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INTRODUCTION:
Vaccinations are one of the most signicant methods for preventing 
infectious diseases. Initially, vaccines were created primarily by 
inactivating or attenuating living viruses that elicit a reaction from the 
immune system without spreading infection. 

Vaccination efciency is governed not only by the antigen 
components, but also by adjuvants, which are usually used to 
strengthen the immune system more effectively. Immunoadjuvants are 
heterogeneous substances that are supplied with antigens to increase 
the immune response to co-administered antigens by stimulating the 
immunological response mediated by T helper cells. They don't have 
any inherent therapeutic activity of their own and only indicate impact 
when combined with an antigen.

Beneficial effects of adjuvant 
1. Make antigenically weak peptides more potent. 
2. Boost the immune system's ability to respond quickly, vigorously, 
and persistently to stronger antigens. 
3. Modify the afnity, specicity, amount, isotype, and subclass of the 
antibodies. 
4. Encourage or improve the reaction of cytotoxic T cells.
5. To improve the immune response to vaccination in elderly, 
immunologically restricted, or restricted individuals.
6. Reduce the amount of antigen necessary in combination 
vaccinations to reduce expenses and potential of any antigen 
competition.  

GENERAL MECHANISM 0F ADJUVANT ACTION 
They act on the following targets to increase the response to antigens: 

I. Stabilizes epitope conformation. 
II. Forms a depot with a delayed release of antigen at the site of 
inoculation. 
III. Antigen is either attached to a cell-surface receptor on antigen-
presenting cells (APCs) or forms multimolecular complexes to target 
APCs.
IV. Controls antigen presentation through peptide exchange on surface 
MHC molecules, cell membrane rupture or fusion, or MHC class I or 
class II pathways.
V. Induce CD8+ cytotoxic T lymphocytes or Th1 or Th2 CD4+ T-
helper cells preferentially by modifying the cytokine network in the 
localized microenvironment. 

Fig 1 showing the mechanism of action of immunoadjuvants and 
their working.

Qualities of a perfectly balanced adjuvant 
1. It needs to be risk-free, with no short- or long-term side effects.

2. It must degrade or be removed from the body quickly once the effect 
of adjuvant has worn off in order to reduce the possibility of long-term 
harmful effects. 

3. When combined with the antigen, it is expected to trigger an immune 
response that is more potently therapeutic or protective than when the 
antigen is given separately.

4. It must be chemically and physiologically specied so that there is 
no huge amount variation in the generated product, assuring consistent 
vaccination responses across studies and throughout time.

5. Less dosages or lower antigen concentrations should be required to 
achieve effectiveness.

6. It must remain stable on the shelf to be used in both clinical and 
commercial settings. 

VACCINE DELIVERY SYSTEM 
There are a variety of particle delivery methods whose main mode of 
operation is to encourage the absorption of antigens into the crucial 
Antigen Presenting Cells in charge of inducing immune responses. A 
vaccine adjuvant, also known as an immune potentiator, can, however, 
be added to various delivery methods to dramatically increase their 
effectiveness. Delivery methods often incorporate adjuvants in order 
to concentrate their effects on APCs and to reduce their impact on the 
non-immune cells. Therapeutic ratio of adjuvants can therefore be 
enhanced via delivery methods.

In order to increase the antigen amount in nearby lymph nodes, 
delivery methods either directly encourage antigen absorption into 
lymphatics or indirectly encourage absorption of antigen into mobile 
Antigen Presenting Cells that will travel to the lymph nodes. So, 
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Immunoadjuvants, are substances that boost the immune response to antigens, have emerged as a crucial part of the 
creation of contemporary vaccines. Adjuvants of many kinds, such as lipid-based adjuvants, mineral salts, and agonists of 

toll-like receptors, have been created. Adjuvant-related adverse events have occasionally been observed, and the safety prole of adjuvants must 
be taken very seriously. As a result, depending on the desired immune response, safety prole, and administration method, the choice of the 
proper adjuvant for a certain vaccine should be carefully evaluated. The development of novel immunoadjuvants for vaccine delivery methods 
has been the focus of recent study. Using nanotechnology to create adjuvant nanoparticles that can mimic viruses and bacteria and elicit a greater 
immune response is one promising strategy. Compared to conventional adjuvants, these new immunoadjuvants have a number of benets, 
including enhanced efcacy, improved tolerability, and more focused immune activation. Even if there are still obstacles to overcome in the 
development of efcient immunoadjuvants, recent developments have demonstrated encouraging results and present fresh opportunities for 
vaccine development. The creation of innovative and efcient vaccination delivery methods is essential for maintaining public health as the 
globe faces a variety of ongoing and new infectious disease threats. The present state of knowledge on immunoadjuvants, including their types, 
applications, and mechanisms of action in vaccine delivery systems, will be covered in this review. assessing their advantages, determining if 
they do or do not exceed the hazards, and encouraging wise use.
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increasing the amount of antigen that reaches the cells or tissues that 
initiate an immune response is the aim of a vaccine delivery system.
Few vaccine delivery techniques are: 

1. Liposomal vaccine delivery system
2. Emulsion vaccine delivery system
3. ISCOMs
4. Virus like particles (VLPs) 
5. Virosomes
6. Nanoparticles 
7. TLR agonists
8. Aluminum salts

LIPOSOMAL DELIVERY SYSTEMS 
Liposomes are spherical vesicles with a phospholipid-based lipid 
bilayer that are biocompatible. Its primary components include a 
charged lipid that affects how liposomes behave in living cells, a lipid-
linked polyethylene glycol (PEG) that boosts in-vivo stability, 
cholesterol that improves structural stability, and phospholipid that 
helps a lipid bilayer form. In contrast to their anionic counterparts, 
cationic liposomes can avoid the endosomal-lysosomal pathway of 
cellular breakdown. Moreover, because of their net positive charge, 
nucleic acid constructions can be compressed into distinct forms that 
can enter target cells.

