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ABSTRACT 

Nanotechnology has revolutionized vaccine development by offering precise control over 

antigen delivery, adjuvant properties, and immune response modulation. This review examines 

recent nano-vine design advancements, focusing on their potential applications in infectious 

diseases and cancer disorders. This review systematically examines the various types of nano 

vaccines, elucidating their unique properties and applications in vaccine development. 

Furthermore, the review explores the versatility of nano-vaccine delivery routes and discusses 

their respective advantages and challenges in eliciting potent immune responses. Despite their 

promise, nano-vaccines encounter multifaceted difficulties, ranging from biocompatibility and 

immunogenicity to manufacturing scalability and regulatory hurdles. Nano-vaccines have opened 

an entrance to boundless hopes in efficiently preventing pathogenic, cancerous, and non-

infectious diseases in immune-tolerant individuals. Despite the formidable challenges in toxicity, 

scaling up, and regulations in nano-vacinnes, more research focused on collaboration with 

commercial industries can lead to the rapid commercialization of nano-vaccines. Future 

directions in nano-vaccine research are proposed to optimize their clinical translation and 

maximize their therapeutic impact. 

Keywords: Nanovaccines, types of vaccines, innovative techniques, future outlook, and 

Challenges in nanotechnology. 
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1. Introduction 

Vaccines, centuries after their invention, are now indispensable technology in our day-to-

day life. Since saving lives and protecting oneself has always been humanity's goal, vaccinations 

have made this dream nearly a reality. Vaccinations not only prevent diseases but also cure them 

as a therapeutic approach, and their impact on life makes them a valuable advancement in public 

health (1). Vaccines are biological preparations that work by providing our bodies with an active 

acquired immunity. Traditionally, there are different forms of vaccines, such as subunit, live 

attenuated, inactivated, DNA, and toxoid vaccine (2,3). Even though it was an outstanding 

invention, traditional vaccines alone don’t elicit promising immunity; thus, innovation in 

vaccinology was an emerging strategy. The blossom of Nanotechnology opens the door for 

evolving vaccines through using nanomaterials (with a diameter ranging from 1 to 1000 nm) as 

delivery vehicles or carriers for vaccines that elicit significant adjuvants more than being solid 

particles and enhance antigenicity, which we call Nanovaccines (3,4). A nanovaccine is based on 

nanosized particles that serve as antigen delivery vehicles, whose composition can be proteic, 

lipidic, metallic, polymeric, or based on graphene. Such particles are typically functionalized 

with antigens using surface modification or encapsulation. Covalent or physical interactions 

mediate the conjugation of the antigen to the nanoparticles (1). The enhanced efficacy of nano 

vaccines concerning those based on soluble antigens is linked to 1-the increased antigen uptake 

by antigen-presenting cells (APCs), 2-cytokine secretion stimulation by APCs or lymphocytes 

(e.g., induction of inflammatory responses), 3-increased antigen stability, 4-decreased antigen 

degradation, and 5-action as antigens inducing humoral responses against the nanoparticle (5). 

2. History of vaccination up to Nanovaccine development 

Since the fifteenth century, the earliest reliable vaccination record against smallpox has 

been based on variolations from China and India. The risk of this intervention outweighed the 

benefits as it costs losses in lives (1,6). Posteriorly, in the late eighteenth century, Edward Jenner 

used the cowpox virus (zoonotic disease) to prevent smallpox, an outbreak achievement in 

vaccinology. Jenner hypothesized that if we inoculated smallpox patients with the material of 

cowpox pustules, it would protect against the disease. This hypothesis came from his observation 

that milkmaids infected by the cowpox virus don’t contract smallpox or the typical smallpox 

lesions. He tested his hypothesis in a smallpox-infected 8-year-old boy, who got—after 
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variolation—a prompt recovery. This was the first known vaccine trial (England-1796). The 

smallpox virus was declared eradicated in 1977, with the last case reported in Somalia, following 

years of debates on Jenner's concept. Consequently, vaccination became the accepted method of 

preventing smallpox in England in 1840. The earliest concealer for the "attenuated vaccines" 

theory was initially established (7). Edward Jenner is considered a pioneer in vaccinology. In the 

West, Jenner is often called “the father of immunology”, and his work is said to have saved 

“more lives than any other man” (8).  

Decades later, Louis Pasteur—a French researcher—became a major figure in 

vaccinations. Pasteur invented procedures for culturing and attenuating microbes via passage in 

atypical host species, heat, desiccation, and oxygen exposure in an in vitro setting (7). These 

techniques made it possible to apply the principle of attenuated pathogen-based vaccinations, 

which were initially evaluated for rabies virus and anthrax bacilli cases. This ground-breaking 

experiment gave rise to attenuation, which states that microorganisms grown under less-than-

ideal conditions or treated with specific chemicals exhibit a decrease in virulence and can, 

therefore, be utilized as a vaccine to induce immunity rather than disease. Later, the concept's 

applicability for  Bacillus anthracis came with positive findings in 1881 (1). 

   Subsequently, in the first half of the twentieth century, significant advancements came to light 

with the development of the Bacille Calmette Guérin (BCG) tuberculosis vaccine. Developed in 

1912 by Albert Calmette and Camille Guérin using Mycobacterium bovis grown in artificial 

culture medium, the first observation involved the protection of cattle following immunization 

with a bovine tuberculosis bacillus attenuated by its culture on bile-glycerol medium. Despite 

debates regarding its effectiveness, the BCG vaccination was approved to prevent human 

tuberculosis in 1921 and is currently employed in the fight against the disease (1). Finding a way 

to separate the toxins from the bacilli that cause tetanus and diphtheria was another significant 

advancement in vaccination. This allowed for the development of vaccines that are based on 

toxins that have been formalin-inactivated, or toxoids, providing a potent defense against tetanus 

and diphtheria. Moreover, the discovery of cell growth techniques made it possible to cultivate 

viruses, which in turn enabled the creation of vaccinations against important human infections, 

including rotavirus and zoster, as well as live and inactivated polio, measles, mumps, rubella, 

adenovirus, and varicella (1).  
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The 1987 US FDA approval of Haemophilus influenzae type b (Hib) for use in humans 

was a remarkable modeling of the clinical use of a conjugate vaccine. The effectiveness of this 

vaccine type against invasive Hib disease in children prompted its development against other 

encapsulated dangerous bacteria, including Streptococcus pneumoniae and Neisseria 

meningitidis serogroup (1,9). 

