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ABSTRACT
Vaccines are the most feasible and cost-effective strategy for protecting, controlling and reducing infectious disease in 
both animal species and humans. Despite, the significant use of vaccines, formulation of effective and safe vaccine 
is needed to afford sufficient protection through usage of appropriate adjuvants. Adjuvants are chemicals, proteins 
or derivatives of microbial formulated with vaccines to enhance innate and adaptive immune response to vaccine 
antigens by a variety of mechanisms. The term adjuvant comes from Latin word “adjuvare” which means to help and 
discovered in early 1920s. Many molecules have been considered as an adjuvant including aluminium salts (alum), 
oil emulsions, saponins, ISCOMs, liposomes, VLPs, cytokines, combined adjuvants and derivatives of bacteria are 
among in use and explored vaccine adjuvants. Mainly they have been classified according to their mechanism of action 
as: delivery system and immunostimulatory adjuvants. The mode of action of these compounds is different. Their 
action is not yet fully understood due to the complexity of the immune response, but general mechanism has been 
explained. Recent advances of vaccine adjuvants reveal their ability to activate innate immune system by targeting 
receptors (PRR) expressed on immune cells. Therefore, discovering new adjuvant that are essential components of 
vaccine formulations helps the development of more potent vaccine, which induce strong immune response. Better 
understanding of new adjuvant also improves the future design of effective vaccine against infectious pathogens. 
This review, provide an overview on current knowledge about the effect of adjuvants, general mechanisms and 
characteristics of recent vaccine adjuvants. 
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INTRODUCTION

Development of vaccines against infectious diseases is one of the 
most significant accomplishments in the history of humankind [1]. 
Live attenuated and inactivated (killed) type of vaccines is currently 
the most used vaccines both in humans and animals. Attenuated 
vaccine consists live bacteria or virus causes mild, asymptomatic 
infection in immunosuppressed individual or whole population 
but induce strong humoral and cell-mediated immunity similar 
to natural infection. Consequently, vaccines developed from live-
attenuated pathogens can elicit robust protective immune responses 
because of having naturally existing adjuvants. In contrast, killed 
and recombinant vaccines are less immunogenic; they require 
additional components to induce adequate protective immunity 
[2,3].

Vaccination is one of the most efficient and cost-effective strategy 
of preventing diseases caused by variety of potential pathogens. 
Regardless of broad use of vaccines, still development of improved 
and vaccine with less adverse effect is required to confer protection 
against both emerging and re-emerging disease. This Sufficient 
protection can be accomplished by generating strong and effective 
immune response to the administered antigen often necessitates 

the addition of another substance termed as adjuvant [4]. Adjuvants 
are compounds added to vaccine formulations to enhance the 
immunogenicity of less immunogenic antigens [5]. 

The mechanisms of action of most adjuvants remain undefined 
because of the complexity of the immune response. However, 
concern in vaccine adjuvant has been growing rapidly for better 
understanding of their action in stimulating immune response. 
Recent advances in immunobiological research have revealed several 
mechanisms by which adjuvants act, which includes depot effect or 
slow release of antigen at injection site, recruiting immune cells at 
the site of injection, facilitating antigen uptake and by activation 
of Antigen Presenting Cells (APCs) [6]. Moreover, adjuvants have 
been developed in order to increase vaccine potency, reduce the 
dose of antigen desired to elicit immune response, improve speed 
of immunity as well as reducing the number of immunization or 
boosting frequency required to attain high level of immunity.

Next generation vaccines are going to mainly encompass 
recombinant subunit. To provide considerable protection of 
animals and humans against infectious diseases, subunit vaccines 
necessitate optimal adjuvants and delivery systems. As a result, 
there is a vital need of improved adjuvants for the development 
of new vaccines [7]. Different substances as vaccine adjuvant have 
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been explored with their effect through different mechanisms of 
action in immune system, including mineral salts (aluminum salts), 
Oil emulsions, Micro particles, Saponins, Cytokines, microbial 
products and combined adjuvants(b). Adjuvants have various 
modes of action and should be selected for use based on the 
type of immune response desired for a particular vaccine. Better 
understanding of recent adjuvants will help the development of 
new adjuvant formulations and facilitate rational design of vaccines 
against infectious diseases. Nevertheless, many adjuvants have been 
tested in advanced stages of development, and much of the early 
work was based on discovery and development of producing safe 
and effective products of vaccine adjuvants [8]. Therefore, the aims 
of this seminar paper are: to review the recent advance of vaccine 
adjuvants, to review general characteristics of different adjuvants 
and to give insight on mechanisms of action of adjuvants. 

LITERATURE REVIEW 

Vaccine 

Vaccines play an important role in controlling and preventing both 
animals and humans from infectious disease [9]. Vaccination is used 
in maintaining animal health and to improve overall production, 
controlling and reducing zoonotic diseases such as anthrax, 
brucellosis, rabies, influenza and also control of emerging as well 
as exotic diseases of animals and human. Furthermore, vaccination 
strategy plays an essential role to reduce cost of treatment [10]. 