MECHANISM: 
In this, the antigens may be encapsulated inside the lipid bilayer, 
coupled to its surface, or embedded within it. The sort of immune 
responses produced against the vaccine depends on where the antigen 
is located in the liposomes. Surface-conjugated antigens are the only 
ones that can cause B cell reactions, although encapsulated and 
surface-conjugated antigens can cause T cell reactions. The liposomal 
bilayer's complete spatial segregation of the two antigens lowers the 
immune responses' focus on the T cell epitope, and the inclusion of 
CD4 T cell helper epitopes can aid in generating a greater immune 
reaction to a B cell target antigen. Limiting systemic exposure to these 
adjuvant substances, the carrying capacity of liposomes enables the 
co-delivery of immunostimulatory chemicals to immune cells. 
Examples of such molecules include cytokines or Toll-like receptor 
agonists.

In 1974, liposomes were rst included into a diphtheria toxin 
vaccination. Since then, human use of the liposome-based Epaxal and 
Inexal V vaccines for hepatitis A and inuenza has been authorized 
respectively. 

In Europe, liposomal vaccines against hepatitis A and inuenza that are 
based on viral membrane proteins (Virosomes) have been given 
commercial authorization.

EMULSION DELIVERY SYSTEMS 
Emulsion is a heterogeneous liquid system available that can include 
W/0, 0/W, or more complex systems such as multi emulsions, micro 
emulsions, or nanoparticle emulsions. Antigens are dissolved in a 
water phase and emulsied in oil when a suitable emulsier is present.
An emulsion's-controlled release properties depend on several factors, 
including the oil phase's viscosity, the ratio of the oil to the water phase, 
and the size of the emulsion droplets. For instance, a product with a 
high oil content may irritate the injection site unnecessarily, while one 
with a droplet size that is too large may become physically unstable, 
shortening the product's shelf life. 

Table 1- Some emulsion-based adjuvants used in vaccine delivery 
are:

Microemulsions: Adjuvants made of microemulsions have been 
successfully used in vivo to protect mice by inducing a humoral 
response. Also, compared to other adjuvants studied, microemulsion 
adjuvant shown superior effectiveness against the virus in a prior 
study, making it a better choice for rabies immunization. It also did not 
appear to trigger any local reactions. Cationic microemulsions may 
also be used as an innovative adjuvant when delivering a parenteral 
vaccine.

For example – 
Ÿ Al (OH)3 hydrogel was used to make the inuenza vaccine along 

with monophosphoryl lipid A, and mineral oil and dioctadecyl 
dimethyl ammonium bromide are two examples of effective and 
secure microemulsion adjuvants.

Ÿ W/O/W multiple emulsions and Nano emulsions were also 
investigated as suitable adjuvants for rabbit bluetongue 
immunization.

Two adjuvants, Freund's complete adjuvant (FCA) and Freund's 
incomplete adjuvant (FIA). Mycobacterium tuberculosis is destroyed 
in the oil phase of the FCA w/o emulsion, which also contains the 
antigen. The presence of mycobacteria in FCA is crucial for enhancing 
the immunological response to the antigen. The oily phase alone also 
functions somewhat as an adjuvant in the absence of mycobacteria and 
is referred to as FIA.

Due to its potential to strongly increase both humoral and cellular 
immunity, FCA is widely regarded as the most potent adjuvant in the 
market today. Emulsions hold the antigen at the injection site, serving 
as a depot for the antigen, protecting it from quick oxidation, 
facilitating phagocytosis, and stimulating immune system cells. These 
actions are what cause the adjuvant effect. 

While only 0.18–0.22% of the antigen was present in the local 
prefemoral lymph node 20 weeks after injection of ovalbumin (OVA) 
labelled with 251 and injected into sheep ank folds, about one-third of 
the dose was still present in the granuloma. This insufcient rate of 
release of the antigen from the granuloma was found insufcient to 
sustain the maximum circulating antibody response in the host 
animals.

ISCOMS 
The Immune Stimulating Complexes are complex made up of lipids, 
saponins, and antigens that normally has a diameter of 30-80 nm. 
ISCOMs combine the signicant immunostimulatory properties of 
saponins with specic characteristics of virus particles, like their size 
and surface protein alignment. Unlike other vaccine adjuvants, 
ISCOMs have shown to enhance a broad autoimmune reaction by 
simultaneously attaining greater levels of antibodies and robust T cell 
responses, including elevated cytokine release and stimulation of 
cytotoxic T lymphocyte responses in a wide range of experimental 
laboratory animals, and have now progressed to stage I and II human 
clinical trials.

Immune modulatory property of ISCOMs:
1. Increased MHC class II expression on APCs, antigen-driven cell 
proliferation secreting high quantities of IFN- and IL-2, and the 
generation of powerful long-lasting antibody responses including all 
immunoglobulin isotypes and IgG subclasses are all evidence of the 
immunological enhancement of ISCOMs.

2. ISCOMs stimulate CD8+ class I restricted cytotoxic T cells, Th1 and 
Th2 T-helper cells, IL-1, IL-6, and IL-12 from APCs in the cell-
mediated immune response.

3. ISCOMs can induce antibody responses in serum as well as on near 
and far mucosal surfaces after being delivered intranasally.

4. One of the primary advantages of ISCOM formulations is that the 
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Name Type Mechanism of Action Vaccines/ examples 
of tested antigens

MF59 o/w Induction of cytokines and 
chemokines, enhancing 
antigen uptake, processing, 
and presentation/humoral 
response.

Fluad, Focetria, 
Celtura are human 
licensed vaccines 
and Aunov, used in 
veterinary vaccines.

AS03 o/w APCs recruitment and 
activation, induction of 
cytokines and chemokines/ 
cellular and humoral 
response.

Pandemrix, 
Arepanrix

Montanid
e ISA 51

w/o Depot effect/humoral and 
CTL response.

Flu, malaria and 
SARS-CoV-2 

Nanoemu
lsion

o/w Dendritic cell maturation, 
TLR2 and TLR4 
activation/humoral 
response, systemic and 
mucosal Th1 and Th17 
responses.

Anthrax, Flu 
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dosage of antigen required may be as minimal as one-tenth that of 
standard adjuvant formulations.

EXAMPLES: - 
I. In order to prevent chlamydia infection, Burnham and Murdin 
present a two-step vaccination process that involves rst administering 
a chlamydia protein and then administering a ISCOMs with chlamydia 
protein. Such immunogenic mixtures are useful for both diagnostic 
and chlamydial vaccination purposes. 