Particularly noteworthy are the attempts to generate recombinant subunit antigens using 

innovative recombinant DNA technology. The introduction of recombinant vaccines into 

immunization schedules marked a significant advancement with the release of the recombinant 

hepatitis B vaccine in 1986 and, more recently, the human papilloma virus (HPV) vaccine in 

2006 (10,11). 

Although subunit vaccines have been successfully introduced in clinical settings and for 

diseases such as hepatitis B or human papillomavaccines, their use has not yet become 

widespread. The low immunogenicity and efficacy of these vaccines have hindered future 

development because they require the introduction of supplemental adjuvants. That is why there 

is a demand for effective and safe adjuvants (12). 

In recent years, the production of vaccines has benefited greatly from the design of 

adjuvant formulations based on vaccine delivery methods, which provide considerable 

advantages over other adjuvants. A more thorough understanding of the impact of antigen-carrier 

properties on vaccine delivery systems' efficacy has resulted from their logical design. 

Specifically, particle size and surface composition are important for achieving sufficient carrier 

uptake by the antigen-presenting cells (APCs). Designing vehicles for vaccine administration of 

polymer-based delivery systems, such as microparticles, nanoparticles, and nanocapsules, is an 

interesting application (13).  

The late 1970s witnessed the first reports indicating polymeric nanoparticles had the 

potential to be used as vaccine delivery systems. This first report was by Birrenbach and Speiser, 

who demonstrated how polymeric micelles, when administered subcutaneously, can boost the 

immune response against the corresponding antigen. The concept of controlled antigen delivery 

was initially introduced in the same decade by Preis and Langer, who proposed the use of 

polymeric microparticles in the production of single-dose vaccinations. These two seminal works 

paved the way for the creation of novel synthetic adjuvants and vaccination delivery strategies  
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(12). In the same period, the modified PLA-PEG nanoparticles were presented as an intriguing 

method for transmucosal vaccine administration. Since then, the use of polymeric nanoparticles 

for controlled vaccine delivery and release has grown, creating a wide spectrum of nanosystems 

using various biomaterials and manufacturing methods (12,14) . 

Several adjuvant formulations based on forming nanoemulsions with certain oils and 

surfactants, immunostimulants, and non-polymeric nanostructures are on the market or 

undergoing clinical trials. However, how PLGA microspheres are currently being evaluated in 

clinical trials shows how useful this method is for delivering vaccines, especially DNA vaccines 

against HIV and immunotherapy for breast cancer (9). Furthermore, there are encouraging 

findings in the preclinical stages of several particular prototypes of polymeric nanocarriers (12).   

Figure 1: Summary of vaccine development over centuries. 

3. Types of NPs applied for vaccine delivery  

Nano particulate delivery systems for carrying drugs and vaccines are classified into 

inorganic (gold, metal oxides, silica, etc.), while organic NPs include (hyaluronic acid, alginic 

acid, ferritin, polymeric nanoparticles, liposomes, VLPs, virosomes, micelles) depending on their 

chemical components. Inorganic NPs are used in bioimaging and cancer photothermal therapy. 

Those types like (silica, carbon, aluminum, titanium and gold nanorods, titanium dioxide, and 
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polystyrene have the advantages for vaccine development because of their immunomodulatory 

properties (15,16). 

 

Figure 2: How innate immunity and adaptive immunity—the two immune response 

components—are triggered by Nanovaccines (17). 

3.1. Lipid-based nanovaccines 

Lipid-based nanocarriers get recognized by the antigen-presenting cells located in peripheral 

tissues by either receptor-mediated endocytosis or phagocytosis. The uptake mechanism is 

determined by the size of nanoparticles, where the particles sized in micrometers undergo 

phagocytosis. The nanocarriers, which are less than 150 nm in size, are acted upon by clathrin-

mediated endocytosis. Phospholipids form nanocarriers, which significantly influence innate 
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immune response initiation. The physicochemical properties of the vesicles, such as charge, size, 

type of phospholipid, and surface modification, such as targeting moiety attachment, can 

contribute to the appropriateness of the nanocarrier composition, resulting in obtaining the 

desired immune response. Owing to the enhanced electrostatic interaction that takes place 

between the cationic-lipid-based nanocarrier and negatively charged moieties on the surface of 

the antigen-presenting cells, cationic lipids are more effective than vaccine adjuvants than 

anionic and zwitter ionic lipids, resulting in the facility of nanocarriers fusion followed by its 

cellular internalization and release of the antigen payload. Dimethyl dioctyldecylammonium, 1, 2 

-dioleoyl-3-trimethylammonium propane (DOTAP) are the most common cationic lipids (18,19). 

After recognition, fusion, and cellular uptake, the antigens undergo processing in the antigen-

presenting cells and are presented to the molecules of MHC class 1 or class 2. Presentation to 

MHC class 2 leads to T-helper cell activation, so stimulating antibody production and cellular 

immunity (20). 

3.2. Liposomes  

 Liposomes have been widely employed in vaccine formulations because of their strong 

loading capacity, considerable biocompatibility, minimal toxicity, and controlled-release nature 

(21). They can encapsulate antigens and adjuvants and target specific cells or tissues (17). 

Commercial liposome production is simple and can provide more encapsulation capacities (17). 

liposomes can prevent the breakdown of antigens, resulting in an enhanced immunological 

response (22).  

Liposome-based vaccines have two main forms: liposomes conjugated with antigens and 

liposomes encapsulating antigens. In liposomes encapsulating antigens, antigens are contained in 

the liposome's lipid bilayer or aq. Within the lipid bilayer or inner aqueous phase of liposomes, 

bioactive hydrophilic, hydrophobic, and amphiphilic compounds can be encapsulated (21,24,25). 

BAPCs can selectively take them. Modifications to liposomes' charge, size, lamellarity, and 

composition, including incorporating cell-specific targeting moieties, allow control over these 

characteristics (27). 

 VacciMax® (VM) is a vaccine delivery platform encapsulating adjuvants and antigen 

sequences in multilamellar liposomes in an oil-in-water emulsion (28). To create liposome 

formulations known as DepoVaxTM (DPX), HPV-16 E749-57 peptide and adjuvant were 
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dissolved in an appropriate buffer and combined with a 10:1 (w:w) DOPC/cholesterol mixture 

(29). 