The most effective vaccines currently in use are attenuated and 
inactivated forms of infectious pathogens or their products. 
However, both types of vaccines have their own advantage and 
disadvantage related to safety, stability, and efficacy in inducing 
immune response. The goal of these vaccines is to generate 
a pathogen-specific immune response providing long-lasting 
protection against diseases. A live-attenuated vaccine which consists 
of live organisms can induce strong humoral and Cell-Mediated 
Immunity (CMI). Whereas, inactivated vaccine types are safer than 
live- attenuated and principally induce humoral immunity, but little 
or no cell-mediated immunity. Therefore, an addition of adjuvant 
to vaccine is essential to confer strong protective immunity [4]. 

The discovery of adjuvants

In the early time there were many attempts by investigators to 
increase important immune response. They have tried to find 
useful additives that can enhance immune responses when 
added to vaccines. Thus, these immune enhancing substances 
are known as adjuvants [11]. The term adjuvant is derived from 
the Latin word adjurer, which means to help or to enhance [4]. 
Adjuvants are substances formulated with vaccine of interest 
to improve immunogenicity of antigens that have insufficient 
immunostimulatory. They have been used in vaccines for more 
than 90 years. Aluminum and oil-in-water emulsions were the 
first adjuvants used widely and help in the understanding of how 
immune system interacts with pathogens, role of adjuvants and 
improved modern vaccine formulation to achieve desired clinical 
benefit [1]. 

Reviews historical background of adjuvant development from the 
early century by classifying into four (4) periods: 

• 1920-1940 development adjuvants of toxoid vaccines.

• 1940-1970 extended use of aluminum and oil adjuvants. 

• 1970-1990 synthetic adjuvants and second-generation delivery–

depot systems were developed.

• After 1990 development of receptor-associated adjuvants that 
activate innate immune system [10]. 

In the mid of 1920s, Gaston Ramon French veterinarian injects 
horse with diphtheria toxoid and observe abscess developed at the 
site of injection. Consequently, he observed higher yield of anti-
diphtheria antibody from abscessed animals than animals without 
abscess. Based on his observation he reports that, abscess formed 
as a result of foreign substances together with toxoid also induces 
increased amount of diphtheria antitoxin in horses, which confirm 
the prediction of substances capable to produce local inflammation 
at the site of injection also able to enhance production of antisera 
[5]. About 1926, Alexander Glenny and his colleagues from 
London revealed the effects of aluminum salt in immune response. 
In 1932, aluminum was used for the first time in human vaccines 
and becomes the only adjuvant used in licensed vaccines for nearly 
70 years. Even though its use is widespread and continuous its 
immune mechanism of action remains less understood. Aluminum 
adjuvants were mainly function to raise or increase production of 
antibody and consequently suitable for vaccines directing killing of 
pathogens via antibodies [4]. 

Water-in-oil emulsion is the other early developed vaccine adjuvant 
by Freund in the mid of 1930s, containing killed mycobacteria 
as extra immune-activator called Freund’s Complete Adjuvant 
(FCA). FCA is characterized as the most effective and very react 
genic adjuvant. Adjuvant without mycobacteria, known as 
Freund’s Incomplete Adjuvant (FIA), also developed by Freund 
and employed in licensed influenza vaccine in United Kingdom. 
Later on, in 1956, adjuvant activity of endotoxins of gram-negative 
bacteria discovered by Arthur Johnson and in 1974 muramyl 
dipeptide from mycobacteria in FCA revealed as smallest active 
component of adjuvant [5]. 

Roles of adjuvants

Immunological adjuvants, initially described by Gaston Ramon 
are substances used in mixture with a desired antigen to increase 
effective immune response than the antigen alone [12]. These 
substances rise immune response in various ways: increasing 
immunogenicity of less or weak immunogenic antigens, inducing 
long-lasting immunity, activating of Cell Mediated Immunity 
(CMI), [13,4] triggering mucosal immunity, enhance immunity 
of immune-suppressed individuals, reducing dose of antigen, 
subsequently reduce costs and help to overcome competition of 
antigens in combined vaccine (Figure1).

Figure 1: Licensed vaccines with or without adjuvant. 
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Classification of adjuvants

Classification of vaccine adjuvants can be based on their source 
(natural, synthetic or endogenous), mechanism of action, and 
physical or chemical properties. Based on their mechanisms of 
action, they can be divided into delivery system (particulate) 
adjuvants and immune stimulatory or non-particulate adjuvants. 
As the name specifies the first classification of adjuvant, function 
by delivering antigen to immune cells (antigen presenting cells 
particularly, dendritic cells). Delivery system adjuvants are designed 
to activate innate immune response through creating local pro-
inflammatory response that leads to recruiting of various cells to 
the site. The later, immune stimulatory adjuvants are designed to 
activate innate immune responses by means of Pattern-Recognition 
Receptors (PRRs) which consist various classes of receptors 
includes Toll-like receptors, Nucleotide-binding Oligomerization 
Domain- (NOD-) like receptors, and the Retinoic Acid-inducible 
Gene-I (RIG-I-) like receptors, all are expressed on cells of 
immune systems [14]. Finally, engagement of Pathogen-Associated 
Molecular Patterns (PAMPs) initiates activation of innate cells that 
can eventually transfer to other tissues and results in production of 
cytokines and chemokine (Figure 2).