II. Other ISCOM-based vaccines have been created to treat diseases 
brought on by Moraxella, Helicobacter infections, and Campylobacter 
infections.

III. There is a commercially marketed veterinary vaccination against 
horse inuenza based on ISCOM.

IV. Matrix-M, a synthetic ISCOM adjuvant, is being used in clinical 
trials for malaria and cancer vaccines.

V. ISCOMATRIX, a recombinant ISCOM adjuvant containing a viral 
protein, is being used in human clinical trials for HIV and inuenza 
vaccines.

VI. CoVaccine HT, an adjuvant comprised of Quil A and cholesterol, 
has been tested in preclinical studies for use in COVID-19 vaccines.

VIRUS LIKE PARTICLES (VLP)
The creation of vaccines has long been based on the study of VLPs, 
which are self-assembling capsid proteins that form the shell of 
icosahedral or rod-shaped nanoparticles. They are divided into two 
categories based on whether they are enveloped or not and if one, two, 
or more layers of structured proteins are present. VLPs are used for a 
variety of things. They have been used to transport a variety of 
biological materials, including genes, peptides, proteins, and tiny 
medicines. They are efcient delivery vehicles because they have an 
interior cavity. These carriers are an appealing way to deliver drugs to 
tumor tissues for both treating patients and performing tumor imaging 
due to their ability to be used for targeted drug administration and 
improved permeability and retention properties. Some examples of 
VLPs adjuvants are:

1. Hepatitis B virus-like particles (HBV-VLPs): HBV-VLPs have 
been included in a number of vaccination formulations as an adjuvant. 
They have been demonstrated to improve the immunological response 
to co-administered antigen, leading to an increase in T-cell responses 
and antigen-specic antibodies.

2. Human papillomavirus virus-like particles (HPV-VLPs): they 
have been used into HPV infection vaccination formulations as an 
adjuvant. They have been demonstrated to improve the immunological 
response to co-administered antigens, leading to an increase in T-cell 
responses and antigen-specic antibodies.

3. Bluetongue virus-like particles (BTV-VLPs): BTV-VLPs have 
been included in veterinary vaccine formulations as an adjuvant. They 
have been demonstrated to improve the immunological response to co-
administered antigens, leading to an increase in T-cell responses and 
antigen-specic antibodies.

4. Influenza virus-like particles (FLU-VLPs): Flu-VLPs have been 
included in inuenza vaccine formulations as an adjuvant. They have 
been demonstrated to improve the immunological response to co-
administered antigens, leading to an increase in T-cell responses and 
antigen-specic antibodies.

5. Norovirus virus-like particles (NoV-VLPs): Adjuvants 
containing NoV-VLPs have been utilized in vaccine formulations to 
prevent norovirus infections. They have been demonstrated to improve 
the immunological response to co-administered antigens, leading to an 
increase in T-cell responses and antigen-specic antibodies.

Functioning of VLPs:
Ÿ A multistep procedure termed as "assemble-then-purify" is 

utilized to manufacture VLPs in cell systems, with the rst stage 
taking advantage of the spontaneous assembly ability of capsid 
proteins that occurs right inside the expression cell vector. The 
purication of freshly produced particles is the following stage. In 

order to obtain well-puried particles after cellular assembly, it is 
occasionally necessary to disaggregate the new particles and then 
reassemble them.

Ÿ Another type of manufacturing uses a cell-free in vitro assembly 
processing technology that works in the opposite direction of the 
traditional cellular methodology. In particular, an in-vitro system 
is used as a platform to encourage the spontaneous assembly of 
capsid proteins after their production and purication, eliminating 
the need to disassemble freshly produced VLPs.

They are one of the most signicant members of a new class of 
vaccinations known as nano vaccines, which is becoming more and 
more signicant in the production of vaccines. VLPs are intelligent 
nanoparticles because they are made of an exterior viral shell with 
repeating epitopes that the immune system instantly recognizes as 
foreign and reacts to strongly.

VIROSOMES
Virosomes are tiny, spherical, unilamellar membrane vesicles that 
carry viral membrane proteins including hemagglutin and 
neuraminidase of the inuenza virus but lacking nucleocapsids 
containing the source virus's genetic material. These proteins allow 
virosome membranes to bond with immune system cells, allowing 
their contents—particular antigens—to be delivered directly to their 
target cells, triggering a specic immune response even with weakly 
immunogenic antigens. The virosomes are totally destroyed within the 
cells after they have delivered the antigens.

MECHANISM: The nature of the immune response generated by 
virosome formulations is determined by whether the antigen epitopes 
are positioned on the virosome's surface (PeviPROTM) or inside the 
virosome (PeviTERTM). PeviPROTM stimulates the humoral  
immune system. The antigen is destroyed in the cell's endosomes, 
resulting in primarily MHC II antigen presentation. PeviTERTM 
manufactured antigens are able to trigger a potent cytotoxic T-cell 
response in addition to a CD4+ and CD8+ positive response in vivo 
(CTL).

Advantages Of Virosomal Drug Delivery:
I. This new generation of vaccines offers extra benets because they 
work even in people with immune-suppressed illnesses and in 
newborns. Because the viruses that are implanted cannot reproduce, 
they also have a good safety prole.

II. The virosome delivery system and adjuvants are notable for their 
capacity to adsorb antigens onto their surface and lumen through 
hydrophobic lipid interactions.

III. Moreover, virosomes are chosen over VLPs in the manufacture of 
vaccines since the latter have less mobility due to their protein-based 
structure.

IV. In addition, the virosomes' uid phospholipid bilayer surface that 
antigens adhere to promotes interactions with host cell receptors.

V. Because of their extremely great tolerance and safety prole, the 
FDA has cleared virosomes for use as nanocarriers in humans.

VI. Active material is released into the cytoplasm of the chosen cell. 
Due to the depot effect, which results from the antigen's partial 
protection from extracellular degradation, immunological potentiation 
is substantially facilitated.