3.3. Polymer-based nano vaccines 

In order to develop vaccination platforms for the immunotherapy of different infectious 

illnesses and cancers, polymers have been thoroughly researched as components and excipients 

(30). Since polymer-based particles can stop antigen breakdown and clearance while enhancing 

absorption by professional antigen-presenting cells (APCs), they have been used in various 

vaccination platforms and adjuvant applications (31). Polymeric nanoparticles with good 

bioavailability, sustained release, stability, and drug loading have been widely employed to load 

immunomodulators, vaccine antigens, or both, either conjugated to surface groups or enclosed 

within the core (15). 

The two primary types of polymeric nanoparticles (NPs) are synthetic and natural polymeric 

NPs, and each has advantages and disadvantages; natural polymeric nanoparticles (NPs) come 

from biological materials, including proteins, lipids, polysaccharides, and polysaccharides, 

whereas synthetic NPs are created in the lab by chemical processes (32). Compared to synthetic 

NPs, natural polymeric NPs offer several benefits, such as reduced toxicity, biocompatibility, and 

biodegradability. Because of these characteristics, they are used to create vaccines since they are 

less likely to result in side effects or prolonged toxicity (32).      

Natural polymeric nanoparticles (NPs) utilized in the production of vaccines include silk 

fibroin, alginate, and chitosan (17). A naturally occurring polymer found in crab shells, chitin is 

the chitosan source,  a biodegradable polysaccharide (33). Alginate is a seaweed-derived 

biopolymer that, when cross-linked with divalent cations, may create a matrix that resembles gel 

(34). A protein called silk fibroin, which is derived from silk, creates very stable and 

biocompatible nanoparticles (35).  

However, very effective vaccine delivery systems may be created because synthetic 

polymeric NPs can be carefully modified to regulate their size, shape, and surface features. Still, 

They could also be more hazardous and have a higher risk of activating an immunological 

response (36). The most widely used synthetic biodegradable polymers for vaccine delivery 

against a variety of diseases, including hepatitis, leishmaniasis, and malaria, B (HBV) and 

Ebola, are PLA (polylactic acid), PGA (polyglycolic acid), and PLGA (poly lacticco-glycolic 
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acid) (37). To create block copolymers, PLGA can be coupled to polyethylene glycol (PEG) or 

polyetherimide. These copolymers can then self-assemble into polymeric micelles, 

including hydrophobic molecules and hydrophobic peptide antigens or proteins, to form micellar 

nanoparticles (38–40). Synthetic polymeric NPs provide better control over particle 

characteristics and release patterns, while natural polymeric NPs are often safer and more 

environmentally friendly (17). 

3.4. Dendrimers 

They are hyperbranched polymeric 3D trees, including inner cage–like cores of 

multifunctional properties. They are distinctive and have a lot of properties, such as extensive 

branching, multi-valency, globular nanostructure, water solubility, and defined molecular weight. 

Positively charged dendrimers are distinctive in protecting conjugated nucleic acids, proteins, 

and peptides from being degraded by enzymes through condensing them into Nano particulate 

formation by electrostatic interactions and enhancing effective antigen delivery (41). A 

combination therapy using cationic polyamidoamine, which is a functionally modified dendrimer 

along with anti-PD1 antibody-mediated immune checkpoint blockade, has shown enhanced 

0cross-presentation by antigen, prophylactic response, and therapeutic success in a B16-OVA 

melanoma model. Such synthetic dendrimers keep their property as good photo sensitizers able 

to produce reactive oxygen species (ROS) to destroy cancer cells (42). Cationic dendrimers such 

as PAMAM (polyamidoamine) can cause gap junction mutilation and increase permeability on 

cellular attachment, causing cell lysis (15,43). 

3.5. Exosomes 

They are membrane-bound, bioactive extracellular vesicles with sizes 30-150 nm, containing 

cytosolic, transmembrane proteins, lipids, mRNA, DNA, and micro-RNA, which support cell to 

cell communication without direct contact. Concerning cancer immunotherapy, exosomes play a 

dual role in anticancer immunity immunosuppression or activation. More exosomal vesicles are 

loaded with tumor antigens if compared to healthy cells and help to escape immune surveillance. 

Immune checkpoint proteins like gram death ligand-1 (PD-1) on the surface of budding 

exosomes from tumor cells have been detected by many studies, which are found to interact with 

PD-1 receptors on cytotoxic T-cells and prevent them from killing malignant cells. Recently, 

DC-derived exosomes (DEXs) and modified tumor cell-derived exosomes (TEXs) have got a lot 
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of attention in generating therapeutic cancer vaccines (44). TEXs preclinical vaccinations have 

been found to promote anticancer immune response in murine leukemia, metastatic melanoma, 

colon carcinoma, and breast cancer models. DC-derived exosomes contain the antigen processed 

with surface-displayed MHC-class 1/2; the peptide-MHC complexes are transported to activate 

naïve DCs. The antigenic peptide is presented by the naïve DCs on their surface (cross-dressing), 

or the DCs present the antigen carried on their endogenous MHC class 2 molecules, which 

allows CD4+ T cells activation. Activation of CD8+ T -cells occurs by peptide –MHC class 1 

complexes in a DC-dependent pathway. These DEXs are very stable and can be stored for a very 

long time (15,45). 

3.6. Micro-needle arrays 

Several technologies have been used to deliver drugs-needle syringes, liquid jet injectors, 

micro-needle arrays, and biolistic particle injection. A needle-free system has the advantage of 

being painless and more effective in delivering plasmid DNA, drugs, and proteins. It’s used as an 

alternative to the needle-syringe route for vaccines targeted delivery systems. Needle-free 

methods include diffusion patches, liquid jet injections, and microneedle arrays to avoid the pain 

stimulated by the needle prick. Diffusion through patches is one of the least invasive methods for 

delivering small molecules (<500 Da). Moreover, electroporation, ablation by laser or heat, 

radiofrequency high-voltage currents, iontophoresis, liposomes, sonophoresis, and microporation 

are some of the modern technologies being discovered but are being tested. DNA vaccine in 

liquid is delivered by the use of a high-speed injector around the Langerhans cells, an approach 

which is known as a liquid jet injector (46,47) 

3.7. Virus-like particles  

Because they lack genetic material, virus-like particles (VLPs) are a class of nanoparticles 

that resemble viruses in structure but are not infectious(17). By showing antigens on their 

surface, VLPs can function as vaccines by inducing an immune response without causing illness 

(48–50). VLP vaccinations are superior to traditional vaccinations in several ways, such as 

safety; VLP vaccinations are safe for humans since they are not infectious and do not contain 

genetic material efficacy. Vaccines using VLP can produce a potent and long-lasting immune 

response, as they have a highly structured, repeating presentation of the antigens that resembles 

the natural structure of viruses, versatility: VLPs can be designed to exhibit a variety of antigens 
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or epitopes, which can strengthen the immune response and defense against various viral strains 

or types,  stability; Because VLP vaccinations are stable over a broad temperature range, 

distribution and storage may be made easier (51). VLPs have a diameter ranging from 20 to 200 

nm, and like intracellular/endogenous antigens, they can stimulate Th1 and CTL immune 

responses (26,52). Exogenous antigens preferentially reach the MHC II route and engage with 

CD4+ T cells, While VLPs can connect to MHC I molecules and be cross-presented, ultimately 

triggering a powerful CD8+ immune response against infectious illnesses, including 

cancer(26,53). Like other protein products, VLPs can be made in various cell types, such as 

mammalian cell lines, yeast, bacteria, insects, and plants (27).  