Mechanisms of action of adjuvants

Better understanding of mode of action of adjuvants or 
immunological mechanisms is critical in designing new vaccine 
adjuvants that enhance effective immune responses towards 
pathogen-specific and appropriate memory. It also assists in 
evaluation of adjuvant safety at developmental stage [15]. Based 
on their mechanism of action they have been divided into delivery 
system and immuno-stimulatory adjuvants. In the early time, 
delivery system was considered only to act as depot adjuvant while 
immune stimulatory induce innate immune response, but now 
days there is confirmation that some of delivery system can also 
activate cells of innate immune system [13]. 

Vaccine adjuvants are commonly used in billions dose of humans 
and animals’ vaccine. However, their mechanisms of action are 
not well understood [13]. However, several mechanism of adjuvant 
action has been revealed. Some adjuvants can act by slow release or 
trap of the antigen at the site of injection and present a sustained 
supply to local APCs (Depot effect). This effect helps to reduce 
removal or degradation of the antigen by immune cells (i.e. 
liver). Recruitment of cells at the site of injection, regulation of 
cytokines and chemokine’s, enhancement of expression of Major 

Histocompatibility Complex (MHC) class II and co-stimulatory 
molecules, and induction of inflammatory cascades are mechanisms 
employed by adjuvants to invoke immune response [16]. 

Generally, all the mechanisms include stimulation of APC directly 
or indirectly, mainly Dendritic Cells (DC). DC activates innate and 
adaptive immune system by processing the antigens and presenting 
to specific T-cells. The trapped antigen taken up through the 
phagocytosis or pinocytosis by DC and then detected by Pattern-
Recognition Receptors (PRR). During stimulation of PRR, several 
soluble inflammatory mediators such as cytokines and type 1 
interferon (IFN-1) are released by naive DC as part of innate 
immunity. Additionally, adaptive immune response also stimulated 
by activated DC, via processing and presenting the antigens to 
specific T-cells (CD4+). MHC II and co- stimulatory molecules are 
also activated by DC to help interactions between DC and CD4+ 
T cells (Figure 3). Increased CD4+ is stimulated as a result of this 
immunological cascade, but this cascade is inadequate for CD8+ T 
cell stimulation, which is important for efficacy of vaccine against 
cancer and intracellular pathogens. Therefore, novel adjuvants are 
targeted to receptors of APCs expressed on DCs to activate the 
innate immune system. PRRs include the TLRs, CLRs, and NLRs. 
presenting antigens to APCs with adjuvant permits induction of 
immunity against tumors or antivirals [17,18]. 

MAJOR TYPES OF ADJUVANTS 

In general, based on principal mechanisms of action, adjuvants 
can be classified into delivery systems (particulate) and 
immunostimulatory adjuvants (non-particulate. Vaccine delivery 
systems includes emulsions, micro particles, Immune-Stimulating 
Complexes (ISCOMs) and liposomes, function to deliver antigen 
to APCs. Immunostimulatory adjuvants are primarily resulting 
from pathogens; represent Pathogen Associated Molecular Patterns 
(PAMP), function to activate innate immune cells. Recently, 
there are also combined adjuvant from delivery systems and 
immunostimulatory agents, to deliver immunostimulatory into 
APCs more effectively [13]. 

Non-particulate adjuvants

Non-particulate also called immunostimulatory adjuvants are 
substance that can act directly to stimulate immune systems without 
depending on particles, but the combination with particulate 

Figure 2: Classification of adjuvants. 

Figure 3: Schematic overview of the immunological cascade induced 
by adjuvants. 
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adjuvants increases their effectiveness. Non particulate adjuvants 
include aluminum, oil emulsions, saponins, cytokines, molecules 
derived from bacteria and Carbo Hydrates (CH). 

Aluminum based adjuvant: Aluminum Salts Include Aluminum 
Hydroxide [Al (OH)3] and Aluminum Phosphate (AlPO4), often 
referred as alum, has been principally the most used adjuvants in 
vaccine for human and animals for over 80 years [19]. Aluminum 
Hydroxide [Al(OH)3] is the most widely used chemical as adjuvant 
[20]. Aluminum salts as an adjuvant first reported by Alexander 
Glenny and his colleagues in 1926. In his report aluminum 
potassium sulfate with toxoid injected into laboratory animals 
induces higher antibody production [17]. Accordingly it is the gold 
standard against all new adjuvants can be compared; adjuvants 
proposed to induce a protective immunity for new candidate vaccine 
should be first compared with alum before further experiments. 
Despite, the wide use of this adjuvant its mechanism of action is 
still not fully clear [21]. 	