VII. Generally, material containing incredibly important 
pharmaceuticals.

NANOPARTICLES
Nanoparticles are being explored as potential vaccine adjuvants as 
they have the ability to enhance the immune system and enhance; 
efcacy of vaccines. The mechanism of action of nanoparticles as 
vaccine adjuvants involves several processes like:

Ÿ Firstly, nanoparticles are recognized by immune cells with pattern 
recognition receptors (PRRs), such as dendritic cells and 
macrophages, leading to the activation of these cells. This 
activation triggers the innate immune reaction and the secretion of 
cytokines such as IL-1 which stimulate the proliferation and 
differentiation of immune cells.
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Ÿ Secondly, nanoparticles can also act as antigen carriers, protecting 
the vaccine antigen from degradation and increasing its 
availability for presentation to immune cells. This enhances the 
uptake of antigens by APCs and the activation of T cells.

Ÿ Thirdly, nanoparticles can create a depot effect, prolonging the 
release of vaccine antigens and adjuvants at the injection site. This 
results in sustained activation of the immune system and an 
increased immune response.

Ÿ Lastly, nanoparticles can also modulate can also modulate the 
immune response by altering the balance between different types 
of T-helper cells. For example, some nanoparticles have been 
shown to induce the differentiation of Th1 cells, which are 
involved in cellular immunity and are important for protection 
against intracellular pathogens. 

Polymers are attractive materials for formulating nanoparticulate 
adjuvants owing to their low toxicity, biodegradability, and 
biocompatibility. Polymeric nanoparticles enable sustained release of 
antigens and improve the stability of labile antigens from in vivo 
enzymatic degradation. Some examples are:

Table 2- advantages and disadvantages of polymer derived 
nanoparticles

ALUMINIUM SALTS
Aluminum salts work by enhancing the immune reaction to the antigen 
present in the vaccine. They are believed to act as a depot for the 
antigen in the vaccine, slowly releasing it over time and prolonging its 
exposure to the immune system. APCs, such as dendritic cells, 
macrophages, and B cells, which are in charge of presenting the 
antigen to T cells, are more activated as a result of this extended 
exposure.

Aluminum salts also act as an irritant to the immune system, causing 
inammation and attracting more immune cells to the site of injection. 
This inammation triggers the release of cytokines and chemokines, 
which further activate the immune response. Moreover, they help to 
stabilize antigens, preventing their degradation and increasing their 
uptake by APCs. The enhanced uptake of the antigen leads to an 
increased production of specic antibodies by B cells.

Examples: 
I. Aluminum hydroxide - used in hepatitis A, hepatitis B, human 
papillomavirus (HPV), pneumococcal conjugate, and diphtheria-
tetanus vaccines.
II. Aluminum phosphate - used in Hemophilus inuenzae type b, 
hepatitis A, and hepatitis B (Hib),and pertussis vaccines.
III. Potassium aluminum sulfate - used in anthrax and rabies vaccines.
IV. Amorphous aluminum hydroxy phosphate sulfate (AAHS) - used 
in human papillomavirus (HPV) and hepatitis B vaccines.
V. Adjuvant 65 - used in pandemic inuenza (H1N1) vaccine.

DRAWBACKS OF CONVENTIONAL ADJUVANTS 

Numerous adjuvants have proven effective in animal studies, but only 
a small  number,  including aluminum-based salts .  Both 
monophosphoryl lipid A (MPL) and the squalene-containing aqueous 
emulsion MF59 have received approval for use in humans.

1. Some conventional adjuvants can pose a health risk by being toxic to 
humans and animals. For instance, aluminum salts are commonly used 
adjuvants in vaccines, but they have been associated with 
neurotoxicity and autoimmune diseases.

2. Some conventional adjuvants may not produce the desired immune 
response, which may reduce the effectiveness of the vaccine.

3. Conventional vaccines with their complex and poorly dened 
structural and chemical properties have failed to full the demanding 
standards for safety and effectiveness sought in new generation 
vaccinations.

4. In some cases, conventional adjuvants have been known to cause 
allergic reactions in some individuals.

5. Some conventional adjuvants are unstable and are difcult to store, 
leading to a shorter shelf life of the vaccines.

6. Some conventional adjuvants can be expensive to produce and 
incorporate into vaccines, leading to higher vaccine costs.

7. Some conventional adjuvants may be incompatible with certain 
vaccines, which can limit the range of vaccines that can use them.

8. At the injection site, pain, redness, and swelling may occur due to 
conventional adjuvants. In some rare cases, systemic side effects such 
as fever, malaise, and headache can happen.

Hence, there is a major unmet need for safe and efcacious adjuvants 
for generating a seroprotective level of immunity which offers 
fascinating chances to create vaccinations that are more effective and 
safe.

PLANT BASED ADJUVANTS 
In addition to producing a protective immune response, a good 
adjuvant should also be immunologically inactive, have a long shelf 
life, and be biodegradable and inexpensive to create. When it comes to 
routine children's vaccinations, safety is a major worry. The 
development of new vaccines has showed signicant promise using 
the plant-based immunoadjuvants, which can stimulate both the 
humoral and cellular immune systems.

IDEAL PROPERTIES OF PLANT BASED ADJUVANTS: 
1. After administration, it causes few local and systemic reactions 
because it is produced from plant extracts and isolates that are 
biocompatible and degradable.

2. It activates cytotoxic T-cells by eliciting strong Th1 and Th2 
responses, induces the proper cytokine prole and elicits powerful 
immunological reactions.

3. All vaccine antigens can be used with the plant adjuvants. There is no 
need for the costly production procedure. The cost and equipment are 
decreased by physically mixing extracts and isolates with the antigen.

4. Capable of being administered via a variety of ways and with a 
variety of vaccines. Example- mucosal or oral.

5. In the case of plants, extract standardization is vital for batch-to-
batch homogeneity in large-scale production. Commercial production 
necessitates the use of a standardized process.

PLANT SAPONINS AS ADJUVANTS 
Saponins are composed of aglycones, a triterpenoid or steroid, and one 
or more sugar side chains. Because of their superior capabilities in 
strengthening the immune response to a delivered antigen, saponins 
are increasingly being used as immunoadjuvants in parenterally 
administered animal vaccines. Triterpene saponins from the plant 
extracts Quillaja saponaria Molina (Rosaceae), Gypsophila sp. 
(Caryophyl-laceae), and Saponaria ofcinalis Linn (Caryophyl-
laceae) have demonstrated immuno-potentiating activities.

