residual viral/antigenic can often be found in the space 

of four to 8 w with a clear immune response. The length and extent 

of the exposure of the antigen and adjuvant during naive 

lymphocytes or memory cell boosts are considered to be an 

important factor for the degree of clonal development. The studies 

investigating the role of temporary dose profiles by repeated daily 

antigen/adjuvant an injection shows that over a week, exponentially 

increasing doses of antigen. Incorporation of adjuvants could 

significantly increase T cell response [23, 40]. 

The information shows that nano-adjuvants and vaccine exposure 

kinetics control strategies can have a significant positive impact on 

immunization reaction. Unformulated soluble antigens or adjuvants 

have flushing quickly over drainage by lymph fluxes within hours. 

Classical adjuvant products such as aluminum and oil-in-water 

emulsion (nano-adjuvant based) have a general belief that they 

produce antigen depots at the injection site. It also suggests that 

current vaccines may already reach a certain level of lasting vaccine 

exposure. However, the MF59 oil-in-water emulsions have not 

shown to alter the clearance or persistence of antigen in draining 

LNs (lymph nodes) at the injecting sites. In the case of alum, it seems 

to be a storehouse with some but not other antigens and is probably 

deorbited under in vitro circumstances by some of the antigens. 

Recent studies have shown that the injection site can be removed 

operatively after 2 h of injection, without any influence on the 

human immune response. The alum immunization suggested that 

the formation of depots is not a critical component of an alum action 

system [40-42]. 

Nano-adjuvant and vaccine kinetics 

The non-biodegradable poly (ethylene-co-vinyl acetate) implants 

could release protein antigens in vitro in mice for up to one month. It 

leads to having antibody reactions equal to numerous injections 

with Freund's adjuvant. One of the earliest research on the use of 

synthetic polymer matrix to achieve continuous biology release. In 

the 1990s, biodegradable PLGA microspheres for encapsulation and 

slow release of vaccine antigens were used in many groups to 

produce practical formulations for prophylactic vaccines. 

The fact that no biodegradable polymers formulation of 

encapsulated vaccine antigens has yet to move into a sophisticated 

clinical trial. However, the drawback is antigen degradation within 

the acidic environment, difficulties of manufacturing in large scales, 

and challenges to show the superiority of such formulations over 

alum. Conversely, the PLGA formulation showed hazard-signal or 

tolerogenic. (Tolerogenic therapies, which based on the principle 

that inducing the semimature phenotype in dendritic cells and then 

exposing them to the target antigen has to be allowing antigen-

specific induction of T-cell tolerance). 

Compounds are an effective approach and influence the adjuvant 

kinetics in vaccination that observed in preclinical models. The 

formulation of antigens and danger signals, which are implanted in 

the skin within porous PLGA polymer sponges are a second 

promising approach, particularly for the development of therapeutic 

vaccines. This PLGA scaffold-based vaccine approach has recently 

entered phase I clinical testing in patients in the case of melanoma 

[40, 43, 44]. 

Carrier system for vaccine delivery 

The parenteral inoculation, preparation, should be in the form of 

microspheres « 100 film so that it is injected with a syringe. For 

mucosal immunization or targeting the microspheres to antigen-

presenting cells after parenteral inoculation, a size of<10 fold is 

desirable. The polymer used for the preparation of microspheres 

should be biodegradable, thus avoiding the need to remove the non-

degradable polymer pellet or discs surgically after immunization. The 

formulation should be heat-stable, preferably lyophilized to avoid the 

need for a cold chain [45, 46]. Biodegradable microspheres have also 

been evaluated for the controlled release of antigens and vaccines by 

parenteral immunization. Two broad approaches may be followed to 

achieve the controlled release of vaccines.  

First is the pulsed release of vaccine antigens, which could be 

achieved by selecting polymers and encapsulation conditions. These 

types of microsphere have provided different rates of hydrolysis. 

The microspheres made up of two or more different polymers with 

varying rates of antigen release could be observed. The time-

dependent antigen release also has characteristics of microspheres 

[47, 48].  