Numerous infectious diseases, such as hepatitis B, coronavirus, influenza, norovirus, and 

human papillomavirus (HPV), have been vaccinated with vaccines based on vector-like particles 

(VLPs) (17). One of the most effective VLP-based vaccinations is the HPV vaccine. The primary 

antigen of the virus, the L1 capsid protein, can be identified by HPV VLPs used in the vaccine; 

the vaccination offers defense against HPV strain infections that result in cervical cancer and 

other cancers (17). Another effective VLP-based vaccination is the hepatitis B vaccine; Hepatitis 

B surface antigen (HBsAg) VLPs, which elicit an immunological response to the virus, make up 

the vaccine, which shows protection against the hepatitis B virus, which can lead to hepatic 

cancer  (54). Another vaccination that is based on VLP is the influenza vaccine; VLPs displaying 

the hemagglutinin protein of the influenza virus can be used to produce the vaccine, which 

stimulate the body's defenses against the pathogen, the vaccination protects against strains of the 

seasonal and pandemic influenza (55).   Lipid nanoparticles that mimic VLPs are used in the 

COVID-19 vaccines produced by Pfizer/BioNTech and Moderna to deliver mRNA coding for the 

SARS-CoV-2 spike protein and trigger an immune response against the virus; the prevention of 

COVID-19 infection is greatly enhanced by these vaccinations (56,57).  

4. Routes of Nanovaccine 

Historically, parenteral routes have been used to administer vaccines, specifically the 

intramuscular (IM) and subcutaneous (SC) routes. Most of the time, this makes it possible to 

create a local depot at the injection site from which the local LN can receive the antigen and any 

adjuvants that may be present. The mode of action for this process can vary depending on the 

vaccine composition, either via immune cell capture and transfer to the LN or by passive means. 
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The advantages that transdermal (TD) and SC injections may offer in terms of vaccine drainage 

to the lymphatics and overall immunogenicity have led to their presentation as IM immunization 

alternatives (58). Moreover, it is feasible to administer DNA vaccinations orally and effectively. 

Oral DNA vaccine delivery benefits from the invention of polymer-based nanoparticles (59). 

More thorough research in this field may make the use of oral DNA vaccine against illnesses 

possible. 

 

Figure 3: The main administration routes for vaccinations against viruses (60). 

  

4.1. Parenteral vaccination  

When draining cancer vaccines to LNs, the first thing to do is to  

aid in the penetration of vaccinations via the interstitium to lymphatic vessels, which uni-

directionally carry interstitial fluid and solutes to lymph nodes (61)  

As a result, vaccines are only partially delivered to lymphatic vesicles, where they are 

transported to lymph nodes. Direct injection of LNs can do this like intramuscular, subcutaneous, 

or intravenous methods. They demonstrated superior targeting of lymph nodes (LNs), draining to 

both proximal and distal LNs with extended retention times after subcutaneous injection. Co-

administration of nano vaccines may compromise immunological  

(62) tolerance and reinstate immunological responses unique to HBV. In addition to optimizing 

the nanoparticles' size and loading efficiency, BALB/c mice were used in an immunization 



ERURJ 2024, x, x, Accepted 

13 

investigation. The mice were administered subcutaneously with phosphate buffer saline (PBS), 

superoxide dismutase B1 (SODB1) in PBS, and nanoparticles. Additionally, three subcutaneous 

injections of complete Freund's adjuvant (CFA) and soluble Leishmania Antigens (SLA) were 

given to each group every three weeks (some only received one dose) (63). We combined PAN 

with M. paratuberculosis antigens to create nano vaccines that can elicit strong and long-lasting 

protective immune responses. This investigation used a single subcutaneous (64). We regularly 

checked inoculated mice to assess the safety of the nano vaccines. Mycopar®-vaccinated animals 

progressively developed an abscess at the injection site that developed and remained throughout 

the investigation (65). Parenteral immunization routes are widely used, but they have significant 

drawbacks; these include the costs and manpower involved in preparing, administering, and 

discarding injectable materials, as well as the risks related to needle stick injuries and managing 

sharp waste. Due to these factors, mucosal pathways of                                         

The administration has also been investigated for vaccinations, especially in light of the 

fundamental role that mucosal-associated lymphatic tissue (MALT) plays in locally inducing 

mucosal immunity (66). 

4.2. Nasal route  

It has been reported that a safe and effective hepatitis B vaccine is a needle-free nasal 

vaccination using a nanoemulsion containing the hepatitis B antigen; this vaccination is stable 

for six months and doesn't need to be refrigerated. The novel nanoemulsion eliminates the 

possibility of needle-borne infection transmission and is non-toxic and painless.  

(67) Baker's group  affirms the possibility of HIV, anthrax, influenza, and smallpox vaccines 

using a nasal nanoemulsion approach. Once inside the nasal cavity, NPs remain in the mucus 

before emerging through the epithelial barrier of the airway. The size of the NPs and other 

parameters influence how long the nanovaccine remains in the mucus. In general, the  20–

80nm  nano vaccine can improve immunological reaction in mucosal immunity of the nose 

(68). Specific nanoparticles (NPs) like liposomes and chitosan can prolong their stay in the nasal 

mucosa. Different approaches are used to introduce nano vaccines to immune cells in the 

epithelial cell barrier. Pathway 1 allows nanovaccines to  

be directly taken up by dendritic cells via the epithelium's synapses. Pathway 2 involves the 

passive penetration of the nano vaccines across the epithelial cell gap to the underlying DC cells. 

In pathway 3, M cells ensnared the vaccine within the nanovesicles and deposited it into the 
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barrier pathway. Pathway 4 allows nano vaccines to deliver antigens to cells using endocytosis  

ns to cells (69).  