A wide variety of cytokines are secreted when saponins are present, 
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Name Advantages Disadvantages
Chitosan Nontoxic, cationic, 

biocompatible, 
biodegradable, 
mucoadhesive, humoral and 
cell-mediated immunity.

Low water soluble, 
weakly 
immunogenic, poor 
strength

Starch Nontoxic, degradable, 
abundant, cheap.

Water resistant, poor 
mechanical 
properties

Dendrimers Biocompatible, multivalent. Low cytotoxicity
Polylactic acid 
(PLA)

Biocompatible, 
biodegradable, low toxicity, 
induces CD8+ T cells.

Low antigen loading

Polyethylene 
glycol (PEG)

Flexible, hydrophilic. Poor antigen loading

Polyethyleneimi
ne (PEI)

Intrinsic 
immunomodulation

Low transfection

Cellulose Abundant, cheap, 
sustainable.

Rare adverse 
reactions

Dextran Hydrophilic, strong 
humoral immunity.

Rare adverse 
reactions
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which suggests that they may function via stimulating innate 
immunity. Tests on a variety of animal models, including dogs, cattle, 
sheep, mice, pigs, and nonhuman monkey experimental models, have 
shown that saponins have the ability to elicit an immunological 
response by boosting both humoral and cell-mediated immunity.

EXAMPLES:
I. The most popular saponin-based adjuvants, which have been put 
through a number of clinical trials, are Quil A and its subsets QS-21 
(from the bark of Quillaja saponaria). The use of these adjuvants in 
subunit vaccines is a great choice, vaccines against intracellular 
pathogens, vaccines for therapeutic cancer, and vaccines for 
intracellular pathogens due to their ability to generate both Th1 and 
Th2 response.

II. Pulcherrima saponin, a triterpenoid saponin isolated from the leaves 
of Calliandra pulcherrima, has been compared with QS-21 and the 
Leishmania donovani fucose-mannose ligand (FML) antigen. The 
saponins were shown to generate an antibody titer that was equivalent 
to QS-21 and had a low hemolytic index.

III. Platypodin D, a saponin derived from the root of Platycodon 
grandiorum, promotes the cytokine production of Th1 and Th2 and 
exhibits a notable rise in natural killer cells and CTLs in mice who have 
been inoculated with HBsAg.

IV. In mice exposed to the inuenza HA antigen, the onjisaponins A, E, 
F, and G from Polygala tenuifolia have mucosal adjuvant action. In 
comparison to controls, the vaccination considerably enhanced serum 
hemagglutination-inhibiting antibody titers [27–50 times] and nasal 
anti-inuenza virus IgA antibody titers. Onjisaponin F was discovered 
to show strong adjuvancy with the inuenza HA vaccine among them.

Quillaja saponins have demonstrated amazing adjuvant properties, but 
there are several disadvantages, like an unfavorable hemolytic impact 
and instability in the liquid phase, that have made it difcult to build 
effective vaccines.

PLANT POLYSACCHARIDES AS ADJUVANTS 
Several polysaccharides have recently demonstrated the ability to 
trigger particular cellular and humoral immune responses, making 
them viable candidates to take alum's place as the adjuvant of choice 
for many vaccines. Moreover, polysaccharides as adjuvants have 
distinct benets such outstanding safety, tolerability, and 
manufacturing simplicity. In order to develop vaccines, the plant 
polysaccharide adjuvants have demonstrated extraordinary potential.
One example of a plant polysaccharide that has been used as an 
adjuvant is chitosan, which is derived from the shells of crustaceans. It 
has been demonstrated that chitosan improves immunological 
response to vaccines by activating antigen-presenting cells and 
promoting the production of antibodies. Other plant-derived 
polysaccharides that have been investigated as adjuvants include beta-
glucans, pectin, and alginate.

Pectin polysaccharides have been found to have immunopotentiating 
effects, according to a number of investigations. Total IgA and IgG 
concentrations in blood and lymphocyte counts in the mesenteric 
lymph node are elevated by dietary pectin. Pectin from medicinal 
herbs has been reported to have immune system-suppressing effects on 
the intestines, to promote spleen cell growth, to promote phagocytosis, 
and to boost NO generation by peritoneal macrophages. Plant 
polysaccharides have natural mucoadhesive characteristics and 
lengthen the small and large intestines signicantly, which may 
enhance the contact of the mucosal membrane with the luminal antigen 
and speed up its absorption.

Table 4- Some important plant polysaccharides with adjuvant 
properties

Overall, plant polysaccharides offer a promising avenue for the 
creation of secure and efcient vaccination adjuvants. Further research 
is needed to fully understand their mechanisms of action and how they 
can be optimized for use in vaccines.

VACCINE DELIVERY SYSTEMS IN COVID-19 
The COVID-19 pandemic served as a reminder of how important it is 
to have access to effective vaccinations in order to fend off the possible 
danger of a new outbreak. 

Investigations are being conducted on a new SARS-CoV-2 mRNA 
vaccine candidate based on liposomes. The mRNA vaccination 
platform can be lyophilized by using liposome-based technology. This 
vaccine successfully triggered strong cellular and humoral immune 
reactions against SARS-CoV-2, and it also successfully prevented 
SARS-CoV-2 from infecting Vero cells.

Another secure and effective adjuvant is ISCOM, also known as cage-
like nanospheres produced when fat and a saponin are combined. The 
COVID-19 vaccine created by Novavax is an example, and its name is 
Matrix M.  The saponin-based 40 nm NPs in matrix M were taken from 
Quillaja saponaria. It had the ability to reduce the need for vaccine 
doses while also eliciting powerful, strong, and long-lasting biological 
activities and immunological responses. IgG titers with high anti-S 
protein concentrations and strong neutralizing effects were found in 
preclinical investigations using baboons and mice, as well as human 
clinical trials using NVX-CoV2373 are in phase I/II. Also, the vaccine 
was well tolerated by healthy people.

Using HPβCD as an adjuvant, Johnson & Johnson is creating viral 
subunit vaccines. Based on viral DNA, a vaccine for the new SARS-
CoV-2 pandemic was developed. The vaccine contained HPβCD as a 
cryopreservative and was delivered by a synthetic adenovirus vector. 
Proteins were stabilized by the new formulation, which also stopped 
them from sticking to the container wall and aggregating.