The second approach is the continuous release of an antigen for 
prolonged periods, which could result in the high levels of 
antibodies usually observed after multiple injections. In this 
approach, the characteristics of polymers affect the release profile of 
antigens. Depending upon the molecular weight and ratio of lactic to 
glycolic acid, PLGA polymers can have hydrolysis rates from a few 
days or weeks to several months or over a year. Several human 
vaccine antigens encapsulated in microspheres elicited antibody 
levels in animals similar to those obtained with adjuvants such as 
aluminum compounds and complete Freund's adjuvant [49, 50]. 
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Lipid-based delivery systems 

Some of the earliest adjuvants and delivery systems developed took 

the form of lipid-in-water or water-in-lipid emulsions types.  

Emulsions have been extensively tested in humans. MF59 is an 

immunologic adjuvant which is already approved for human, which 

used in squalene. An oil-in-water emulsion contains squalene, which 

drives humoral immunity and CD4+T memory cells. Micelles are one 

of the earliest examples of utilizing lipids as delivery vehicles. It 

consists of amphiphilic block copolymers displaying both 

hydrophobic and hydrophilic segments.  

These unique properties drive their self-assembly into core-shell 

architectures which then allows for a payload to be delivered inside 

the core or attached on the outside to the shell. It is depending on 

the electrochemical properties of the vaccine formulation. However, 

micelles can often dissociate when diluted, leading to loss of the 

payload. Newer polymers allow for the intentional release of a 

payload in a controlled-release system. Micelles can also be 

synthesized in the nanometer range, which acts as delivery vehicles 

that can potentially penetrate the mucus layer and be taken up by 

mucosal antigen-presenting cells [14, 15, 51, 52]. 

Liposomes 

Liposome is a simple microscopic structure in which the aqueous 

phase is entirely appended with the amphiphilic molecules such as 

lipid, phospholipids etc. The drug substances or molecules are 

enclosed or encapsulated or appended in the aqueous phase and the 

rate or extent of drug release depends on the physicochemical 

characteristic of lipids and phospholipids (fig. 3). For improving the 

immunity, macromolecules such as carbohydrates, lipids, proteins, 

and nucleic acids are appended for targeting of intracellular as well 

as extracellular. Liposomes are used for mucosal vaccination 

because it increases the stability of vaccine in the gastrointestinal 

tract. Such as the development of polymerized liposome, which has 

fused with the cell wall and quickly enters into the 

reticuloendothelial system [53, 54].  

 

 

Fig. 3: Gene/protein incorporated liposome 
 

A polymerized liposome is coated with specific types of molecules 

such as antibody filament, antibodies, and antigens. These are 

capable of binding with specific cell surface receptors or targeting 

sites. Mostly, liposomes are taken up by an antigen-presenting cell. 

Polymerized liposomes are used in vaccine delivery system because 

it allows for the cumulative ingested antigen to be processed and 

presented on MHC molecules. Liposome incorporating bile salts 

known as bilosomes also used in vaccine delivery in the influenza 

vaccine. These bilosomes are administered by the oral route. 

Liposome delivers the antigen preferentially to macrophages. Now a 

day’s liposome is used for the treatment of HIV infection [55]. 

Liposome is increased the efficacy, reduces toxicity and protect 

against enzymatic degradation of antigen or drugs. For example, 

protect the molecules or drugs such as propranolol and cyclosporine 

from the external environment. Nowadays, liposomes used in the 

treatment of HIV infection [12]. 

Emulsion 

Emulsion are heterogeneous biphasic liquid oral dosages form, 

normally O/W or W/O emulsion and multiple type emulsions such 

as O/W/O or W/O/W emulsions. In this carrier system, antigens are 

dissolved in the aqueous phase that will be emulsified in the oil 

phase by using the emulsifier. The sustained liberation of this 

system depends upon viscosity, a ratio of oil and water phase and 

droplet size. In the current scenario, emulsions are used for the 

vaccine delivery system. Most frequently, whereby O/W type 

emulsion has more benefit as compared to W/O type emulsion 

because W/O type emulsion causes irritation and pain at the 

injection site [5, 56]. 