Alum-based adjuvants are largely considered to induce strong 
Th2, but little or no Th1 immune response. However, recent 
studies demonstrate that aluminum hydroxide-based adjuvants can 
provoke both Th1 as well as Th2 immune responses depending on 
the route of vaccination [20]. Since, Th1 cytotoxic responses are 
essential against tumor and virus-infected cells to activate it other 
stimuli like Toll-like receptor response (TLR)are required. Trigger 
TLR4, TLR7, and TLR9 can activate cytokines and IFN-1 that 
stimulate immune system to activate Th1 responses. Some study 
trials of TLRs shows that, TLR ligands can be effective and safe 
adjuvants for vaccines licensed in Europe and USA [22]. 

Mechanism of action of aluminum hydroxide-based adjuvants 
comprises the depot effect, pro-phagocytic effect, and activation 
of the Nucleotide Binding Oligomerization like receptor protein 
3(NLRP3) inflammasome activation. These all stimulate innate, 
adaptive immune responses and complement system [18]. 
Aluminum-based adjuvants (mixture of aluminum and antigen) 
are known by having depot effect, slowing the rate of release of 
antigen to immune system by being adsorbed or attached to the 
surface of adjuvants containing aluminum and finally leads to 
retention of antigens at injection site. However, recent studies 
have clearly confirmed that depot effect is not needed for alum 
adjuvant city; excision demonstration of injection site did not 
inhibit development of immune response [4]. The depot effect 
is important in long-lasting and effective activation of immune 
response [20]. 

The other mechanism of aluminum based adjuvant is activation of 
Nucleotide-binding Oligomerization Domain (NOD) like receptor 
protein 3 (NLRP3) inflammasome pathway and IL1β production, 
which could explain its ability to generate local inflammation, to 
recruit APCs, activate Dendritic Cell (DC) maturation, stimulation 
of T-cell activation and differentiation. Oligomerization of NLRP3 
undergoes through Caspase Activation and Recruitment Domain 
(CARD). Activation of (NLRP3) inflammasome pathway has been 
demonstrated by using ovalbumin antigen with alum in NLRP3 
deficient mice and wild-type mice (with NLRP3), the result of this 
study shows that antibody production in NLRP3 deficient mice is 
significantly lower than wild-type mice. This study indicates the role 
of alum based adjuvant in innate and adaptive immune response 
through activation of NLRP3 inflammasome pathway [23,18,17]. 

Investigators through in vitro experiments have tried cells targeted by 
aluminum hydroxide-based adjuvants to trigger immune response. 

Al(OH)
3
 act on macrophages, facilitates their differentiation into 

dendritic cells and increase delivery of antigens by macrophages 
rather than activating DC. It can also facilitate recruitment of 
inflammatory monocytes into injection site and their differentiation 
into DCs. (Figure 4). Recruited inflammatory monocytes express 
higher levels of Major Histocompatibility Complex class II (MHC 
II) because of improved capacity to adsorb antigens. Therefore, DCs 
(antigen carrying) differentiated from inflammatory monocytes 
migrate to lymph nodes and then encourage proliferation of T cell 
[24]. 

Oil emulsion adjuvants: The major emulsions used in vaccine, 
with one substance dispersed into the others are: oil-in-water 
(O/W) and water-in-oil (W/O) emulsions. Jules Freund introduces 
water-in-oil emulsions such as FIA adjuvants in 1930 for the first 
time and it is widely used adjuvant. Like aluminum, the water-in-
oil emulsions adjuvant function as delivery systems by formation 
of depot effect that trap antigen at injection site and by slowing 
release of antigen in order to induce long-lasting immune response 
[12]. In addition, water in-oil adjuvants can protect antigens 
from degradation by peptidase enzyme [18]. Emulsions adjuvants 
can induce production of immunostimulatory cytokines and 
chemokines and activate the recruitment of Dendritic Cells (DCs), 
monocytes, which differentiate latter to DCs [25]. 

Water in oil emulsions adjuvant contains micro droplets of an 
aqueous phase in oil, stabilized by a surfactant. They act by slow 
releasing of the antigen and provide long term immunity. However, 
reaction at the site of injection and viscosity are common with 
water in oil emulsion due to these using in vaccine of human 
and companion animals are not recommended, but they can use 
in some vaccine of ruminant, poultry and in research animals. In 
contrast to W/O adjuvant, O/W emulsions such as MF59 have oil 
in water, stabilized by surfactants. MF59 emulsion is widely used 
emulsion adjuvant which able to stimulate both cellular (Th1) and 
humoral (Th2) immune responses [26]. They release antigen quickly 
and induce short-term immunity. Relative to w/o emulsions o/w 
emulsion is less viscous and less activate inflammation [16]. 