Astodrimer sodium, a dendrimer with a broad spectrum of 
antibacterial activity, has recently been studied for its antiviral efcacy 
against SARS-CoV-2 in vitro. With a 50% decrease in the cytotoxic 
effect caused by the virus, astodrimer stops the replication of SARS-
CoV-2 in Vero E6 cells. The researchers conclude that astodrimer 
sodium may be utilized to treat and prevent SARS-CoV-2 through 
nasal or inhalation methods.

Researchers have recently suggested using quantum dots NPs to 
administer vaccines and combat viral diseases. Because quantum dots 
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TLR agonist 
family

Example function

TLR3 agonist Poly (I:C) When activated, they trigger the 
production of proinammatory 
cytokines and type1 interferons, 
which are important in the 
clearance of viral infections and 
the activation of the immune 
systems.

TLR4 agonist Lipopolysacch
arides

They encourage the release of 
cytokines that cause 
inammation, including TNF-, 
IL-1, and IL-6., as well as the 
upregulation of co-stimulatory 
molecules, which enhance 
immune responses to infectious 
agents.

TLR5 agonist Flagellin agellin activates the generation 
of cytokines that are pro-
inammatory and enhances the 
immune response to bacterial 
infections.

TLR7/8 agonist Imidazoquinoli
none

This TLR7/8 agonist activates 
the generation of inammatory 
cytokines and type I interferons, 
which play a critical role in 
antiviral and antitumor 
immunity.

TLR9 agonist CpG 
oligodeoxynuc
leotides

CpG ODNs stimulate the 
generation of IL-12, IL-6, and 
TNF-, three pro-inammatory 
cytokines, promoting adaptive 
immunity and enhancing the 
efcacy of vaccination.

TLR2/6 agonist Zymosan It activates the IL-6, TNF-, and 
IL-1 synthesis of pro-
inammatory cytokines, and 
activates phagocytosis in 
macrophages and neutrophils.
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have the ability to attach to ligands, they can stop a virus from adhering 
to the surface of host cells. The primary explanation for the underlying 
mechanism of action of COVID-19-loaded quantum dots is the ionic 
interaction between the negative charge and the positive surface 
charge of the quantum dots present in the viral RNA. This interaction 
causes the production of oxygen species within SARS-CoV-2, which 
ultimately results in the virus being inactivated.

CONCLUSION:
In conclusion, Immunoadjuvants have been successfully used in 
vaccine delivery systems to increase the immunogenicity of 
vaccinations. Adjuvants have the power to trigger innate immune 
reactions, which enhance antigen presentation and trigger adaptive 
immunological reactions. To guarantee safety and efcacy, however, a 
suitable adjuvant must be carefully chosen. To completely 
comprehend the mechanisms of action and potential negative effects of 
various adjuvants, additional research is also required. It is probable 
that the efcacy of vaccinations will rise with further discovery and 
optimization of vaccine adjuvants, resulting in a better and more 
efcient response to infectious illnesses.

Immunoadjuvants were discovered and created, revolutionizing the 
science of vaccinology and making several vaccinations successful. 
Mineral salts, liposomes, and bacterial cell wall components have all 
been identied as different types of immunoadjuvants and researched. 
It has been demonstrated that these chemicals stimulate a number of 
immune cells and pathways, enhancing antigen presentation and 
processing, cytokine generation, and antibody formation. 
Nonetheless, several immunoadjuvants have been used, raising 
questions about their safety, stressing the need for greater research and 
development to create safer and more efcient adjuvants. All things 
considered, immunoadjuvants offer a promising strategy for 
combating infectious diseases, and continuous research will surely 
result in better vaccine formulation and disease prevention.

As a result, vaccine delivery methods are essential for preventing 
infectious diseases in both people and populations. More people are 
now protected against a wider spectrum of diseases because to the 
development of new and improved delivery systems. Yet, it is crucial to 
keep investing research and development of new and improved 
vaccine delivery technologies due to the rising demand for 
vaccinations and the requirement for quick responses to emerging 
disease threats.

REFERENCES:
1. Sharma, Rinku & Palanisamy, Arivukarasu & Dhama, Kuldeep & Mal, Gorakh & Singh, 

Birbal & Singh, Karam. (2020). Exploring the possible use of saponin adjuvants in 
COVID-19 vaccine. Human Vaccines & Immunotherapeutics. 16. 2944-2953. 
10.1080/21645515.2020.1833579.

2. Pk, Lakshmi & Kumar, Shweta & Sudheesh, M.S & Pawar, Sulakshhna & Pawar, 
Rajesh. (2018). Plant-based Adjuvant in Vaccine Immunogenicity: A Review. Current 
Traditional Medicine. 04. 10.2174/2215083804666180830142648.

3. Nazeam, Jilan & Singab, Abdel Nasser. (2022). Immunostimulant plant proteins: 
Potential candidates as vaccine adjuvants. Phytotherapy Research. 36. 
10.1002/ptr.7624.

4. Padiyappa, Shruthishree & Avalappa, Hemavathi & Somegowda, Madhusudana & 
Sridhara, Shankarappa & Venkatesh, Porika & Bt, Prabhakar & Pramod, 
Siddanakoppalu & Almujaydil, Mona & Shokralla, Shadi & Abdelbacki, Ashraf & 
Elansary, Hosam & El-Sabrout, Ahmed & Mahmoud, Eman. (2022). Immunoadjuvant 
and Humoral Immune Responses of Garlic (Allium sativum L.) Lectins upon Systemic 
and Mucosal  Administrat ion in BALB/c Mice.  Molecules.  27.  1375. 
10.3390/molecules27041375.

5. Facciolà, Alessio & Visalli, Giuseppa & Laganà, Antonio & Di Pietro, Angela. (2022). 
An Overview of Vaccine Adjuvants: Current Evidence and Future Perspectives. 
Vaccines. 10. 819. 10.3390/vaccines10050819.