The O/W type emulsions are suitable for vaccine transporter and 

increase the cytokine and chemokine environment to the antigen-

presenting cell. For transport of vaccines into animal and human, 

immunization adjuvant are available like as salts of Al. But the use of 

these emulsion systems not required for additional adjuvants. O/W 

type emulsions are widely used for the delivery of vaccines through 

the oral route. It provides immunity to the body, which protects 

against several types of micro-organisms. The advantage of an 

emulsion is to delivery of both types of drugs such as hydrophilic 

and lipophilic by increasing the solubilization [8, 12].  

Nucleic acid and peptide vaccine delivery 

PNA (Peptide nucleic acid) is a DNA mimic with a pseudo peptide 

backbone composed of N-(2aminoethyl) glycine units with the 

nucleo-base attached to the glycine nitrogen via carbonyl methylene 

linkers. A brief overview of the history, properties, and application 

of PNA in drug discovery and DNA detection is presented. PNA was 

the first described in 1991 and has since then attracted widespread 

attention with the field of biology and medicine including drug 

discovery, genetics, diagnostic, molecular recognition, bioorganic 

chemistry, mechanical chemistry, physical chemistry, and molecular 

biology due to its chemical and physical property [49, 52]. The 

structure features provide the DNA mimicking properties of PNA 

and give an overview of the structure backbone modification of PNA. 

PNA oligomers can form a very stable duplex structure with Watson 

crick complementary DNA, RNA or (PNA) oligomers. Particularly, 

about its efficient and sequence-specific binding to both single 

standard RNA and DNA as well as to double standard DNA. These 

are also bind targets in duplex DNA by helix invasion [18, 20, 48]. 

The double helix of DNA is nature’s simple and elegant solution to the 

problem of storing retrieving and communicating the genetic 

information of a living organism. DNA has many important 

characteristics’ that allow it to perform these functions. Two of the 

most important properties are the specific and reversible nature of the 

hydrogen bonding between complementary base pairs. The properties 

which such as allow the strands of the double helix to be unwounded 

and then re-wounded in the same configuration. The field life science 

realized early on the important amplification of these traits. If specific, 

single strands DNA could be synthesized then the base sequence of the 

gene could be studied and manipulated these defined molecules. 

Nowadays, artificially synthesis of DNA or RNA is common. Synthetic 

oligonucleotides are now indispensable tools for life scientists, with 

many applications in molecular biology, genetic diagnostic and most 

likely also seen in medicine [12, 14, 51]. PNA may be used in many of 

the same applications as traditional synthetic DNA or DNA analogues. 

However, the greatest contribution of PNA may come from the 

development of new applications that cannot be performed using 

oligonucleotides [56, 57]. 

Synthetic peptide vaccine design 

The solid-phase method is the most convenient and versatile 

approach for the direct synthesis of a peptide-antigen. The peptide 

antigens generate a macromolecule which has a high density of 

peptide antigen. This method utilizes a simple scaffolding of a low 

number of the sequential level (n) and trifunctional amino acid as 

the core matrix 2n. The approach is called the multiple antigen 

peptide system (MAP). The MAP containing both core matrix and 

peptide of 9-16 amino acids and prepared in single synthesis by the 

solid-phase method. Six different MAPs specific antibodies found on 

rabbit and mice which produce antibodies that react with the 

corresponding native protein. In rabbit higher antibodies have 

hemocyanin as carriers. The approaches for the preparation of 

carrier bound antigen of predetermined and reproducible structure 

and might be suitable for generating vaccines [58-60]. 
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Studied the effect of S. C. injection of a volume of FCA/antigen (0.5 

ml/in rabbit) in one injection site compared to the same volume 

spread over 2 or 4 injection sites. Similar antibody responses were 

observed, for both immunization procedures. These results 

suggested that dividing antigen over more sites does not increase 

the antibody response. Administration of antigen at different routes 

like subcutaneous, intracutaneous, or intramuscular sites will lead to 

the slow release of the antigen and enhance the immune response. 