There are two main obstacles to intranasal vaccination delivery: the first is precise and 

repetitive administration of very small amounts of prepared vaccine, and the second.  

Includes reducing the amount of particles deposited in the lung while applying the developed 

vaccine to all regions of the nasal mucosa, particularly lymphoid tissues (70).   

4.3. Oral nanovaccine  

Most vaccines are injectable, which is difficult for patients and necessitates using highly 

qualified staff for administration. One approach to overcoming such barriers in low-cost 

vaccinations is to use non-injectable vaccination vials and intranasal and oral routes (71). Oral 

vaccinations are non-invasive, safe, and simple to administer (needle-free), making them 

preferable over other immunization routes (71). Oral vaccination provides strong mucosal and 

systemic immunity and the ability to immunize large populations (71). Unfortunately, inherent 

demanding situations in oral vaccine improvement must be addressed for vaccines to be effective 

(71). For example, antigen proteins or peptides must endure the stomach's acidic environment, 

proteolytic enzymes, and bile salts of the gastrointestinal tract (GI) before interacting with 

immune cells. Other issues include food (71). Polyanhydride nanoparticle (PNPs) vaccinations 

are ideal for poultry because they target gut-associated lymphoid tissues (GALT) (72,73). Orally 

administered powerful PNP-based vaccinations increase levels. In mice, vaccination via the 

intestinal mucosa resulted in a greater antibody response than other routes. Oral vaccination has 

limits due to antigen breakdown in the stomach. The mucoadhesive nanoparticle-based delivery 

technology shields vaccination antigens from degradation in acidic pH settings and delivers them 

to the small intestine in animal models (72–75). Chitosan-based oral Salmonella nano vaccine 

targets chicken immune cells, inducing antigen-specific B and T cell responses. This prospective 

oral Salmonella nano vaccine can potentially reduce salmonellosis in poultry (76). 

4.4. Mucosal nanovaccine  

Many infections enter the human body through mucosal surfaces, which make them ideal 

for targeted vaccination delivery. Nanotechnology-based applications provide promise for the 

tailored delivery of vaccination antigens across mucosal surfaces. Nanotechnology allows for the 

easy tailoring of the solubility, stability, and surface qualities of vaccine antigens and/or 
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adjuvants. As a result, nanoparticle-based drug delivery systems have recently sparked a lot of 

interest in vaccination (77).  

Nano-encapsulation of antigens has numerous advantages over traditional antigen 

delivery methods. For starters, nanoparticle encapsulation may prevent antigen degradation or 

premature release (78). Nanocarrier surface modification may also enhance the contact between 

antigens and the mucus layer, allowing for more effective transport to mucosal-associated 

immune systems (78). Furthermore, rationally developed multi-functionalized nano vaccines can 

improve immune responses by enhancing immune activation pathways at many levels, such as 

increasing cellular uptake, targeting APCs or lymph nodes, or improving intracellular endosome 

escape (78).  

Most reported mucosal nano vaccines were designed to prevent viral and bacterial 

infection. The pathogens studied include viruses transferred by the respiratory tract, such as 

influenza and coronavirus, and bacteria transmitted through the gut or respiratory tract. Most of 

these pathogens enter the body through mucosal locations; therefore, creating mucosal vaccines 

is particularly important for preventing infection. In this COVID-19 outbreak, lipid nanoparticle-

based mRNA vaccines have demonstrated outstanding success due to their excellent protective 

effect across all ages. However, the licensed injectable COVID-19 vaccines primarily activate 

systemic immune responses, not mucosal ones. Mucosal nano vaccines can trigger strong anti-

tumor CD8+ T cell responses, making them effective against cancers situated in the mucosa (78). 

4.5. Pulmonary delivery of mucosal nano vaccine: 

Unlike parenteral vaccination, pulmonary immunization does not require a needle and 

syringe, resulting in enhanced safety, lower cost per dose, less pain for patients, and higher 

feasibility for mass immunizations (79). Nanoparticles delivered the hepatitis B vaccine to the 

lungs, producing higher humoral, mucosal, and cytokine responses than free antigens (79).  

4.6. Transdermal nanovaccine  

To develop protective immunity, alternative antigen delivery methods must be efficient, 

safe, and effective (80)  .The transdermal mode of administration has numerous benefits for 

reaching this goal. It is appealing for needle-free immunization due to its reduced first-pass 

metabolism and side effects, non-traumatic nature, and self-administration by the patient (80). 



ERURJ 2024, x, x, Accepted 

16 

Particle-based approaches show much potential for transdermal vaccine delivery through 

the skin. Compared to soluble antigens, active skin delivery can increase vaccine 

immunogenicity by identifying and activating more particulate APCs (81). 

5. Techniques for the Active Delivery System  

The use of various devices to actively promote skin permeability to vaccinations is 

known as proactive delivery of particle-based systems. Some treatments employed include 

transdermal electroporation, microneedle patches, sonophoresis, iontophoresis, 

radiofrequency/thermal and laser skin ablation, and jet or powder injection. These techniques 

with particle-based vaccinations increase skin permeation, recognition, and interaction with 

APCs (81).  

6. Techniques for Passive Delivery Systems 

  Non-invasive distribution of submicron and nanomaterials and liposome technologies 

such as solid nano-emulsions and vesicles are examples of particle-based procedures that do not 

compromise the skin. Antigen transportation relies on forming a concentration gradient to diffuse 

particles passively through intact skin and occlusion and trans follicular diffusion to promote 

skin hydration (81).  

Malignant melanoma is a fatal skin cancer with significant morbidity and mortality rates, 

and its global occurrence has increased in recent years. It resulted from the conversion of 

melanocytes into malignant cells (82). Conventional therapies for melanoma include surgery, 

chemotherapy, and radiotherapy; however, the therapeutic advantages are insufficient, resulting 

in treatment failure. Fortunately, remarkable advancements in immunotherapy have provided 

new hope for metastatic melanoma patients, revolutionizing melanoma therapy (82). PDM MNs 

are prepared and characterized for transdermal delivery. We combined the PDM nanosystem 

onto microneedles (MNs) for melanoma-targeted transdermal distribution to facilitate 

administration. The MNs were created using a commercially available micro-molding technique 

in which PDM hyaluronic acid (HA), and polyvinylpyrrolidone (PVP) matrixes were co-loaded 

into MNs of uniform size and morphology (82). 
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7. Nanovaccines:  pros and cons 

The use of conventional methods in the field of vaccination is no longer sufficient, and 

the incorporation of live or killed microbes to produce an immune response is insufficient to 

address the severe and occasionally life-threatening medical conditions of today. Due to the 

properties of nanoparticles, such as their size, shape, charge, inertness, biocompatibility, 

biodegradability, and many more, many researchers became interested in this new and attractive 

area of research, which is now known as nanovaccinology (83). Several scientists developed an 

interest in this intriguing and novel field of study, known as nanovaccinology. This review will 

address the development of nanovaccines and the various ways the body can absorb them. In 

addition to the applications, advantages, disadvantages, and types of nanoparticles used in the 

production of vaccinations for both therapeutic (84).  