Bacteria-derived adjuvant: Components of bacteria have strong 
capacity to stimulate immune system, thus substances derived 
from bacteria can act as vaccine adjuvants. Cell wall structure 
such as lipopolysaccharide of gram negative, muramyl dipeptide 
of mycobacteria bacteria administered with less immunogenic 
antigens enhances immune response. Mycobacterium species, 
Corynebacterium species, Bordetella pertussis and Neisseria 
meningitides are species of bacteria used as source of adjuvants [27] 
(Figure 5).

Figure 4: Mechanisms of aluminum-based adjuvant-induced immune 
response.
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CpG oligonucleotides incorporated into the sequence of DNA 
vaccines or antigens may minimize these adverse effects [16]. 

Although, carbohydrate-based adjuvants such as glucans, fructans, 
mannans, chitin/chitosan and other carbohydrate compounds 
derivatives of Mycobacterium species (muramyl dipeptide/MDP, 
trehalose-6–6-dimycolate, LPS and saponin compounds can be 

function as vaccine adjuvants [27]. 

Particulate-based adjuvants

Nanoparticles and microparticles are the common form of 
Particle-based adjuvants that have been explored widely in vaccine 
formulation [28]. Nanoparticles and micro particles are very small 
solid particles composed of biodegradable polymers and copolymers 
and differ from each other in their size, 10-1000 nm and 1-100 µm 
respectively. Different natural and synthetic polymers have been 
developed and tested; the most common are Polylactic Acid (PLA), 
polysterene, chitosan, polyethylene glycol and their copolymers [16]. 
Microparticles function in delivering antigens of designed vaccine 
directly to APCs, then as they are phagocytic cells they can uptake 
particulate antigen provided by these microparticles. Furthermore, 
particulate-based vaccine can be advantageous in delivering vaccine 
into mucosal surfaces comprise oral and nasal routes of delivery. 
Microparticle adjuvants cannot typically act as immunomodulatory, 
rather they allow incorporation of immunomodulatory or antigens 
to increase their effect in immune response. Incorporated antigens 
to particles can be protected from several factors that alter their 
effectiveness, such as acidic PH, bile salts and enzymatic activities 
[28]. 

Saponins: Saponins are natural complex chemical adjuvant widely 
distributed and extracted from plants, mostly from Quillaja 
saponaria Molina [29,30]. Saponin-based adjuvants have been 
used commonly in veterinary vaccines to increase both antibody 
mediated and cell mediated immune response. Despite, the wide 
use and immune-stimulating ability of saponin, mechanism of 
action remains not totally understood [31]. 

Quil-A, isolated from Quillaja saponaria Molina is the most widely 
used saponin based adjuvants. This adjuvants have capacity to 
induce strong Th1 immune response and Cytotoxic T-Lymphocytes 
(CTLs) which makes them perfect to use in subunit vaccines and 
vaccines desired for intracellular pathogens [32]. It can induce 
production of cytokines such as interleukins and interferon’s that 
might mediate their immunostimulant effects [33]. Quil A has 
been used broadly in veterinary medicine in vaccines of cattle, 
pigs, horses, dog and vaccines which contains equine influenza 
virus, canine parvovirus and FeLV vaccines [16]. The use of Quil A 
adjuvant in human is limited because of its toxicity and reactogenic 
properties [30]. 

Immune stimulating complexes: Immune Stimulating Complexes 
(ISCOMs) are complexes that contain saponins, cholesterol, 
and phospholipids. Quillaja saponins associated with lipids and 
antigens to form ISCOMs contain adjuvant and antigen in the 
same particle that have distinct properties of adjuvant [33]. A 
substance derived from saponins and termed as Quil-A is the basis 
for formation of immuno-stimulating complexes [34]. Currently two 
types of ISCOMs particles have been described: ISCOM the usual 
Complexes, which contains cholesterol, saponin, phospholipid and 
antigen. The second is ISCOM matrix, different from the former 
in the absence of antigen. ISCOM matrix is based on ISCOM that 
is mixed with antigen prior to delivery and in case of ISCOM the 

Lipopolysaccharide: The outer membrane of gram negative bacteria 
encompasses surface components called Lipopolysaccharides 
(LPS), which composed of polysaccharide (hydrophilic) and 
phospholipid or lipid A. Lipid A is the antigenic component of 
LPS responsible for immune response via recognition of TLR 
(TLR4) and directs DC toward Th1 immunity. However, lipid 
A as an adjuvant is often related with high toxicity. In low acid 
conditions, lipid A can be hydrolyzed to obtain Monophosphoryl 
Lipid a (MPL), a compound which retains the adjuvant activity of 
lipid A with reduced toxicity. Hence, to overcome toxicity of Lipid 
A, elimination of the phosphate group and 3-O-deacylation of lipid 
A generates Monophosphoryl Lipid A (MPL) with retaining its 
immunostimulatory (adjuvanticity) property [18]. 