Always this slow and continuous release of antigen produces strong 

immune responses [13, 61].  

Peptide and protein incorporated vaccine preparation some of the 

most dangerous epidemic infectious diseases could be efficiently 

controlled and to develop new ones to eventually control also those 

diseases for which no vaccine at yet available. Recombinant DNA 

methodology is used to express viral or parasitic protein in either 

bacteria, yeast or cultured animal cell in live vaccine vector [62, 63]. 

A rational approach of identification and selection of protein 

segment prepared by synthetic peptide vaccine. It involves virulence 

factors that have to identify and characterization role in the 

infection mechanism with regard to immunological properties as 

many of the virulence factors known exhibit extensive antigenic 

variation [64]. The antigenic makeup of protein has been intensively 

investigation and accumulation evidence suggested through 

macromolecular antigen usually expresses multiple antigenic sites, 

anti-protein antibodies [65, 66].  

Niosomes 

Niosomes are made up of non-ionic surfactant vesicles that can 

encapsulate or entrapped both hydrophilic as well as lipophilic 

drugs. Lipophilic drugs are entrapped in the non-ionic surfactant 

region whereas hydrophilic drugs are entrapped or encapsulated in 

the aqueous core (fig. 4). Niosomes are more stable as a comparison 

to the liposome because it contains the non-ionic surfactant whereas 

liposome main constituents are phospholipids which will be affected 

by oxidation and temperature. Niosomes have versatile 

characteristics, low-cost vesicles used for the genes, drugs and 

vaccine transport. For the preparation of niosomes amphiphilic 

substances or molecules are required.  

 

 

Fig. 4: Drug/protein incorporated niosomes 

 

The amphiphilic substances contain the two parts, a hydrophilic 

head group which is also known as a polar head group and a 

lipophilic tail group which is also known as the non-polar tail group 

[46, 67]. The development of safer, effective and new vaccines and 

their delivery are the most crucial aid to several researchers in all 

countries. Firstly brewer and Alexander introduced the use or 

application of niosomes for delivery of antigen, which gives 

immunity to Balb/C mice towards the BSA and said that niosomes 

have the best stimulator of Th-1 lymphocytes. 

Virosomes 

Virosomes are a high safety and efficacy technique for the delivery of 

medicaments. The technique is approved by the FDA for human 

use. Virosomes are applicable for the delivery of drugs, proteins, 

peptides, nucleic acids, antibiotics, etc. It increases the fusion 

activity or response in the endolysosomal pathway. Virosomes are 

used for vaccine or drug transport. It is consist of unilamellar or 

single macromolecules such as phospholipids membrane vesicles 

which absorb proteins earned from virus and make a fusion with 

targeted cells. Such macromolecules (virus-derived proteins) permit 

the virosomes transport system to fuse with the cells for immune 

activity. Result in the transport of their active or main constituent 

towards their targeted cells. After that, produce a specific reaction of 

the cell [15, 46]. After the delivery of antigens, virosomes are 

decomposed into the body or in cells. The embedded virus proteins 

into the phospholipids double-layer not confirm only structural 

steadiness and likeness of virosomal preparation but also confirm the 

virosomes immunological behavior that will differ from other carrier 

systems such as liposome, lysosome, etc. Virosomes are vesicular 

transport or arrangement in which antigens are embedded into 

virosomes or adsorb on the floor of virosomes by hydrophobic 

interaction [47, 68]. Virosomes are very biocompatible, biodegradable, 

non-toxic systems and there is no risk of disease transmission. The 

most important quality of virosomes is does not change in 

autoimmunogenity or anaphylaxis and it only has the efficiency to 

deliver the drug into the cytoplasm of target cells (fig. 5). 

 

 

Fig. 5: Represent the various components of the virosomes 

 

Virosomes immunopotentiation mechanism 

The character evokes immunity to virosomes transport is dependent 

on the presence of epitopes, whether it will present on the floor or 

inside the virosomal transport or preparation in which PeviPRO are 

present on the floor and EviTER are present inside the virosomes. 