Benefits and drawbacks of the nanomaterials being utilized in nano vaccines  

numerous nanomaterials have been employed in biomedicine as adjuvants and antigen carriers in 

creating nano vaccines. Choosing the right nanomaterial to construct nano vaccines is difficult 

because there isn't a perfect nanomaterial that can have all the ideal physicochemical and 

biological properties. Inorganic nanoparticles, for example, give antigens exceptional chemical 

and thermal stability. However, their biological interaction depends on the particles' size, shape, 

and surface chemistry; if these are not properly chosen, they might cause toxicity, 

bioaccumulation, and poor biodistribution (85). Advanced nanovaccine technologies are being 

researched to elicit a robust, repeatable immune response against challenging diseases. 

Nanovaccines, as opposed to traditional vaccinations, offer enhanced lymph node access, the 

best possible antigen packing and presentation, and the stimulation of a long-lasting immune 

response. The present review offers an overview of the worldwide patterns in developing novel 

nanoscale vaccines against infectious diseases. It also delineates the biological, experimental, 

and logistical obstacles linked to their advancement and explains how immunoengineering might 

be utilized to surmount these obstacles (86).  

Pros: there are several benefits to using nanovaccines, ranging from their broad size 

range to their improved bioavailability. Because this delivery system comes in various sizes, 

forms, and components, it can be used in a wide range of applications (87). Additionally, the 

particles can enter the cell readily through a process known as endocytosis because of their 



ERURJ 2024, x, x, Accepted 

18 

unique sizes, which are extremely similar to the components of the cell (87). 

Vaccines in nanoemulsions have a strong affinity for the lymphatic system, which makes 

it simple to collect them in the areas of lymph nodes. These cutting-edge nanovaccination 

systems have potential uses in cancer immunotherapy, influenza prevention, and other areas 

presently being investigated and studied (88). Several advantages are provided by nanoscale 

additives in these systems, such as aluminum: they are safe, easily obtainable at reasonable costs, 

and require little processing (88). 

Despite developments in conventional vaccines' instability and toxicity are main 

disadvantage of their use; thus, nanotechnology in vaccine provide the opportunity to enhance 

the safety and stability via enhancing both cellular and humoral immune systems (89). 

Interestingly, vaccination with nanopatch technology offers improved antigen bioavailability and 

antigen site-specific delivery without causing pain, requiring no needles, and being economical 

(90). 

The nanoparticles, which were previously made from poly alky-cyanoacrylate, 

nevertheless have a short half-life, which results in a shorter therapeutic impact because 

phagocytes remove them. Despite this, the nanoparticles have new advantages over their 

previous use. However, methods such as surface modification have made it possible to extend 

their stay in the body, transport a variety of medications, vaccinations, diagnostic tools, and other 

biological chemicals, and even allow them to work specifically on different organs.(91) As the 

field of vaccination develops, new obstacles also arise; for physicians, knowledge is the key to 

overcoming these challenges (92). 

Cons: The drawbacks of using nano vaccines Nano-vaccine technology views the 

development of new vaccines as a challenging process that calls for a large number of equipment 

and tools, which drives up the cost of the production process (88). Additionally, various 

nanomaterials in different sizes and shapes can be employed to create nano vaccines; however, it 

is difficult to alter the composition of these materials, which could result in some toxicity (88). 

Additionally, the idea of a nanovaccine is based on using extremely small particles, 

known as nanoscale materials, which occasionally clear the body quickly (87). However, certain 

biodegradable polymers have limited applications in solid particulate vaccines, as they can bind 

to proteins and lose their immunogenicity over time ,and a significant disadvantage of using 



ERURJ 2024, x, x, Accepted 

19 

liposomal delivery systems is that they tend to aggregate when stored (87). As many health 

disorders emerged that could not be treated with the conventional methods of the past, it became 

imperative to investigate new fields, like nanotechnology, and apply them for the good of 

humanity. The synthesis of vaccines that can more effectively enhance cellular and humoral 

immune responses has used the nanoparticles' capacity to traverse biological barriers as well as 

their preferred size, shape, charge, porosity, efficacy, and stability (93). These recently employed 

particles demonstrated their significant advantage with the therapeutic plasmids high 

biocompatibility and its gradual, sustained antigen delivery to increase the immune response 

intensity (94). Numerous clinical trials have exhibited the promise of nano vaccines in treating 

and preventing a wide range of infectious disorders (95). 

8. Applications for Nanovaccines 

Although no one is immune to illnesses, infections, or other health problems in the 21st 

century, new scientific discoveries make it available to reduce the risk of serious health 

conditions. 90% of the drugs in this sector are now pills, capsules, tablets, and other dosage 

forms. Originally, the focus of this field was herbal and alternative remedies. However, the 

parenteral dosage form significantly impacted human treatment, reducing side effects, increasing 

drug bioavailability, and improving patient adherence. As a result, scientists were drawn up to 

develop new technologies for parenteral products, such as nanotechnology, which has proven to 

be useful in the medical field when dealing with objects that are nanometers in size. 

 Because of this, they may be the best options for application in biology, science, 

electronics, biomedicine, and optics. Because of their high surface area to volume ratio and 

capacity to form different formulations, such as nanocrystals, nanopowders, and nanoclusters, 

Nanoparticles have become important components in modern medicine in recent years. They are 

being explored for use as contrast agents in imaging and as carriers for transferring drugs and 

genes to tumors, among other clinical applications. They can be used to prevent and treat a wide 

range of illnesses, including cancer and influenza (83,96). 