Muramyl dipeptide: Historically, heat inactivated mycobacteria 
was used as adjuvants, for example, Freund complete adjuvant 
that contains mycobacteria [16]. The cell wall of mycobacteria 
constitutes immune reactive proteins called Muramyl Dipeptide 
(MDP) consisting N-acetyl muramic acid. Muramyl dipeptide is 
the active component capable of stimulating immune response 
through activating production of proinflammatory cytokines (TNF 
α, IL-1, IL-6, and IL-8), secretion of reactive products, Th2 and 
enhancing cytotoxicity. Adverse effect has been observed in MDP- 
based adjuvants because of this, muramyl dipeptide derivatives able 
to induce Th2 and Th1 have been developed in order to reduce 
adverse effects [16, 14].

CpG oligodeoxynucleotides: Many experiments carried out on 
effective vaccine adjuvants were targeted various components 
of innate immune signaling pathways termed as Pathogen 
Recognition Receptors (PPR), particularly TLRs [24]. PPRs are first 
line of defense against infectious microbes by recognizing PAMPs 
found only in microbes but not in the host. Among PAMPs of 
pathogens, cytosine phosphate guanidine (CpG) motifs are well 
known in bacteria and virus [17]. CpG oligodeoxynucleotides 
(ODNs) are short synthetic DNA molecules consists of 18-25 base 
sequence and methylated CpG motifs. CpG ODNs, type of TLR 9 
agonists, can activate both innate, antigen specific immunity and 
proinflammatory cytokines TNF-α, IL-1, IL-6 and IFN-γ [14,16,10]. 
The use of CpG oligonucleotides have been tested in animals and 
proven as it is effective in large animals [28]. Regarding the safety 
of CpG based adjuvants remains to be determined. Some studies 
conducted on the dose of these adjuvants demonstrates that low 
doses become safe and administration of repeated high dose to 
mice resulted in splenomegaly, release of cytokine and fatal shock. 

Figure 5: The mechanism of action of MF59 adjuvant.
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antigen is fused during the construction process [18]. Structurally 
both ISCOM and ISCOM matrix are similar; they are cage-like 
particles of about 40 nm in diameter spherical, and hollow rigid. 
The interaction between saponin and cholesterol molecules forms 
stable ring ISCOM or ISCOM matrix in aqueous solutions [35,36]. 

ISCOMs have capacity to stimulate strong immune response 
via induction of Th1, Th2 and cytotoxic lymphocytes, including 
cytokine secretion. Immune stimulating complexes are complexes 
of partially purified saponins from Quil-A used in vaccines for 
humans and animals. They were found to be efficient in different 
animals and man, for instance ISCOMs based adjuvant of an equine 
influenza vaccine is currently available on the market for horse 
in Europe. Toxic effects and adverse reaction have also observed 
in some species of animals, most likely due to a dose effect [36]. 
The complex ISCOM matrix formed from saponin, phospholipid 
and cholesterol has been developed to reduce hemolytic activity of 
saponins, increase stability and interaction with variety of antigens 
(“Saponins as immunoadjuvant agent: A review,” 2014).

Liposomes: Liposomes are natural or synthetic vesicles comprise 
lipid bilayer that capture antigen in their membrane or aqueous 
core and function as both vaccine delivery and immuno 
potentiators. Hence the antigenic determinant can be encapsulated 
in the membrane, incorporated in lipid bilayer or being attached 
to the outer surface of liposomes [18]. Liposomes –based adjuvants 
are versatile, have been used widely in vaccine experiments and 
their effectiveness can be influenced by layer of lipid composition, 
the way antigen and adjuvant interacts or electric charge, size and 
method of formulation [27]. Liposomes and other liposome-derived 
nanovesicles including archaeosomes and virosomes also become 
important delivery systems, thus the concern for liposome-based 
vaccines has significantly increased [37]. The use of liposomes as 
vaccine adjuvants was discovered early in 1974 by Gregoriadis and 
his colleagues, where mice vaccinated using Diphtheria Toxoid 
(DT) administered with liposomes- based adjuvants revealed that 
increase in antibody titers than mice vaccinated without liposomes- 
based adjuvant [38]. After these studies, the role of liposomes in 
vaccine formulation as adjuvants has been widely discovered and 
tested. Liposome-antigen complexes injected into mice induced 
strong cell mediated response when compared with alum-antigen 
complexes [39]. Moreover, describes that, liposomes formulated 
with peptide epitopes resulting from Hepatitis C Vaccine (HCV) 
and Severe Acute Respiratory Syndrome (SARS) coronavirus 
(SARS-CoV) that adsorbed the surface of liposome, induces 
significant Cytotoxic T-Lymphocytes (CTL) [18]. 

Although their mechanism of action is not completely understood, 
but they interact with APCs such as microphages then increase the 
presentation of antigen and immunostimulators to the APCs as 
well as increase retaining of antigen at the site of injection. The 
cationic properties of liposomes and the presence of anionic on 
membrane of APCs allows interaction of liposomes with APCs, 
essential for antigen delivery since they enhance uptake and 
presentation of antigen by APCs [39]. 