PeviPROgenerates humoral mediate immune response by breaking 

the antigens into endosomes cell and thus results in major 

histocompatibility complex-II antigen and also increase the cytotoxic 

T-cell activity [69]. 

Virosomes entrapment provides an appropriate demonstration of 

antigen by major histocompatibility complex-I due to fact the 

transport of antigen into the cytosol of antigen-presenting cells in an 

appropriate way. This new generation of vaccines has more 

advantages because it is impressive not only in Childs but also in 

immune-suppressed patients. They provide excessive protection to 

adsorb viruses because they are not replicating [70].  

Membrane lipid and viral glycoprotein are part of the virus envelope 

and lack of genetic information. In Europe, for the influenza virus, 

the virosome vaccine is approved and In Asia, Europe and South 

America hepatitis A virus vaccine approved. Both vaccines utilize 

virosome derived from the influenza virus represented by 

immunopotentially reconstituted influenza virosome. The universal 

acceptable adjuvants for all age groups (children, adults and elderly) 

such as influenza virus (Inflexal V), both major histocompatibility 

complex (MHC-1) and MHC-2 contain the virosomal adjuvants, 

virosome are responsible for the CMI and humoral immunity both 

(fig. 6). Some advantages of Virosome vaccine are following 

1) Protection of antigen from degradation, 

2) High quality of long-lasting antibody response, 

3) Suitability to the specific population such as infants, 

immunocompromised patients and the elderly, 

4) Excellent safety profile. 
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Fig. 6: Showing activation of antibody through virosomes 

 

DNA vaccine 

DNA vaccines are an effective substitute to alive or killed vaccines for 

the treatment of human and animal diseases such as allergy, auto-

immune diseases, cancer disease, and other diseases that are fatal to 

humans and animals. Furthermore, the current invention in vector 

engineering and plasmid host strain enhanced plasmid, preparing 

quality and yield transfection efficiency, transgenic expression levels 

for a secure and very high-quality gene as a comparison to old 

generation vectors. Essentially, plasmid DNA vaccines consist of 

purified vectors that mix an eukaryotic vicinity-which consist of a 

strong enhancer/promoter for the expression of transgenic coding for 

antigenic/therapeutic proteins or peptides in mammalian cells and the 

transcript termination/polyadenylation (poly-A) sequence for mRNA 

transcript stabilization-with a prokaryotic vicinity that gives 

resolution and propagation in host bacteria. Once the DNA plasmid is 

administered by the route intradermal, intravenous, intraperitoneal, 

subcutaneous, nasal or intramuscular route, the plasmid is 

internalized into the host cells (myocytes and antigen-presenting 

cells), it translocates to the cellular nucleus where the host cell 

equipment initiates the transgenic transcription followed with the aid 

of the cytoplasmic translation of the transgenic into protein. For the 

use of DNA vaccine have no chances of risk of mutation with a viral 

vector. Therefore, it is more safety and efficacy related to others. DNA 

Vaccine does not require refrigeration for storage and the 

manufacturing process is easy. 

Micellar delivery  

Micelles are well identified and potential carriers for antigen 

delivery. Amphiphilic surfactant molecules are used to make the 

cluster of micelles. At the above CMC of surfactant, the structure of 

the micelles is keep away from the incompatible external phase. 

Micelles are surrounded by lipophilic or hydrophilic cavity; thus the 

transport of antigen in the body promoted by the antigen 

entrapment. It is the system in which one or more transport of 

vaccines via mucous improving agents like mixed micelles used as a 

carrier to expand manufacturing and bioavailability of the oral 

administration of antigen [45]. The various drug release mechanism 

involved through micellar delivery is presented in fig. 7. 