8.1. Cancer 

Enhancing the effectiveness of cancer immunotherapy and vaccinations against cancer is 

made possible by incorporating nanomedicines. The findings show that these platforms can elicit 
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strong and long-lasting anticancer immune responses. Additionally, by using this therapy 

approach, unfavorable side effects were reduced concurrently (31,97) 

8.2. OMPN nanovaccine 

A study on orthotopic melanoma models revealed that a multifunctional nano vaccine 

called OMPN, which included polydopamine, ovalbumin (OVA), and MnO2, could prevent 

tumor growth and liver metastasis in a mouse melanoma model. The vaccine was made using a 

simple one-pot approach. Moreover, MRI tracking demonstrated that DC movement and 

locomotion in the inguinal lymph node dramatically increased after vaccination, indicating 

successful DC activation and an anti-tumor immune response. An assessment of the TME after 

OMPN therapy revealed a considerable increase in CD3+ and CD8+ cell infiltration and IFN-γ 

release even after laser exposure. Furthermore, the polarization of TAMs from the M2 to M1 

phenotype increased more in the OMPN + laser group than in the other groups. 

Reduced IL-10 and elevated IL-12p40 levels in the TME after OMPN + laser treatment 

supported the findings. The authors proposed OMPN as a potential MRI-trackable and 

efficacious nano vaccine for the treatment of melanoma (98). 

8.3. Nanoprodrug 

There is proof that MDSCs have a role in the reduced immune response when an 

immunological checkpoint is blocked. Accordingly, a study using a colon tumor model revealed 

that a TME-responsive nano prodrug (FIT NPs) designed to deliver tadalafil and indocyanine 

green (ICG) photosensitizer simultaneously targeted MDSCs in the TME and increased tumor 

immunogenicity. By inducing immunogenic cell death and reducing MDSC immunosuppressive 

activity, the results demonstrated a substantial therapeutic efficacy to support photothermal 

immunotherapy. The late apoptosis/ necrosis rate of MDSCs in the FIT + laser group was 41.0% 

in vitro. Furthermore, without altering the weight of the mice under study, FIT + L might 

significantly decrease tumor growth. The authors proposed that these events result in the 

maturation of DCs and the activation of T cells, enhancing the anti-tumor immune response and 

immune checkpoint blockade efficacy (99). 

8.4. Neoantigen-based cancer nano vaccines 

Neoantigen-based cancer nano vaccines are useful therapeutic options that aid in 

stimulating CD8+ T cell responses, as previously stated. In this case, neoantigen and the acid-

activatable polymeric conjugate DMXAA (a STING agonist) in a nanoplatforms were combined 
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to create an acid-responsive polymeric nanovaccine that would stimulate the STING pathway 

and improve cancer immunotherapy. The results showed that neo-antigen absorption by DCs was 

induced by nanovaccines accumulated at the lymph nodes. Furthermore, the STING agonist 

stimulates IFN-β production and enhances T-cell priming specific to neoantigens by activating 

the STING pathway in DCs. Furthermore, the B16-OVA melanoma and 4T1 breast tumor mouse 

models showed significantly reduced tumor growth due to the nano vaccine. Combining anti-PD-

L1 antibody treatment with nano vaccines demonstrated increased anti-tumor immune responses 

in a 4T1 breast cancer model (100). 
 

8.4.1 Hex@Bp 

Fascinatingly, studies in this field have shown that serum exosomes (hEX) from tumor-

bearing mice treated with hyperthermia showed a variety of TAAs and strong immunoregulatory 

capabilities in stimulating the differentiation and maturation of DCs. This makes 

nanotechnology-based photothermal therapy successful in cancer therapy. A cancer nanovaccine 

called hEX@BP was created using black phosphorus quantum dots and exosomes (hEX) 

encapsulation to cure murine subcutaneous lung cancer models. In vivo, tumor temperature rise 

and long-term photothermal therapy performance were demonstrated by hEX@BP and 

photothermal therapy. Furthermore, after receiving combination therapy, there was an increase in 

the infiltration of effector T cells into the TME.(101) 

8.4.2. SeaMac 

A safe, easy-to-use, and reasonably priced way to enhance neoantigen-based cancer 

immunotherapy is through self-adjuvanted nano vaccines. A study used polymer nanoparticles 

(NPs) and a neoantigen to design and fabricate a self-adjuvanted nano vaccine that could activate 

molecules, limit tumor growth, and prolong the tested animals' survival in tumor mouse models 

of B16-F10 and colon carcinoma 26 (CT26). It works by stimulating DCs to mature, increasing 

their infiltration into lymph nodes, and ultimately stimulating CD8+ T lymphocytes to destroy 

tumor cells that express the vaccine's target antigen. However, these are distinct vaccinations 

since self-adjuvant nano vaccines do not require adjuvant or immune serum to exhibit abscopal 

effects in B16-F10 and CT26 tumors. 

These results may contribute to addressing some of the issues facing nanovaccines, such 

as their high cost and complex treatment regimens (102). 
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8.5. Infectious diseases  

The properties of nanoparticles, such as their size, shape, and biocompatibility, have 

contributed to numerous advancements. Nanotechnology is being used in the medical industry to 

treat infectious diseases that are prevalent worldwide. Many obstacles exist when it comes to 

treating large populations of people. Using nanoparticles to treat infectious diseases has provided 

alternative approaches to traditional and alternative medicine. Nanoparticles may target the 

disease more effectively by entering cells through membranes, taking longer to act than 

alternative medications, reducing side effects, and saving patients’ money using fewer doses 

(83). 

8.6. Influenza 

An innovative method of vaccinating against the H1N1 virus involved administering a 

novel vaccine directly into the respiratory system via nanoparticle delivery. The production of a 

double-adjuvanted vaccine, including the H1N1 influenza hemagglutinin antigen (HAC1), a drug 

delivery system based on silica nanoparticles, and the mucosal adjuvant candidate c-di-GMP are 

all made possible by this novel technique. When the vaccination was given to the lower lungs, it 

produced results. To guard against the influenza virus, both local and systemic immunity were 

generated once an antigen response was observed, and T-cells were reactivated. IgG was needed 

for a wider cross-protective response against the virus, whereas IgA was needed to neutralize the 

virus in the epithelial cells. It has also been demonstrated that IgA has a role in cross-protection 

against viral strains that have drifted however this function is not necessary for protection 

(103,104). 