6. Yang, Jing-Xing & Tseng, Jen-Chih & Yu, Guann-Yi & Luo, Yunping & Chi, Fangli & 
Hong, Yi-Ren & Chuang, tsung-hsien. (2022). Recent Advances in the Development of 
Toll-Like Receptor Agonist-Based Vaccine Adjuvants for Infectious Diseases. 
Pharmaceutics. 14. 423. 10.3390/pharmaceutics14020423.

7. Chen, Ziyin & Yue, Ziqi & Yang, Kaiqi & Li, Shenglong. (2022). Nanomaterials: small 
particles show huge possibilities for cancer immunotherapy. Journal of 
Nanobiotechnology. 20. 10.1186/s12951-022-01692-3.

8. Vijayan, Veena & Mohapatra, Adityanarayan & Uthaman, Saji & Park,. (2019). Recent 
Advances in Nanovaccines Using Biomimetic Immunomodulatory Materials. 
Pharmaceutics. 11. 534. 10.3390/pharmaceutics11100534.

9. Kumar, Amit & Verma, Amit & Rahal, Anu & Panwar, Pramod & Dhama, Kuldeep. 
(2012). Recent Trends in Development of Adjuvant of Vaccine. Trends in Medical 
Research. 8. 10.3923/tmr.2012.

10. Morein, Bror & Villacres, Maria & Sjölander, Anders & Lövgren, Karin. (1996). Novel 
adjuvants and vaccine delivery systems. Veterinary Immunology and 
Immunopathology. 54. 373-384. 10.1016/S0165-2427(96)05697-8.

11. Lavelle, Ed & O'Hagan, Derek. (2006). Delivery systems and adjuvants for oral 
vaccines. Expert opinion on drug delivery. 3. 747-62. 10.1517/17425247.3.6.747.

12. Saroja, Ch & Lakshmi, Pk & Bhaskaran, Shyamala. (2011). Recent trends in vaccine 
delivery systems: A review. International journal of pharmaceutical investigation. 1. 64-
74. 10.4103/2230-973X.82384.

13. Abbasi, Saed & Uchida, Satoshi. (2021). Multifunctional Immunoadjuvants for Use in 
M i n i m a l i s t  N u c l e i c  A c i d  V a c c i n e s .  P h a r m a c e u t i c s .  1 3 . 
10.3390/pharmaceutics13050644.

14. O'Hagan, D., Valiante, N. Recent advances in the discovery and delivery of vaccine 
adjuvants. Nat Rev Drug Discov 2, 727–735 (2003).

15. Andrianov, Alexander & Fuerst, Thomas. (2021). Immunopotentiating and Delivery 
Systems for HCV Vaccines. Viruses. 13. 981. 10.3390/v13060981.

16. Henriksen-Lacey, Malou & Korsholm, Karen & Andersen, Peter & Perrie, Yvonne & 
Christensen, Dennis. (2011). Liposomal vaccine delivery systems. Expert opinion on 
drug delivery. 8. 505-19. 10.1517/17425247.2011.558081.

17. Schwendener, Reto. (2014). Liposomes as vaccine delivery systems: A review of the 
r e c e n t  a d v a n c e s .  T h e r a p e u t i c  a d v a n c e s  i n  v a c c i n e s .  2 .  1 5 9 - 8 2 . 
10.1177/2051013614541440.

18. Abdul Rasool, Bazigha & Hussain, Faizah & Bahrainwala, Insiyah & Akbar, Nahla & 
Umar, Salma & Kalady, Shana & Shamsheer, Zunaira. (2022). Advances in vaccine 
delivery strategies to promote effective immunization. Journal of Applied 
Pharmaceutical Science. 10.7324/JAPS.2022.120501.

19. Khan, M. Zahirul I. & Opdebeeck, Joan & Tucker, Ian. (1994). Immunopotentiation and 
Delivery Systems for Antigens for Single-Step Immunization: Recent Trends and 
Progress. Pharmaceutical Research. 11. 2-11. 10.1023/A:1018977107167.

20. Wallis, Jamie & Carlisle, Robert & Shenton, Daniel. (2019). Novel approaches for the 
design, delivery and administration of vaccine technologies. Clinical & Experimental 
Immunology. 196. 10.1111/cei.13287.

21. Singh, Narinder & Gautam, Surya & Kumari, Neelam & Kaur, Rupinder & Kaur, 
Manpreet. (2017). Virosomes as Novel drug delivery System: An Overview. 5.

22. Sjölander, Anders & Cox, John & Barr, Ian. (1999). ISCOMs: An adjuvant with multiple 
functions. Journal of leukocyte biology. 64. 713-23. 10.1002/jlb.64.6.713.

23. Nooraei, S., Bahrulolum, H., Hoseini, Z.S. et al. Virus-like particles: preparation, 
immunogenicity and their roles as nanovaccines and drug nanocarriers. J 
Nanobiotechnol 19, 59 (2021). 

24. Skwarczynski, Mariusz & Toth, Istvan. (2020). Non-invasive mucosal vaccine delivery: 
advantages, challenges and the future. Expert Opinion on Drug Delivery. 17. 
10.1080/17425247.2020.1731468.

25. Awate, Sunita & Babiuk, Lorne & Mutwiri, George. (2013). Mechanisms of Action of 
Adjuvants. Frontiers in immunology. 4. 114. 10.3389/mmu.2013.00114.

26. Rebecca Asheld, Angus Nnamdi Oli, Charles Esimone, Linda Anagu, Chapter 9 - 
Adjuvants, immunomodulators, and adaptogens, Vaccinology and Methods in Vaccine 
Research, 2022, Pages 223-280.

27. O'Hagan, Derek & Tsai, Theodore & Reed, Steven. (2011). Emulsion-Based Adjuvants 
for Improved Inuenza Vaccines. 10.1007/978-3-0346-0279-2_14.

28. Mosca, Flaviana & Tritto, Elaine & Muzzi, Alba & Monaci, E. & Bagnoli, Fabio & 
Iavarone, C. & O'Hagan, Derek & Rappuoli, R. & Gregorio, E.. (2008). Molecular and 
cellular signatures of human vaccine adjuvants. Proc Natl Acad Sci USA. 23.