Virus Like-Particles and Virosomes: Virus-Like Particles (VLP) 
are molecules which resembles viruses composed of different 
recombinant structural proteins of viruses including viral capsid 
or envelope that mimic complete size, shape and molecule 
organization with properties of self-assembly. VLPs are significantly 
immunogenic because of having self-adjuvant properties or possess 
their own adjuvant activity [14]. Since, VLPs contain no genetic 
materials (DNA/RNA) they are non-infectious, non-replicative 

and safe. They have the ideal size of 20-100 nm in diameter 
that helps them to be taken up by cells of immune system such 
as Dendritic Cells (DC) and microphages. The VLPs structures 
can be enveloped or non-enveloped according to the wild type/
parental virus. Enveloped VLPs, composed of host cell membrane 
as an envelope combined with antigen of interest, whereas non-
enveloped are formed only from component of the virus with 
having the capability to self-assembly. Toll-like receptors (TLRs) 
agonists, a substance which able to initiates immune response 
when bound with receptor can also be components integrated into 
VLPs [40]. 

Virus Like-Particles can induce both Cell Mediated (CMI) and 
humoral immune response. VLPs bind and activate antigen 
presenting cells such as DCs, captured by them results in wide 
range induction of humoral and CMI immune systems including 
antibodies, T cells (T-helper CD4+ and CD8+ CTL). The particulate 
nature of VLPs allows them to be taken up by APCs to confer a 
long-lasting Cytotoxic T-lymphocytes response [18]. 

Virosomes: Virosomes are virus like particles composed of 
membrane lipid, viral envelope and glycoproteins, but without 
genetic material of virus which makes them nonvirulent or cannot 
cause infection. They can be constructed from diverse enveloped 
viruses in which they are identical in structures and cell entry 
characteristics to original virus. Virosomes works both as delivery 
system for antigens and as adjuvant to stimulate immune response, 
also called immunopotentioters. Virosomes consists particles 
of virus with incorporated vaccine antigens and used as delivery 
system to enhance uptake of antigens by APCs. Some studies reveal 
that in human medicine virosomes have been used to induce 
immunity against hepatitis A vaccine and virosomal influenza 
vaccine also induces the same titer of Hemagglutination Inhibition 
(HI) induced by conventional type of vaccines [41]. 

Virosomal adjuvants are likely to present antigen to both MHC 
class II and MHC class I, capable to trigger humoral (B cells) as 
well as cell mediated immune response (T cells). Cytokines such 
as TNF-α, IFN-γ and IL-2 can be induced by virosomes. In general, 
the importance of using virosomes in vaccines are because of safe 
(nontoxic), biodegradable, do not react against themselves by 
producing antibodies, stabilization and prevention of antigen from 
degradation by PH or enzymatic activities [41,28].

Cytokines: Cytokines are proteins involved in the immune systems 
to defend against foreign pathogens via B and T lymphocytes 
activation, proliferation and differentiation. They are natural 
secretory peptides of immune system used in response against 
pathogens. Cytokines play an important role in recruitment of 
immune cells including activation of Natural killer cells (NK), 
Cytotoxic T lymphocytes and mononuclear phagocytic cells [42]. 
Current studies have revealed that cytokines to be likely as a potent 
vaccine adjuvant. They have been developed using recombinant 
technology to increase the efficacy of vaccination and to use as 
an alternative adjuvants of vaccine. Recombinant cytokines such 
as interleukin  (IL-1), IL-2, IL-3, IL-6, IL-12, TNF, IF-gamma and 
granulocyte macrophage colony stimulating factor (GM-CSF) have 
display the ability to increase vaccine efficacy and considered 
as adjuvants. However, their function is differing in that some 
enhance specific immune cells activities, while the others activates 
general immune cells, moreover, they can induce other cytokines. 
Cytokines-based adjuvants have been used by incorporating into 
liposomes and cytokines expression vectors to improve their half-
life in vaccine [43]. 
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Among cytokines, IL-2 has been studied widely because of their 
ability to activate proliferation of T cells. Trials carried out to 
investigate cytokines using IL-2 as adjuvant with killed rabies 
vaccine and antigen of herpes simplex virus shows strong immune 
response in mouse models. IL-2 demonstrated in cats for vaccine 
of feline immunodeficiency virus subunit resulted as an effective 
adjuvant and combination of IL-2 with IL-18 in Feline leukemia 
virus DNA vaccine was also effective [44]. Additionally, effects of 
IL-2 have been investigated in laboratory animals including guinea 
pigs, mice, pig and cattle. In immunosuppressed mice efficacy of 
IF-gamma was reported [45]. IL-12 has been show the ability to 
induce production of antibodies (IgA and IgG) in administration 
as mucosal adjuvant, it also activates mucosal immunity. Antigen 
presenting cells can be also activated and recruited by Granulocyte-
macrophage colony-stimulating factor [46]. 