These studies involved mice and demonstrated the vaccine's capacity to trigger an 

immune response that prevents infection and the virus from spreading (105). Pigs were used in 

another study to activate the immune system using inactivated antigens encapsulated in PLGA 

nanoparticles. Water/oil/water double emulsion solvent evaporation is the method utilized for 

encapsulating. Since PLGA is non-toxic, biodegradable, and biocompatible, it can be effectively 

used as a nanocarrier for vaccines that have been shown to elicit humoral and cellular immune 

responses. Cytotoxic T cells were generated by intranasal delivery of the inactivated swine 

influenza virus in PLGA, which resulted in protection against the illness and a decrease in the 

virus's spread in the pigs' lungs (106). 
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The inactivated swine influenza virus was encapsulated in poly anhydride nanoparticles 

(KAg nano-vaccine) in an experiment. This slowed the disease's progression in the pigs' lungs 

and produced an antigen-specific cell-mediated immune response. These nano vaccines were 

able to develop antigen-specific memory T cells in mice, protecting the future. The usage of 

amphiphilic polyanhydrides based on 1, 6-bis (pcarboxyphenoxy) hexane (CPH) and 1, 8-bis (p-

carboxyphenoxy)-3, 6-dioxaocatane (CPTEG) monomers resulted in a delayed release of the 

antigen, indicating that the immunogenicity was preserved. The vaccine's intranasal delivery 

produced clinical protection with negligible adverse effects (107). 

8.7. Malaria 

 Any vaccine formulation must ensure a sustained immune response; this is accomplished 

with gold nanoparticles, recognized for their non-toxic, inert, biocompatible, easily modifiable 

shape and size and capacity for surface modification. Dendritic cells and other antigen-

presenting cells can easily present the vaccine's antigen with the help of these nanoparticles. 

Therefore, by transmitting blocking antibodies, the immunogenicity of CHrPfs25 supplied with 

gold nanoparticles increased. Because of the spherical shape of the nanoparticles, less 

aggregation occurs on the cell surface than when other particles are employed. Studies have 

shown that the protein used in the vaccine preserved its properties even when connected to the 

nanoparticles, demonstrating the vaccine's repeatability. Nonetheless, immunogenicity depends 

on the employed gold nanoparticles' size, shape, and other physical-chemical characteristics 

(108). 

 

9. Challenges and future prospectives 

The development of nano vaccines may be hindered by issues such as the toxicity of 

nanomedicine, the difficulty of scaling up procedures, and the absence of regulatory 

requirements. Because pre-clinical and clinical publications have demonstrated their dose-

dependent acute and chronic toxicities with preferential bioaccumulation based on the route of 

administration, the nanoscale size can be a double-edged sword (109).  

Another big issue that technical advancements have somewhat lessened is scaling up, 

although doing so in a sterile setting still presents several difficulties (110). 

The regulatory authorities are still confronted with challenges regarding nanomedicines. 

Using current, clearly defined regulatory frameworks, the regulator's primary responsibility is to 

guarantee all medical products and devices' efficacy, safety, and quality. Nevertheless, as market 
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expectations and scientific advancements change, establishing precise regulations is getting 

harder and harder. 

The absence of harmonization and recommendations from these regulatory authorities 

creates a great deal of ambiguity for product developers, impeding the creation and promotion of 

innovative products enabled by nanotechnology. Therefore, determining and reaching a 

consensus on the regulatory standards for the assessed product or device is necessary to ensure 

an efficient approval procedure. Therefore, the government is frequently involved in developing 

and scaling up products enabled by nanotechnology (60). 

Regulatory guidelines need to thoroughly address aspects like the consistent identification, 

purity, and strength of the materials used, alongside factors such as particle size, distribution, 

surface charge, aggregation tendency, interaction with bodily fluids, immune response, 

distribution in the body, interaction with tissues, and the formulation's pharmacokinetic profile 

(111,112). 

One of the technical issues preventing nanomedicines from being used in clinical settings 

is that most nanomedicines are less stable due to their large surface area and nanoscale, 

compared to other dosage forms; also, because of their vulnerability to degradation, amorphous 

to crystalline transitions, phase transition, hygroscopicity, aggregation, and contamination. Most 

nanomedicines need stringent storage requirements, which low-income and developing countries 

cannot readily afford (111,113). 

More research in biological models is required to determine the precise biochemical 

interactions and active ingredients of nano-vaccines that make them a promising option.  

In-depth research on molecular pathways is necessary to comprehend the dynamics of the real 

mechanism underlying the protective immune response brought on by nano vaccines (114). 

Certain infections, including those that cause malaria, TB, or HIV, have an extremely 

intricate infectious cycle or the ability to evade the immune system. Likewise, most tumors have 

developed to elude immune systems and produce an immunosuppressive environment. Because 

of this, creating a vaccine is much harder and requires a deeper understanding of the pathogenic 

process and the immunology of the illness or infection (115). 

These nano vaccines' design, production, and administration have limitations, including 

tumor heterogeneity, T cell exhaustion, inherent RNA instability, decreased or diminished T cell 

cytotoxicity, decreased or diminished MHC expression by tumor, high costs, and complex 
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protocols. Nevertheless, these vaccines have shown promise in treating cancer (97). The primary 

constraints of RNA-based nano vaccines are the intrinsic instability of RNA and the translation 

efficiency to proteins (116). 

Scientists across various disciplines believe that advancements in nanoscale 

manufacturing technologies and instrumentation, including nanomachines, robotics, 

nanomedicine, and diagnostic devices, will revolutionize medicine and other industries, not just 

physicists (117–120). 

Nanomaterials have great potential for a range of industrial and biological uses. Their 

distinct physicochemical characteristics, however, prompt concerns about their possible 

environmental and public health effects. In such a way, review papers ought to endeavor to give 

academics, decision-makers, and business experts a thorough grasp of the most current 

regulatory developments concerning nanomaterials (121). A more comprehensive understanding 

of lymphatic biology and vaccination mechanisms will continue to influence the development of 

nanoplatforms, lymph entrance and transfer, and LN imaging methods in the future (122). 

 

 

Figure 4. Pioneering the future of immunization (17). 

 

Conclusion 

Traditional vaccine development can be time-consuming and high-cost. Nanovaccines 

have received attention as a new type of vaccine possessing huge potential. Nanotechnology has 

made the development of nano vaccines possible, and it has unique features that could make 
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vaccines extremely safe and effective. By dissecting the multitude of nanovaccine types, nano 

particulate delivery systems for carrying drugs and vaccines are Lipid-based nanovaccines, 

polymer-based nanovaccines, liposomes, dendrimers, exosomes, and micro-needle arrays 

depending on their chemical components. They could encapsulate antigens and adjuvants and 

target specific cells or tissues. The review elucidates their potential applications and benefits in 

some diseases like Cancer and Infectious diseases, furthermore, by exploring various routes of 

administration like parenteral vaccination, nasal route, oral, mucosal nanovaccine, and 

transdermal nanovaccine. 
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