29. Pardi, Norbert & Hogan, Michael & Porter, Frederick & Weissman, Drew. (2018). 
mRNA vaccines — a new era in vaccinology. Nature Reviews Drug Discovery. 17. 
10.1038/nrd.2017.243.

30. O'Hagan, Derek & Friedland, Leonard & Hanon, Emmanuel & Didierlaurent, Arnaud. 
(2017). Towards an evidence based approach for the development of adjuvanted 
vaccines. Current Opinion in Immunology. 47. 93-102. 10.1016/j.coi.2017.07.010.

31. Pifferi, Carlo & Fuentes, Roberto & Fernández-Tejada, Alberto. (2021). Natural and 
synthetic carbohydrate-based vaccine adjuvants and their mechanisms of action. Nature 
Reviews Chemistry. 5. 1-20. 10.1038/s41570-020-00244-3.

32. Schijns, Virgil & Fernández-Tejada, Alberto & Barjaktarovic, Zarko & Bouzalas, Ilias & 
Brimnes, Jens & Chernysh, Sergey & Gizurarson, Sveinbjorn & Gursel, Ihsan & 
Jakopin, Žiga & Lawrenz, Maria & Nativi, Cristina & Paul, Stephane & Pedersen, 
Gabriel & Rosano, Camillo & Ruiz de Angulo, Ane & Slütter, Bram & Thakur, Aneesh & 
Christensen, Dennis & Lavelle, Ed. (2020). Modulation of immune responses using 
adjuvants to facilitate therapeutic vaccination. Immunological Reviews. 296. 
10.1111/imr.12889.

33. Shlomchik, Mark & Weisel, Florian. (2019). B cell primary immune responses. 
Immunological Reviews. 288. 5-9. 10.1111/imr.12756.

34. Zubeldia, Jose & Ferrer, M & Dávila, Ignacio & Justicia, J. (2018). Adjuvants in 
Allergen-Specic Immunotherapy: Modulating and Enhancing the Immune Response. 
Journal of investigational allergology & clinical immunology. 29. 10.18176/jiaci.0349.

35. Cibulski, Samuel & Rivera, Mariana & Mourglia-Ettlin, Gustavo & Casaravilla, Cecilia 
& Yendo, Anna & Fett-Neto, Arthur & Chabalgoity, Alejandro & Moreno, María & 
Roehe, Paulo & Silveira, Fernando Silveira. (2018). Quillaja brasiliensis saponin-based 
nanoparticulate adjuvants are capable of triggering early immune responses. Scientic 
Reports. 8. 10.1038/s41598-018-31995-1.

36. Detienne, Sophie & Welsby, Iain & Collignon, Catherine & Wouters, Sandrine & 
Coccia, Margherita & Delhaye, Sophie & Van Maele, Laurye & Thomas, Séverine & 
Swertvaegher, Maëlle & Detavernier, Aurelie & Elouahabi, Abdelatif & Goriely, 
Stanislas & Didierlaurent, Arnaud. (2016). Central Role of CD169+ Lymph Node 
Resident Macrophages in the Adjuvanticity of the QS-21 Component of AS01. 
Scientic Reports. 6. 39475. 10.1038/srep39475.

37. Reed, Steven & Orr, Mark & Fox, Christopher. (2013). Key roles of adjuvants in modern 
vaccines. Nat Med. 19. 1597-1608. 10.1038/nm.3409.

38. Sangkanu S, Paul AK, Chuprom J, Mitsuwan W, Boonhok R, de Lourdes Pereira M, 
Oliveira SMR, Wilairatana P, Rahmatullah M, Wiart C, Nawaz M, Sin C, Kayesth S, 
Nissapatorn V. Conserved Candidate Antigens and Nanoparticles to Develop Vaccine 
against Giardia intestinalis. Vaccines (Basel). 2022 Dec 31;11(1):96. doi: 
10.3390/vaccines11010096. PMID: 36679941; PMCID: PMC9863896.

39. Azuar A, Madge HYR, Boer JC, Gonzalez Cruz JL, Wang J, Khalil ZG, Deceneux C, 
Goodchild G, Yang J, Koirala P, Hussein WM, Capon RJ, Plebanski M, Toth I, 
Skwarczynski M. Poly(hydrophobic Amino Acids) and Liposomes for Delivery of 
Vaccine against Group A Streptococcus. Vaccines (Basel). 2022 Jul 29;10(8):1212. doi: 
10.3390/vaccines10081212. PMID: 36016100; PMCID: PMC9413763.

40. Paston, Samantha J. and Brentville, Victoria A. and Symonds, Peter and Durrant, Lindy 
G. Cancer Vaccines, Adjuvants, and Delivery Systems. Frontiers in Immunology, vol 12, 
2021; 10.3389/mmu.2021.627932

41. Bachmann MF, et al. The inuence of antigen organization on B cell responsiveness. 
Science. 1993;262:1448–1451. doi: 10.1126/science.8248784.

42. Roy MJ, et al. Induction of antigen-specic CD8+ T cells, T helper cells, and protective 
levels of antibody in humans by particle-mediated administration of a hepatitis B virus 
DNA vaccine. Vaccine. 2000;19:764–778. doi: 10.1016/S0264-410X(00)00302-9. 

43. regoning J.S., Flight K.E., Higham S.L., Wang Z., Pierce B.F. Progress of the COVID-19 
vaccine effort: Viruses, vaccines and variants versus efcacy, effectiveness and escape. 
Nat. Rev. Immunol. 2021;21:626–636. doi: 10.1038/s41577-021-00592-1.

44. Albiger B, Dahlberg S, Henriques-Normark B, Normark S. Role of the innate immune 
system in host defence against bacterial infections: focus on the Toll-like receptors. J 
Intern Med. 2007;261(6):511–28. doi: 10.1111/j.1365-2796.2007.01821.x.

45. Hansson GK, Libby P, Schönbeck U, Yan ZQ. Innate and adaptive immunity in the 
pathogenesis  of  a therosclerosis .  Circ  Res .  2002;91(4) :281–91.  doi : 
10.1161/01.res.0000029784.15893.10.

Volume - 13 | Issue - 05 | May - 2023 |  . PRINT ISSN No 2249 - 555X | DOI : 10.36106/ijar

 INDIAN JOURNAL OF APPLIED RESEARCH 17