Combined vaccine adjuvant: Vaccination remains an effective 
tool in preventing and controlling infectious disease of human and 
animals [9]. Even though development of effective vaccines is highly 
determined by appropriate adjuvant selection and formulation 
that able to robust immune response against infectious pathogens. 
Adjuvants are important components of vaccines for both animals 
and humans. Majority of existing vaccines are formulated with only 
single adjuvants, which cannot induce the required level of immune 
response relative to vaccines contains more than one adjuvants. 
Because of this limitation several studies are discovering multiple 
adjuvants formulated with different vaccines to improve efficacy, 
reduce required antigen and to provide long-lasting immunity [47].

Recent advance of vaccine development results in formulation of 
combined adjuvants to provoke immune system effectively with 
less adverse effects on vaccine recipient [48]. Combined adjuvants, 
contains more than one molecule that act in an interactive manner 
or synergistically and involve in activation of immune system 
in various mechanisms. Nowadays several combined vaccine 
adjuvants are developed in different vaccines of both human and 
animals [49]. For example, reveals that combination of Toll-like 
Receptor (TLR) agonist with alum-vaccine complexes may increase 
the efficiency of the vaccine. 

Majority of the available combined adjuvants constitute of delivery 
system and immunostimulatory adjuvant. Delivery systems 
have known by having function of both antigen delivery and as 
adjuvant activity, but its adjuvanticity is not strong enough to 
activate innate immunity. Delivery systems have tendency to 
induce Th2-type immune responses, which are weak to confer 
protection against infectious pathogens, sufficient protection 
can be achieved through induction of Th2-type with Th1-type 
response. In contrast, immunostimulatory adjuvants activate 
innate immune system including Th1 response, however Th1 
has short-lived in vivo. To overcome the limitations of delivery 
system and immunostimulatory adjuvant, their combination is 
required. Combining them provides significant level of immune 
response than a single adjuvant. Combination of Various pathogen 
recognition receptors and delivery systems has been evaluated: 
TLR-9 and TLR-4 are prominently used [47]. 

Immuno Stimulating Complexes (ISCOMs), liposomes, Adjuvant 
Systems Montanides, and triple adjuvant combinations are major 
combined adjuvants licensed and in development. Liposomes have 
been used both to delivery antigen to immune cells such as APCs 
by preventing them from degradation and as adjuvant to enhance 
immune response. Although liposomes can combined with another 
compounds or TLR ligands to increase adjuvanticty. ISCOMs 

containing cholesterol, phospholipid and saponin (Quil-A) have 
been used in species of veterinary importance including small and 
large animals. Furthermore, ISCOMs was combined with different 
vaccines to yield effective immune response, for example with 
H5N1 influenza vaccine, Cholera Toxin A (CTA) subunit [49].

Montanide is a type of oil based adjuvants that have been used in 
different species of experimental animals with natural and synthetic 
or recombinant antigens. Both in veterinary and human vaccines, 
montanide-based adjuvants have been used. The effect of this oil-
based adjuvant in vaccine of Foot-and-Mouth Disease (FMD) shows 
successful protection in animals and it currently exists on market 
as adjuvant of Foot-and-Mouth Disease (FMD) vaccine. In case of 
humans it is in development for HIV, malaria and breast cancer 
Mohan et al,. Montanide can improve by allowing combination with 
other types of adjuvants and immunostimulators. Combination 
of Montanide and ISCOMs were investigated for recombinant 
vaccine of FMD virus, revealed significant long lasting immunity in 
Guinea pigs. It has been studied in combination with TLR ligands 
such as LPS for TLR4, CpG ODN for TLR9, TLR7 and TLR3 [49]. 

CONCLUSION

In general, the ultimate goal of vaccination is activation of a 
powerful and long-term immune response against infectious 
diseases of animals and human. These effective immunities can be 
accomplished by using vaccines formulated with proper antigens 
and adjuvants. Adjuvants are substances added to vaccines to 
get optimal immune response. Several natural and synthetic 
adjuvants can be used to increase the efficiency of vaccines. Of 
these, aluminum compounds, emulsions, saponins, ISCOMs, 
different products of bacteria, liposomes, cytokine and combined 
adjuvants have been evaluated. Conventional vaccine formulation 
was mainly based on single adjuvant, but recently progress of 
combined adjuvants was revealed. Therefore, understanding 
the mechanisms of action of these adjuvants plays a crucial role 
in vaccine development. Nowadays, considerable developments 
have been done to rise knowledge of mechanisms of various 
adjuvants in activation of innate immunity. An adjuvant can act 
as a delivery system, comprise activation of APCs particularly DCs 
and stimulation of innate immune response. In the development 
of vaccine adjuvants, it is important to consider safety.

Based on the above conclusion the following recommendations are 
forwarded: In vaccine development different selection criteria of 
adjuvants should be considered in order to increase and provide 
effective vaccine in the target animal species, induce rapid and 
long-lasting protective immunity and reduce adverse effects of the 
adjuvants. Further activity and effectiveness of different adjuvants 
should also be evaluated to achieve the mentioned points including 
by combination methods, since development of novel adjuvants and 
adjuvant combinations is likely to help to address the challenges of 
vaccinology. 
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