 

 

Fig. 7: Showing the mechanism of drug release from micelles 

 

Some absorption enhancing agent is chosen from beta-cyclodextrin 

derivative or cyclodextrin mixed micelles surfactants. For the 

transdermal transport in development technique, a very useful 

agent is used, which are sensitive substances towards the 

temperature and pH. In the aqueous solution, the temperature-

sensitive substances are capable of producing salt to gel transition. 

In the temperature, a sensitive substance is a co-polymer (alkylene 

oxide), which is capable of producing micelles in aqueous solution. 

This type of formulation found to be properties of bio-adhesive and 

transport of many varieties of beneficial agents.  

Polymeric nanoparticles 

In recent years, a variety of antigens, proteins as well as vaccines for 

humans and animals use, have been encapsulated in 
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microspheres/nanospheres. These are mainly composed of 

biodegradable polymer or PLGA. The encapsulated antigens were 

delivered to animals for mucosal immunization by oral or intranasal 

inoculations or injected by parenteral routes [6].  

These are taken up by using the mucosal related lymphoid tissue 

because of the structure of polymeric nanoparticles. These are used 

for oral as well as for the nasal vaccine transport system. The high-

quality immunization can be achieved by the administration of these 

nano-adjuvants in a low dose of antigen antigens. These nano-

adjuvant based nanoparticles suitable for oral transport of antigen 

due to their capability to release antigen. and protect the antigen 

from enzymatic degradation [4, 71]. In the case of oral immunization 

of PLGA based nano-adjuvant nanoparticles improve the 

immunogenicity in rats. PLGA nanoparticles are suitable for vaccine 

transport because these are very slowly degradable. Monoclonal 

antibody (mAb) nanoparticles specific to M-cells and enhance the 

absorption of the immune response. EDTA like metal-chelating 

polymers based nano-adjuvant is used in controlled transport in 

vivo, due to the formation of non-covalent bonds with the epitopes. 

When nanospheres are administered by nasal route for prevention 

of RSV infection. Nanosphere increases the number of RSV specific 

antibodies such as IgA antibodies and cytotoxic T-cells (CT-cells) 

[19, 72]. 

Edible vaccine 

This type of vaccines contains the macromolecules that will one 
epitope from other epitopes present on an antigen. Therefore such 
vaccines are safer in comparison to conventional vaccines. It 
provides useful effects to stimulate immunity by the use of live 
viruses or micro-organisms. The manufacturing of such vaccines is 
very magnificent. Manufacturing of vaccines from the plants or 
obtained naturally have more advantage than others. A natural 
vaccine from the plant origin is less costly and providing proteins. 
The storage of vaccines from the manufacturing to till use or 
administration in the host is required at cold temperature using 
refrigeration to maintain their shelf life. Mucosal and systemic 
immune response can be achieved by the administration of plant 
earned vaccines through the mucosal route [23, 45, 46].  

CONCLUSION 

The enormous versatility of liposomes and the related peptides and 

virosomes endows them as highly valuable carrier systems for nano-

adjuvants vaccine delivery. Besides improving antigen stability and 

presentation to immune-competent of cells, having specific properties 

including composition, size and surface properties, these nanocarriers 

also possess the ability to overcome biological barriers, such as skin 

and mucosa, and provide controlled and slow release of antigens. 
 

ABBREVIATION 

APCs Antigen-presenting cells mAb Monoclonal antibody 

CMC Critical micelle concentration MAP Multiple antigen peptide system 

CMI Cell-mediated immunity MHC  Major histocompatibility complex 

CMV Cytomegalovirus PLGA Poly(lactic-co-glycolic acid) 

DCs dendritic cells O/W Oil in water 

DNA Deoxyribonucleic acid O/W/O  Oil in water in oil 

HAV Hepatitis A virus PNA Peptide nucleic acid 

HBV hepatitis B virus PPR pattern recognition receptor 

HIV human immunodeficiency virus TCR Toll-like receptor 

HPV Human papilloma virus TNF-α Tumor necrosis factor-alpha 

IFN Interferon SC Subcutaneous  

IL-2 Interleukin W/O Water in oil 

IM Intramuscular W/O/W Water in oil in water 

LNs Lymph nodes   
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